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chronotropic  effect. However ,  the sens i t iv i ty  to brady-  
kinin var ied  considerably  since 15 ou t  of 45 hear ts  
remained unaffec ted  up to a concent ra t ion  of 10-~ M; 
these hear ts  are no t  included in the  s ta t i s t ica l  eva lua t ion  
of the  figure. In  ' sens i t ive '  hearts,  the  m a x i m u m  decrease 
in ra te  ob ta ined  upon the  infusion of b radykin in  
( 3 •  -7 M) was reached wi th in  ~about 3 min  and 
amoun ted  to 21 :E 6% (N = 4); any  fur ther  increase of 
the  dose did no t  result  in a s t ronger  response. Moreover,  
p ronounced  t achyphy lax i s  was observed;  soon af ter  the  
m a x i m u m  decrease, hear t  ra te  re turned  to normal.  When  
the  infusion was discont inued,  this  re f rac tory  s ta te  was 
reversible;  abou t  15 rain later, the  nega t ive  chronotropic  
effect could be reproduced by  a second infusion of the  
same dose. 
The  r igh t -hand  columns of the  figure show t h a t  p re t rea t -  
m e n t  wi th  a t ropine  comple te ly  antagonized the  re ta rda-  
t ion induced by  bradykin in  and f requent ly  even reversed it  
into a sl ight  bu t  s ignif icant  accelerat ion;  the  la t te r  was 
also subject  to a d is t inct  tachyphylaxis ,  bu t  was no t  
fur ther  analysed.  The  negat ive  chronotropic  effect of 
b radykin in  was equa l ly  suppressed by  10 -9 M (not shown) 
or 10 -s M te t rodotoxin .  On the  o ther  hand,  i t  remained  
unchanged in the  presence of hexame thon ium (10 -5 M); 
this concent ra t ion  of h e x a m e t h o n i u m  reduced the  
bradycard ic  effect  of 10 -4 M nicotine by  about  90% 
(N = 3; no t  shown). 
10-* M nicot ine t rans ien t ly  decreased the  hear t  ra te  by  
25 :t: 3% (N = 4). In  some experiments ,  3 •  -7 M 
bradyk in in  was added  dur ing cont inuous  infusion of 
nicotine (10 -4 M) bo th  immedia te ly  af ter  comple te  
deve lopmen t  of nicot ine t achyphylax i s  and 30 min later. 
In  e i ther  case, the  effect  of bradykin in  was abolished 
(N = 4; no t  shown). 
Discussion. I t  has previous ly  been shown t h a t  10 -7 M 
bradykin in  lowers the  hear t  ra te  of the  isolated rabbi t  
hear t  7. The  present  results  show t h a t  the  effect is concen- 
t ra t ion-dependent .  Moreover ,  several  f indings suggest  t ha t  
i t  is media ted  th rough  the  pa rasympa the t i c  innerva t ion  

of the heart .  1. The  bradykin in- induced  decrease was pre- 
ven ted  by  atropine,  thus  demons t ra t ing  an invo lvemen t  
of muscar ine  receptors.  2. I t  was also abolished by  
te t rodotoxin ,  which blocks the  propaga t ion  of nerve  
act ion potent ia ls  by  interfer ing with the  rapid  sodium 
inward cur ren t  s. This  makes  exc i ta t ion  by  bradykin in  
of a p rox imal  (ganglionic or preganglionic) site most  
likely, f rom whence impulses are carried down to the  
postgangl ionic  pa ra sympa the t i c  nerve  endings. On the  
o ther  hand,  a te t rodotoxin-sens i t ive  direct  depolar izat ion 
of the postganglionic  nerve  endings cannot  be ent i re ly  
ruled ou t  (cf. the  in terac t ion  of t e t rodo tox in  and nicot ine 
on postganglionic  sympa the t i c  axon terminals~). 3. The  
effect of b radykin in  was not  changed by  hexamethon ium.  
