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de l iqu ide  exuv ia l .  Apr6s  d i l u t i o n  au  1/6 e t  c e n t r i f u g a t i o n ,  
tes p rop r i6 t6 s  c h i t i n o l y t i q u e s  de c e t t e  s o l u t i o n  s o n t  
t e s t6es  £ d i f f6 ren t s  p H  (en t a m p o n  c i t r a t e - N a O H ,  conc.  
f ina le  0,1 M )  (Fig.) .  

L a  c in6 t i que  de l ' a c t i o n  c h i t i n o t y t i q u e  du  l iqu ide  
e x u v i a l  e s t  s e m b l a b l e  k eelle des  a u t r e s  c h i t i n a s e s  con -  
n u e s  ( l iquide  i n t e s t i n a l  de l ' E s c a r g o t  x, e x o c h i t i n a s e  d ' u n  
A c t i n o m y c 6 t e  isol6 du  sol~), q u i  m a n i f e s t e n t  6 g a l e m e n t  
une  a c t i v i t 6  o p t i m a l e  e n t r e  les p H  4,8 e t  5,4. P a r  con t r e ,  
nos  r 6 s u l t a t s  d i f f e r e n t  n e t t e m e n t  de  ceux  o b t e n u s  p a r  
HAMAMURA e t  al.  a a v e c  u n  e x t r a i t  a q u e u x  d ' e x u v i e s  
l a r v a i r e s  de Bombyx  mori; le p H  o p t i m u m  p o u r  la  
c h i t i n a s e  de ce t  e x t r a i t  s e r a i t  de 8,2, t a n d i s  que  l ' a c t i -  
v i t6  s e ra i t  p a r t i c u l i ~ r e m e n t  fa ib le  au  dessous  du  p H  6. 

Nos  o b s e r v a t i o n s  c o n f i r m e n t  la  p r6sence  d ' u n e  ch i t i -  
na se  i n t e r v e n a n t  au  cours  du  p h 6 n o m 6 n e  de la  mue ,  
h y p o t h 6 s e  f o r m u l 6 e  n o t a m m e n t  p a r  WIGGLESWORTH 4. 
L a  d i s s o l u t i o n  e n z y m a t i q u e  de la  c h i t i n e  de  l ' e n d o c u t i -  
cule  a u  m o m e n t  de  la  m u e  a v a i t  6t6 m o n t r 4 e  p a r  
~ENAUD s p o u r  ~iaia squinado e t  p a r  PASSONNEAU e t  
WILLIAMS 6 p o u r  Platysamia cecropia. 

CH. JEUNIAUX ~ e t  M. AMANtEU 

Laboratoires de Biochimie, Universitg de Liege, et Labo- 
ratoire de Biologic animale, Facultg des Sciences de 
Bordeaux, le 75 ]anvier 1955. 

Summary  

T h e  a u t h o r s  a d d  f u r t h e r  c o n f i r m a t i o n  to  t h e  h y p o -  
thes i s  of t h e  role  p l a y e d  b y  a c h i t i n a s e  d u r i n g  t h e  p rocess  
of m o u l t i n g .  B y  l i g a t u r i n g  Bombyx mori-larvae b e t w e e n  
h e a d  a n d  t h o r a x ,  a c c u m u l a t i o n  of m o u l t i n g  f lu id  t a k e s  
p lace  b e t w e e n  t h e  l a r v a l  a n d  n y m p h a l  cut ic les ,  swal low-  
ing  of t h i s  f lu id  b e i n g  p r e v e n t e d .  T h e  c h i t i n o l y t i c  pro-  
p e r t i e s  of t h i s  m o u l t i n g  f lu id  a re  d e m o n s t r a t e d  in vitro. 
T h e  a c t i v i t y  of c h i t i n a s e  a t  d i f f e r en t  p H  is i n v e s t i g a t e d  : 
t h e  o p t i m u m  p H  ly ing  a t  a b o u t  5.4. 
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O n  the  M e t a b o l i c  S i g n i f i c a n c e  of  B l o o d  
P y r u v a t e  in  B~ A v i t a m i n o s i s  

