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LEFT THOIÎACOTOMY OF THE RABBÏT AND SPECTHO-FLUOROMETHY 
WIÏH THE BRITTON CHANCE'S LIGHT GUIDES TIME SHARING 
A P P A R A T U S * 

B, Rybak 
I.E.L.P, ,Université de P a r i s I H » 
F 7 5 0 0 5 P a r i s 

The l e f t thoracotomy o f a mammal d i s p l a y i n g a com
plète mediastinum -as i t i s the case f o r the r a b b i t - was 
developed some years a g o ( l ) ( 2 ) , I t p e r m i t s t o exF:ieriment : 
q u a n t i t a t i v e l y , w i t h a mammal h e a r t , w o r k i n g , i n _ s i t u , w i t h -
out e x t r a - c o r p o r e a l b l o o d c i r c u l a t i o n and a r t i f i c i a l ven
t i l a t i o n - b o t h a s s i s t a n c e s meaning c o n s t r a i n t s , Q u a n t i t a 
t i o n s were a l r e a d y o b t a i n e d w i t h t h i s o r i g i n a l t e c hnique 
( 3 ) ( ' * ) ( 5 ) ( 6 ) ( 7 ) ( 8 ) ( 9 ) ( 1 0 ) . I t was n o t a b l y shown t h a t t he 
CO2 induces a chemoreflex developed a t the t r i g e m i n a l 
n a s a l branches o f the r a b b i t { 1 1 ) { 1 2 ) ( 1 3 ) ( 1 ^ ) ( 1 3 ) ( 1 6 ) ( 1 7 ) 
w i t h a dyspnoea o r , even, an apnoea f o l l o w e d by a p o l y -
pnoea and, a f t e r , a r e t u r n t o the normopnoea — i s charac-
t e r i z e d by: 1)an immédiate drop o f the b l o o d plasma 
a s s o c i a t e d w i t h a deoxygénation o f H b 0 2, f o l l o w e d by over 
shoots o f b o t h and a r e t u r n t o normoxia a c c o r d i n g t o a 
chronology c l o s e l y r e l a t e d t o the c a r d L o - v e n t i l a t o r y macro 
events, 2) a q u a s i - s i m u l t a n e o u s time course o f the i n t r a -
c e l l u l a r NAD ^NADH - and i t was the f i r s t time t h a t a 
ma c r o - r e f l e x was shown t o have i t s précise image a t an 
i n t r a c e l l u l a r m o l e c u l a r l e v e l - , 3 ) a f i r s t r i s e o f the 
périphérie b l o o d pressure f o l l o w e d by a decrease o f i t 
and t h e n , o f t e n , b y a comparable r e - i n c r e a s e o f i t b e f o r e 
the r e t u r n t o the normetensive s t a t e , 4 ) a d e f i n i t e change 
o f the v e n t r i c u l a r a c t i o n j i o t e n t i a l u n i t r e c orded w i t h a 
succ i o n électrode, the mono]:)hasic aspect o f the a c t i o n 
p o t e n t i a l d i s p l a y i n g a t r a n s i t o r y b i p h a s i c morphology 
(sp-Utting o f the "MAP" p a t t e r n contemporary o f the p r o -

* Aknowleginent : t h i s work was p a r t l y s u p j j o r t e d by the 
NATO g r a n t n*> I O 5 I . - . . 
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nounced b r a d y c a r d i a ) , 
F i g u r e 1 shows the sudden v e n t i l a t o r y changes o f a 

urethane ( 2g/ii.g ) a n a e s t h e t i z e d a d u l t r a b b i t ( v e r t i c a l 

F i g . l 
arrov.' : CO^ a t once ) , The l e f t t h o r a x i s open between 
the 3 r d and k t h r i b s a t room température ;the r e c o r d 
( t = 2 s / d i v i s i o n ) was o b t a i n e d from the o r i g i n a l v e n t i -
1orneter d e s c r i b e d i n t h i s volume(cf,ventilomètre p o r t a 
t i f )and s ] > e c i a l l y designed f o r the head o f a r a b b i t .The 
s t a b i l i z a t i o n o f the rhythm and the am p l i t u d e hayijtens 
a f t e r 1-2 mn. 

