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6 v 6 n e m e n t s  m o r p h o g 6 n 6 t i q u e s  e t  h i s tog6n6 t iques  d o n t  le 
c e rveau  es t  le si~ge d u r a n t  ce t t e  p 6 r i o d e  du  d6ve loppe-  
m e n t .  Du  m6sob las t e  axial ,  le ma t6 r i e l  cho r da l  e s t  le 
p r e m i e r  h s ' i nd iv idua l i se r ,  c o n t r a i r e m e n t  ~ ce q u ' o n  ob- 
se rve  chez  les a m p h i b i e n s .  L a  c o n v e r s i o n  du  ma t6 r i e l  
c h o r d a l  en  somi tes  observ6e  c h e z  les a m p h i b i e n s  (LEH- 
MANN 10; PASTEELS 9) ne  se r e n c o n t r e  j a m a i s  chez  le poule t .  

Cor r61a t ivement  A l ' i m p o r t a n c e  de l ' a t t e i n t e ,  l ' e x p a n -  
sion du  m6sob la s t e  e x t r a - e m b r y o n n a i r e ,  qu i  engend re  
l ' a i re  vascu la i re ,  es t  plus  ou mo ins  b loqu6e  en  cours  de 
progress ion .  

n o r m a l l y  on  a m e d i u m  of a l b u m e n  m i x e d  w i t h  LiCI 
so lu t ion .  I t  ac t s  in  t he  f i r s t  p lace  u p o n  t h e  morphogenes i s ,  
s econda r i ly  u p o n  t h e  d i f f e r en t i a t i on  of organs ,  if t h e y  are  
ab le  to  develop.  

G. NICOLET 

Laboratoire d'Embryologie expdrimentale h r Inst i tut  d'A na- 
tomie de r Universitd de Gen~ve (Suisse), le 2 mai 1961. 

Summary .  The  y o u n g  b l a s t o d e r m s  c u l t i v a t e d  in vitro, 9 j .  PASTHELS, Arch. Biol. 66, 105 (1945). 
b y  t he  m e t h o d  of NEW, s l igh t ly  modif ied ,  grow ab-  x0 F. E. LHHMANN, ROUX Arch. Entw. Mech. 186,112 (1937). 

Cytochrome Oxidase Activity in Skeletal Muscle 
and the Diaphragm of Intermittently Starving 

Rats 

P r e v i o u s  f ind ings  f rom our  l a b o r a t o r y  r evea l ed  t h a t ,  in  
r a t s  a d a p t e d  to  i n t e r m i t t e n t  s t a r v a t i o n ,  t h e r e  are  a 
n u m b e r  of f u n c t i o n a l  a n d  morpho log ica l  c h a n g e s L  T h e  
e n e r g y  m e t a b o l i s m  of t he se  a n i m a l s  is c h a r a c t e r i z e d  b y  an  
increase  in QO,  of t i ssues  * a n d  in t he  basa l  oxygen  con-  
s u m p t i o n  in vivo 3. W e  inves t i ga t ed ,  there fore ,  w h e t h e r  
t he se  c h a n g e s  are  r e f l ec t ed  in t h e  a c t i v i t y  of t h e  t e r m i n a l  
r e s p i r a t o r y  e n z y m e - - c y t o c h r o m e  o x i d a s e - - p a r t i c u l a r l y  in 
ske le ta l  muscle .  

T h e  e n z y m e  a c t i v i t y  was  e s t i m a t e d  m a n o m e t r i c a l l y ,  
u s ing  t h e  m e t h o d  desc r ibed  b y  SCHNEIDER a n d  POTTER 4 
a t  a t e m p e r a t u r e  of 39°C. I n  e x p e r i m e n t s  w i t h  ske le ta l  
muscle ,  t he  r a t  was  sacrif iced,  s k i n n e d  and ,  a f t e r  evis-  
ce ra t ion ,  t he  f a t  was  m e c h a n i c a l l y  sepa ra t ed .  T he  musc les  
a n d  ske l e ton  were  h o m o g e n i s e d  in dis t i l led  w a t e r  (1 : 9) b y  
t he  p rocedu re  desc r ibed  b y  JANSK~ 5 in  a n  ice-cooled 
T u r m i x - h o m o g e n i z e r  a n d  a l i quo t  po r t i ons  in a P o t t e r -  
E l v e h j e m  homogenize r .  T he  ske le ton  has ,  acco rd ing  to  
p r e l i m i n a r y  e x p e r i m e n t s ,  a m i n i m a l  c y t o c h r o m e  ox idase  
ac t iv i ty .  To t he  d i a p h r a g m  dis t i l led  w a t e r  was  added ,  one  
h u n d r e d  t imes  i ts  weight .  I n  t h e  h o m o g e n a t e s ,  t he  
n i t r o g e n  was  e s t i m a t e d  b y  t he  Mic rok je ldah l  m e t h o d .  All 
a n i m a l s  were i nc luded  in t he  e x p e r i m e n t  a f t e r  24 h f a s t ing ;  
before  f a s t i ng  t he  a n i m a l s  rece ived  a weighed  r a t i on .  

