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MALILA, A. Intoxicating effects of  three aliphatic alcohols and barbital on two rat strains genetically selected for their 
ethanol intake. PIt ARM AC. BIOCHEM. BEHAV. 8(2) 197- 201, 1978. - Intoxicating effects of ethanol, isopropanol, tert. 
butanol and barbital were studied by comparing performances on the tilted plane of ethanol preferring AA (Alko, Alcohol) 
and ethanol avoiding ANA (Alko, Non-Alcohol) rat strains raised by genetic selection for their voluntary ethanol intake. 
The motor coordination of AA rats was found to be less affected than that of ANA rats by all three alcohols and barbital. 
The results indicate a marked genetic difference in neural tolerance to the alcohols and barbital, and suggest that neural 
tolerance to alcohols plays a role in determining the ethanol preference of AA rats and ethanol aversion of ANA rats. 

Ethanol lsopropanol Tert. butanol Barbital Genetically selected rat strains Neural tolerance 

IT is well documented that inbred mouse strains differ 
significantly in their ethanol preference. The C57BL strain 
has a high preference for ethanol, DBA and BALB strains 
display a high ethanol aversion, while other strains show 
intermediate degrees of  ethanol preference [24].  It has also 
been noted that the sleeping time of  the ethanol-preferring 
C57BL strain is one third that of  the ethanol-avoiding 
BALB strain, after administration of an anesthetic ethanol 
dose [20]. The fact that no difference was found in ethanol 
concentrations in the brain suggests that the strains differ in 
their neural tolerance to ethanol. Elsewhere [10],  blood 
ethanol clearance affected by different enzyme activities of  
liver has been cited as the major factor influencing sleeping 
time after ethanol. And it has also been suggested that 
acetaldehyde, the metabolic product of ethanol, is respon- 
sible for the differences in sleeping times of the inbred 
mouse strains [61. However, two mouse strains selectively 
bred for differences in sleeping time have been shown to 
have identical rates of ethanol and acetaldehyde meta- 
bolism [ 17 ]. 

Several authors [27, 28, 29] have now verified that mice 
with high preference for ethanol display greater behavioral 
and neural tolerance to ethanol than mice with low 
preference. From these findings it has been concluded that 
neural tolerance may play a role in determining ethanol 
intake among inbred mouse strains. However, the inbred 
mice tested have been genetically selected for character- 
istics other than ethanol intake. The correlations found 
with ethanol intake have therefore been produced quite 
coincidentally and can be considered questionable. 

In the Research Laboratories of  Alko two rat strains, an 
ethanol-preferring AA (Alko, Alcohol) and an ethanol- 
avoiding ANA (Alko, Non-Alcohol) strain, have been raised 
by selective outbreeding for their different ethanol pref- 
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erences [13,14]. The process of this selection has been 
described in detail elsewhere [ 15 ]. Recent findings suggest 
a difference in ethanol tolerance between these rat strains, 
the strain preferring ethanol possessing a greater neural 
tolerance than the strain avoiding ethanol [26]. The rat 
strains also display differences in ethanol and acetaldehyde 
metabolism, which may explain their drinking behavior 
[12]. Female AA rats eliminate ethanol faster than female 
ANA rats, but no differences were found in males; at the 
same time ANA rats of both sexes display a higher 
acetaldehyde concentration after ethanol than AA rats. 
Differences have also been noted in 5-hydroxytryptamine 
(5 -HT) ,  5-hydroxyindolyacetic acid ( 5 - H I A A )  and dopa- 
mine (DA) contents in the brain [ l ,  2, 3].  The present 
study was undertaken to investigate whether the difference 
in ethanol tolerance of AA and ANA rats could be 
generalized to include other alcohols and general depres- 
sants. Of the alcohols used, ethanol is a primary alcohol 
which is metabolized to acetaldehyde, isopropanol a secon- 
dary alcohol which is converted to acetone, and tert. 
butanol a tertiary alcohol, which is a nonmetabolized 
alcohol eliminated mainly by excretion [ l 1 ]. The barbitu- 
rate used, barbital (the sodium salt of 5,5-diethylbarbituric 
acid) is a long-acting, nonmetabolized drug [30]. An 
important advantage of using tert. butanol and barbital is 
that the effects of the drugs per se can be separated from 
the effects of their metabolites. 

