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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). 
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A. Analogy between cortical response (arousal reaction) to hand clap (arrow) and to tile endoearotid injection of 0-2 #g of Aectyl- 
choline (Ae). - B and C. More sustained arousal reaction to tactile stimuli: touching the back (Dorso) and to endocar0tid injection of 
Succinytcholine (5 #g). Normal rabbits. I,eads from top to bottom: Left frontoparictal. Left parieto-occipital. Right fronto-parietal. 

Control electrocardiogram. 

s p o n t a n e o u s  co r t i ca l  p o t e n t i a l s  w i t h  p r o l o n g a t i o n  of t he  
a f t e r d i s c h a r g e  of  r e s p o n s e s  a r i s ing  f r o m  t h e  acous t i c  a r e a  
a f te r  s o u n d  s t imul i .  MORUZZI' c o n f i r m e d  these  r e su l t s  
a n d  in a d d i t i o n  de sc r ibed  a l ower ing  of t h e  t h r e s h o l d  of 
fa rad ic  e x c i t a b i l i t y  of t h e  co r t ex .  

As fa r  as t he  m e c h a n i s m  of a c t i o n  is c o n c e r n e d ,  i t  m a y  
be t h a t  a c e t y l c h o l i n e  i n t e r a c t s  a t  t h e  cor t i ca l  level  in 
c o n s e q u e n c e  of a non-spec i f i c  gene ra l i zed  impu l se  
o r i g i n a t i n g  in  t h e  t h a l a m u s  (diffuse p r o j e c t i o n  t h a l a m i c  
sys tem) ,  a n d  t h a t  t h i s  cou ld  be  r e spons ib l e  for  t he  fas t  
a c t i v i t y  t h a t  c a n  be  r e c o r d e d  in t h e  c o r t e x  d u r i n g  t h e  
" a rousa l  r e a c t i o n " .  The  s a m e  a c t i v i t y  c an  be  i n d u c e d  b y  
a d m i n i s t e r i n g  eser ine  b y  t h e  i n t r a v e n o u s  or i n t r a c a r o t i d  
rou te  (]2"UNDERBURK a n d  CAsE ~, BREMER a n d  CHATON- 
NET a) or  b y  t h e  d e p o s i t i o n  of  Ac on  t h e  c o r t e x  t r e a t e d  
wi th  a n t i - c h o l i n e s t e r a s t i c  d r u g s  (CHATFIELD a n d  DEMP- 
SEYa), MTI.LER a n d  co -worke r s  s, u s ing  s t r o n g  concen -  
t r a t i o n s  of Ac in  loco, were  ab le  to  o b s e r v e  s u p e r i m p o s i -  
t ion  of sp ikes  o v e r  t h i s  f a s t  a c t i v i t y ;  sp ik ing ,  howeve r ,  
was a b o l i s h e d  a f t e r  t h e  c u t t i n g  of t h a l a m i c  r ad i a t i ons .  

1 G. MoRuzzI, Arch. Int. Physiol. 49, 33 (1939). 
2 H. W. FUNDERBURK and T. J. CASE, E.E.G. Clim Neurophysiol. 

~, 21a (195]). 
3 F. BREMER and J. CHATONNET, Arch. Int. I)i~ysiol. 57, 106 

0O4O). 
4 ]~. D. CHATFIELD a n d  F.  W. DEMPSEY, Amer. J. Physiol. 135, 

633 (1942). 
5 F. R. MILLER, G. W. STAVRAKV, and G. A. WOO~TON, J. Nero 

rophysioL 8, 13I (1940). 

I t  cou ld  t h u s  be  a r g u e d  t h a t  th i s  fas t  a c t i v i t y  is of 
a c e t y l c h o l i n i c  o r ig in :  t h i s  m a y  be s h o w n  b y  t h e  f ac t  t h a t  
u n d e r  t h e  in f luence  of a t r o p i n e  a n d  o t h e r  p a r a s y m p a t h -  
o ly t i c  d r u g s  t h e  f a s t  waves  in t h e  c o r t e x  a re  n o  l o n g e r  
i n d u c e d  (L051ao 1), 

A d e s c r i p t i o n  is g iven  of t h e  r e su l t s  o b t a i n e d  b y  c e n t r i -  
fuga l  i n t r a c a r o t i d  i n j ec t i on  of a c e t y l c h o l i n e  in t h e  r a b b i t ,  
whose  co r t i ca l  a c t i v i t y  was recorded .  

