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COMPLETELT OPEN FROG'S HEART ON EXTENSOMETER E L E C T R I -
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The spécifie p h y s i o l o g y o f a c a v i t a r organ i s 
co n c e r n e d w i t h t h e i n t e r n a i s p a c e s i t d i s p l a y s . I 
s t a r t e d w i t h t h i s c o n c e p t i o n i n mind when I engaged 
some y e a r s ago - about 2 5 a c t u a l l y — i n t h i s f i e l d . 
Whereas any k i n d o f v e r t e b r a t e h e a r t i s r e l e v a n t t o t h i s 
t e c h n i q u e f a c c o r d i n g t o a d a p t a t i o n s l i n k e d t o t h e a n a t o -
m i c a l r e s t r a i n t s ( = s p e c i f i c i t i e s ) ^ -» f i g u r e 1 shows 
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how t h e opérâtory t a c t i c f o r opening a mammal v e n t r i c 1 e 
i s d r i v e n . I w i l l démonstrate to you today : 
1. the way to open a f r o g ' s h e a r t , 
2 . how to t r a n s f e r t h e p i n n e d h e a r t from t h e p a r a f f i n 
wax to the o r i g i n a l e x t e n s o m e t e r ( 1 ) , 
3 . how the suspended h e a r t w i l l c o n t r a c t r e g u l a r l y f o r 
h o u r s w i t h o u t any p e r f u s i o n t h a n k s to the m e c h a n i c a l 
c a t a l y s i s ( 2 ) o f t h e s i x w e i g h t s l o c a t e d a c c o r d i n g 
to c h o s e n a n g l e s , 
U* how, t h a n k s to the o r i g i n a l e l a s t o r e s i s t a n c e s ( 3 ) , 
the f o r c e 3 ^ and the w o r k 1 ^ a r e r e c o r d e d { k ) and how 
one can r e c o r d s i m u l t a n e o u s l y l o c a l EKG, 
I n a d d i t i o n I w i l l make some r e m a r k s on t h e b i o c h e m i s t r y 
o f automatogenic p r o c e s s e s . 

1, SURGICAL OPERATION : - - y ^ v - . ^ . s 

The h e a r t i s e x t r a c t e d from the body o f a d o u b l e - p i t h e d 
f r o g and immédiately immerged i n a f r e e phosphate and 
f r e e g l u c o s e R i n g e r ' s s o l u t i o n to p e r m i t t h e r a p i d 
r e l e a s e o f the r e s i d u a l b l o o d , The h e a r t , l y i n g down 
on i t s d o r s a l p a r t , i s t h e n p i n n e d up on p a r a f f i n wax 
w i t h 2 s a g i t t a l p i n s a t f i r s t , a f t e r w a r d s w i t h 6 p i n s 
{ F i g , 2 a & b ) . A f t e r making a s m a l l t r a n s v e r s e b u t t o n -