The  r e s e a r c h e s  of ]?ETERS a n d  c o w o r k e r s  t on  t h e  
b i o c h e m i c a l  s ign i f i cance  of A n e u r i n  (cocarboxi lase )  h a v e  
a c h i e v e d  a f i r m l y  e s t a b l i s h e d  s t e p  f o r w a r d  in o u r  
k n o w l e d g e  of t h e  m e c h a n i s m  of ce l lu la r  o x i d a t i o n .  I n  
c o n s e q u e n c e  of t h e i r  w o r k  i t  h a s  b e e n  g e n e r a l l y  a c c e p t e d  
t h a t  t h e  h y p e r p y r u v i c a e m i a  w h i c h  occurs  d u r i n g  B~ 
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a v i t a m i n o s i s  is t h e  d i r e c t  e x p r e s s i o n  of t he  d e l a y e d  or  
i n t e r r u p t e d  o x i d a t i o n  of p y r u v a t e .  T h i s  o p i n i o n  is sup-  
p o r t e d  b y  t h e  Catatorulin Effect in vitro w h i c h  was 
d e m o n s t r a t e d  b y  PETERS a n d  coworker s .  T h i s  p h e n o -  
m e n o n ,  w h i c h  h a s  b e e n  cspec ia l ly  s t u d i e d  o n  t h e  p igeons  
b r a i n ,  is o b t a i n e d  o n l y  w h e n  t h e  v i t a m i n  c o n t e n t  of t h e  
t i s sue  (nervous) h a s  r e a c h e d  v e r y  low va lues .  A n  a n a -  
logous  r e s u l t  x ha s  r e c e n t l y  b e e n  o b s e r v e d  in t h e  l i v i n g  
o r g a n i s m  of t h e  r a t  in  B~ a v i t a m i n o s i s  w i t h  r e g a r d  to  
t he  m e t a b o l i c  r e s p o n s e  (increase of t h e  R . Q .  a n d  h e a t  
p r o d u c t i o n )  a f t e r  t h e  a d m i n i s t r a t i o n  of 1 g of g lucose  
per os. T h i s  r e s u l t  is n o t  o b t a i n e d  if t h e  V i t a m i n  B 1 
c o n t e n t  of t h e  t i s sues  is v e r y  low. 

Since  t h e  v i t a m i n  B~ c o n t e n t  in  t h e  n e r v o u s  t i s sue  
dec reases  more  s lowly  t h a n  in o t h e r  t i s sues  2, r e a c h i n g  
va lues  of a b o u t  0.5 #g  pe r  g on ly  in v e r y  a d v a n c e d  
s t ages  of a v i t a m i n o s i s ,  i t  c a n  be  p r e s u m e d  t h a t  o n l y  in  
t h i s  s t age ,  w h e n  t h e r e  ~is a c a t a t o r u l i n  e t fec t  in vitro a n d  
l ack  of a m e t a b o l i c  r e s p o n s e  in vivo t o  t h e  a d m i n i s t r a t i o n  
of glucose,  is t h e  o x i d a t i v e  m e c h a n i s m  of  t h e  p y r u v a t e  
s ens ib ly  a l t e r e d  (s lowed or  i n t e r r u p t e d ) .  

On  t h e  o t h e r  h a n d ,  t h e  b lood  p y r u v a t e  in t h e  r a t  
b e g i n s  to  i nc rease  a f t e r  o n l y  2 weeks  of a v i t a m i n o s i s  a n d  
t h e  inc rease  c o n t i n u e s  w i t h  i n c r e a s i n g  r a p i d i t y  for 
a n o t h e r  2 weeks  pe r iod  d u r i n g  w h i c h  t h e  a n i m a l  r e s p o n d s  
to  t h e  a d m i n i s t r a t i o n  of g lucose  per os w i t h  a n  inc rease  
in t h e  R .Q .  a n d  ca lor ic  p r o d u c t i o n  a, I t  does  n o t  s eem 
p r o b a b l e  in t h i s  per iod ,  in  w h i c h  t h e  a n i m a l  u t i l izes  
g luc ides  in  t h e  s a m e  m a n n e r  as t h e  con t ro l s ,  t h a t  t h e  
a l t e r a t i o n  of t h e  o x i d a t i o n  of p y r u v a t e  is such  as to  
j u s t i f y  t h e  a l r e a d y  c o n s p i c u o u s  inc rease  in b lood  
p y r u v a t e .  