Male ra ts ,  W i s t a r  s t ra in ,  were used.  Some  of t he  ani -  
mals  were  a d a p t e d  to  i n t e r m i t t e n t  s t a r v a t i o n  as follows: 
d u r i n g  t h e  f i rs t  two  weeks,  t h e y  were fed on  a l t e r n a t e  
days ;  d u r i n g  t he  s u b s e q u e n t  two  weeks,  t h r e e  t i m e s  a 
week, a n d  for  t he  r e m a i n d e r  of t h e  e x p e r i m e n t  (2-6  weeks) 
o n l y  twice  a week. The  t o t a l  calor ic  i n t a k e  of t he se  ani -  
ma l s  was  b y  a b o u t  3 0 - 4 0 %  lower  t h a n  in ad libitum fed 
cont ro ls .  A n o t h e r  g roup  was fed dai ly ,  for  a pe r iod  of 
6 -8  weeks,  a r educed  r a t i on ,  c o r r e s p o n d i n g  to  ca. 60% of 
t he  calor ic  i n t a k e  of t h e  con t ro l  an imals .  All g roups  were 
fed a s t a n d a r d  diet ,  c o n t a i n i n g  50% of the  calor ic  v o l u m e  
of c a r b o h y d r a t e ,  25% fa t  a n d  25% p r o t e i n  s . 

As d e m o n s t r a t e d  in t h e  Table ,  t h e  c y t o c h r o m e  ox idase  
a c t i v i t y  (when  c a l c u l a t e d  in r e l a t i on  to  t he  n i t r o g e n  
c o n t e n t  of t h e  t issue)  is s ign i f i can t ly  h i g h e r  in  in t e r -  
m i t t e n t l y  s t a r v i n g  an imals ,  b o t h  in ske le ta l  musc le  a n d  
t he  d i a p h r a g m .  I n  r a t s  fed da i ly  a r educed  r a t i on ,  t h e r e  is 
p r ac t i c a l l y  no  change ,  as c o m p a r e d  w i t h  t he  con t ro l  group.  

A m o n g  o t h e r  consequences ,  i n t e r m i t t e n t  s t a r v a t i o n  
leads  to  a n  overa l l  increase  of m e t a b o l i s m .  As h a s  b e e n  
s h o w n  in  a p rev ious  p a p e r  3, t h i s  increase  is p r o b a b l y  
m a i n l y  due  to  t he  h i g h e r  n u t r i e n t  s u p p l y  d u r i n g  per iods  
of food i n t a k e  w h e n  i n t e r m i t t e n t l y  s t a r v i n g  r a t s  deve lop  

cons ide rab le  h y p e r p h a g i a .  The  g r e a t e r  d e m a n d s  on  t h e  
m e t a b o l i s m  r e su l t i ng  f rom t h e  i n t e r m i t t e n t  increase  of 
n u t r i e n t  suppl ies  p r o b a b l y  lead to  t he  e s t a b l i s h m e n t  of a 
h i g h e r  m e t a b o l i c  level. F ina l l y  a c h a n g e  of t he  e n z y m e  
sys t ems  invo lved ,  in  t h i s  case c y t o c h r o m e  oxidase,  
develops .  The  resu l t s  of e x p e r i m e n t s  w i t h  r a t s  s u b j e c t e d  
to s imple  ch ron ic  calor ic  u n d e r n u t r i t i o n  s u p p o r t  th i s  
a s s u m p t i o n .  These  an ima l s  h a v e  p r ac t i c a l l y  t he  same  
food i n t a k e  as r a t s  a d a p t e d  to i n t e r m i t t e n t  s t a r v a t i o n  b u t  
no  changes  in t h e  QO,  or  in  t he  c y t o c h r o m e  ox idase  
a c t i v i t y  c an  be  d e t e c t e d  in  these  an imal s .  