F i g , 2 a,b & c , = 1 ; ̂; | 

h o l e , a b r a n c h of t h e o p h t a l m o l o g i e s e i s s o r s i s i n s e r t e d 
i n t o the v e n t r i c l e t h r ough t h i s b u t t o n - h o l e a n d ^ w i t h a 
minimum number o f s a g i t t a l c u t s , i t i s t h e n p o s s i b l e t o 
move the a u r i c u l a r and v e n t r i c u l a r médian edges i n s u c h 
a way t h a t the former c l o s e d complex s u r f a c e o f t h e 
h e a r t { F i g . 2 a ) becomes , by u n f o l d i n g and s t r e t c h i n g , 
an open s u r f a c e ( F i g , 2 c ) w h i c h c o n t r a c t s i " ^ ^ r e g u l a r 
a l t e r n a t i o n . I f t h e r e i s any need, one c a n éliminate 
the c o a g u l a t e d b i o o d i n f i l t r a t e d i n s i d e t h e m u s c u l a r 
b u n d l e s by r i n s i n g w i t h R i n g e r f l u i d , e v e n t u a l l y by 
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u s i n g a s m a l l c o t t o n swab. At t h i s p o i n t , t h e t e c h n i q u e ̂  
q u i t e s i m p l e , i s u s e f u l l f o r h i g h - s c h o o l p u p i l s . To keep 
the i s o l a t e d open h e a r t a l i v e ( w o r k i n g ) f o r h o u r s , one 
needs to p u t , from time t o time,some drops o f R i n g e r ' s 
f l u i d on the préparation. By e l e v a t i n g the open p i n n e d 
h e a r t from t h e c o n t a c t w i t h t h e wax, one can even eut 
out the s i n u s v e n o s u s and d e m o n s t r a t e t h e n t h a t ,under 
the i n f l u e n c e o f the m e c h a n i c a l c a t a l y s i s , t h e h e a r t 
m u t i l a t e d from i t s p r i n c e p s pacemaker, c a n s t i l l e f f e c 
t u a te l o n g - t i m e r e g u l a r révolutions• T h i s "Advanced 
T e c h n o b i o l o g y " needs o n l y t h e common m a t e r i a l o f a 
sewing—maid.., 

F i g , 3 shows the e l e c t r o n - m i c r o s c o p i c morphology o f 
the s i n u s v e n o s u s ( 5 ) i n d i c a t i n g n o t a b l y a r a t i o • 
e x t e n t o f t h e c e l l membrane f a v e u r - i f compared 
mas s o f the c o n t r a c t i l e m a t e r i a l 
w i t h the u l t r a - s t r u c t u r e o f a f r o g ' s v e n t r i c l e - of t h e 
membrane s u r f a c e . 
2 , and 3.OPEN HEAliT ON EXTENSOMETER 

The mammal h e a r t c an a d v a n t a g e o u s l y be s t r e t c h e d on 
the e x t e n s o m e t e r ( F i g . ' t ) a s we d i d ( i ) . T h i s c i r c u l a r 

e x t e n s o m e t e r i s e s s e n t i a l l y b u i l t w i t h a c e n t r a l p e d e s t a l 
moving up and down f o r the p i n n e d open h e a r t on i t s wax, 
a low e r c i r c l e f o r s i x ( o r more) a n g u l a r l y moving b r a -
c k e t s s u p p o r t i n g the s i x h o o k - t h r e a d s h o l d i n g t h e h e a r t 



under d e f i n i t e w e i g h t s ( f o r m a l l y 6 x 1 g) when i t i s 
g e n t l y unpinned , and a h i g h e r c i r c l e a s a s t a n d f o r 
électrodes, s e n s o r s , e t c ( E t s G a u t h i e r , P a r i s ) , 

To t r a n s f e r the h e a r t from t h e wax to i t s défini
t i v e s i t u a t i o n when b e a t i n g r e g u l a r l y i n t h e a i r , one 
ha s j u s t to f i x one h o o k - s t r i n g n e a r e a c h p i n and t h e n 
to remove t h e p i n s (do not f o r g e t t o m o i s t e n t h e prépa
r a t i o n and to a v o i d any t h e r m i e s h o c k ) . 

k. ELASTORESISTANCES CONTROL OF THE MECHANICAL PROCESSES 

T o p o e l e c t r o n i c i s a new way f o r E l e c t r o n i c s where, 
i n s t e a d o f d o i n g s o l i d s t a t e p h y s i c s u n d e r r i g i d s u b s t r a 
t a , one u s e s d e f o rmable ( e l a s t i c o r p l a s t i c ) s u b s t r a t e s 
{ 3 ) • We s h a l l u s e h e r e o n l y e l a s t o r e s i s t i v e d e v i c e s 
a t t a c h e d to eac h of the s i x t h r e a d s c o n n e c t e d w i t h t h e 
h e a r t a t eac h p o i n t and to the w e i g h t s a t t h e o p p o s i t e 
ends. 