T h e  r e sea rches  of DEANE and  SHAW ~ a n d  of SKELTON 5 
h a v e  s h o w n  t h a t  t h e  m a j o r  p a r t  of t h e  c h a n g e s  in  t h e  
o r g a n s  t h a t  r e s u l t  f r om B 1 a v i t a m i n o s i s  in  t h e  r a t  
( h y p e r t r o p h y  of t h e  a d r e n a l s ,  i n v o l u t i o n  of t h e  t h y m u s  
g land ,  r e n a l  h y p e r t r o p h y ,  d i m i n u t i o n  of t h e  a sco rb i c  ac id  
c o n t e n t  of t h e  a d r e n a l s ,  d i m i n i s h e d  s e c r e t i o n  of g o n a d o -  
t r o p i n  a n d  i n c r e a s e d  s e c r e t i o n  of  c o r t i c o t r o p i n  b y  t h e  
p r e h y p o p h y s i s )  c a n  be  i n t e r p r e t e d  as a m a n i f e s t a t i o n  
of t h e  gene ra l  s y n d r o m e  of a d a p t a t i o n  (SELYE). Th i s  
s y n d r o m e  is m a i n t a i n e d  b y  a h y p e r a c t i v a t i o n  of t h e  
h y p o p h y s i s - a d r e n a l  s y s t e m ,  as a c o n s e q u e n c e  of f a s t i n g  
a n d  t h e  l ack  of v i t a m i n  B~ in t h e  d ie t .  W e  are dea l ing  
t h e r e f o r e  w i t h  aspecif ic  s y m p t o m s ,  w h i c h  are  in  c o m m o n  
w i t h  o t h e r  a v i t a m i n o s i s  (B complex ,  p a n t o t h e n i c  acid).  
Of al l  t he se  a l t e r a t i o n s  t h e  m o s t  i m p o r t a n t  is w i t h o u t  
d o u b t  t h e  h y p e r t r o p h y  of t h e  ad rena l s ,  w h i c h  was  wel l  
d e m o n s t r a t e d  s eve ra l  yea r s  ago b y  M c  CARRISON% 

R e c c n t  r e sea rches  b y  RINDI, FERRARI, a n d  PERRI 7 
h a v e  s h o w e d  t h a t  t h e  a c c u m u l a t i o n  of p y r u v a t e  in  t h e  
b l o o d  (rat)  c a n  be  c o r r e l a t e d  s t a t i s t i c a l l y  w i t h  t h e  
a d r e n a l  h y p e r t r o p h y  r a t h e r  t h a n  w i t h  t h e  va lues  of t h e  
V i t a m i n  B 1 c o n t e n t  in  t h e  t i ssues .  

T o  c o n t r o l  e x p e r i m e n t a l l y  w h e t h e r  a n d  to  w h a t  
e x t e n t ,  t h e  h y p o p h y s i s - a d r e n a l  s y s t e m  in f luences  the  
p y r u v i c a e m i a  in  B~ a v i t a m i n o s i s ,  we fo l lowed t h e  p y r u v -  
a te  v a r i a t i o n s  in h y p o p h y s e c t o m i z e d  a n d  a d r e n a l e c t o m -  
ized ra t s .  I n  t h e  f i r s t case ,  5 d a y s  a f t e r h y p o p h y s e c t o m y  
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t h e  r a t s  (100 g) were  b r o u g h t  to  a s t a t e  of a v i t a m i n o s i s  
w i t h  t h e  m e t h o d  p r e v i o u s l y  d e s c r i b e d L  T h e y  were  ab le  to  
w i t h s t a n d  t h e  a v i t a m i n o s i s  v e r y  wel l  for  m o r e  t h a n  
30-35  days .  I n  t h e  case of t h e  a d r e n a l e c t o m i z e d  ra t s ,  
w i t h  a s h o r t e r  s u r v i v a l  per iod ,  we h a d  t o  use  a d i f f e r e n t  
p r o c e d u r e :  t h e  r a t s  were  a d r e n a l e c t o m i z e d  a t  d i f f e r en t  
p h a s e s  of t h e  a v i t a m i n o s i s  a n d  were  t h e n  sac r i f i ced  
4 -6  d a y s  a f t e r  a d r e n a l e c t o m y .  
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Fig. 1.-BIood Pyruvate of rats in Avitamlnosis BI: not operated, 

hypophysectomized and adrenalectomized. 

Not Operated rats in Avitaminosis B a (controls) 

] Hypophyseetomized rats in Avitaminosis B 1 

Adrenalectoufized rats in Avitaminosis B 1 

[ ]  Hypophyseetomized rats after 38 days (controls) 

