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Zur Priifung dieser Annahme wurden Versuche an 
Nerv-Muskelpr/~paraten des Soleus und Tibialis anterior 
der Katze in situ durchgeftihrt. Die Muskeln wurden in- 
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Fig. 2. Kurven des aktiven Zustandes des Tibialis anterior und 
Soleus. Die mit der Methode der sehncllen Entlastung gewonnenen 
Werte sind durch Kreise wiedergegeben; sie wurden der Arbeit yon 
JURNA et al. n entnommen. In diese Diagramme wurden als dicke 
Punkte die Mittelwerte der Spannungsentwicklung aus der Figur 1 
gegen das Reizintervall (Kehrwert der Reizfrequenz) aufgetragen. 
Ordinate: Spannungsentwicklung in g. Abszissen: Zeit in msec als 
Zeit nach dem Einzelreiz (ftir die Methode der schnellen Entlastung) 
oder als Reizintervall (bet repetitiver Reizung) und Reizfrequenz in 

Impulsen/sec. 

direkt mit  supramaximaler  ReizstArke und Rechteck- 
impulsen verschiedener Frequenzen gereizt. Die Regi- 
strierung der Muskelspannung erfolgte isometrisch mit  
einem Dehnungsmeflstreifen. 

Die Kurven der Spannungen wAhrend maximaler  
Summation sind in Abhiingigkeit yon der Reizfrequenz 
wiedergegeben (Spannungs-Frequenzdiagramme, Figur 
1). TrAgt man die ermittel ten Spannungen nicht gegen 
die Frequenz,  sondern gegen das entsprechende Impuls-  
intervall  auf, so ergibt sich eine gute f3bereinstimmung 
mit  den Werten, die mit  der Methode der schnellen Ent-  
lastung gewonnen wurdenlL Darfiber hinaus kann man 
mit  Hilfe der so gewonneuen Punkte  den Verlauf der Er-  
schlaffungskurve der kontrakti len Elemente  auch im 
ersten Tell nach dem Plateau festlegen (Figur 2). Dies ist 
hier nur beim Soleus durchgeIiihrt worden, prinzipiell 
abet  auch beim Tibialis anterior mSglieh. Das Ende des 
aktiven Zustandes l~sst sich, wie friiher gezeigt n, da- 
durch bestimmen, dass man das Reizintervall  ermittelt ,  
bet dem noch keine Summation auftritt .  Die auf diesem 
Wege erhaltenen Werte s t immen mi t  denen tiberein, die 
durch Anwendung der Methode der schnellen Ent las tung 
gewonnen wurden. 

Summary. By plott ing the tension developed during 
maximal  summation of muscle twitches against the 
stimulus interval,  a curve can be drawn which has the 
same t ime course of the falling phase of the active state 
as determined by the method of quick release. 
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Regional Changes of Acetylcholine and Choline 
Acetylase Activity in the Guinea-Pig's Brain after 

Scopolamine 

ITOH et al. 1 found that  Dopa-decarboxylase, Dopamine- 
fl-oxidase and monoamine-oxidase act ivi ty  of the guinea- 
pig's brain significantly increases 2-4 h after reserpine 
treatment .  This observation suggests tha t  the enzymatic 
induction may be very fast in the brain. 

Up to the present time, little at tention has been paid to 
the changes of choline acet3ilase act ivi ty  after drugs able 
to modify the acetylcholine levels. We shall now describe 
the changes of acetylcholine content  and of choline 
acetylase act ivi ty in different areas of the guinea-pig's 
brain, after acute and subacute t reatment  with scopol- 
amine, which is known to reduce cerebral acetylcholine ~. 

1, 5, and 25 mg/kg of scopolamine were given i.p. to 
guinea-pigs of both sexes weighing 250-350 g. The animals 
were decapitated at  a given time and their olfactory lobes, 
superior parietal cortex, caudate nucleus, thalamus, and 
cerebellar vermis quickly removed. Total  acetylcholine 
was extracted with our method s , and biologically esti- 
mated on eserinized frog rectus muscle against suitable 
standards. Choline acetylase activity was determined at 

37°C, according to the method of BULL et al.4; total  
cholinesterase act ivi ty  was also determined at 37°C, ac- 
cording to AMMON'S method 5. 

Moreover, scopolamine cerebral concentrations were 
estimated by assaying the antagonism of the brain ex- 
tracts and of the drug standard solutions against acetyl- 
choline test doses, on the guinea-pig's terminal ileum. 

As shown in Table I, total  acetylcholine in olfactory 
lobes, parietal cortex and caudate nucleus is significantly 
reduced as early as 20 min after 25 mg/kg of scopolamine; 
it approaches the control.values after 3 h. No change takes 
place in the thalamus and cerebellar vermis. Similar ef- 
fects are observed after 5 mg/kg of scopolamine (values 
not  given), but  there is no statistical difference between 
controls and 1 mg/kg treated animals. 