F i r s t o f a i l , some words about thèse e l e s t o r e s i s -
t a n c e s .Those u s e d today have a n a t u r a l l a t e x s u b s t r a t u m 
s t r i p - s h a p e d ( 3 / 1 0 mm t h i c k n e s s ) and t h e y a r e c o a t e d i n 
vacuum wi t h g o l d u s i n g an A E I { H a r l o w , E s s e x ) yacuum 
c o a t i n g u n i t t y p e MC9 w o r k i n g under -1 , 5 • 10 t o r r , 
The DC power s u p p l y (9V) i s c o n n e c t e d , through a résis
t a n c e o f f u 3 0 0 to t h e c o v e r e d e l a s t o r e s i s t a n c e s u p p l i e d 
w i t h two s i l v e r c o n n e c t i o n s s t u c k w i t h a c o n d u c t i v e g l u e , 
and t o f o l l o w s i m u l t a n e o u s l y t h e s i x m e c h a n i c a l c a r d i a c 
e v e n t s , the s i x t o p o e l e c t r o n i c s e n s o r s a r e pl u g g e d i n 
AC ( r a p i d c h a n g e s ) to a " T e k t r o n i x 5 1 0 3 N" s i x - t i m e s 
commutâted by a spécial s e t — u p . To a v o i d n o i s e the 
mobile c o n t a c t s a r e m a n u f a c t u r e d w i t h g o l d . As f a r a s 
c a r d i o e l e c t r i c a l e v e n t s a r e to be r e c o r d e d , f i n e w i r e s 
a r e f i x e d to the s i l v e r e l a s t o r e s i s t i v e c o n n e c t i o n s to 
the s i x différent m e c h a n i c a l c h a n n e l s so t h a t t h e l o c a l 
EKG superimpose t h e l o c a l MKG, 

I n a p r e c e d i n g s h o r t paper ( 6 ) t h e t h i c k n e s s o f t h e 
t h i n f i l m ( s i l v e r d e p o s i t ) was c a l c u l a t e d a c c o r d i n g t o 
th e c l a s s i c a l r e s i s t i v i t y équation r = f l / s i n ohm-
centime t e r a t 2 2 C• Our a c t u a l more a c c u r a t e calculâtion 
i s the f o l l o w i n g one : t a k i n g i n t o a c c o u n t t h e gas r e 
moval from the l a t ex when submi 11 ed t o vacuum, t h e 
i n i t i a l w e i g h t i s m'o and m'^ , a f t e r p l a t i n g f o r g o l d 
w e i g h t m ; an i d e n t i c a l pièce o f l a t e x ( t h e c o n t r o l ) 
o f w e i g h t mo i s l o c a t e d i n t h e upper p a r t o f t h e l a t e x 
to be g i l d e d , a paper s h e e t b e i n g i n t e r p o s e d between the 
two pièces o f l a t e x ; a f t e r gas removal TRQ ^ m.j , 
where ""i <C ""o ' ^^^"^ h i d d e n l a t e x g i v e s ^ - m^ - m.j , 
and the g i l d e d l a t e x g i v e s Am' = m'.| „ ""'o* ^ h e r e f o r e i 
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2 L e t u s c o n s i d e r t h e expérimental d a t a i S = 3 2 , 5 çm « 
o , 0 . 8 1 9 6 „ o „ y- 7 . 6 . 1 0 - 0 , 1 0 - 3 

-Au =,^-^ * = -"̂ ^ ^ ' 1 9 x 3 2 , 5 x 1 0 - ^ -
1 2 3 0 Â . 