The  o b s e r v e d  increase  of c y t o c h r o m e  ox idase  a c t i v i t y  in  
r a t s  a c c u s t o m e d  to  i n t e r m i t t e n t  s t a r v a t i o n  is in t e res t ing ,  
as i t  is k n o w n  t h a t  levels  of t h i s  e n z y m e  decrease  w i t h  age L 
Thus ,  t h e  e l e v a t e d  va lues  found  in ou r  e x p e r i m e n t s ,  
s imi la r ly  as o t h e r  f ind ings  in r a t s  a d a p t e d  to  th i s  n u t r i -  
t i o n a l  p a t t e r n  (g rowth  a c t i v i t y  of e x p l a n t a t e d  muscle  a n d  
l iver  s h i g h e r  QO 2 levels  of t i ssues  ~, inc reased  b a s a l  o x y g e n  
c o n s u m p t i o n  in vivo 3) co r r e spond  to  a lower  biological  age 
of t he  an imal .  

Cytochrome oxidase activity in skeletal muscle and diaphragm of 
intermittently starving rats (in [~1 02]mg N]h) 

Group Nunlber Weight Skeletal Diaphragm 
of g muscles and 
animals skeleton 

Controls 12 204.54- 7.9 65.014- 14.14 759.504- 77.59 
Intermittent 
starvation 6 128 -4- 9.4 144.95 4- 28.45 b 1304.53 4- 153.71 ~ 
Simple 
under- 
nutrition 6 110 4-7.1 81.104- 16.3  828.924- 87.14 

The figures are averages -4- S.E. ~ The difference of values as com- 
pared with controls is statistically significant for P <~ 0.01. b for 
P = 0.02. 
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Zusammen/assung. Es  wurde  die Ak t iv i tA t  de r  Cyto-  
c h r o m o x y d a s e  v o n  S k e l e t t m u s k u l a t u r  u n d  Zwerchfe l l  
i n t e r m i t t i e r e n d  h u n g e r n d e r  Ra t t ' en  u n d  bei  eh ron i sch  
d u r c h  v e r m i n d e r t e  T a g e s r a t i o n e n  u n t e r e r n ~ h r t e n  R a t t e n  
u n t e r s u c h t .  Bei  den  a n  i n t e r m i t t i e r e n d e s  H u n g e r n  a d a p -  
t i e r t e n  R a t t e n  wa r  die au f  den  Gewebes t i cks to f f  bezogene  
Al~tivit~tt dieses E n z y m s  u m  8 0 - 1 0 0 %  erhOht  im Ver-  
g le ich  zu den  ad libitum ge f i i t t e r t en  Kon t ro l l t i e r en .  Be i  

den  e iner  g e w 6 h n l i c h e n  ka lo r i schen  Un te r e rn~ ih rung  aus-  
gese t z t en  T ie ren  w a r  die C y t o c h r o m o x y d a s e a k t i v i t / i t  
p r a k t i s c h  dieselbe  wie die de r  Kon t ro l l t i e re .  

R. PETR2~SEK 

Physiological Department, Institute o/ Human Nutrition, 
Prague (Czechoslovakia), March 29, 1961. 

