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Abb. 1. Registrierkurven des Schlagvolumens am Froschventrikelpriiparat bei elektrischer Reizung (alle drei Sekunden). Vergleich des 
TreppenphXnomens (nach Reizpausen yon 10 rain) in Ringerl6sungen normaler Zusammensetzung, mit halbem Kalimngehalt und mit 

doppeltem Calciumgehalt. Die Treppe wird dutch ErhShung des Calciumgehalts stfirker gehemmt als durch Vernfimlerung des 
Kaliumgehalts. 

d u r c h  die Vorg / inge  in d e r  E r h o l u n g s p h a s e ,  T'I_ 7 ausse r -  
dem a u c h  d u r c h  die E r r e g u n g s p h a s e n  de r  e r s t e n  K o n -  
t r a k t i o n e n  n a c h  der  R e i z p a u s e  b e e i n f l u s s t  ist,  d e u t e t  
das R e s u l t a t  o f f e n b a r  d a r a u f  h in ,  dass  K a l i u m  ( re la t iv  zu 
Calcium) in  de r  E r h o l u n g  wen ige r  s t a r k  au f  die Itir die 
T reppe  b e s t i m m e n d e n  Vorg~nge  w i r k e n  muss  als in  de r  
E r regung .  
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Abb. 2. Quantitative Bestimmung der Treppe mit Hilfe des Trep- 
penquotienten T]_~ (Ordinate) anl elektrisch gereizten Frosehventri- 
kelpr/iparat unter Variation tier Zusammensetzung der RingerlSsung 
in bezug auf Kalium- und Calcimnkonzentration. Abszisse: Zeit in 
Stunden. Unter jeder Messung ist die Zusammensetzung der verwen- 
deten Ringerl6sung angegeben (1,0 -- normaler Calcium- bzw. nor- 

maler Kaliumgehalt). 

r e g u n g s p h a s e  de r  E i n w X r t s f l u x  als A n g r i f f s p u n k t  sol- 
che f  W i r k u n g e n  zu b e t r a c h t e n  sein.  V e r h / i l t n i s z a h l e n  
wie die ge fundenen ,  d t i r f t en  m i t  e in iger  W a h r s c h e i n l i c h -  
ke i t  m i t  a b g e s t u f t e n  Af f in i t / i t en  zu T r i i ge rmo lek t i l en  in 
B e z i e h u n g  s t ehen .  Ft i r  de ta i l l i e r t e re  D e u t u n g e n  s c h e i n t  
a b e r  gegenw~irtig die e x p e r i m e n t e l l e  Bas i s  n o c h  zu 
schma l .  

M. MOULIN u n d  ~V. WILI3RANDT 

PharmakoIogisches Institut der Universitiit Bern, den 
19. August 1954. 

Summary 
T h e  s ta i r -case  p h e n o m e n o n  of B o w d i t c h  was  s t u d i e d  

on  t h e  e l ec t r i ca l ly  s t i m u l a t e d  frog v e n t r i c l e  p r e p a r a t i o n .  
I t  d e p e n d s  n o t  o n l y  on  t h e  c o n c e n t r a t i o n  of  p o t a s s i u m ,  
as s h o w n  b y  SZENT-GY6RG¥I, b u t  also on  t h a t  of 
c a l c ium.  E x c e s s  of c a l c i u m as well  as l ack  of p o t a s s i u m  
depress  i t  (Fig. 1). A c h a n g e  of the  ca l c i u m c o n c e n t r a -  
t i on  in t h e  r a t i o  p y ie lds  a c o n s i d e r a b l y  s t r o n g e r  e f fec t  
t h a n  a c h a n g e  of t h e  p o t a s s i u m  c o n c e n t r a t i o n  in t h e  
r a t i o  1/p (Fig. 2 a n d  3). I t  is a s s u m e d  t h a t  t h e  s t a i r  
case d e p e n d s  m a i n l y  on  t h e  c o n c e n t r a t i o n  of c a l c i u m  
ions  in t h e  i n t e r i o r  of t h e  muscle  f ibers  a n d  t h a t  t h i s  
c o n c e n t r a t i o n  is a f fec ted  n o t  o n l y  b y  t h e  o u t s i d e  con -  
c e n t r a t i o n  of c a l c i u m  ions b u t  (due to  c o m m o n  a f f in i t i e s  
to ca r r i e r  molecules)  a lso b y  t h a t  of t h e  p o t a s s i u m  ions.  