METHOD 

Intact female (13 AA and 14 ANA) and male (13 AA 
and 12 ANA) rats of the F 76 -generation were used. At the 
beginning of the experiments the rats were 3 months old, 
weighing 2 0 0 - 2 5 0  g. They were housed 6 to 7 per cage at 
2 4 - 2 5 ° C  on a day-night schedule of 12:12hr .  Standard 
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FIG. 1. Effect of 2.5 g/kg ethanol on motor performances of the 
two rat strains on the tilted plane expressed as a decrease in sliding 
angle (in degrees) relative to their own control values. Solid circles 
(e • = e) represent the performance of the AA rats pre- 
ferring ethanol and open circles (o-------o----o-------~) the performance 
of the ANA rats avoiding ethanol. Each point in the figure 

represents the mean of 26 rats. Vertical bars represent + or - SD. 

food  (Ast ra  Ewos ®, Ab Astra,  Sbdert / i l je ,  Sweden)  and  
wa te r  were available ad lib. 

Since equ imo la r  doses o f  a l ipha t ic  a lcohols  p roduce  
d i f fe ren t  degrees of  i n t o x i c a t i o n  [ 2 2 , 3 2 ] ,  p i lo t  s tudies  were 
c o n d u c t e d  to  d e t e r m i n e  tes t  doses which  would  be equal ly  
in tox ica t ing .  The  tes t  doses were as fol lows:  e thano l ,  
2.5 g /kg b.w. as a 10% (w/v) ;  i sopropano l ,  1.8 g /kg b.w.  as a 
10% (w/v) ;  ter t .  b u t a n o l ,  0.8 g/kg b.w. as a 5% (w/v) ;  and  
barb i ta l  ( the  sod ium salt of  5 ,5 -d i e thy lba rb i tu r i c  acid) ,  
120 mg/kg  b.w. as a 2% (w/v) so lu t ion .  The  drugs were 
d i lu ted  wi th  sal ine and  a d m i n i s t e r e d  in t r ape r i tonea l ly .  

M o t o r  c o o r d i n a t i o n  of  the  an imals  was measu red  by  the  
s t anda rd i zed  t i l ted  p lane  tes t  in a m o t o r i z e d  form [ 5 ] .  
Dur ing  5 sec the  p lane  was t i l t ed  at a c o n s t a n t  speed f rom 
h o r i z o n t a l  to  ver t ical  by  a m o t o r .  The  tes t ing  person  
s t o p p e d  m o v e m e n t  o f  the  p lane  w h e n  the  rat  slid of f  and  
r eco rded  the  sl iding angle.  The  e x t e n t  of  i n t o x i c a t i o n  was 
expressed  as the  decrease  in mean  sl iding angle ( in degrees)  
relat ive to  the  con t r o l  value. The  a lcohol  tests  were carr ied 
ou t  eight  t imes  at  20 -min  intervals  a f t e r  in jec t ion  of  the  
a lcohols .  The  first ba rb i ta l  tes t  was p e r f o r m e d  40  rain a f t e r  
the  a d m i n i s t r a t i o n  of  barb i ta l  and  the  nex t  seven at 20-rain 
intervals .  Blood samples  were t a k e n  f rom the  t ip  of  the  ra t ' s  
tail to  measure  the  a lcohol  c o n c e n t r a t i o n  a f te r  the  last 
tes t ing  on  the  plane (160  min  a f te r  the  a lcohol  in jec t ions) .  
All tests  were p e r f o r m e d  in a s i lent ,  l ighted  r o o m  b e t w e e n  
9 : 0 0  a .m.  and  3 : 0 0  p.m.  The  t ime  b e t w e e n  the  d i f f e ren t  
series of  tests  was  at  least  seven days in o rder  to  p reven t  
over lapp ing  of  the  effects .  