D i e  W i r k u n g  y o n  P e r s a n t i n  a u f  H e r z m u s k e l -  

S a r k o s o m e n  

Bei  de r  k l in i schen  u n d  e x p e r i m e n t e l l e n  A n w e n d u n g  
e iner  n e u e n  co rona rge f~s se rwe i t e rnden  V e r b i n d u n g ,  d e m  
2, 6-Bis- (d i~ thano lamino) -4 ,  8 -d ip ipe r id ino-pyr imido- (5 ,  4- 
d ) -py r imid in ,  P e r s a n t i n ® ,  w u r d e n  E r g e b n i s s e  e rha l t en ,  
die fiir e inen  zusi i tz l ichen S to f fwechse le f fek t  d ieser  Sub-  
s t a n z  sp rechen .  N e b e n  e ine r  e c h t e n  L e i s t u n g s s t e i g e r u n g  
des  M y o c a r d s  1,2 k o n n t e  be i  d e k o m p e n s i e r t e n  Herz insuf f i -  
z ienzen  u n t e r  de r  P e r s a n t i n t h e r a p i e  e in  schne l l e re r  Ri ick-  
g a n g  de r  T r a n s a m i n a s e - A k t i v i t a t e n  des  S e r u m s  sowie e in  
schnel le res  A b s i n k e n  de r  e r h 6 h t e n  Milchs~ure-  u n d  B r e n z -  
t raubens~iure-Spiege l  im B l u r  b e o b a c h t e t  werden  s,4. Es  
w u r d e  ein d i r e k t e r  E ingr i f f  in  energ ie l i e fe rnde  Stoff-  
wechse lprozesse  v e r m u t e t ,  d a  b e i m  H u n d  n a c h  hypox i imi -  
scher  Sch~d igung  des  Herzens  die e r n i e d r i g t e n  A T P - W e r t e  
de r  H e r z m u s k u l a t u r  u n t e r  P e r s a n t i n  d e u t l i e h  ans t iegenS.  
P e r s a n t i n  i n h i b i e r t  n a c h  S m s s  d e n  E r s c h 6 p f u n g s -  u n d  
E n e r g i e m a n g e l s t i l l s t a n d  des  R a t t e n v o r h o f s ,  eine B e o b a c h -  
tffng, welche  y o n  i h m  auf  S tof fweehse l -Ef fek te  zurf ick-  
gef i ih r t  wi rd  ~. 

I m  Stof fwechse l  e r fo lg t  de r  A u f b a u  energ ie re icher  
P h o s p h a t v e r b i n d u n g e n  v o m  T y p  der  A T P  haupts~ichl ich  
d u r c h  o x y d a t i v e  P h o s p h o r y l i e r u n g  in  den  Mi tochondr i en .  
W i r  u n t e r s u c h t e n  d e s h a l b  den  Einf luss  v e r s c h i e d e n e r  
K o n z e n t r a t i o n e n  v o n  P e r s a n t i n  au f  die o x y d a t i v e  Phos -  
p h o r y l i e r u n g  y o n  H c r z m u s k e l - M i t o c h o n d r i e n  (Sarkoso-  
men)  in vitro. 

Die S a r k o s o m e n  w u r d e n  aus  f r i schen  R i n d e r h e r z e n  
n a c h  e iner  f r i iher  b e s c h r i e b e n e n  M e t h o d e  isol ier t ;  gleiches 
gi l t  a u c h  ffir die Messung  der  P / O - Q u o t i e n t e n  m i t  Succi-  
na t ,  f l - H y d r o x y b u t y r a t  u n d  K e t o g l u t a r a t / M a l o n a t  im 
W a r b u r g - V e r s u c h  7's. I n s g e s a m t  w u r d e n  130 M a n o m e t e r -  
Gef~ss-Versuche  durchgef i ih r t .  N e b e n  fr isch i so l ier ten  
u n d  morpho log i sch  wie Iunk t ione l l  i n t a k t e n  S a r k o s o m e n  
w u r d e n  vergle ichsweise  a u c h  k[ ins t l ich  gesch~dig te  Sarko-  
s o m e n  in die Versuche  e ingesetz t .  Die Sch~d igung  erfolgte  
d u r c h  Lyoph i l i s i e rung  u n d  R e s u s p e n d i e r u n g  I r i scher  Sar-  
k o s o m e n f r a k t i o n e n .  D a d u r c h  e n t s t a n d e n  s t r u k t u r e l l e  
Sch~den  de r  P a r t i k e l  (Quel lungen,  pa r t i e l l e r  Zerfall)  m i t  
e n t s p r e c h e n d e n  F u n k t i o n s a u s f ~ l l e n  ( S e n k u n g  de r  P /O-  
Quo t i en t en ) .  .~hnl iche  morpho log i sche  Sch~den  u n d  
F u n k t i o n s a u s f ~ l l e  b e s t e h e n  a u c h  in vivo bei  S a r k o s o m e n  
im h y p o x ~ m i s c h e n  M y o c a r d  9-n .  E i n e  e i n g e h e n d e  Be-  
s e h r e i b u n g  d e r  Ve r suche  er fo lg t  a n  a n d e r e r  Stelle.  