Tr i f f t  u n s e r e  A n n a h m e  zu, dass  C a l c i u m i o n e n  in Er -  
r e g u n g  u n d  E r h o l u n g  g l e i chs inn ig  m i t  N a t r i u m  d u r c h  
die M e m b r a n  t r a n s p o r t i e r t  w e r d e n  u n d  dass  die T r e p p e  
d u r c h  die C a l e i u m i n n e n k o n z e n t r a t i o n  a m  E n d e  de r  
Re izpause  b e s t i m m t  wird ,  so wi i rde  in  de r  E r h o l u n g  in 
e r s t e r  L in ie  de r  Ausw&rt s f lux  des  Calc iums,  in de r  E r -  
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Abb. 3. Vergleich der ~Virkung yon Calciumfiberschuss (+  Ca) und 
Kaliummaagel (--K) auf das Treppenph~nomen, das quantitativ 
mit Hilfe der relativen Treppenquotienten T" (nfihere Definition 
siehe im Text) charakterisiert wird. Abszisse: Verhiiltniszahl p fiir 
die Ver/inderung der Calciumkonzentration (ErhShung) bzw. der 

Kaliumkonzentration (Verminderung). N/iheres im Text. 

Some Metabolic Changes Occurring in Skeletal  
and Heart Muscles  of Guinea Pigs  Treated with  

Tetanus Toxin  

T h e  i n f o r m a t i o n  a v a i l a b l c  a b o u t  t h e  m e t a b o l i c  c h a n g e s  
w h i c h  occur  in t e t a n i z e d  musc le s  is scarce .  T h i s  p a p e r  
r ep o r t s  t h e  resu l t s  of a n  i n v e s t i g a t i o n  on  t h e  o x i d a t i v e  
a n d  p h o s p h o r y l a t i v e  a c t i v i t i e s  of s k e l e t a l  a n d  h e a r t  
musc les  of g u i n e a  pigs  a f t e r  i n j e c t i o n  w i t h  t e t a n u s  
tox in .  

~,¥hen t h e  t o x i n  of Ctostridium tetani is i n j e c t e d  i n t r a -  
m u s c u l a r l y  in  t h e  g u i n e a  pig,  t e t a n u s  is p r o d u c e d  f i r s t  
in t h e  musc les  i n to  w h i c h  t h e  t o x i n  was  i n j e c t e d  (local 
t e t a n u s ) .  In  a f u r t h e r  s tage ,  t h e  a n i m a l s  d e v e l o p  t e t a n u s  
also in t h e  o the r ,  n o n - i n j e c t e d  musc le s  (genera l i zed  
t e t a n u s ) .  I n  t h i s  r e sea rch ,  b o t h  s t ages  were  c o n s i d e r e d  
for t h e  s t u d y  of poss ib le  m e t a b o l i c  c h a n g e s .  

G u i n e a  p igs  w e i g h i n g  2 3 0 -3 0 0  g a n d  fed  w i t h  a s t a n d -  
a r d  d i e t  were  used.  T e t a n u s  t o x i n  (a p u r i f i e d  p r e p a r a t i o n  
f rom a c u l t u r e  f i l t r a t e  of CI. tetani, o b t a i n e d  b y  t r e a t -  
m e n t  w i t h  s a t u r a t e d  a m m o n i u m  s u l p h a t e )  was  i n j e c t e d  
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i n t o  the  mu sc l e s  of  one  leg.  The  in jec ted  a m o u n t  was  
10 L .D .  pro a n i ma l .  Th e  a n i ma l s  were  k i l l ed  b y  b l eed ing  
a n d  the  leg  m u s c l e s  of  b o t h  t h e  i n j e c t e d  and  n o n - i n j e c t e d  
s ide ,  a n d  th e  heart ,  were  i m m e d i a t e l y  r e m o v e d  and 
f rozen  w i t h  f lu id  c a r b o n i u m  d iox ide .  T h e  a m o u n t  t o  be 
used  for a n a l y s i s  w a s  t h e n  r a p i d l y  w e i g h e d  a n d  h o m o -  
gen ized .  T h e  a n a l y s i s  of  p h o s p h o r u s  (P) f rac t ions  w a s  
m a d e  on  h o m o g e n a t e s  prepared  b y  g r i n d i n g  t h e  t i s sue  
(2 g of  s k e l e t a l  m u s c l e  or 1 heai-t d e p r i v e d  o f  t h e  large  
vesse l s  a n d  of  th e  fat) in a m o r t a r  a n d  b y  s u s p e n d i n g  it  
in 7 % tr i c h l o r o a c e t i c  acid.  T h e  s u s p e n s i o n  w a s  then  
h o m o g e n i z e d  in a XYaring b l e n d e r  b y  r u n n i n g  for 30" at  
3000 R . P . M .  T h e  h o m o g e n a t e  w a s  t h e n  m a d e  up  t o  40 ml 
w i t h  7 % t r i c h l o r o a c e t i c  acid,  f i l tered  a n d  a n a l y s e d .  In  
one  group  of  e x p e r i m e n t s ,  th e  a n i m a l s  were  k i l l ed  under  
m a g n e s i u m  s u l p h a t e  a n a e s t h e s i a ,  i n d u c e d  b y  intra-  
p e r i t o n e a l  i n o c u l a t i o n  (PINCHOT and BLOOM1). Treat -  
m e n t  w i t h  MgSO4 w a s  used  b y  these  a u th o r s  in order to  
i n h i b i t  th e  s p l i t t i n g  of A T P  t h r o u g h  A T P a s e ,  dur ing  the  
preparation of the extracts. 