A b lood  sample  of  0.1 ml was t a k e n  f rom the  t ip o f  the  
ra t ' s  tail and  p i p e t t e d  i n to  ice-cold pe rch lo r ic  acid (0.6 N) 
[ 12 ] .  The  prec ip i ta tes  were cen t r i fuged  at 4 0 0 0  g for  15 min  
at 4°C and  the  s u p e r n a t a n t s  were used for  c h r o m a t o -  
graphic  analyses  of  a lcohols .  E thano l ,  ter t .  bu t ano l ,  
i sop ropano l  and  its m e t a b o l i t e ,  ace tone ,  were all measu red  
wi th  a Pe rk in -E lmer  F 4 0  gas c h r o m a t o g r a p h  wi th  appl ica-  
t ion  of  the  head-space  t echn ique .  

Stat is t ical  compar i sons  were  made  by  means  of  a 
two-way  analysis  o f  var iance  and  S t u d e n t ' s  t- test .  

T A B L E  1 

ALCOHOL CONCENTRATIONS + SD (raM) AFTER THE TILTED 
PLANE TEST 

Alcohol or AA rats ANA rats 
its metabolite 

ethanol 45.4 +_ 2.9 45.8 -+ 2.4 
(n = 26) (n = 25) 

tert. butanol 13.9 +_ 1.5 14.2 _+ 1.0 
(n = 26) (n = 25) 

isopropanol 19,7 +_ 1.9 18.0 _+ 1.5" 
(n = 26) (n = 24) 

acetone 9.7 +- 1.2 11.6 _+ 1.01 
(n = 26) (n = 24) 

*p<O.O05, number of rats in parentheses. 
tp<O.O01. 
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FIG. 2. Effect of 1.8 g/kg isopropanol on motor performance of the 
two rat strains on the tilted plane expressed as a decrease in sliding 
angle (in degrees) re'lative to their own control values. Solid circles 
(o • = •) represent the performance of the AA rats pre- 
ferring ethanol and open circles (o----0----0----o) the performance 
of the ANA rats avoiding ethanol. Each point in the figure 

represents the mean of 26 rats. Vertical bars represent + or - SD. 

RESULTS 

The effects of the three aliphatic alcohols and barbital 
on the performance of the rats on the tilted plane are 
depicted in Figs. I-4. The impairment of performance 
after drugs is expressed as the decrease in the mean sliding 
angle relative to the rats' own control values, so that higher 
points in the figures indicate greater intoxication. The 
results are presented in this form because the rat strains 
tested differed in their control values on the tilted plane. 
The mean sliding angle for the AA rats was 81 ° ± 2 ° and for 
the ANA rats 75 ° ± 4 ° (t = 5.79, df = 50, p<0.001). As 
shown in Fig. I, the ANA rats were more affected by 
ethanol than the AA rats. Comparisons by means of the 
two-way analysis of variance showed the strain difference in 
ethanol intoxication to be highly significant, F(l,50)= 
19.73, p<0.001. Blood ethanol concentrations, shown in 
Table I, were equal in the two strains, thus excluding the 
effects of different elimination rates of ethanol. The AA 
rats also performed significantly better than the ANA rats 
hn the isopropanol experiment, as seen in Fig. 2, 
F(I,50) = 7.18, p<0.01. Whereas some differences are seen 
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FIG. 3. Effect of 0.8 g/kg tert. butanol on motor performances of 
the two rat strains on the tilted plane expressed as a decrease in 
sliding angle (in degrees) relative to their own control values. Solid 
circles (o • • o) represent the performance of the AA rats 
preferring ethanol and open circles (o-----o---~-------o) the per- 
formance of the ANA rats avoiding ethanol. Each point in the figure 

represents the mean of 26 rats. Vertical bars represent + or - SD. 