F i g u r e 2 shows the simultaneous r e c o r d s o f the 
v e n t i l a t i o n -lower t r a c e - and o f the h e a r t r e v o l u t i o n s -
upper t r a c e - u s i n g the o r i g i n a l v e n t i i ohygrorne t e r and an 

F i g . 2 -

o r i g i n a l e l a s t o r e s i s t a n c e adapted t o the s t r i n g l o c a t e d 
a^ a f i x e d p o i n t and,by a hook, a t the c a r d i a c apex 
( t = 250 TUS/division) . 

The f i r s t p h y s i c o - c h e m i c a l r e s u l t s we o b t a i n e d a t 
the Johnson Foundation ( 1 ) used the combined f l u o r o m e t e r 
and double-beam spectrophotorneter f o r réflectance measu-
r e m e n t s { 1 8 ) , I n the présent study we ( 1 9 ) use the t i m e — 
s h a r i n g m u l t i c h a n n e l s p e c t r o p h o t o r n e t e r , r e f l e c t o m e t e r and 
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f l u o r o m e t e r ( 2 0 ) owing t o the g r e a t e r v e r s a t i l i t y o f the 
présent a p p a r a t u s , w h i l e p o s i t i o n i n g the l i g h t guide makes 
a l i t t l e more délicate the work w i t h a moving organ l i k e 
the. h e a r t , W ith a c a r d i a c system b e a t i n g slow.Xy the kymo-
grap h i c e f f e c t ( 9 ) - F i g , 3 - i s n o t t o be n e g l e c t e d b u t , 
w i t h a f a s t b e a t i n g h e a r t ( t h e r a b b i t ' s h e a r t f o r i n 
stance ) , the r a t i o s i g n a l / " n o i s e " makes the measurements 
r e l i a b l e . 

F i g u r e h shows f o r the r a b b i t h e a r t :at the upper 
j j a r t the réflectance s i g n a l , a t the lower p a r t the a m p l i 
tude fréquence time-course o f the v e n t i l a t i o n w h i l e the 
médium t r a c e i s r e l a t e d t o the f l u o r e s c e n c e o f t h e NAD-
NADH redox system ( t = 5 s / d i v i s i o n ) . T h i s f i g u r e i s 
d e a l i n g w i t h the c a l i b r a t i o n o f réflectance ( R ) and f l u o 
rescence ( F ) u s i n g the quenching device o f the apparatus 
i n such a way t h a t the zéros (RQ and F^) are r e p r e s e n 
t e d by the r e s p e c t i v e h o r i z o n t a l t r a c e s , a l l o w i n g t h e n 
t o e v a l u a t e the p r o c e n t u a l changes o f R and F i n f u n c t i o n 
o f the r e s p e c t i v e différences o f a m p l i t u d e . The c a l i b r a -
t i o n s r e p r e s e n t e d i n f i g T i r e b e l o n g t o the l e f t a t r i u m 
a t the l e f t p a r t o f the f i g u r e and t o the l e f t v e n t r i c l e 
a t the r i g n t one, Notice' t h a t , f o r R and F, the a t r i u m 
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d i s i ^ l a y s a s m a l l b u t g r e a t e r , w h i l e n e g l i g i b l e , k y m o g r a -
p h i c e f f e c t than the v e n t r i c l e i f r e p o r t e d t o the ven-