The analysis of phosphorus fractions was made ac- 
cording to the procedure described by LE PAGE 2. 3 frac- 
tions were collected: Ba-insoluble (precipitation with Ba 
acetate, pH 8.2, followed by removal of Ba with H2SO4), 
Ba soluble-alcohol insoluble (precipitation with 4 vol- 
umes of absolute ethanol), Ba soluble-alcohol soluble. 
Following determinations were made on each of 3 frac- 
tions and on the original unfractionated extract : total P, 
inorganic orthophosphate P (IP) adenine. "True" in- 
organic P (precipitation with CaCI~, saturated with 
Ca(OH)2, pH 8.8) was determined only in the unfraction- 
ated extract. Phosphocreatine P was then calculated by 
dif ference .  The f o l l o w i n g  d e t e r m i n a t i o n s  were  m a d e  on  
B a - i n s o l u b l e  fract ion ,  in a d d i t i o n  to  t h o s e  repor ted  
a b o v e :  7' P, r ibose,  f ructose .  7' P w a s  d e t e r m i n e d  af ter  
h y d r o l y s i s  at  100°C for 8" w i t h  I N HC1. T h e  v a l u e s  ob-  
t a i n e d  were  correc ted  for 26.5 % o5 t o t a l  h e x o s e d i p h o s -  
p h a t e  P, t . i .  th e  a m o u n t  of  th i s  s u b s t a n c e  w h i c h  is 
h y d r o l y s e d  in 8' b y  1 N HC1 at  100°C.  R i b o s e  w a s  de- 
t e r m i n e d  b y  the  orc ino l  m e t h o d  of  MEIJBAUM a, th e  ex -  
t i n c t i o n s  be ing  read at  660 m # .  F r o m  th e  molar  rat ios  of  
7' P to  r ibose,  th e  a c t u a l  a m o u n t s  of  A T P  a n d  A D P  
r e s p e c t i v e l y  p r e se n t  in th i s  f rac t ion  were  ca lcu la ted ,  b y  
a s s u m i n g  t h a t  A T P  c o n t a i n s  2 e a s i l y  h y d r o l y s a b l e  P 
un i t s  per m o l e  of  r ibose  and A D P  o n l y  1. 

H e x o s e d i p h o s p h a t e  P w a s  c a l c u l a t e d  from the  va lues  
o b t a i n e d  for fructose .  Th i s  w a s  d e t e r m i n e d  b y  the  
resorc ino l  t e s t  of  ROE 4, th e  e x t i n c t i o n s  b e i n g  read  at  
490 m/~. S ince  h e x o s e d i p h o s p h a t e  does  n o t  reac t  as the  
t h e o r e t i c a l  a m o u n t  o f  f ruc tose  (LE PAGE), t h e  a c t u a l  
v a l u e s  were  o b t a i n e d  b y  m u l t i p l y i n g  the  f ruc tose  v a l u e s  
b y  t h e  fac tor  3.6. 