(Table 1) in i sopropanol  metabol ism of  the rat strains, for 
blood isopropanol  concent ra t ion  of  the AA rats was higher 
than that o f  the ANA rats (t = 3.44, dr= 48, p < 0 . 0 0 5 )  and 
the reverse was true for blood concent ra t ions  o f  acetone,  
the metabol ic  p roduc t  of  i sopropanol  (t -- 6.01, dr= 48, 
p<0 .001) .  Figure 3 shows that  tert. butanol  inebriated the 
ANA rats more than the AA rats, the strain dif ference being 
highly significant, F ( I , 50 )  -- 35.42, p<0 .001 .  Blood con- 
centrat ions of  tert.  butanol  were identical  in the rats af ter  
the ti l ted plane test. Barbital affected the rats in the same 
way as the three alcohols,  having a greater  in toxica t ing  
effect  on the ANA rats than the AA's ,  as shown in Fig. 4. 
The s'train difference was highly significant, F(1,50)  = 
33.93, p<0 .001 .  Because barbital  is a nonmetabo l ized ,  
long-acting barbi turate ,  metabol ism can be assumed not  to 
affect  the test results and it was not  measured in the 
present s tudy.  

DISCUSSION 

The s tandardized til ted plane test was used in the 
present s tudy.  Reliabil i ty of  the test is indicated by the fact 
that the effect  o f  e thanol  on per formance  has been found 
propor t iona l  to the e thanol  dosage [5] .  In spite of  the 
simplici ty of  the test the per formance  on the ti l ted plane 
probably  is a compl ica ted  functior~ composed  of  vestibular 
and grasping reflexes including a s t rong cortical  c o m p o n e n t  
[5] .  The AA rats displayed a be t te r  m o t o r  coord ina t ion  
than the ANA rats in the control  test,  indicating perhaps 
the greater mo to r  act ivi ty  of  the former.  The present  
exper iments  also revealed a marked strain difference in 
alcohol  in toxica t ion  induced by three aliphatic alcohols:  
e thanol ,  isopr.opanol and tert.  butanol .  In all cases the 
e thanol  preferring rats were less in toxica ted  than the 
e thanol  avoiding rats by the same alcohol  dose. Different  
rates of  metabol ism cannot  account  for the differences in 
in toxica t ion  induced by e thanol  and tert.  butanol ,  but  
rather  different  neural tolerance probably is involved.  
Because no aldehyde develops f rom tert.  butanol ,  the 
results f rom the tert.  butanol  test suggest that  a ldehyde 
does not  play a major  role in a lcohol  in tox ica t ion  o f  these 
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FIG. 4. Effect of 120 mg/kg barbital (the sodium salt of 5,5-diethyl- 
barbituric acid) on motor performances of the two rat strains on the 
tilted plane expressed as a decrease in sliding angle (in degrees) 
relative to their own control values. Solid circles (e . =. o) 
represent the performance of the AA rats preferring ethanol and 
open circles (v-----~-----~-----o) the performance of the ANA rats 
avoiding ethanol. Each point in the figure represents the mean of 26 

rats. Vertical bars represent + or - SD. 

rat strains. Therefore  the difference repor ted  in blood 
ace ta ldehyde amounts  of  the AA and ANA rats [12] 
cannot  explain the differences in e thanol  in toxica t ion  o f  
the rats either.  The results of  the isopropanol  test,  on the 
o ther  hand,  reflect  i sopropanol-acetone in toxica t ion ,  be- 
cause isopropanol  causes ace tonemia  [32] .  The difference 
in in toxica t ion  may thus be due in part to different  
metabol ic  rates o f  isopropanol  and acetone in the AA and 
ANA rats. 

Recent ly  two  rat strains comparable  to the AA and A N A  
rats have been developed by selective inbreeding for  their  
different  e thanol  preferences [21,231.  No data yet  exist 
regarding their  tolerance to ethanol ,  but  no differences in 
the e thanol  and aceta ldehyde metabol isms of  the strains 
were observed. 

The different  neural tolerance to alcohols observed in 
the present s tudy is in agreement  with the results obta ined 
with some inbred mouse strains. The mouse strain pre- 
ferring e thanol  was noted  to have a much higher neural and 
behavioral tolerance to e thanol  than the strains avoiding 
ethanol .  Neural  tolerance was determined in those experi- 
ments by measuring e thanol- induced sleeping t ime [ 20,27 ], 
e thanol- induced depression o f  the jaw-jerk reflex [28,29]  
and nest-building behavior [28] .  Besides this, the selection 
and tolerance of  a three-carbon alcohol ,  1,2-propanediol  
(propylene  glycol),  by these mouse strains was repor ted  to 
be in the same direct ion and order  of  magni tude  as their 
selection and tolerance of  e thanol  [ 181. Moreover,  geneti- 
cally raised mouse strains, short- and long-sleeping, differed 
in their  sleeping t imes induced by methanol ,  butanol  and 
tert.  butanol  [ 16].  