F±s,h 

t i l a t o r y t r a c e . ïhe c a l i b r a t i o n must be done b e f o r e and 
a f t e r any e x i J e r i m e n t • I t i s convenient f o r réflectance 
t o operate a t ' ^ 5 ^ 3 - 6 1 5 nm and, f o r f l u o r e s c e n c e a t ^ = 
3 6 6 t 2 0 nm w i t h a ?\ U50 ± 3 0 nm. ''''* 

em.NADH 
The changes which appear when an acute or sub-acute 

blow o f O 2 o r i s g i v e n through the nose o r , v i a 
tracheotomy, d i r e c t l y t h r o u g h the lungs ( 21 ) { 22 ) ( 23") 
a f f e c t c o n s p i c u o u s l y the a c i d o - b a s i c balance, the neuro-
humoral agents { 2 ' * ) ( 2 5 ) ( 2 6 ) what i s t o put i n r e l a t i o n 
w i t h the t e x t s o f the j j r e s e n t School o f D , C a i l l e , J , C o s t a , 
A.Hugelin and J . F . V i b e r t . I t i s t o n o t i c e t h a t young 
animais w i t h s t a n d b e t t e r t h a n a d u l t s hypoxia even as
p h y x i a ; as w e l l < = o r > c i r c a d i a n b i o t h y t h m s should t o 
be taken i n t o considération f o r any e x h a u s t i v e ex]>lana— 
t i o n o f the t o t a l i t y o f the CO2 chemoreflex.Then the 
i n t r a c e l l u l a r électron t r a n s p o r t and energy dépendent 
phenomena c o r r e l a t e d w i t h a t r a n s l o c a t i v e r e t i c u l a r 
feedback where i n t r a c e l l u l a r thermodynamics i s a d e q u a t l y 
i n homorhesis wi t h the macro-events we are t r e a t i n g as 
s u r g e o n s , p h a r m a c o l o g i s t s , o r g a n - p h y s i o l o g i s t s , t e c h n o b i o -
l o g i s t s , i n c l u d i n g t he inhérent i n t e r d i s c i i ) l i n a r y l o g i c 
o f l i v i n g Systems I would say {27~} .Before moving t o tïïe 
f i e l d of the éléments t o take i n t o considération,when 
t r e a t i n g the thermodynamics o f the p o l y p h a s i c i n t r a c e l 
l u l a r redox which c o n s t i t u t e s the CO2 chemoreflex, I 
would l i k e t o g i v e some b i b l i o g r a p h i c a l i n f o r m a t i o n s 



c o n c e r n e d w i t h the A S I présentations of P r A . C a r p e n t i e r , 
and m a i n l y , o f Dr J . N . F a b i a n i : ( 2 8 ) ( 2 9 ) ( 3 0 ) ( 3 1 ) { 3 2 ) ( 3 3 ) . 
Now l e t us c o n s i d e r the c l a s s i c a l thermodynamics o f t h e 
C o l f o l l o w i n g ( 3 ^ ^ ) . 