W h e n  th e  s u m  of t h e  v a l u e s  o b t a i n e d  for inorgan ic  
o r t h o p h o s p h a t e  P,7" P a n d  h e x o s e d i p h o s p h a t e  ( H D P )  
is s u b t r a c t e d  f rom t h a t  of  t o t a l  P p r e se n t  in  th e  Ba -  
in so lub le  fract ion ,  a re s idua l  a m o u n t  of  P is o b t a i n e d .  
This  is s t a t e d  b y  LE PAGE to  c o n s i s t  m a i n l y  of  phos -  
p h o p y r u v i c  ac id  ( P P A ) .  I t  h a s  b e e n  r e p o r t e d  in th e  t a b l e  
under  th i s  h e a d i n g .  

T h e  a m o u n t  of  a d e n i n e  p r e se n t  in  each  f rac t ion  w a s  
a l so  c h e c k e d  b y  r e a d i n g  the  e x t i n c t i o n  at  260  m/~. 

P h o s p h o r u s  d e t e r m i n a t i o n s  were  m a d e  b y  th e  m e t h o d  
Of FISKE and SUBBAROW 5. The colonr (Mo3Os) was de- 

1 L. B. PINCHOT and W. L. BLOOM, J. Blol. Chem. 184, 9 (1950). 
2 A. LE PAGE, in Manometric Techniques and Tissue Metabolism. 

edit. by W. W. UM~REIr, R. H. BORRIS, and J. F. STAUFFER (Bur- 
gess Publ., Minneapolis, 1951). 

W. MEIJBAOM, Z. Physiol. Chem. 258, 117 (1939). 
4 j .  H. RoE, J. Biol. Chem. 107, 15 (1934). 

C. H. FISKE and Y. SUBBAROW, J. Biol. Chem. 66, 375 (1925). 
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Table H.-Succinoxidase, d-amino acid oxidase and cytoehrome oxidase activities in normal and tetanized skeletal muscles of guinea 
pigs. (The values are referred to 1 g of fresh tissue and 1 h; in the case of sarcosomes, they are referred to the material isolated from 1 g of 

tissue. The data are given as/1102 4- a. Temperature 380C.) 

Animals 

Normal 

Tetanized 

Num- I Homogenates 
ber of I [ d-amlnoaeidoxldase[ ._ Suceinoxidase . . . Cytochrome 
~xperi- [ [ oxmase 
ments] pl02 [/I1O2/N 1'102 [ t`102/N t---t~'02 [ ~l°dI~ 

I 

5 35954-318 214 6204-29 36.9 43544-427] 259 

I 
6 38204-156 226 6644-43 39.3 144234-374 261 

L 

Sarcosonles I 
. . . .  Cytoehrome 

Succinoxldase d-amino aeldoxidase oxidase 

13102 I  10. I lO,,NI  10, 1.10.   

1 6 4 7 4 - 1 5 6 1 3 7 2 3 7 1 4 - 1 3  3 0 8 ] 2 4 2 0 4 - 6 7 2 0 1 6  I 

17834-145 1114 3704- 6 218 25174-243 1573 

Nitrogen content of homogenates was mg 16.8 4- 1.2 for normal muscles, 16.9 4- 0.8 for tetanized inuseles. That of mitochondria was 
1.2 4- 0.1 for normal muscles, 1.6 4- 0.2 for tetanized muscles. 

ve loped  w i t h  40 % SnC12 in c o n c e n t r a t e d  HC1. R e a d i n g s  
were m a d e  a t  730 m/~. N i t r o g e n  was  d e t e r m i n e d  b y  
usual  m i c r o k j e l d h a l  t e c h n i q u e .  

Table I lL -Ox ida t i ve  phosphorylation in skeletal muscles of normal 
and treated guinea pigs. (The data represent patoms O 2 taken up 
in 10' at 25°C and flatoms P disappeared from the incubation 
mixture during the same time. 30 /zM substrate, 200 mg tissue, 

reaction mixture as indicated in the text). 

Animals Substrate 

Normal g lu tamate  
Normal g lu tamate  
Normal a-ketoglutara te  
Normal ~-ketoglutarate  
Local t e tanus-g lu tamate .  
Local te tanus-g lu tamate .  
Local te tanus-~-ketoglutarate  . . 
Generalized te tanus-glutamate  . . 
Generalized te tanus-g lu tamate  . . 
Generalized te tanus-~-ketoglutarate  

~AO 

2-5 
2.3 
2.0 
2.1 
2.4 
2-2 
2.1 
2.0 
2-2 
2.0 

/~AP P:O 

5"6 2-24 
6'0 2.6 
7"6 3"7 
7.8 2.5 
6.2 2.4 
6.2 2.8 
7.9 3.7 
4-0 2.0 
4.2 1-9 
5-8 2-9 

