
314 Specialia EXPERIENTIA 23/4 

h e a r t  r a t e  is r ecorded  (Figure  1). W h e n  fac ing  a c e r t a i n  
direct ion,  the  a n i m a l  gets  a w e a k  e lec t r ica l  shock.  I f  t he  
b i rd  is able  to  d e t e r m i n e  t h i s  d i rec t ion ,  i t s  h e a r t  r a t e  in-  
creases in  a n t i c i p a t i o n  of t he  shock,  a n d  t h e r e  is a m a x i -  
m u m  a t  th i s  ang le  e v e n  if  n o  shock  a t  al l  is app l i ed  
(Figure  2). B y  th i s  m e a n s  i t  is poss ible  to  show w h e t h e r  
a ce r t a in  s t imu lus  s i t u a t i o n  is a p p r o p r i a t e  to  e s t a b l i s h  a 
cond i t i oned  r eac t i on  of th i s  k ind  (Figure  3). I t  is a s s u m e d  

t h a t  th i s  m e t h o d  c a n  easi ly  be  a d a p t e d  to i nves t i ga t e  
o t h e r  p r o b l e m s  of pe rcep t ion  a n d  learn ing .  
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A c i d - B a s e  E q u i l i b r i u m  in  the  H e a r t - L u n g  
P r e p a r a t i o n  ~ 

The  S ta r l i ng  h e a r t - l u n g  p r e p a r a t i o n  ha s  f r e q u e n t l y  
been  used  b y  phys io log i s t s  a n d  pha rmaco log i s t s ,  who  
h a v e  cons idered  i t  a n  a d e q u a t e  m e a n s  for  s t u d y i n g  d iverse  
p a r a m e t e r s  of t h e  i so la ted  h e a r t  *,a a n d  t h e  r e l a t i o n s h i p  
b e t w e e n  ac id -base  v a r i a t i o n s  a n d  m y o c a r d i a l  f u n c t i o n  4& 
However ,  few s tud ies  c o n c e r n i n g  the  b lood  ac id-base  
s t a t e  of t h e  p r e p a r a t i o n  h a v e  been  u n d e r t a k e n  w h e n  i t  is 
pe r fo rmed  w i t h  t he  usua l  t e c h n i q u e  s-s. W h e n  con t ro l s  of 
t h e  ac id -base  s i t u a t i o n  were  ca r r ied  o u t  in  o u r  l a b o r a t o r y ,  
t h e  b lood of t he  p r e p a r a t i o n  p r e s e n t e d  a r e s p i r a t o r y  a ika-  
losis t o g e t h e r  w i t h  a m e t a b o l i c  acidosis.  I t  was  e v i d e n t  
t h a t  the. v e n t i l a t i o n  e m p l o y e d  was  excessive,  l ead ing  to  
a r e l a t i ve  h y p e r v e n t i l a t i o n  a n d  to  h y p o c a p n i a .  The  
reasons  for  t h e  d e v e l o p m e n t  of t h e  m e t a b o l i c  acidosis  
were m u c h  less ev iden t ,  a n d  t h e  fol lowing sources  of 
m e t a b o l i c  acidosis  were t h e n  a n a l y s e d :  (1) h y p e r v e n t i l a -  
t i on  of t he  a n i m a l  to  be  used  in t he  p r e p a r a t i o n  p r io r  to  
t h e  i so la t ion  of t h e  h e a r t ;  (2) b leed ing  of t h e  d o n o r  dogs ;  
a n d  (3) changes  in t h e  col lec ted  b lood  d u r i n g  t h e  t i m e  
e lapsed b e t w e e n  t he  b leed ing  of t h e  d o n o r  dogs a n d  t he  
se t -up  of t he  p r e p a r a t i o n .  

Methods. T h e  S ta r l i ng  h e a r t - l u n g  p r e p a r a t i o n  was  per-  
fo rmed  fol lowing t h e  classic t e c h n i q u e L  Blood  used in  
t he  p r e p a r a t i o n  was  o b t a i n e d  f rom d o n o r  dogs,  w h i c h  
were b led  t h r o u g h  a c a n n u l a  p laced  in t he  f emora l  a r t e ry .  
I n  12 e x p e r i m e n t s  d o n o r  an i m a l s  were b led  to  d e a t h ;  a 
sample  of a r t e r i a l  b lood  was  o b t a i n e d  p r io r  to  t he  s t a r t  
of b leed ing  a n d  a n o t h e r  f rom t h e  t o t a l  a m o u n t  of t h e  
b lood  w i t h d r a w n .  I n  4 of these  e x p e r i m e n t s  a d d i t i o n a l  
s amples  were t a k e n  d u r i n g  h e m o r r h a g e  in o rde r  to  follow 
v a r i a t i o n s  in  base  excess (BE) value .  3 a d d i t i o n a l  exper i -  
m e n t s  were p e r f o r m e d  in w h i c h  severa l  d o n o r  a n i m a l s  
were  used to  o b t a i n  t he  necessa ry  b lood  vo lume .  These  
an imMs were no t  b led  to  d e a t h ,  b u t  a q u a n t i t y  of b lood  
e q u i v a l e n t  to  1.5% of b o d y  we igh t  was  w i t h d r a w n  f rom 
each  a n d  t h e n  ana lysed .  