F o r the moment any at t e m p t t o c a l c u l a t e t h e number 
o f l a y e r s a c c o r d i n g t o an a t o m i c d i a m e t e r o f 2 , 6 8 A 
f o r Au i s s u b j e c t t o c a u t i o n u n t i l expérimental t h i n 
f i l m p a t t e m s c o u l d g i v e a t o p o g r a p h i c a l d i s t r i b u t i o n 
o f t h e atoms p i l e d up o r t h o g o n a l l y o r i n o t h e r waysa 
Moreover t h e calibrâtion c u r v e s o b t a i n e d from a v i r g i n 
g i l d e d l a t e x f o r t h e same e l e s t o r e s i s t a n c e ( h e r e an 
o r i g i n a l p r e s s u r e t r a n s d u c e r f o r c a t h e t e r i z a t i o n ) a f t e r 
t a k i n g i t s f r e s h n e s s o f f a l r e a d y i n d i c a t e s { f i g , 5 ) t h a t 

p r i v i l e g e d s t r a t i f i c a t i o n s c o u l d a p p e a r ( a s a m i n i -
p r e s s u r e s e n s o r t h e l i n e a r i t y i s l o c a t e d i n a ^ domain 
o f v a l i d i t y c o r r e s p o n d i n g t o a hystérésis O/ 4^ when 
t h i s cathéter s e n s o r i s s u b m i t t e d t o r a t h e r h y p e r t e n -
s i v e c y c l e b u l k s t r e s s e s ) • I n t h e n e a r f u t u r e t h e t h e o -
r y o f f i n i t e déformations o f e l a s t i c membranes s h o u l d , 
i n a d d i t i o n , be a p p l i e d i n c o n n e c t i o n w i t h t h e b e h a v i o r 
o f t h e p a r a - c i * y s t a l s t r u c t u r e s o f t h e t h i n m e t a l l i c 
f i l m . 



309, 

F i g u r e 6 ( 7 ) i s a " P o l a r o i d " photo showing t h e 
l o c a l EMG a t t h e différent a n g u l a r summits o f a t t a c h m e n t 
to the open h e a r t o f a 5 2 g ̂  Rana e s c u l e n t a (Q" = 2 0 C; 
t , 1.4-= 5 0 0 m s / d i v . ) . l e f t - r i g h t 

The f u l l e x p l a n a t i o n w i l l have to t a k e i n t o a c c ount 
th e e v e n t u a l ago- and a n t a g - e l a s t i c interférences and 
résonances when t h e a c t i o n p o t e n t i a l s p r e a d s o u t ( t h e 
a u r i c u l a r s y s t o l e p u l l s p a s s i v e l y the s t i l l m e c h a n i c a l l y 
i n e r t v e n t r i c l e ) and^ n o t a b l y ^ when the préparation i s 
a g i n g . F o r the sake o f c l a r i t y one w i l l j u s t i n d i c a t e 
h e r e the s t a n d a r d i z a t i o n method f o r d e s c r i b i n g f o r c e 
measurements ( F i g , 6 ) . From t h i s i s o m e c h a n i c l e v e l to 
the c r e s t i n each c h a n n e l one c h t a i n s A * ^ ^ ;the c a l i b r a -
t i o n b e i n g d o n e , u s i n g gramme, 1 g - f o r c e = 9 B 1 dynes , 
t h e r e f o r e 1 dyne = 1 . 0 2 mg-force w i t h an u n c e r t a i n t y 
of 0—70 fo, Then,the work d u r i n g a p e r i o d i s 
V = •,;A3CA l ( L = l e n g t h ) , A c c o r d i n g t o what 4fe ^ 
0 . 2 5 mm/g i n the c a s e o f t h e présent e l a s t o r e s i s t a n c e s . 