T h e  re su l t s  a re  s h o w n  s y n t h e t i c a l l y  in  F i g u r e  1. T h e y  
s h o w  t h a t  in  t h e  h y p o p h y s e c t o m i z e d  r a t s  t h e r e  is a B~ 
a v i t a m i n o s i s  h y p o p y r u v i c a e m i a  a n d  t h a t  a d r e n a l e c t o m y  
p e r f o r m e d  on ra fs  in a v i t a m i n o s i s  a l w a y s  causes  a 
m a r k e d  l ower ing  of t h e  p y r u v i c a e m i a .  T h e  cou r se  of t h e  
a v i t a m i n o s i s  was  fo l lowed b y  d e t e r m i n i n g  t h e  A n e u r i n  
c o n t e n t  of t h e  t i s sues  (b ra in ,  musc le ,  l iver) ,  w h i c h  does  
n o t  d i f fe r  s u b s t a n t i a l l y  f r o m  t h a t  of t h e  con t ro l s .  E v e n  
in n o r m a l  r a t s  h y p o p h y s e c t o m y  a n d  a d r e n a l e c t o m y  
lower  t h e  p y r u v a t e  c o n t e n t  of t h e  b lood.  

C o m p l e t e  d a t a  wil l  be  p u b l i s h e d  e l sewhere  ~. 
F r o m  t h e s e  r e su l t s  a n d  f r o m  w h a t  is k n o w n  on  t h e  

inc rease  of t h e  p y r u v i c a e m i a  in s t a t e s  of s t r e s s  3, or  fol low- 
ing  t h e  i n j e c t i o n  of  c o r t i s o n e  or  a d r e n a l  e x t r a c t s  in ex -  
p e r i m e n t a l  a n i m a l s  4, one  m i g h t  c o n c l u d e  t h a t  in  B 1 
a v i t a m i n o s i s  t h e  a c c u m u l a t i o n  of p y r u v a t e  in  t h e  b l o o d  
m a y  be  c o n s i d e r e d  t o  a c e r t a i n  degree  as  due  to  t he  
h y p e r f u n c t i o n  of t h e  h y p o p h y s i s - a d r e n M  s y s t e m .  

T h e s e  r e su l t s  do  n o t  e x c l u d e  t h e  pos s i b i l i t y  t h a t  p a r t  
of  t h e  p y r u v a t e  t h a t  a c c u m u l a t e s  in  t h e  b l o o d  m a y  b e  
d e r i v e d  f r o m  a r e t a r d e d  or  b l o c k e d  o x i d a t i o n  of t h e  
p y r u v a t e ;  b u t  we h a v e  s t a t e d  a b o v e  t h e  c o n s i d e r a t i o n  
t h a t  l ead  us t o  be l i eve  t h a t  t h e  i n t e r r u p t i o n  or  s lowing  
d o w n  of  t h e  o x i d a t i v e  m e c h a n i s m  comes  i n t o  p l a y  in t h e  
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a d v a n c e d  s t ages  of  a v i t a m i n o s i s .  T h e  h y p e r p y r u v i c a e m i a  
w h i c h  a c c o m p a n i e s  t h e  B1 a v i t a m i n o s i s  is t h e r e f o r e  a 
c o n s e q u e n c e  of b o t h  h y p e r f o r m a t i o n  due  to  a d r e n a l  
h y p e r f u n c t i o n  a n d  to  a s lowed  process  of  r e m o v a l  of t h e  
p y r u v a t e ,  t h a t  is, i t  is in  p a r t  a n  aspec i f ic  m e t a b o l i c  
s y m p t o m ,  in p a r t  a specif ic  s y m p t o m  of t h e  a v i t a m i n o s i s .  

Th i s  i n t e r p r e t a t i o n  p e r m i t s  us  to  e x p l a i n  a f ac t  t h a t  
wou ld  o the rwise  be  d i f f i cu l t  t o  e x p l a i n :  t h a t  is, t h e  
n o r m a l  u t i l i z a t i on  of g luc ides  b y  r a t s  in  a v i t a m i n o s i s  
f r o m  3-4  weeks,  w h e n  t h e  b l o o d  p y r u v a t e  is a l r e a d y  
m a r k e d l y  i nc rea sed / .  

L. I)E CARO and G. RINDI 

Institute o/ Human Physiology, University of Pavia,,  
December 23, 1954. 

Riassunto 

L ' i p e r p i r u v i c e m i a  che a c c o m p a g n a  l ' a v i t a m i n o s i  B t 
( ra t to )  6 d a  cons ide ra r s i  come  d o v u t a ,  a l m e n o  in p a r t e ,  
a l l ' i p e r f u n z i o n e  del s i s t e m a  ipof i s i - sur rene .  