Barbital like alcohols had a greater inebriating effect  on 
the ANA rats than on the AA's .  Al though structural ly 
dissimilar, both  alcohols and barbi turates  are classified as 
general depressants and their  major  act ion is believed to be 
exer ted  on the same nervous system structure,  the reticular 
act ivat ing system [30 ,33] .  The findings concerning the 
act ion of  alcohols on the squid axon membrane  [4,25] and 
of  barbiturates on the lobster  axon membrane  [8] suggest a 
similar mechanism of  action.  However ,  the actual mech-  
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an ism of  ac t ion ,  b o t h  of  a lcohols  and  ba rb i tu ra t e s ,  is still 
unexp la ined .  Several c o n t r a d i c t o r y  f indings  wi th  regard to  
the  ac t ions  of  ba r b i t u r a t e s  on  inbred  mouse  s t ra ins  have 
been  repor ted .  The C57BL mice were f o u n d  to sleep less 
t han  the  DBA and BALB mice a f te r  in j ec t ion  of  hexo-  
barb i ta l  [ 9 , 1 9 ] .  A grea ter  sensi t iv i ty  to  p e n t o b a r b i t a l  was 
r epo r t ed  for  the  C57BL mice t h a n  for  the  BALB and DBA 
mice [ 27,31 ].  On the  o t h e r  hand ,  the  DBA mice were more  
suscept ib le  to  i n t o x i c a t i o n  by p h e n o b a r b i t a l  t h a n  the  
C57BL mice in an  e x p e r i m e n t  for  induc ing  p h e n o b a r b i t a l  
d e p e n d e n c e  [ 7 ] .  No d i f ferences  in s leeping t imes  induced  
by  p e n t o b a r b i t a l  were f o u n d  be t w een  shor t -  and  long- 
s leeping mice [1 6 , 3 1 ] .  G ene t i c  d i f fe rences  in responses  to  
ba rb i t u r a t e s  seem to be ev ident  b o t h  a m o n g  inbred  mouse  
s t ra ins  and  o u t b r e d  rat  s trains.  However ,  f u r t h e r  s tudies  are 
needed  before  the  ef fec ts  of  barb i ta l  on  the  two  rat  s t ra ins  
can be general ized to include all ba rb i tu ra te s .  

The  presen t  resul ts  c o m p a r i n g  the  t w o  rat  s t ra ins  have 
revealed a m a r k e d  genet ic  s t ra in  d i f fe rence  in i n t o x i c a t i o n  

induced  by the  th ree  a l ipha t ic  a lcohols  and  one  ba rb i tu ra t e .  
In all cases excep t  par t ly  in the  i sop ropano l  e x p e r i m e n t  the  
AA rats  d isplayed a grea ter  neura l  to l e rance  t han  the  ANA 
rats. Fu r the r ,  f rom the tert .  b u t a n o l  tes t  it can be conc luded  
tha t  a ldehyde  does  no t  play a s ignif icant  role in a lcohol  
i n t o x i c a t i o n  of  these  rats. The  f indings  also suggest tha t  the  
d i f fe ren t  d r ink ing  behaviors  of  the  rat s t ra ins  can be 
exp la ined  on the  basis of  a d i f fe ren t  neura l  to le rance  to 
a lcohol .  Possibly these  two rat s t rains ,  wi th  the i r  d i f fe ren t  
e t hano l  p re fe rence  and  d i f fe ren t  neural  to le rance  to alco- 
hols  and  barb i ta l ,  will prove useful  tools  for  e luc ida t ing  the  
m e c h a n i s m s  of  ac t ion  of  a lcohols  and  o t h e r  general  
depressants  such as ba rb i tu ra tes .  
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