Some v a l u e s , c l o s e t o 5 /o,of S - ç U /are, a c c o r d i n g t o 
the f r o g ' s h e a r t ( h e r e : d r i e d w e i g h t ^\J^% mg ) : l ) 
f o r a u r i c l e s . from 6 0 dyn ( - * - 0.04 e r g ) t o 4 0 0 dyn 
( —*• 2 e r g ) î 2 ) f o r v e n t r i c l e , from 2 0 dyn ( - » - 0 . 0 0 5 
e r g ) to 3 0 0 dyn (—»-1 e r g ) • 

The simultanéeus r e c o r d s o f the l o c a l EMG-EKG a r e 
e a s y to do ,but the f i g u r e s w i l l not be g i v e n h e r e : a s 
f a r a s t h e e l e c t r o - m e c h a n i c a l e v e n t s a r e c o n c e r n e d , 
to e s t a b l i s h t h e i r r e l a t i o n s h i p s , a c c o r d i n g to the 
t e c h n i q u e d e s c r i b e d h e r e , one needs a c l o s e examinâtion 
o f t h e co n c o m i t a n t wave forms w h i c h c a l l s f o r a h i g h -
speed c i n e m a t o g r a p h y and, a f t e r what, a d y n a m i c a l topo-
l o g y t r e a t m e n t • As thèse a n a l y s e s a r e i n p r o g r e s s , 
we w i l l f o c u s our a t t e n t i o n now on p o i n t 5 , 

5 . SOME REMARKS ON THE BIOCHEMISTRY OP THE AUTOMATOGENIC 
PROCESSES, 

M e c h a n i c a l c a t a l y s i s means t h a t f o r a c e r t a i n mecha
n i c a l s t r e t c h a m e c h a n i c a l t h r e s h o l d o f r e s t r a i n t s i s 
r e a c h e d , s o t h a t the h e a r t — or even a v e n t r i c u l a r f r a g 
ment of a f r o g ' s h e a r t ( 8 ) - c a n f o l l o w r e g u l a r p e r i o -
d i c i t y o f d i a s t o l e - s y s t o l e révolutions. F o r t h e open 
f r o g ' s h e a r t t h i s t h r e s h o l d i s l o c a t e d , dépending on 
tho s i z e o f t h e h e a r t , around 6 x 5 0 - 1 0 0 mg a t room 
température (thèse v a l u e s a r e g i v e n j u s t t o f i g u r e an 
e x t e n t o f évaluation), The n a t u r a l équivalent o f t h i s 
m e c h a n i c a l s t r e t c h i s t h e d i a s t o l i c p e r i o d , when the 
h e a r t , f i l l e d by t h e b l o o d , i s s u b m i t t e d t o a c e r t a i n 
p r e s s u r e s t r e t c h i n g t h e muscle bundles» N o w , c l a s s i c a l l y 
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d i a s t o l e means r e s t . But d i a s t o l e i s I n no vay a pause : 
1 " ) b e c a u s e o f the m e c h a n i c a l c a t a l y s i s , 2 " ) b e c a u s e i t 
r e p r e s e n t s t h e p e r i o d o f r e - s y n t h e t i z i n g t h e e n e r g e t i c 
molécules i n v o l v e d i n t h e n e x t s y s t o l i c p h a s e ; mechani
c a l c a t a l y s i s a c t s a t two l e v e l s : a s an a u t o m a t o g e n i c 
t r i g g e r - automatogenic c o n t r a c t i o n initiâtor and 
gênerai c o n t r a c t i o n e v e n t • I s t a r t e d t h e b i o c h e m i c a l 
a n a l y s i s o f thèse p r i m e v a l e f f e c t s i n 1 9 7 3 ( 9 ) when 
I became aware o f the p r i n c e p s rôle o f cAMP : t h e pla s m a 
membrane n u e l e o t i d y l - c y c l i c m a c h i n e r y , E p i t o m i z i n g , t h e 
main phenomena d i s p l a y e d d u r i n g t h e pacemaker p e r i o d , 
one can s a y f o r t h e moment, w i t h t h e h e l p o f f i g u r e 7 
( 1 0 ) I 

^ FIG. T . Stimulus-contiaction coupling in the heart. The action potential causes an influx of 
extecnal calcium, most of which enlers the calcium réservoir (sarcoplasmic reliculum) but some 

f; _ i ot whicti goes directly lo Ibe coniract'ie éléments. Calcium, which entered the sarcoplasmic 
reticulum tJuring the previous beat, is also released and contriliutes to the bui!d-up of Iree 