I n  all  cases,  h e p a r i n  was used as a n t i c o a g u l a n t  a n d  t h e  
b lood  was s to red  u n d e r  ae rob ic  cond i t i ons  a t  a c o n s t a n t  
t e m p e r a t u r e  of 40 °C for a p p r o x i m a t e l y  1 h.  A sample  of 
a r t e r i a l  b lood was o b t a i n e d  i m m e d i a t e l y  p r io r  to  t h o r a c o -  
t o m y  of t he  dog to be ut i l ized in t h e  p r e p a r a t i o n ,  fol lowed 
b y  v e n t i l a t i o n  of t h e  dog w i t h  a i r  or  pu re  oxygen .  A n o t h e r  
s ample  was o b t a i n e d  j u s t  p r io r  to  t h e  i so la t ion  of t h e  
h e a r t ;  t h e  di f ference obse rved  b e t w e e n  these  two  samples  
was cons idered  as be ing  r e p r e s e n t a t i v e  of t h e  changes  
t h a t  t o o k  place  in  t he  10 rain  pe r iod  of h y p e r v e n t i l a t i o n  
p r io r  to  t h e  i so la t ion  of t h e  hea r t .  

In  5 e x p e r i m e n t s ,  t h e  p r e p a r a t i o n  was p e r f o r m e d  u n d e r  
t he  usua l  cond i t i ons ;  b u t  a f t e r  a 10 ra in  per iod,  t he  acid-  
base  equ i l i b r i um was cor rec ted  b y  t he  a d d i t i o n  of s o d i u m  

b i c a r b o n a t e  to  t he  b lood a n d  b y  v e n t i l a t i o n  w i t h  a mix-  
t u r e  of CO, a n d  O,. Blood  samples  were  o b t a i n e d  a t  10, 
20 a n d  30 ra in  a f t e r  t h e  cor rec t ion .  T h e  h e m o d y n a m i c  
p a r a m e t e r s  (mean  aor t i c  pressure ,  lef t  a t r i a l  pressure ,  
ca rd iac  o u t p u t  a n d  c o r o n a r y  b lood  flow) were  d e t e r m i n e d  
w i t h  m e r c u r y  a n d  w a t e r  m a n o m e t e r s  a n d  b y  t i m e d  col- 
lect ion.  

I n  all  t h e  a r t e r i a l  Mood  samples ,  CO 2 a n d  O,  c o n t e n t  
was d e t e r m i n e d  b y  t he  m a n o m e t r i c  m e t h o d  of VAN 
SLYKE a n d  NEILL 9, Ar t e r i a l  b lood  p H  was d e t e r m i n e d  
anae rob i ca l l y  a t  37 °C w i t h  a mode l  G B e c k m a n  p H  meter .  

P a r t i a l  p ressure  of CO~ in  a r t e r i a l  b lood (PCO2) was 
c o m p u t e d  f rom the  H e n d e r s o n - H a s s e l b a c h  equa t i on .  
These  va lues  were t h e n  used for  t he  d e t e r m i n a t i o n  of B E  
b y  m e a n s  of t he  SIGAARD ANDERSEN a l i g n m e n t  n o m o -  
g r a m  x0. L a c t a t e  d e t e r m i n a t i o n s  were  p e r f o r m e d  b y  t he  
m e t h o d  of BARKER a n d  SUMMERSON 11. Resu l t s  are  ex- 
pressed  as t h e  m e a n  ~ S.E.  of t he  m e a n .  

Results and discussion. I n  8 e x p e r i m e n t s  w i t h  mass ive  
b leed ing  of t he  d o n o r  a n i m a l s  a n d  v e n t i l a t i o n  w i t h  a i r  or 
oxygen ,  t h e  ac id -base  e q u i l i b r i u m  of t h e  c i rcu i t  b lood  
p r e s e n t e d  t h e  fo l lowing va lues :  p H  7.68 + 0.058; PCO~ 
7 + 1.5 m m  H g ;  B E  - -10  ~ 0.9 mEq/1,  showing  the  
r e s p i r a t o r y  a lkalos is  a l r e a d y  m e n t i o n e d  t o g e t h e r  w i t h  a 
m e t a b o l i c  acidosis.  