I T. ITOH, M. MATSUOKA, K. NAKAZIMA, K. TAGAWA, and R. 
IMAtZUm, Jap. J. Pharmacol. 12, 130 (1962). 

2 N. J. GIARMAN and G. PEPEU, Fed. Prec. 22, 215 (1963). 
s L. BEAm and C. B~ANCm, J. Pharm. Pharmacol. I~, 781 (1963). 
4 G. BULL, C. D. HI~BB, and D. RATKOVIC, Biochem. biophys. Acta 

67, 138 (1963). 
R. A~MON, Pfliigers Arch. ges. Physiol. 233, 486 (1934). 
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Table I. Acetylcholine content (/~g/g 4- S.D.) in different areas of guinea-pig's brain, after scopolamine 25 mg/kg, i.p. (acute and subacute 
treatment). In brackets, the number of experiments 

Area 

Acute treatment Subacute txeatment 

Controls After 20min After 1 h After 3 h 24 h after the 1 h after the 
7th dose 8thdose 

(40) (14) (14) (12) (10) (I1) 

Cerebral cortex 2.670 4- 0.58 1.580 4- 0.54 a 1,810 4- 0.28 ~ 2.140 4- 0.48 b 8.120 4- 0,52 b 1.680 4- 0.39 * 
Olfactory lobes 2.090 4- 0.55 1.760 4- 0.46 b 1.880 4- 0.40 2.280 4- 0.27 2.400 4- 0.45 1.910 4- 0.39 ~ 
Caudate nucleus 4.820 4- 0.97 8.590 4- 0.74~ 3.780 -{- 0.57 • 4.0~0 4- 0.62 b 6.580 4- 1.87 • 8.850 4- 0.69 b 
Thalamus 5.320 4- 0.97 5.360 4- 0.74 5,640 ± 0.51 5,030 4- 0.82 5.150 4- 0.87 5.030 4- 0.82 
Cerebellar vermis 0.589 4- 0.142 0.542 4- 0.087 0.612 4- 0.062 0.612 4. 0.126 0.613 4- 0.100 0.632 4- 0.125 

" These values differ significantly from the controls at a level of P ~0.001. b These values differ significantly from the controls at a level 
of P ~: 0.01., This value differs significantly from the seven-day treated group at a level of P ~ 0.01. 

Table II, Choline acetylase activity (formed ACh/zg/g of fresh tissue h, 4- S.D.) in different areas of guinea-pig's brain, after scopolamine 
25 mg/kg, t.p. (acute and subacutc treatment). Ia brackets, the number of experiments 

Area 

Acute treatment Subacute 
treatment 

Controls (18) After 1 h (7) After 3 h (7) 
24 h after 
the 7th dose 
(S) 

Cerebral cortex 
Olfactory lobes 
Caudate nucleus 
Thalamus 
Cerebellar vermis 

8934-104 8954.264 1293=[=279 a 13254-223" 
6754-114 6854-124 6904-108 893=t=155 a 

50934-934 54144-785 51714-790 67504-936" 
12064-201 11394-282 11584-300 12584-237 

924- 17 924- 27 804- 22 97-4- 15 

These values differ significantly from the controls at  a level of P ~ 0.001. 

I n  s e v e n - d a y  t r e a t e d  guinea-pigs ,  t h e  t o t a l  ace ty l -  
chol ine  in t h e  o l f a c t o r y  lobes,  pa r i e t a l  c o r t e x  a n d  c a u d a t e  
nuc l eus  is a b o v e  t h e  n o r m a l  va lues  24 h a f t e r  t h e  s e v e n t h  
in jec t ion .  Howeve r ,  t h e  dep l e t i ng  effect  of t he  d r u g  is st i l l  
p r e s e n t  i h a f t e r  t h e  e i g h t h  dose. No s ign i f i can t  c h a n g e  is 
d e t e c t e d  in  t he  t h a l a m u s  a n d  ce rebe l l a r  v e r m i s  e v e n  a f t e r  
s u b a c u t e  t r e a t m e n t .  

As s h o w n  in  T a b l e  I I ,  cho l ine  ace ty lase  a c t i v i t y  is u n -  
mod i f i ed  1 h a f t e r  t h e  f i r s t  i n j e c t i o n  of t h e  d r u g ,  i t  in -  
creases  s ign i f i can t ly  3 h l a t e r  in  t h e  p a r i e t a l  c o r t e x  only.  
However ,  a f t e r  a s e v e n - d a y  t r e a t m e n t ,  t h e  e n z y m a t i c  ac- 
t i v i t y  in  t he  o l f ac to ry  lobes, p a r i e t a l  c o r t e x  a n d  c a u d a t e  
nuc l eus  is h ighe r  t h a n  in  n o r m a l  an imals .  A t  t h i s  m o m e n t ,  
as  desc r ibed  above ,  t h e  a m o u n t  of t o t a l  ace ty l cho l ine  in  
t h e  s a m e  a reas  is g r e a t e r  t h a n  in t h e  cont ro ls .  No  f u r t h e r  
increase  of e n z y m a t i c  a c t i v i t y  is d e t e c t a b l e  in  t h e  p a r i e t a l  
co r t ex  3 h a f t e r  t h e  e i g h t h  dose. 