T h e  h o m o g e n a t e s  for  e n z y m e  d e t e r m i n a t i o n s  were  
p r e p a r e d  in  a P o t t e r - E l v e h j e m  glass  a p p a r a t u s  w i t h  t h e  
t e c h n i q u e  d e s c r i b e d  b y  SCHNEIDER r. T h e  t i s sues  were  
f ine ly  m i n c e d  w i t h  sc issors  a n d  g r o u n d  in  a m o r t a r  
before  s u b m i t t i n g  t h e m  t o  h o m o g e n i z a t i o n  in  t h e  P o t t e r -  
E l v e h j e m  a p p a r a t u s .  S u s p e n s i o n  f lu id  was  0.25 M 
sucrose.  S u c c i n o x i d a s e  was  d e t e r m i n e d  a c c o r d i n g  to  t h e  
m e t h o d  of POTTER a n d  SCltNEII)ER 2, d - a m i n o  acid  oxi-  
dase w i t h  t h a t  of RODNEY a n d  GARr~R s, w i t h  d l - a l a n i n e  
as a s u b s t r a t e .  C y t o c h r o m e  ox i da s e  was  d e t e r m i n e d  
a c c o r d i n g  t o  t h e  m e t h o d  of POTTER ~, A T P a s e  a c t i v i t y  
acco rd ing  to  t h a t  of POTTER a n d  DUBOlS 5, w i t h  0.01 N 
b o r a t e  buf fe r ,  p H  7.0. O x i d a t i v e  p h o s p h o r y l a t i o n  was  
s t ud i ed  a t  2 5 ° C  as p r e v i o u s l y  r ~ p o r t e d  (DIANZANI% 
wi th  1 ( + ) - g l u t a m a t e  or  w i t h  m - k e t o g l u t a r a t e  as sub -  
s t r a t e s ,  A M P  as P accep to r ,  w h e a t  g e r m  h e x o k i n a s e  a n d  
f ruc tose  as a t r a p p i n g  s y s t e m .  P : O r a t i o s  were  c a l c u l a t e d  
b y  d i v i d i n g  t h e  /~atoms of i n o r g a n i c  o r t h o p h o s p h a t e  P 

I W. C. SCHNEIDER, J, Biol. Chem. 165, 585 (1946). 
W. C. SCHNEIDER and V. R. POrtER, J. Biol. Chem. 149, 217 

(1943). 
3 G. RODNEY and R. L. GARNER, J. Biol. Chem. 125, 209 (1938). 
4 V. R. POTTER, Manometric Techniques and Tissue Metabolism, 

edited by W. W. UMBREn, R. H. BtJRRIS, and J . F .  STAUFFER 
(Burgess Publ., Minneapolis, 1951). 

5 K. B. Dvnom andV. R. POTTER, J. Biol. Chem. 150, 185 (1949). 
6 M. U. DIANZANI, Biochimica et Biophysica Acta (in press). 

w h i c h  d i s a p p e a r e d  f rom t h e  i n c u b a t i o n  m e d i u m  in 10'  
b y  t h e / ~ a t o m s  of oxygen  t a k e n  up  b y  t h e  s y s t e m  d u r i n g  
t h e  s a m e  t ime .  R a t i o s  v e r y  close to  3 were  o b t a i n e d  for  

Table IV.-ATPase activity of homogenates, sarcosonles and myo- 
fibrils isolated frmu normal and from tetanized skeletal muscles of 
guinea pigs. (The values are given as mg inorganic orthopbosphate P 
liberated in 1 h by 1 mg N of the enzymatic preparations. Standard 

deviations are also given.) Temperature 38 o C, pH 7.0. 

Nunlber of I 
Animals experi- Homo- Sarcosomes Myofibrils 

ments genates 

Normal . . . 
Tetanized , , 

6 37"54-5 1284-37 494-15 
5 39"54-5 1474- 5 874-20 

g l u t a m a t e  a n d  to  4 for k e t o g l u t a r a t e  in  n o r m a l  a n i m a l s .  
The  a m o u n t  of t i s sue  used  c o r r e s p o n d e d  to  200 m g  of 
f resh  t i ssue,  

Nuc le ic  ac ids  d e t e r m i n a t i o n s  were m a d e  a c c o r d i n g  t o  
SCHMIDT a n d  THANNHAUSER I. Myof ibr i l s  a n d  m u s c l e  
g r a n u l e s  (sarcosomes)  were i so la ted  b y  us ing  p r e v i o u s l y  
de sc r ibed  m e t h o d s  (MoR~). 