1 L. DE CAnO, C. CASELLA, and G. RL~Dt, Expcr. 8, 43l (1952), 

F r e i s e t z u n g  v o n  K a l i u m  a u s  d e n e r v i e r t e m  u n d  
i n n e r v i e r t e m  S k e l e t t m u s k e l  d u r c h  A c e t y l c h o l i n  

I n  e i n e r  v o r a n g e g a n g e n e n  M i t t e i l u n g  k o n n t e n  wir  zei- 
gen,  dass  n a c h  i n t r a v e n 6 s e r  V e r a b r e i c h u n g  e iner  R e i h e  
y o n  n e u r o m u s k u l X r  w i r k s a m e n  q u a r t / i r e n  A m m o n i u m -  
v e r b i n d u n g e n  (Succ iny lb i scho l in ,  D e k a m e t h o n i u m  u n d  
O c t a m e t h y l e n b i s c a r b a m i n o y l c h o l i n ) ,  die e ine  Depo la r i -  
s a t i o n  de r  E n d p l a t t e n r e g i o n  bewi rken ,  K a l i u m i o n e n  
aus  de r  M u s k u l a t u r  in  die Ex t r aze l l u l a r f l f i s s i gke i t  in 
F r e i h e i t  ge se t z t  w e r d e n  1. Die  n a c h s t e h e n d  m i t g e t e i l t e n  
V e r s u c h e  sol len  zeigen,  u n t e r  we lchen  B e d i n g u n g e n  u n d  
in we lche r  G r O s s e n o r d n u n g  e ine  F r e i s e t z u n g  yon  K a l i u m  
aus  de r  S k e l e t t m u s k u l a t u r  d u r c h  A c e t y l c h o l i n  (ACh) 
e r fo lg t  bzw.  wie s ich  die E m p f i n d l i c h k e i t s s t e i g e r u n g  des 
c h r o n i s c h  d e n e r v i e r t e n  Muske ls  fiir ACh  in dieser  H i n -  
s i c h t  a u s w i r k t .  

Die  V e r s u c h e  w u r d e n  a n  K a t z e n  m i t  i so l ie r te r  D u r c h -  
s t r 6 m u n g  b e i d e r  h i n t e r e r  E x t r e m i t X t e n  in de r  g le ichen  
V e r s u c h s a n o r d n u n g  wie bei  KLUPp u n d  KRAUPP 1 be-  
s c h r i e b e n  ausge f i i h r t .  E i n e  de r  b e i d e n  E x t r e m i t ~ t e n  
w u r d e  d a b e i  jewei ls  8 h i s  12 Tage  v o r  d e m  V e r s u c h e  
d u r c h  D u r c h s c h n e i d u n g  de r  N. i sch iad icus  u n d  f emora l i s  
d e n e r v i e r t .  Die d u r c h s t r 6 m t e n  E x t r e m i t ~ t t e n  w a r e n  in 
e i n c m  "Wasserbad v o n  k o n s t a n t e r  T e m p e r a t u r  y o n  37 ° 
v e r s e n k t .  Als D u r c h s t r 6 m u n g s f l i i s s i g k e i t  w u r d e  e ine  
B l u t - T y r o d e - V e r d i i n n u n g  ( d u r c h s c h n i t t l i e h e  S a u e r s t o f f -  
k a p a z i t ~ t :  3,5 V o l % )  v e r w e n d e t .  Die  K a l i u m b e s t i m -  
m u n g e n  w u r d e n  f l a m m e n p h o t o m e t r i s c h  d u r c h g e f i i h r t .  

Ergebnisse. I n  V o r v e r s u c h e n  w u r d e  fe s tges te l l t ,  d a s s  be i  
D u r c h f l u s s g r 6 s s e n  y o n  10 bis  30 c m  ~ je  M i n u t e  u n d  E x -  
t r e m i t / i t  die s p o n t a n e  A b g a b e  y o n  K a l i u m  a n  die D u r c h -  
s t r 6 m u n g s f l i i s s i g k e i t  den  g e r i n g e n  Vv'ert y o n  1 bis  
2 / ~ g / m i n  a u f  de r  i n n e r v i e r t e n  u n d  v o n  2 bis  4 #g  a u f  de r  
d e n e r v i e r t e n  Sei te  betr/~gt.  I n  d i e s e m  D u r c h f l u s s b e r e i c h  
b l i eb  die a r t e r i o v e n 6 s e  K o n z e n t r a t i o n s d i f f e r e n z  des 
K a l i u m s  i n n e r h a l b  des V e r s u c h e s  p r a k t i s c h  k o u s t a n t ,  so 
dass  die aus  de r  M u s k u l a t u r  a n  die D u r c h s t r S m u n g s -  
f l t iss igkei t  a b g e g e b e n e n  K a l i u m m e n g e n  de r  D u r c h f l u s s -  
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