I n  o rde r  to  avo id  a n y  a c t i o n  on  t h e  r e f l exogen ic  
c a r o t i d  area ,  t h e  vagus  n e r v e  was f i rs t  c u t  a n d  t h e  
supe r io r  ce rv ica l  gang l ion  r e m o v e d ;  e n e r v a t i o n  of t h e  
c a r o t i d  b o d y  b y  the  ttV:YMANS 2 m e t h o d  was  t h e n  ca r r i ed  
o u t ;  a c a n n u l a  of p o l y v i n y l  res in  w as  i n t r o d u c e d  i n t o  
t h e  i n t e r n a l  ca ro t id  a n d  l i g a t u r e d  a b o v e  t h e  b i f u r c a t i o n .  
Sma l l  doses  of h e p a r i n  were a d m i n i s t e r e d  in o r d e r  to  
keep  t h e  c a n n u l a  clear.  All t h e  p r o d u c t s  were  d i l u t e d  in 
phys io log ica l  sa l ine  a n d  t h e  q u a n t i t y  of l iqu id  i n j e c t e d  
was  k e p t  c o n s t a n t  (0.2 cma).  Seve ra l  c e n t r a l  i n j e c t i o n s  of 
sa l ine  were a l w a y s  m a d e  d u r i n g  t h e  p e r f o r m a n c e  of t h e  
s ingle  e x p e r i m e n t s .  

T h e  e l e c t r o - e n c e p h a l o g r a p h i c  c h a n g e s  c a n  be  r e c o r d e d  
in  t h e  n o r m a l  r a b b i t  or in  t h e  r a b b i t  c u r a r i z e d  w i t h  
F l axed i l  a n d  g iven  a r t i f i c ia l  r e s p i r a t i o n  to  a v o i d  a r t e f a c t s  
i n d u c e d  b y  m o v e m e n t s .  A s i m i l a r  r e a c t i o n  to  t h a t  
i n d u c e d  b y  e x t e r n a l  s t i m u l i  ( a rousa l  r eac t i on )  is seen 

i V. G. LONGO, Rendiconti Ist. Sup. Sanit5 (in press). 
* C. F1EYMANS, J. J. BOUCKAERT, and L. I)AVTREUASDE, C. r, 

Soc. Biol. 109, 556 (193°~). 
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after the injection of acetylcholine in doses varying, 
according to the sensit ivity of the animal,  from 0.1 to 
1.0/~g. The drug also induces motor responses proportio- 
nal  to the dose, varying from torsion spasm towards the 
injected side, to flight movements.  

Product 

Acetyleholine bromide 
Tetramethylammonium iodide . . 
Deeamethonium iodide 
Succiuylcholine cloride 
d-Tubocurarine cloride 
Tetraethylammonium i o d i d e . .  . 
Hexamethonium bromide 
Flaxedil iodide. 

Dose provoking arousal 
reaction on the ECG 
when injected endo- 

carotid*. 

0-1-0.5 
0-5-1 
2-5 
3-7 

10-20 
Ineffective (200) 
Ineffective (200) 
heffective (200) 

* Total dose expressed in pg of weight of free base. 

The atropinized rabbi t  (1-3 mg/kg) does not  show the 
"arousal reaction" to external  st imuli  (FuNDERBURK 
and CasEa) ; intra-carotid injections of Ac can only give 
the awakening reaction picture on the tracing with lar- 
ger doses (5-10 /zg). The motor  reaction, however, is 
always present, even when the cortical reaction is 
completely absent.  