This  observa t ion  excludes the possibi l i ty  t h a t  the  decrease 
in hear t  ra te  was due to s t imula t ion  of preganglionic 
vagal  fibres, and confines possible sites of act ion to the  
ganglion cells. Moreover,  the  lack of an tagonism by  
h e x a m e t h o n i u m  indicates t h a t  the  ganglionic receptors 
are dis t inct  f rom nicot ine receptors.  4. In  sympa the t i c  
ganglia, the  effect of non-nicot inic  s t imulants  such as 
angiotensin is abolished dur ing the  early, depolarizing 
phase of the  block produced by  nicot ine;  dur ing the  late, 
non-depolar iz ing phase, the  effect  is faci l i ta ted 5. Only 
block, bu t  no subsequent  faci l i ta t ion was observed in the  
present  exper iments .  I t  should be noted,  however ,  t ha t  
even in sympa the t i c  ganglia  the  effect  of bradykin in  
differs f rom t h a t  of o ther  non-nicot inic  s t imulants  in t h a t  
i t  recovers  only to a v e r y  smal l  ex t en t  af ter  prolonged 
exposure to nicotineS. 
In  conclusion, our  results are consis tent  wi th  the  view 
t h a t  b radykin in  excites no t  only  sympathe t ic ,  bu t  also 
some pa ra sympa the t i c  gangl ion cells. In  the  rabbi t  iso- 
lated heart ,  only  2/a of all p repara t ions  tes ted were found 
to be responsive.  As in sympa the t i c  ganglia, the effect 
can  be classified as non-nicotine-l ike.  

8 C.Y. Kao, Pharmac. Rev. 78, 997 (1966). 
9 K. Starke, Rev. Physiol. Biochem. Pharmac. 77, 1 (1977). 
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Summary. Rats  which exhibi ted  a preference for dr inking a 6% w/v  solution of e thanol  in a free choice s i tuat ion did 
not  differ in thei r  sens i t iv i ty  to e thanol  f rom animals  exhibi t ing  an avers ion for ethanol,  as measured  by  learning rates 
in a T-maze  t ask  in which e thanol  served as a d iscr iminat ive  st imulus.  

Unde r  some circumstances,  the  consumpt ion  of alcoholic 
beverages in m a n  m a y  be par t ia l ly  de termined  b y  in- 
her i ted character is t ics  2-~. Alcohol  dr inking behavior  in 
some strains of l abora to ry  mice and rats  has also been 
repor ted  to be an  inher i ted character is t ic  6-~. Studies  
on such strains m a y  yield valuable  informat ion  concerning 
the  inher i ted character is t ics  which predispose some in- 
dividuals  to the  excessive consumpt ion  of beverages 
conta in ing e thy l  alcohol. I t  has been reported,  for ex- 
ample,  t h a t  animals  t h a t  prefer  e thanol  are less sensi t ive 
to the  hypno t i c  and depressant  effects of e thanol  t han  
are e thanol-nonpreferr ing animals 10-14. Whe the r  such 
differences in sens i t iv i ty  to the  effects of e thanol  p lay  
a role in the  self-selection of solutions of e thanol  remains  
a major ,  unanswered question.  However ,  implic i t  in 

such an inquiry,  is the  premise t h a t  conscious animals  
n a free choice s i tuat ion are capable  of gaining informa- 

t ion concerning the effects of injes ted e thanol  and m a y  
t i t ra te  dr inking behavior  accordingly.  Drug  discrimina- 
t ion procedures  have  proved  to be useful for de te rmin ing  
the  ex ten t  to which animals  are aware of the  effects 
produced by  specific drugs 15. The  present  s tudy  employed 
a drug discr iminat ion task  to de termine  if ethanol-  
preferr ing rats  differ f rom ethanol-nonpreferr ing rats  
w i th  respect  to the  magni tude  of the  in ternal  s t imulus 
produced by  a modera te  dose of ethanol .  