Severa l  poss ib le  m e c h a n i s m s  could  a c c o u n t  for  t he  
s t r i k i n g  r ise in  acid m e t a b o l i t e s  in  o u r  p r epa ra t i ons .  The  
f i r s t  to  be i n v e s t i g a t e d  was  t h e  in f luence  of t he  r e s p i r a t o r y  
a lkalos is  of t h e  dog v e n t i l a t e d  a t  pos i t ive  p ressure  w i t h  
a i r  or o x y g e n  for a n  ave rage  t i m e  of 10 m i n  p r io r  to  the  
i so la t ion  of t h e  h e a r t .  I t  h a s  b e e n  p r o v e d  t h a t  r e s p i r a t o r y  
a tkalos is  m a y  o r ig ina t e  a c o m p e n s a t o r y  m e t a b o l i c  ac ido-  
sis TM due  m a i n l y  to lac t ic  acid p roduc t i on ,  e v e n  t h o u g h  
no  s ign i f i can t  d i f ferences  were found .  W e  h a v e  t h u s  to  
cons ider  t he  poss ib i l i ty  t h a t  t he  t ime  of h y p e r v e n t i l a t i o n  
necessa ry  to  evoke  t h e  m e t a b o l i c  c o m p e n s a t i o n  is longer  
t h a n  t h a t  used in  ou r  expe r imen t s .  
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A second poss ib le  cause  of t h e  n e g a t i v e  B E  va lues  was 
the  b leed ing  to d e a t h  of t h e  d o n o r  dogs. T he  m e a n  b lood 
B E  va lues  of d o n o r  a n i m a l s  before  be ing  b led  ( -  3 ± 0.5) 
is s ign i f i can t ly  d i f f e ren t  f rom t h a t  of t h e  s a m p l e  repre -  
s e n t a t i v e  of t he  t o t a l  v o l u m e  of t h e  b lood  w i t h d r a w n  
( - 7  4- 1; P < 0.01; T a b l e  I). T h e  F igure  shows a con-  
t i nuous  i n c r e m e n t  of t he  n e g a t i v e  B E  va lue  as b leed ing  
progresses.  On t h e  o t h e r  h a n d ,  p a r t i a l  b l eed ing  n o t  g r ea t e r  
t h a n  1 .5% of t h e  b o d y  w e i g h t  was  ca r r i ed  o u t  in  3 exper i -  
m e n t s  r e s u l t i n g  in b lood  B E  va lues  w i t h i n  n o r m a l  r a n g e  
(Table  II) .  

I t  is e v i d e n t  t h a t  b leed ing  causes  a re lease  of ac id  
r ae t abo l i t e s  to  t h e  blood,  poss ib ly  t h r o u g h  an  e p i n e p h r i n e  
release e v o k e d  b y  h e m o r r h a g e ,  p r o d u c i n g  musc le  g lyco-  
gen b r e a k d o w n  w i t h  f o r m a t i o n  of lac t ic  a n d  p i ruv ic  
acids la-15. G r e a t e r  p r o d u c t i o n  of these  ac ids  would  be  
f u r t h e r  e n h a n c e d  by  a n o x i a  due  to b leeding .  I n  2 add i -  
t i ona l  e x p e r i m e n t s ,  t h e  v a r i a t i o n  in a r t e r i a l  Mood l a c t a t e  
c o n c e n t r a t i o n  was  d e t e r m i n e d  as h e m o r r h a g e  progressed  ; 
a c o n t i n u o u s  increase  was seen r each ing  a m a x i m u m  
v a l u e  of 6 ram~1 in t he  las t  sample .  

The  l a s t  poss ib i l i ty  to  be  e v a l u a t e d  was  t h e  in f luence  
of t h e  t i m e  e lapsed  b e t w e e n  t h e  w i t h d r a w a l  of b lood  f rom 
the  d o n o r  dog  a n d  i ts  use  in  t h e  preparationX°,~L Blood  
B E  va lue  v a r i e d  s i gn i f i c an t l y  d u r i n g  t h i s  per iod.  An 
in i t ia l  B E  va lue  of -- 7 -F 1.0 a n d  a f ina l  one  of -- 9 4- 1.1 
showed  a n  increase  in  acid m e t a b o l i t e s  obv ious ly  due  to 
s p o n t a n e o u s  glycolysis  t a k i n g  place  (Tab le  I, 1 a n d  2). 