E a c h  d e t e r m i n a t i o n  was m a d e  in dup l i ca t e .  A BECK- 
MAN s p e c t r o p h o t o m e t e r  Mod.  D U  was u sed  for  t h e  
p h o t o m e t r i c  d e t e r m i n a t i o n s ,  a WARBURG c o n v e n t i o n a l  
a p p a r a t u s  for  t h e  g a s o m e t r i c  ones.  T h e  v a l u e s  o b t a i n e d  
were  s t u d i e d  s t a t i s t i ca l ly ,  s t a n d a r d  d e v i a t i o n  (a), s t a n d -  
a r d  e r ro r  of t h e  s t a n d a r d  d e v i a t i o n  a n d  t h e  FISHER'S " t "  
va lues  b e i n g  c a l c u l a t e d  for  e ach  a v e r a g e  v a l u e  a. 

T a b l e  I s u m m a r i z e s  t h e  r e su l t s  w h i c h  were  o b t a i n e d  
in t h e  e x p e r i m e n t s  of f r a c t i o n a t i o n  of t h e  P c o m p o u n d s .  
I t  is c lea r  t h a t  t he  A T P  c o n t e n t  of t e t a n i z e d  s k e l e t a l  
musc les  is s t r o n g l y  decreased .  A n i m a l s  w i t h  loca l  t e t a n u s  
s h o w e d  a s t r o n g e r  decrease  in  t h e  i n j e c t e d  t h a n  in  t h e  
c o n t r o l a t e r a l  leg. Such  a d i f f e rence  d i s a p p e a r e d  in  t h e  
a n i m a l s  showing  gene ra l i zed  t e t a n u s .  

A D P  c o n c e n t r a t i o n  was s l i gh t l y  i n c r e a s e d  in t e t a n i z e d  
muscles .  Th i s  shows  t h a t  t h e  A D P  s y n t h e s i s  t h r o u g h  
m y o k i n a s e  is p r o b a b l y  u n a f f e c t e d .  A M P ,  on  t h e  o t h e r  
h a n d ,  i nc reased  s t r o n g l y .  T h e  t o t a l  a d e n i n e  c o n t e n t  
showed,  the re fo re ,  o n l y  s m a l l  m o d i f i c a t i o n s .  A n  inc r ea se  
of H D P  cou ld  be  o b s e r v e d  in  t h e  t e t a n i z e d  musc les .  
A c e r t a i n  degree  of A T P  dec rease  was  f o u n d  also in  t h e  
h e a r t  of t r e a t e d  an ima l s .  

1 G. SCHMIDT and S. J. THXNNHAUSER, J. Biol. Chem. 161, 83 
(1945). 

2 M. A. MOR, Exper. 9, 342 (1953). 
a R. A. FISHER, Metodi statistici ad uso dei ricercalori (U.T.E.T., 

Torino, 1948). 
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"]'able V, Nucleic acids content of normal and tetanized skeletal muscles. The values are referred to 1 g of fresh tissue and are given 
as/*g of NA, DNA or RNA phosphorus. 

Animals 

Normal .  . . 

Tetanized . . 

Number of 
experiments 

Homogenates 

Total NA INA/N[ DNA 

179 J_ 14 10'6 44 i 8 

142 ± 12 8'4 31 -~ 8 

DNA/N 

2-6 

1.8 

Sarcosonles 

135 ::~= 7 

112 ~ 11 

8.0 

6.6 

20 L4 

2 4 + 1  

RNA/N 

16"6 

15'0 

In  t h e  e x p e r i m e n t s  wh ich  were  m a d e  on an ima l s  
ki l led u n d e r  Mg s u l p h a t e  anaes thes i a ,  no  d i f fe rence  w~-s 
found  b e t w e e n  no rma l  and  t e t a n i z e d  muscles .  The  va lues  
found  for A T P  were  a b o u t  20 % higher ,  those  for  A M P  
a b o u t  20% lower,  t h a n  those  o b t a i n e d  in t he  n o n - a n -  
aes thes ized  gu inea  pigs, This  is p r o b a b l y  due  to  t h e  fac t  
t h a t  Mg s u l p h a t e  p roduces  inh ib i t ion  of A T P  spl i t t ing ,  
while  A T P  syn thes i s  is no t  g rea t ly  a f fec ted .  