The g l o b a l r e a c t i o n ^^^^ed.'*' ^"^^ox "^^^^ 
présents a - - 52 K c a l / m o l e . "The p r o c e s s o f électron 
t r a n s p o r t f rom ^-^j^^^j^ '^'^ oxygen c a n t h e n a c c o u n t f o r 
about 12 X 5 2 , 0 0 0 = 6 2 ^ , 0 0 0 c a l / m o l e o f g l u c o s e o x i d i -
z ed. I f we r e c a l l t h a t t h e f r e e e n e r g y o f combustion 
( s i c I c f , 3 5 ) o f g l u c o s e i s - 6 8 6 , 0 0 0 c a l / m o l e , i t i s c l e a r 
t h a t a l m o s t a i l t h e f r e e e n e r g y d e c r e a s e i n t h e b i o l o g i -
c a l o x i d a t i o n o f g l u c o s e o c o u r s d u r i n g t h e e n z y m a t i c 
t r a n s p o r t o f électrons from the f i r s t électron a c c e p t o r 
a l o n g t h e r e s p i r a t o r y c h a i n t o m o l e c u l a r o x y ^ e n " ( 3 4 ) . 
I n a d d i t i o n , "because the f o r m a t i o n o f t h r e e moles of 
A T P . r e q u i r e s . . . a t l e a s t 3 x 7 , 0 0 0 c a l and t h e o x i d a t i o n 
of NAD , d e l i v e r s 5 2 , 0 0 0 c a l , we c a n deduce t h a t the r e d . * * 
o x i d a t i v e p h o s p h o r y l a t i o n o f t h r e e moles o f ADP c o n s e r 
v e s 3 ( 7 , 0 0 0 / 5 2 , 0 0 0 ) 1 0 0 = 4 1 p e r c e n t o f the t o t a l 
e nergy y i e l d when one mole NAD i s o x i d i z e d by oxygen" 
( 3 4 ) , T h i s t h e o r e t i c a l a s p e c t i s v e r y i m p o r t a n t b e c a u s e 
i t shades some l i g h t on the t e c h n i q u e we a r e d e a l i n g 
w i t h s i n c e the t r a n s i t i o n s NAD NADH l o o k l i k e t h e 
most a t t r a c t i v e t o c u r r e n t l y check the évolution o f t h e 
e n e r g e t i c s of a e r o b i o s i s i n différent organs i n s i t u a s 
f o r t h i s p e c u l i a r a s p e c t . I would n o t be a b l e h e r e t o 
s t r e s s , a s i t s h o u l d , t h e définitive u s e f u l n e s s o f t h i s 
t e c h n i q u e f o r biomédical p u r p o s e s , m a i n l y i n s u r g e r y -, 
but l e t ' us add t h a t , a s i t had been r e c o g n i z e d i n the 
f i e l d o f the r e s p i r a t o r y c h a i n by my f r i e n d B r i t t o n 
Chance ," o b s e r v a t i o n o f f l a v o p r o t e i n f l u o r e s c e n c e r e 
q u i r e s a b l o o d - f r e e p e r f u s e d s y s t e m " ( what i s a l s o i n -
t e r e s t i n g t o ob s e r v e i s t h a t , p r o b a b l y o f t e n , w i t h t h e 
FMN-FMNH2 co-enzymes, t h e r e i s an i n t e r m e d i a r y f r e e 
r a d i c a l formed ) . So, i n terms o f quantum c h e m i s t r y a c 
c o r d i n g to the h e n c e f o r t h c l a s s i c a l L.C.A.O. approxima
t i o n (meaning: l i n e a r c o m b i n a t i o n o f at o m i c o r b i t a i s ) 
the two c a n d i d a t e s o f f e r i n g a g r e a t e l e c t r o n i c a f f i n i t y 
a r e p r e c i s e l y NAD (H ) and FMN(H2) s i n c e the ener g y o f the 
h i g h e s t o c c u p i e d o r b i t a i s ( meaning ; t h e c a p a b i l i t y to 
g i v e électron ) i s (\ 1 . 0 3 f o r NAD jf\,0.3 f o r NADH , 0 ^ 0 , 5 
f o r FMN and-Tj - 0 . 1 f o r FMNH^ w h i l e the ener g y o f the 
l o w e s t f r e e o r b i t a l (meaning i t h e c a p a b i l i t y t o a c c e p t 
électron ) i s - 0 . 3 5 f o r NAD, O» - O . 9 I f o r NADH ,'b-0.34 
f o r FMN ( n o t f a r from NAD) and ' V - 0 - 9 5 f o r FMKH2. When 
a s u b s t r a t e S i s r e s p i r e d t h e immédiate d e h y d r o g e n a t i o n 
by the system apodehydrogenase-C o l i n v o l v e s a E'o= - 0 o 32 
V w h i l e the E'Q '^^^ cytochrome - o x i d a s e i s + 0 . 8 I V 
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a t pH 7 * 4 , r e s u l t i n g i n the thermodynamic cascade t o 
" 0 ~ " ; i f the oxygen su p p l y i s lowered ( h y p o x i a ) or s t o p 
pe d ( a n o x i a ) a more or l e s s réversible i n t o x i c a t i o n by 
électrons occurs ( c f . 3 5 ) - New i t i s t o p o i n t out - as 
Dr Neely as w e l l as Dr Opie d i d some years ago d u r i n g a 
d i s c u s s i o n w i t h Dr Chance, Dr W i l l i a m s o n and o t h e r s on 
the "border zone" f o r oxygen and glucose - t h a t " g l y c o -
l y s i s i s i n h i b i t e d i n s e v e r e l y ischémie t i s s u e c o n t r a r y 
t o what one might expect... compared t o anoxie t i s s u e , 
the degree o f g l y c o l y t i c i n h i b i t i o n i n c r e a s e s w i t h 
g r e a t e r r e s t r i c t i o n i n coronary f l o w , A 6 0 réduction 
i n f l o w r e s u l t s i n a g l y c o l y t i c r a t e a p p r o x i m a t e l y one-
h a l f t h a t seen i n anoxie t i s s u e , . . One can i n h i b i t the 
anoxie accélération o f g l y c o l y s i s by adding e i t h e r H"*" 
or l a c t a t e t o the p e r f u s a t e i n amounts which decrease 
c e l l u l a r pli or i n c r e a s e l a c t a t e . . . the e f f e c t o f l a c t a t e 
does not dépend on changes i n c e l l u l a r pH but r a t h e r 
appears t o be médiated e i t h e r d i r e c t l y by l a c t a t e or i n 
d i r e c t l y through changes i n o t h e r c o l l u l a r cons t i t u e n t s " . 
T h i s i s o b v i o u s l y t o be r e l a t e d t o the "non-reflow phe-
nomenon", and an a d d i t i o n a l référence should h e l p because 
i t i s r e v e a l i n g the e x i s t e n c e o f " i s l a n d a n o x i a s " over 
t h e s u r f a c e o f the l e f t v e n t r i c l e ( o f r a t o r r a b b i t ) i n 
coronary a r t e r y o c c l u s i o n s , a r t e r i o l e blockage and low 
f l o w i schemias, Coniplete blockage o f régional coronary 
c i r c u l a t i o n by co r o n a r y a r t e r y o c c l u s i o n r e s u l t e d i n a 
région o f u n i f o r m e l y h i g h NADH f l u o r e s c e n c e w i t h w e l l 
d e f i n e d sharp b o r d e r i n d i c a t i n g the a b r u p t change i n 