These  f ind ings  show t h a t  a w a y  to  o b t a i n  a p r e p a r a t i o n  
w i t h  b lood  ac id -base  cond i t i ons  a p p r o a c h i n g  phys io-  
logical ones  is to  avo id  t h e  b leed ing  to d e a t h  of t h e  d o n o r  
dogs, a n d  to  decrease  t h e  t i m e  lapse  b e t w e e n  t he  b l o o d  
co l lec t ion  a n d  t h e  s e t -up  of  t h e  p r e p a r a t i o n .  Thus ,  in 3 
e x p e r i m e n t s  in  w h i c h  b lood  was o b t a i n e d  b y  p a r t i a l  
b l eed ing  of severa l  d o n o r  dogs, t he  c o n s e r v a t i o n  pe r iod  

Table I. Blood base excess values • during the different experimental 
steps 

Experi- 1 2 3 4 
merit No. 

1 - - 4  - -  6 - - 1 2  - - 1 3  
2 - - 3  - -  8 - -  9 - - 1 1  
3 --1 - - 2  - - 5  - - 6  
4 - -2  - - 4  - - 7  - - 8  
5 --5 -- 9 --10 --14 
6 - -2  -- 7 - - I0  -- 8 
7 - -4  --10 --14 -- 8 
8 --3 -- 9 -- 6 --11 

Mean4-S.E. - -34-0 .5  -- 7:t=1.0 - -9  4-1.1 --104-0.9 

E x p r e s s e d  as  mEq/1.  {1) Blood  of the  d o n o r  a n i m a l  before  b leeding.  
(2) Blood of the donor animal immediately after bleeding. (3) Blood 
of the donor animal after 1 h at 40 °C. (4) During functioning of the 
preparation. 

Table II. Blood base excess values after withdrawing blood to the 
value of 1.5% of the body weight per animal 

was decreased  to less t h a n  30 m i n  a n d  v e n t i l a t i o n  was 
Mways  m a i n t a i n e d  w i t h  95 .5% O2 a n d  4 .5% CO,, i t  was  
possible  to  o b t a i n  a n o r m a l  p r e p a r a t i o n  as r ega rds  t h e  
ac id -base  equ i l ib r ium.  

I t  was  also poss ib le  to  o b t a i n  a p r e p a r a t i o n  w i t h  acid-  
base  cond i t ions  a p p r o a c h i n g  phys io log ica l  ones  b y  t he  
a d d i t i o n  of a n  a d e q u a t e  q u a n t i t y  of sod ium b i c a r b o n a t e  
a n d  v e n t i l a t i o n  w i t h  95 .5% O, a n d  4 .5% CO 2. Th i s  cor- 
r e c t i on  was p e r f o r m e d  in  5 e x p e r i m e n t s  in  wh ich  t he  f u n  
lowing m e a n  va lues  were  o b t a i n e d :  p H  7.80 :k 0.02; 
PCO 2 3 :k 0.2 m m  Hg ;  B E - - 1 1  4- 1.0 mEq/1  before  t he  
cor rec t ion ,  a n d  7.4 4- 0.03, 38 :t: 2.7 a n d  -- 1 4- 1.3 mEq/1  
r e spec t ive ly  a f t e rwards .  N o r m a l i z a t i o n  b y  t h i s  m e t h o d  
was  fol lowed b y  m i n i m a l  a n d  t r a n s i t o r y  h e m o d y n a m i c  
changes ,  e i t h e r  in  ca rd iac  o u t p u t ,  le f t  a t r i a l  p ressure  
or  c o r o n a r y  b lood  flow. 
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In 4 aifimals bled to death, the volume of blood withdrawn is repre- 
sented on the abcissa as % of the t o t a l  Base excess (BE) values are 
represented on the ordinate, k continuous increase of the BE  values 
may be seen, especially in the last 3 samples. 

Rdsumd .  E t u d e  de l ' 6qu i l ib re  ac ide -bas ique  de la pr6- 
p a r a t i o n  cceu r -poumon  de l ' 6 tou rneau ,  r6alis~e a v e c l a  
t e c h n i q u e  h a b i t u e l l e  e t  les m o y e n s  de  cor r iger  tes a l t6 ra -  
t ions  cons ta t6es .  L a  r e c h e r c h e  des  causes  de  ces a t t 6 r a t i ons  
a pe rmis  de conc lure  que  l ' a lca lose  r e sp i ra to i re  est  due  tt la  
v e n t i l a t i o n  d e n t  on  se ser t  h a b i t u e l l e m e n t ,  t a n d i s  que  
l ' ac idose  m 6 t a b o l i q u e  es t  due  £ une  p r o d u c t i o n  de m 6 t a -  
bo l i tes  ac ides  d~clanch~s s u r t o u t  p a r  la sa ign6e des  an i -  
m a u x  d o n n e u r s  e t  p a r  la  g lucolyse  qu i  se p r o d u i t  ~ p a r t i r  
de l ' e x t r a c t i o n  du  s ang  e t  j u s q u ' a u  m o m e n t  de son  emplo i  
d a n s  la p r 6 p a r a t i o n .  
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