Ergebnisse. Wie  die Tabe l l e  I z e i g t  w u r d e  d u r c h  s tei-  
gende  K o n z e n t r a t i o n e n  v o n  P e r s a n t i n  bei  I r i sch  i so l ie r ten  
S a r k o s o m e n  die S a u e r s t o f f a u f n a h m e  m i t  S u c c i n a t  als  
S u b s t r a t  z u n ~ c h s t  s t a r k e r  g e s e n k t  als die P h o s p h a t a u f -  
n a h m e .  D a d u r c h  k a m  es zu e inem ger ingen ,  s t a t i s t i s c h  
j e d o c h  n i c h t  ge s i che r t en  Ans t i eg  d e r  P / O - Q u o t i e n t e n .  Bei  
f l - H y d r o x y b u t y r a t  u n d  K e t o g l u t a r a t / M a l o n a t  a ls  Sub-  
s t r a t e  w a r  die S e n k u n g  de r  S a u e r s t o f f a u f n a h m e n  u n t e r  
P e r s a n t i n  sowohl  bei  S a r k o s o m e n  als  a u c h  bei  Lebe r -  
m i t o c h o n d r i e n  d e u t l i c h  s t a r k e r  u n d  f f ihr te  sogar  zu e iner  
signifikanten S t e i g e r u n g  de r  P / O - Q u o t i e n t e n  (Tabel le  I I ) .  

K o n z e n t r a t i o n e n  a b  10 -4 m P e r s a n t i n / A n s a t z  h e m m t e n  
d a n n  bei  a l len  S u b s t r a t e n  die P h o s p h o r y l i e r u n g  s igni -  
f i k a n t  u n d  z u n e h m e n d  s t t t rke r  als  die A t m u n g .  

V611ig a n d e r s  v e r h i e l t e n  s ich geseht id ig te  S a r k o s o m e n  
u n t e r  P e r s a n t i n :  bei  u n v e r ~ n d e r t e r  A t m u n g  w u r d e  s c h o n  
d u r c h  1 × 10 -~ bis  5 × 10 - s m  P e r s a n t i n / A n s a t z  die  P h o s -  
p h a t a u f n a h m e  ges te iger t ,  die P / O - Q u o t i e n t e n  s t i egen  u m  

Tab. I. Phosphat- und Sauerstoffaufnahmen von Rinderherz-Sarko- 
somen mit Succinat (0,005 m} als Substrat unter Persantin. 42 Ver- 
suche (24]18). Sarkosomen : 0,5 bzw. 0,8 mg N/Ansatz. Aufnahmen in 
~xg-Atomen. Die mit einem * bezeichneten P]O-Quotienten sind gegen- 

fiber der Kontrolle signifikant erhSht. 

Molarit~it von Frisch isoliert Gesch~idigt 
Persantin im (Lyophilisat) 
Ansatz P O P/O P O P/O 

Kontrolle 3,74 2,14 1,75 1,54 1,50 1,03 
1 x 10 -a 3,78 2,10 1,80 2,84 1,50 1,90" 
5 x 10 -a 3,67 1,97 1,86 2,84 1,50 1,90" 
1 × 10 -a 3,60 1,90 1,89 2,32 1,50 1,55 
1 X 10 -a 2,88 1,63 1,77 0,40 1,31 0,31 
1 × 10 -a 1,61 1,22 1,32 0,00 0,54 0,00 

Tab. II. Beeinflussung der Phosphat- und Sauerstoffaufnahmen 
frisch isolierter Rinderherzsarkosomen durch Persantin bei Keto- 
glutarat/Malonat (je 0,01 m) und fl-Hydroxybutyrat (0,01 m) als 
Substrate. 24 Versuche. Sarkosomcn-N/Ansatz 0,68 mg bzw. 0,5 mg. 

Molarit~it von 
Persantin im 
Ansatz 

Ketoglutarat/Malonat fl-Hydroxybutyrat 

P O P/O P O P]O 

Kontrolle 4,20 1,28 3,28 2,41 1,04 2,32 
1 × 10 -a 4,22 1,26 3,35 2,45 1,06 2,31 
5 × 10 -¢ 4~04 1,18 3,42 2,40 0,99 2,42 
1 × 10 -• 4,00 1,15 3,48 2,50 0,94 2,66* 
1 × 10 -~ 3,82 1,01 3,78" 2,22 0,78 2,85* 
1 x 10 -a 1,89 0,74 2,55 1,20 0,62 1,94 
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