- ^ calcium responsable tor iniliat:ng contraction. Relaxation occurs when this calcium tevel is 
reduced by being pumped into the sarcoplasmic reticulum or by extrusion across the surface 
membrane in exchange for sodium. Epinephrine exerts its positive inotropic effect via cyclic 

^ ' AMP, which modulâtes the ebb and flow of calcium during eacti heart beat. Cyclic AMP can 
:/i either prolong the influx of calcium across the plasma membrane or enhance Ihe uptake ot 

. calcium into Ihe sarcoplasmic reticulum^ 1 0 ) . (ilichael J . Berridge; Saven Press NÏJ 
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1 ) While a c t i o n p o t e n t i a l l e a d s t o an i n c r e i i L e n t i a l 
e f f e c t i n t h e i n t r a c e l l u l a r p o o l o f Ca"*"*"» what initiâtes 
t h ç_|_action p o t e n t i a l i s n o t i n d i c a t ed i n F i g, 7 » but 
Ca i n c r e a s e s b o t h t h e amount o f cAMP under t h e automa
t o g e n i c e f f e c t o f B a C l g on t h e c a r d i a c a p i c e s o f t h e 
f r o g , and the durât i o n o f t h e Ba"*̂ "*̂  — i n d u c e d c a r d i a c 
apex automatism ( i l ) , Now ; 
2) cAMP activâtes p r o t e i n k i n a s e w h i c h c a t a l y z e s the 
t r a n s f e r o f a phosphate ( t h e l a s t one) o f ATP to p r o 
t e i n s o f t h e plasm a and s a r c o t u b u l a r membranes where i s 
a l s o l o c a t e d t h e c a t e c h o l a m i n e s e n s i t i v e a d e n y l - c y c l a s e 
enzymes of e n t r a n c e ( i l ) ; 

3) the d i f f u s i o n o f Ca t h r o u g h t h e sarcolemma i s 
prompted d u r i n g t h e ^ a c t i o n p o t e n t i a l , ^ a n d Ca c o u l d 
i n t e r v e n e i n the Ca"*"*" - bound and Ca - f r e e ( a v a i l a b l e ) 

m ovements and, t h e n , médiates t h e i n o t r o p i c a c t i o n o f 
— a d r e n e r ^ i c molécules, 

Û) the Ba - t r i g g e r e f f e c t on a f r o g ' s h e a r t apex c a n 
be o b t a i n e d i n R i n g e r * s s o l u t i o n w i t h o u t Na"*" and 
( 1 2 ) and ( l 3 ) cAMP stimulâtes Ca"** e n t r y by s t i m u l a t i n g 
the^Ca"*"'*"-pumç^ i t seems t o me t h a t a p u s h - p u l l s y s t e m 
Ca -cAMP-Ca .•• i s i n v o l v e d i n t h e autom a t o g e n i c e f f e t , 
tentâtively i n t h e membrane d e p o l a r i z a t i o n ( 14 ) . T h i s 
a b i l i t y c o u l d be ATPase-Ca"*"*" dépendent, We s h a l l now 
examine two v e r y i m p o r t a n t t e c h n o - m e t h o d o l o g i c a l p o i n t a • 