Tab le  I I  shows  t h a t  t h e  ox ida t i ve  capac i t ies  of t e t a n -  
ized muscles  aga ins t  succina te ,  d l -a lan ine  and  c y t o c h r o m e  
c are  p rac t i ca l ly  no t  modi f ied .  Ox ida t i ve  p h o s p h o r y l a -  
l ion (Table I I I )  is also qu i t e  n o r m a l  in t h e  ear l ier  s t age  
of t e t a n u s ,  b u t  decreases  s l igh t ly  w i th  t h e  progress  of 
t ime .  A T P a s e  a c t i v i t y  (Table  IV) of b o t h  h o m o g e n a t e s  
a n d  sa rcosomes  does  n o t  show a n y  s ign i f ican t  modi f ica -  
t ion.  A s t r ik ing  d i f fe rence  was  obse rved ,  however ,  in 
A T P a s e  a c t i v i t y  of myof ibr i l s ,  which  inc reased  s t r ong ly  
in those  i so la ted  f rom t e t a n i z e d  muscles .  

Nucleic  acids (Table V) are dec reased  in t e t a n i z e d  
muscles .  The decrease  af fec ts  b o t h  desoxyr ibo -  and  
r ibonucle ic  acids.  

F r o m  th i s  r a p i d  s u r v e y  of t he  resu l t s  ob ta ined ,  one 
m a y  conc lude  t h a t  (1) A T P  is s t r o n g l y  dec reased  in 
t e t a n i z e d  musc les ;  (2) A T P  f o r m a t i o n  t h r o u g h  t h e  
processes  of o x i d a t i v e  p h o s p h o r y l a t i o n  is a t  l eas t  n o r m a l ;  
(3) A T P a s e  a c t i v i t y  of myof ib r i l s  is s t r o n g l y  increased .  
(4) Nucleic  ac ids  are  dec reased .  The  m o s t  p robab l e  
p h e n o m e n o n  respons ib le  for t h e  decrease  of A T P  thus  
resides in t he  a c t i v a t i o n  of A T P a s e  loca ted  w i th in  myo-  
fibrils.  

A T P  is k n o w n  to  e x e r t  in t he  muscle  2 f u n d a m e n t a l  
func t ions :  (1) it  ac ts  as a p las t i c iz ing  (relaxing agent ) ,  
which  cond i t i ons  t he  t h r e a d  d i spos i t ion  of t he  po lymer i c  
a c t o m y o s i n e  molecules ;  (2) i t  ac ts  as t h e  phys io log ica l  
c o n t r a c t i n g  agen t ,  i ts  sp l i t t i ng  be ing  r e spons ib le  for  t h e  
s h o r t e n i n g  of t he  a c t o m y o s i n e  t h r eads .  I t  has  been  
s h o w n  (BATHE-SMITH 1, BENDALL 2, V~rEBER a n d  PORT- 
ZEHL 3) t h a t  ske le ta l  musc le  in s t a t e  of r igor  m o r t i s  
c o n t a i n s  a ve ry  low a m o u n t  of A T P  a n d  t h a t  r igor  i tself  
is p r o b a b l y  due to  t h e  absence  of t he  p las t ic iz ing  ac t ion  
of A T P .  W h e t h e r  a m e c h a n i s m ,  in some  m a n n e r  s imi la r  
to  t h a t  which  occurs  in r igor  morr is ,  ex i s t s  in t he  t e t a n -  
ized muscle  is u n d e r  i n v es t i ga t i on  in th i s  l abo ra to ry .  

L. MICHELAZZI, MARIA ASSUNTA ~{OR, 
a n d  M. U. DIANZANI 

Department o/ General Pathology o/ the University o/ 
Genoa, August 9, t95d. 

1 E. C. I~ATHE-SMITH and J. R. BENDALL, J. Physiol. 106, 177 
(1947); 110, 47 (1949). 

2 j .  R. BENDALL, J. Physiol. 144, 71 (1951). 
a H. H. X, VEBER and H. PORTZEHL, in Progress in Biophysics, 

edited by J. A. V. BUTLER and J. T. RANDALL, Vol. 4 (Pergamon 
Press Ltd., London, 1954). 