The results described above, which il lustrate an action 
of acetylcholine achieved with doses even inferior to 

* H. W. FUNDERBURK and T. J. CASE, E.E.G. Clin. Neurophysiol. 
3, 213 (1951). 

those needed to produce pharmacological effects at the 
level of the autonomic ganglia or the neuro-muscular 
junction, support  the conception of a cholinergic me- 
chanism of "ac t iva t ion"  at the level of the central 
nervous system. 

Experiments carried out with other drugs, however, 
have shown tha t  the same cortical response could be 
obtained with other cholinergic substances, using higher 
doses. The results obtained are tabulated.  I t  wiII be 
observed tha t  the active products have, in common with 
Ac, a quaternary  nitrogen, l inked with methyl  groups, 
and tha t  the s t imulat ing properties occur independent ly  
of the type of cholinergic action shown in other systems. 

V. G. LONGO 

Laboratoryo] TherapeuticaI Chemistry, Istituto Superiore 
di SanitY, Rome, August  2, 7954. 

R ~ u m d  

L'inject ion endocarotidienne centrifuge d'ac6tyl- 
choline provoque chez le lapin, d6jh sensible h la dose de 
0,1-0,5 pg, une r6ponse motrice consistant en un spasme 
de torsion du c6t6 inject6 et, aux doses 61ev6es, en une 
r6action de fuite. 

Le trac6 61ectroenc6phalographique correspondant  
montre  une r6action analogue ~ la ~r4action d'arr6t, ,  
provoqu6e par  des st imuli  ext6rieurs. 

A cot6 de l 'ac6tylcholine, d 'autres  substances exercent 
des effects semblables: hydrate  de t4 t ram6thylammo-  
n ium (1-2 #g), d6cam6thonium (2-5/tg) ; succinylcholine 
(3-7 #g); d-tubocurarine (5-10 #g). L 'hydrate  de t6tra- 
6thylammonium, l 'hexamethonium,  et le Flax4dil sont 
par contre sans effet jusque g la dose de 200 #g. 

N o u v e a u x  l i v r e s  - B u c h b e s p r e c h u n g e n  - R e c e n s i o n i  - R e v i e w s  

Exerc i ses  in Theoret i ca l  Stat is t ics  
With Answers and Hints  on Solutions 

VOlt M. G. KENDALL 
179 Seiten 

(Verlag Charles Griffin & Co., Ltd., London, 1954) 

Der bekannte  Autor  des zweib/~ndigen Handbuches  
.Advanced  Theory of Statistics~, bietet  in seinem neuen 
Werk eine Sammlung yon 400 sorgfXltig ausgew/ihlten 
Aufgaben. Sie beziehen sich auf die folgenden Teilge- 
biete der theoretischen Stat is t ik:  Theorie der Vertei- 
lung~n, Stichprobenlehre, Korrelation, Theorie der 
Sch/itzungen, Zeitreihen. Die Aufgaben s tammen zur 
Hauptsache aus Examensarbei ten  an englischen Uni-  
versit/iten, zum kleineren Tell aus Originalarbeiten, Da 
neben leichteren auch ziemlich schwierige Aufgaben auf- 

genommen sind, so ist es zu begriissen, dass in einem 
Anhang Hinweise zum Anpacken der Aufgaben sowie 
ihre L6sungen gegeben werden. 

W/~hrend sich in den angels~ichsischen L~indern viele 
hervorragende Mathematiker  mi t  dem weitverzweigten 
Gebiet der modernen Stat is t ik  besch~ftigen, ist es auf 
dem europXischen Fest land noch etwas still geblieben. 
Leider hal ten hier Vorurteile und  mangelndes Interesse 
die meisten Mathematiker  davon ab, sich auf eine Materie 
einzulassen, die fiir theoretische und fiir praktische For- 
schung gleichermassen aussichtsreich ist. Die vorliegen- 
de Aufgabensammlung ist dazu berufen, helfend einzu- 
greifen. Der Leser. der sich in die Methoden der mathe- 
matischen Stat is t ik einarbeiten m6chte, kann  sich sein 
S tudium viel anregender gestalten. Auch zur Verwen- 
dung in einem Seminar ftir vorgeriickte Studenten kann  
das Buch bestens empfohlen werden. 

E. BATSCHELET 