Subjects and methods. 105 female,  Wis ta r  rats  (Wo0dlyn 
Laborator ies ,  Guelph, Ontario,  Canada) about  4 months  
of age and approx imate ly  the  same weight  were housed 
indiv idual ly  in t r ansparen t  plast ic  cages (18" 1 • 8" w • 9" 
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h) wi th  b e d d i n g s  of wood shav ings .  E a c h  cage was  
p rov ided  w i th  2 bo t t l e s  of d r i nk ing  fluid, one c o n t a i n i n g  
t a p  water ,  a n d  t h e  o the r  c o n t a i n i n g  a 6~/o w /v  so lu t ion  
of e thano l .  Food  pel lets  were ava i lab le  ad  l ib i tum.  T h e  
c o n s u m p t i o n  of fluid f rom each  bo t t l e  was  d e t e r m i n e d  
a t  weekly  i n t e rva l s  and  t h e  pos i t ion  of t h e  bo t t l e s  was  
t h e n  swi t ched  to con t ro l  for pos i t ion  preferences .  A t  
t he  end  of 4 weeks,  2 e x p e r i m e n t a l  g roups  were fo rmed :  
an  ' e thano l -p re fe r r ing '  g roup  (n = 10) wh ich  h a d  der ived  
57 -6 7 % of i ts  t o t a l  f luid r e q u i r e m e n t s  f r om the  bo t t l e  
c o n t a i n i n g  6% e thano l ,  and  an  ' e t h a n o l - n o n p r e f e r r i n g '  
g roup  (n = 10) wh ich  der ived  on ly  18 -22% of its t o t a l  
fluid r e q u i r e m e n t s  f rom the  bo t t l e  c o n t a i n i n g  e t h a n o l  
(figure 1). 
To d e t e r m i n e  if the  2 g roups  differed in the i r  s e n s i t i v i t y  
to the  effects  of e thano l ,  t he  a n i m a l s  were t e s t ed  for the  
ra te  a t  wh ich  t h e y  learned  a d r u g  d e s c r i m i n a t i o n  based  
u p o n  t h e  i n t e rn a l  effects  of e t h a n o l  (780 mg /kg ,  i.p. in 
10% solut ion ,  20 m in  la tency)  v e r s u s  saline,  t he  u n d e r y i n g  
p remise  be ing  t h a t  a n y  difference in l ea rn ing  r a t e s  could  
be a t t r i b u t e d  to a di f ference in t he  i n t e rna l  cue p roduc e d  
by  e t h a n o l  in the  2 g r o u p s  of ra ts .  The  dose of e t h a n o l  
e m p l o y e d  was  expec ted  to be on ly  m o d e r a t e l y  descr imi-  
nab le  f r o m  saline16 and,  t hus ,  was  expec ted  to al low for 
t he  de tec t ion  of di f ferences  in the  d i s c r im ina t i ve  capac i t ies  
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Fig. 1. Consumption of ethanol by ethanol-preferring rats and 
ethanol-nonpreferring rats. For the 1st week the rats were given only 
6% w/v ethanol to drink. Thereafter, they were given a free 
choice between 6% w/v ethanol and tap water. The preference 
score (ordinate) refers to the amount of 6% ethanol consumed ex- 
pressed as a percent of the total fluid consumed from both bottles. 
Determinations were made at weekly intervals. Brackets indicate 
SE (n = 10). For reference, the mean intake of ethanol in g/kg/week 
is indicated in parentheses. 
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Fig. 2. Learning curves for ethanol-preferring and ethanol-nonprefer- 
ring rats. Animals were required to discriminate in a T-maze the 
internal effects produced by physiological saline and ethanol (780 
mg/kg). See text for details. Each session block consists of 10 con- 
secutive trials (days). The number of correct responses for the 10- 
day period was first determined in individual rats. The mean for 
the group of 10 rats was then calculated and plotted. Brackets indicate 
SE. 

of ra ts .  T r a i n i n g  w a s  in i t i a t ed  16 weeks  a f t e r  t he  pref-  
erence t e s t  h a d  been  conduc ted .  The  t a s k  r equ i r ed  t he  
a n i m a l s  to  en te r  t he  safe goal  c o m p a r t m e n t  (left or r ight)  
in a T - m a z e  u n d e r  t h e  e t h a n o l  cond i t i on  or u n d e r  sal ine.  