1 
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oxygen t e n s i o n from the norinoxic t o the anoxie zone 

For f u r t h e r p r e c i s i o n s r e g a r d i n g the c a l c u l a t i o n 
of the ^ G when the CO^ chemoreflex d e s c r i b e d t h e r e b y 
developed, one should keep i n niind t h a t : 1) myoglobin 
i s an e x c e l l e n t réservoir f o r oxygen s u ] i p l y when Py^ 
droits ( F i g u r e 5 shows the iiiost récent model o f the 
s t r u c t u r e o f oxymyoglobin ; c f , 3 ? ) » 2 ) the changing 
diameter o f the coronary v e s s e l s may a c t upon the 
r e f l e c tance ( Dr M,Kes s i e r , t h r o u g h Dr S , J i , j i e r s o n a l 
i n f o r m a t i o n ) . 
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DEMONSTRATION 

L e f t thoracotomy was p r a c t i s e d by B,Rybak showing 
the steady v e n t i l a t i o n o f the p r e ] ) a r a t i o n as w e l l as the 
h e a r t movement s, A t r a n s i t o r y blow o f 100 '•/o CO2 was 
r e p e a t e d l y g i v e n t h r o u g h the n a s a l r o u t e d i s p l a y i n g each 
time the d e s c r i b e d chemoreflex. On a q u e s t i o n o f Pr Dego 
a f t e r the apnoea , i n s t e a d o f removing the CO2 stream, 
t h i s gas was s t i l l g i v e n : a deep slow v e n t i l a t i o n r e -
sumed then and, a f t e r élimination o f the CO2 s tream, 
the normal r i g h t - l u n g v e n t i l a t i o n r a t e reappeared , 
Pr C a r p e n t i e r , P r Akkas, Dr J i . D r F a b i a n i . D r J e s s e l . D r 
Schamaneche went i n t o différent q u e s t i o n s and comments. 
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