Riassunto 

Gli Au to r i  h a n n o  s t u d i a t o  il m e t a b o i i s m o  oss ida t ivo  
e le f razioni  fosfor i la te  d e l l ' o m o g e n a t o  di  musco lo  e di 
cuore  in cavie  no rma l i  e in cavie  t r a t t a t e  con toss ina  
t e t an ica .  Nel  musco lo  t e t a n i z z a t o  si p roduce  nna  for te  
d iminuz ione  di ATP,  ins i eme  con un for te  a u m e n t o  di 
A M P  e con un lieve a u m e n t o  di A D P .  La  fosfori lazione 
os s ida t iva  ~ normale ,  la succinoss idas i ,  la d -amino-  
ac idoss idas i  e la c i t oc romoss idas i  n o n  sub i scono  modif i -  
cazioni ,  la A T P a s i  d e l l ' o m o g e n a t o  t o t a l e  e que l la  mi to -  
condr ia le  non  p r e s e n t a n o  d i f fe renze  s igni f ica t ive  dal  
normale ,  m a  la A T P a s i  p r e s e n t e  nel le  miof ibr i l le  ~ for te-  
m e n t e  a u m e n t a t a .  A n c h e  il e o n t e n u t o  di  ac id i  r ibo-  e 
desoss i r ibonuc le in ico  g d iminu i to .  Gti a u t o r i  conc ludono  
che  la d iminuz ione  d e l l ' A T P  ~ d o v u t a  ad  una  a u m e n t a t a  
demol iz ione  p i u t t o s t o  che  ad  u n a  d i m i n u i t a  s intesi .  

Acetylcholine, Cholinergic Drugs, and Cortical 
Electrical Activity 

I t  appea r s  ce r ta in  t h a t  acc ty lcho l inc  (Ac) has  sonic  
p a r t  to  p l a y  a t  t h e  level  of t h e  cen t ra l  ne rvous  s y s t e m ,  
b u t  t h i s  role has  b y  no m e a n s  been  e n t i r e l y  c lar i f ied  
or p u t  in its t rue  c o n t e x t  (FELDBERG1). 

The  conclus ions  which  m a y  be d r a w n  a f t e r  ana lys i s  
of t h e  resul ts  o b t a i n e d  in t he  series of inves t iga t ions ,  
wh ich  have  a p p e a r e d  on th is  sub jec t  s ince  1937, c a n n o t  
be def ini te .  A c e r t a i n  n u m b e r  of fac t s  are, however ,  
ava i lab le  for discussion.  

I t  is poss ib le  to  inf luence  cor t ica l  e lec t r ica l  a c t i v i t y  
e i t he r  by  chol inergic  or an t i - cho l ine rg ic  d rugs ;  a n d  the  
mod i f i ca t i ons  o b t a i n e d  are v e r y  s imi lar  to  func t iona l  
phys io logica l  s t a t e s  wh ich  can be i n d u c e d  in t h e  no rma l  
an imal .  I n  fact ,  t h e  mod i f i ca t i ons  i n d u c e d  b y  an t i -  
cho l ines te ras ic  drugs ,  such  as eser ine  a n d  D F P ,  closely 
r e s e mb l e  the  s t a t e  of a c t i v a t i o n  of t he  c o r t e x  (~,VEscoE 
a n d  co-workers  ~, FUNDERBURK a n d  CASE 3, BRADLEY 
and  ELKES4), whe reas  t h o s e  induced  by  a t r o p i n e  and  
o t h e r  an t i cho l ine rg ic  drugs  r e semble  the  s t a t e  of res t  or 
s leep (FUNDERBURK and  CASE 8, LONGO and  coworkersS). 

On the  o t h e r  hand ,  BONNET a n d  BREMER 6 have  been  
able since 1937 to  d e m o n s t r a t e  a cor t ica l  ac t ion  of Ac 
when  in j ec t ed  by  the  ca ro t id  route ,  wh ich  was  desc r ibed  
as an increase  in t he  a m p l i t u d e  a n d  f r e q u e n c y  of the  

J" W. FELL)BERG, Brit. Mcd. Bull. 6, 312 (1950). 
2 W. C. W~scoE, R. E. GREEN, B. P. Mc NAMARA, and S. KROP, 

J. Pharmacol. 92, 63 (1948). 
a H. V¢. FUNDERBVRK and T. J. CASE, E.E.G. Clin. Neurophysiol. 

a, ~13 (1951). 
4 p. B. BRADLEY and J. ELKES, J. Physiol. 120, 14P (1953). 
5 V. G. LONGO, G. P. Vo~¢ BEUGER, and D. BOVE% J, Pharmaeol. 

111,349 (1954). 
V. BONNET and F, BREMER, C. r. Soc. Biol. 126, lg71 (1937). 