Access to t he  safe c o m p a r t m e n t  was  t h r o u g h  a top-  
h i n g e d  door  in e i the r  t he  left  or r igh t  c o m p a r t m e n t  of 
t he  maze .  For  ha l f  of t he  r a t s  in each  g r o u p  t he  r i gh t  
door  was  u n l a t c h e d  u n d e r  the  e t h a n o l  cond i t i on  and  
the  left  door  was  u n l a t c h e d  u n d e r  the  sa l ine  condi t ion .  
The  cond i t ions  were reversed  for the  r e m a i n i n g  ha l f  of 
the  r a t s  in each  g roup  to ba l ance  for pos i t i on  preferences .  
A 0.4 m a  s c r a m b l e d  c u r r e n t  appl ied  to  t he  m e t a l  gr id  
floor of the  T - m a z e  se rved  as the  m o t i v a t i n g  s t i m u l u s .  
T ra in ing  of the  d rug  d i s c r im ina t i on  was  a c c o m p l i s h e d  
by  a l t e r n a t i n g  t he  d rug  cond i t ion  a nd  t he  c o r r e s p o n d i n g  
safe goal  c o m p a r t m e n t  f rom d a y  to day .  10 t r a i n i n g  
t r ia ls  were a d m i n i s t e r e d  da i ly  over  a 10 m i n  period.  
As t he  cr i te r ion  for l ea rn ing  t he  d rug  d i s c r imina t ion ,  t he  
r a t  was  required to  choose  t he  correc t  box  on the  1st t r ia l  
on 8 of a n y  10 consecu t ive  sess ions  (days).  
Resul ts  and  discussion.  The  d a t a  in f igure  2 ind ica te  t h a t  
t he  ra te  of acqu i s i t ion  of the  d rug  d i s c r i m i n a t i o n  was  
s imi la r  in e thano l -p r e f e r r i ng  a nd  e t h a n o l - n o n p r e f e r r i n g  
ra ts .  In  keep ing  w i t h  t h a t  i n t e rp r e t a t i on ,  t he  m e a n  
n u m b e r  of t r ia ls  ( •  SE) requ i red  to r each  t he  c r i te r ion  
level of pe r fo rma nc e ,  i.e. 8 correc t  1st t r ia l  r e sponses  on 
a n y  10 c onse c u t i ve  days ,  did no t  differ  s i gn i f i can t ly  
be tween  e tha no l -p r e f e r r i ng  r a t s  (29 • 8) a nd  e t h a n o l -  
nonp re f e r r i ng  r a t s  (25 • 2). F u r t h e r m o r e ,  t he  m e a n  
n u m b e r  of cor rec t  r e sponses  over  t he  89-day  d u r a t i o n  
of the  e x p e r i m e n t  was  s imi la r  in e t ha no l -p r e f e r r i ng  r a t s  
(50 + 2) a nd  e t h a n o l - n o n p r e f e r r i n g  r a t s  (54 d= 2). 
These  re su l t s  are no t  in h a r m o n y  wi th  t he  h y p o t h e s i s  t h a t  
e thano l -p r e f e r r i ng  a n i m a l s  differ f r om e t h a n o l - n o n p r e -  
fer r ing  a n i m a l s  in t e r m s  of the i r  s e ns i t i v i t y  to the  effects  
of e thano l .  Nor  do these  f ind ings  s u p p o r t  the  no t i on  
t h a t  d r i nk ing  b e h a v i o r  in r a t s  selected f rom a n o r m a l  
p o p u l a t i o n  is causa l ly  re la ted  to the  m a g n i t u d e  of the  
d rug  exper ience  d r ived  f rom the  effects  of e thano l .  
F u r t h e r  s tud ie s  will be requi red  to d e t e r m i n e  t he  t ask ,  
dose, a nd  species d e p e n d e n c y  of th i s  p h e n o m e n o n .  A 
s imi la r  e x p e r i m e n t  p e r f o r m e d  wi th  s t r a i n s  of r a t s  or 
mice  se lec t ive ly  bred  for the i r  e t ha no l  preference  would  
be of in te res t .  
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