T o t a l  cho l ines te rase  a c t i v i t y  is n e v e r  modi f ied  in  a n y  
a rea  d u r i n g  acu te  or  s u b a c u t e  t r e a t m e n t .  T he  n o r m a l  
va lues ,  expressed  in  m g  of sp l i t  ace ty lcho l ine /g  f resh  t is-  
sue/h ,  a re :  26.8 ± 3.11 in  t h e  o l fac to ry  lobes,  34.4 4- 3.04 
in  t h e  p a r i e t a l  cor tex ,  172.5 4 - 1 8 . 3  in  t h e  c a u d a t e  
nucleus ,  65.1 =]= 7.5 in  t h e  t h a l a m u s ,  a n d  122.9 ± 12.7 
in  t he  ce rebe l l a r  v e r m i s  ( ave rage  of  20 e x p e r i m e n t s  
± S.D.). 

T h e  scopo lamine  c o n c e n t r a t i o n  of t h e  whole  b r a i n  is 
v e r y  h i g h  20 m i n  a f t e r  25 m g / k g  (1090 ~ 79 ng/g,  8 ex- 
p e r i m e n t s ) ;  i t  falls to  378 4. 63 ng /g  a f t e r  1 h,  a n d  h a s  
t he  s a m e  v a l u e  a t  t h e  t h i r d  hour ,  362 ± 82 ng/g .  

Therefcrre, t h e  s copo lamine  t i s sue  c o n c e n t r a t i o n  a n d  t h e  
ace ty l cho l ine  dep l e t i on  seem to  h a v e  d i f fe ren t  t i m e  
courses ;  t h i s  m a y  be  a c c o u n t e d  for  b y  t h e  inc reased  
syn thes i s  ra te .  

Our  f ind ings  show t h a t  b iochemica l  changes  of t h e  
b r a i n ' s  cho l inerg ic  s y s t e m  a f t e r  s copo lamine  a re  r e s t r i c t e d  
to  on ly  c e r t a i n  ce r eb ra l  a r eas :  t h e y  c o n c e r n  t h e  ace ty l -  
chol ine  levels a n d  t h e  s y n t h e t i c  ( bu t  no t  es terasic)  ac-  
t i v i t y .  T h e  increase  of cho l ine  ace ty lase ,  w h i c h  follows 
t h e  ace ty l cho l ine  dep le t ion ,  sugges ts  t h a t  t h e  d r u g  en- 
h a n c e s  t h e  ace ty l cho l ine  re lease  i n s t e a d  o~ i n h i b i t i n g  i t s  
syn thes i s .  R e c e n t  h i s t o c h e m i c a l  i n v e s t i g a t i o n s  6,7 show 
t h a t  chol inerg ic  f ibres  a re  p r e s e n t  ins ide  t h e  ce r eb ra l  
co r t ex  a n d  b e t w e e n  d i f f e ren t  s t r u c t u r e s  of t h e  f o r e b r a i n :  
i t  is l ike ly  t h a t  s copo lamine  s t imu la t e s ,  b y  a n  u n k n o w n  
m e c h a n i s m ,  on ly  t h i s  n e u r o n a l  pool.  Our  h y p o t h e s i s  
agrees  w i t h  t h e  e lec t rophys io log ica l  f indings ,  s u p p o r t i n g  
t h e  concep t  t h a t  s copo lamine  a n d  al l ied d rugs  ac t  a t  t h e  
h i g h e r  levels of n e u r o n a l  i n t e g r a t i o n  s . 

Riassunto .La s c o p o l a m i n a  r iduce  la  ace t i lco t ina  t o t a l e  
ne l l a  co r t ecc ia  cerebra le ,  b u l b o  o l fa t tor io ,  nuc leo  cauda to ,  
m a  non  nel  t a l a m o  e cerve l le t to .  L a  a t t iv i tA co l inace t i las ica  
a u m e n t a  nel le  zone dove  s i  m a n i f e s t a  la r i duz ione  di 
n e u r o r m o n e .  Cib sugger isce  che  la  s c o p o l a m i n a  s t imol i  
s o p r a t t u t t o  s t r u t t u r e  co l inerg iche  te lencefa l iche .  
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