1") I n a defor m a b l e o r g a n l i k e the h e a r t , not o n l y 
the morphology, t h e m e c h a n i c a l and t h e e l e c t r i c a l e v e n t s 
a r e p e r m a n e n t l y c h a n g i n g b u t , f u n d a m e n t a l l y , t h e metabo-
l i s m . So t h a t t h e t r a n s l o c a t i o n o f s u b s t r a t e s and a c t i v e 
enzymic s i t e s d r i v e t h e c o n c e p t u a l i z a t i o n t o t h e n o t i o n 
o f t o p o g r a p h i e enzymology ( o r mechano-enzymology i n s i t u ) 
w h i c h i s d e a l i n g w i t h enzymes and s u b s t r a t e s i n t h e i r 
c e l l u l a r and t i s s u e s s u r r o u n d i n g s ( l 5 ) ( ' 6 ) ( l 7 ) » 
As f a r a s m e c h a n i c a l c a t a l y s i s i s c o n c e r n e d , i n un p u f a l i — 
shed r e s u l t s , o b t a i n e d i n c o l l a b o r a t i o n w i t h J e a n — C l a u d e 
D a v i d , I u s e s u r g i c a l a n a l y s i s ( l 8 ) ( l 9 ) i n s u c h a way 
t h a t t h e f r o g • s h e a r t was s y s t e m a t i c a l r e d u c e d t o a f r a g 
ment o f v e n t r i c l e s t i l l b e a t i n g when unde r 2 x 1 g 
s t r e t c h e s a t 2 0 C, We found by t h e t r i t i u m cAMP-binding 
p r o t e i n t e c h n i q u e ( 2 0 ) t h a t , when t h i s fragment i s 
stopped by removing t h e s t r e t c h i n g w e i g h t s , t h e amoimt 
of cAMP f a l l s t O ( \ ; 3 . 5 p mole/mg t o t a l P̂ ^ w h i l e i t was 

Oj 9 - 7 5 pmole/mg t o t a l when b e a t i n g under s t r e t c h , and 
r i s e s a g a i n t o ' \ ; 7 « l pmole/mg t o t a l P̂ ^ when i t r e s t a r t s 
t h a n k s t o t h e i n i t i a l s t r e t c h , 

2 " ) T h i s i s i n good agreement w i t h p r e v i o u s r e s u l t s 
c o n c e r n e d w i t h Ba"*"*"- f r o g ' s h e a r t apex ( i l ) {21 ) , B u t , 
a s we u n d e r l i n e d ( i l ) , an i m p o r t a n t a s p e c t o f a n a l y t i c a l 
• H z y m o l o g y à s a v o i r que dans des homogénats e t l e s 



TABLEAU 1 

Détermination des c o n t e n u s a u r i c u l a i r e e t v e n t r i c u l a i r e en cA^lP 

: i - i 
a; 

T i s s u s 
Nombre de 
pièces p a r 
c o l l e c t i o n 

p m o l e s / g de 
t i s s u f r a i s 

pmoles/mg P. 
t o t a l ^ 

pmoles/mg protéines 
t o t a l e s ( 2 6 0 n m / 2 8 0 n m 

î c c; 
0 

•r-l 
4J : u 

o r e i l l e t t e 
b r a n c h i a l e 

4 53,4 - 2,4 2,6 ~ 0.1 0,155 - 0,005 

o 
: v e n t r i c u l e 

b r a n c h i a l 
8 14,6 - 2,4 0,73 - 0,09 0,042 i 0,007 

: œ 
0) 

: ^ 

c c 

o r e i l l e t t e 
b r a n c h i a l e 

1 non détectable non 
détectable 

non détectable 

: 0 0 . E -H 
+J : (-> c 

: 0 
t. 

v e n t r i c u l e 
b r a n c h i a l 

1 3,45 0,19 0,09 



i :,.t TABLEAU I I ,. ' \ 

Détermination des_ c o n t e n u s a u r i c u l a i r e e t v e n t r i c u l a i r e en cAMP en présence, au 
moment du b r o y a g e , de 100 pli isopropylmëthylxanthine 

: T i s s u s 
Nombre de pièces 

p a r 
c o l l e c t i o n 

p m oles / g de 
t i s s u f r a i s 

p m oles : mg protéines t o t a l e s [ 
: T i s s u s 

Nombre de pièces 
p a r 

c o l l e c t i o n 
p m oles / g de 
t i s s u f r a i s 260nm/280nni L o w r y & a l . [ 

i O r e i l l e t t e 
] b r a n c h i a l e 
1 f o n c t i o n -
* n e l l e 

4 364 - 28 1,43 - 0,15 1,79 - 0,23 : 

: V e n t r i c u l e 
: b r a n c h i a l 
: f o n c t i o n -
: n e l 

4 76 - 6,5 0,4 6 ~ 0,07 0,51 - 0,05 ; 



s u r n a g e a n t s c o r r e s p o n d a n t s . ce que 1'on dose comme 
s u b s t r a t e s t tou^jours l e résultat d'une o p t i m a l i s a 
t i o n enure 1'enzyme de biosynthèse { o u enzyme d'entrée) 
e t 1'enzyme h y d r o l y t i q u e (ou enzyme de s o r t i e ) . T h i s 
means t h a t a molécule, l i k e cAMP, i s l o c a t e d i n a b l a c k 
box between the AMP-cyclase and t h e AMP-phosphodieste-
r a s e ( e x i t enzyme). So t h a t i f we do n o t b l o c k t h e 
e n t r a n c e and the e x i t enzymes t h e v a l u e f o r t h e molé
c u l e t i t r a t e d w i l l be, depending on t h e spe e d and 
d e x t e r i t y of o p e r a t o r s , on t h e r i g h t l i n e s b u t a t EUI 
u n e e r t a i n l e v e l . I n o t h e r u n p u b l i s h e d r e s u l t s , o b t a i 
ned w i t h J . C . D a v i d , u s i n g t h e Myxine's b r a n c h i a l h e a r t 
we were a b l e t o t e s t the v a l i d i t y o f t h i s c o n c e p t : ,. f 

U s i n g s t i l l t h e same t e c h n i q u e s f o r t i t r a t i o n 
o f cAMP o f Tovey e t a l . ( 2 0 ) we r e - e x a m i n e p r e v i o u s 
r e s u l t s o b t a i n e d w i t h t h e Myxine's b r a n c h i a l h e a r t 
( i l ) , Our q u a n t i t a t i v e c o n c l u s i o n s a r e t h e f o l l o w i n g ; 
the a u r i e l e i s r i c h e r i n cAMP t h a n t h e v e n t r i c l e i n 
c o n f i r m a t i o n o f what was found a t f i r s t ( i l ) , b u t the 
s c a l e i s différent a s T a b l e I and I I d e m o n s t r a t e , -
the p h o s p h o d i e s t e r a s e spécifie i n h i b i t o r i s t h e i s o p r o p y l -
m e t h y l x a n t h i n e a c c o r d i n g t o ( 2 2 ) . 
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DEMONSTRATION AND DISCUSSION 

The Lesson was a t y p i c a l Lecture s i n c e during 
the conférence démonstrations were performed, 

A T,V.transmission permitted to the audience to 
follow the différent opérations on the frog's heart 
(Rana esculenta) : opening of the heart, moimting i n 
the a i r (moisted from time to time by Ringer's f l u i d ) , 
6-channels l o c a l MKG recording, The réversible itéra
t i v e extent ion of e l a s t o r e s i s t a n c e s showing a 2 0 °/o 
s t r e t c h from i n i t i a l r e l a x e d lengths was démonstrated, 
as w e l l as el a s t o c a p a c i t a n c e s developing 5 " 7 pF under 
s t r e t c h , 

Many questions were asked notably b y J.D.Degos. 
N . H . C . Hwaiig , S, J i . J,V. Jennings , T, D u r a l i . J .C . de 
Oliveira,A.Abdelgawad, A,Limoge, W.E.Moore,E.Noël,A. 
Rialland,B,Gautheron ,J.F,Vibert,D.Caille,M.A.Boumendil, 
with B,Rybak and M.Morel explanations and comments, 

Th±3 Lesson was d e l i v o r e d J u l y 1 , 1 9 7 8 , a t lO^^a.m. 


