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V e r s u c h s d a u e r  k o n s t a n t  und  b e t r u g  0,35 4- 0,01 tz)kqCa/ 
100 m g  F e u c h t g e w i c h t  (x :k s;). Be i  A n w e s e n h e i t  y o n  ACh  
/ inder te  s ich der  Ca lc iumgeha l t  w ~hr end  de r  V e r s u c h e  
n ich t ,  er  b e t r u g  0,37 i 0,01 ~ q C a / 1 0 0  mg. Wie  F i g u r  1 
zeigt,  i s t  die A u f n a h m e g e s c h w i n d i g k e i t  y o n  Ca 45 j e d o c h  
u n t e r  d e m  Einf luss  yon  ACh d e u t l i c h  v e r m i n d e r t .  
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Fig. 1. Einfluss yon Acetylcholin 5 x 1O -s g/ml auf die Ca4~-Auf - 
nahme etektrisch gereizter, isolierter linker Herzohren yon Meer- 
schweinchen. Abszisse: Zeit in rain; Ordinate: CaaS-Gehalt in Im- 
pulsen pro mfn in 100 mg Feuchtgewicht, bezogen auf die Tyrode- 
15sung mit 10O00 Ipm/0,1 ml. Angegeben sind Mittelwerte 4- mitt- 
lerer Fehler des Mittelwertes, Zahlen bedeuten Anzahl der Versuche. 
Kreise: Kontrahierende Musketn ohne Aeetylcholin; schwarze 

Punkte: kontrahierende Muskeln mit Acetylcholin. 
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Fig. 2. Einfluss von Acetylcholin 5 × l0 -7 g/nd auf die Ca4a-Auf - 
nahme ruhender, isolierter linker Herzohren yon Meerschweinchen. 
Dimensionen wie Figur 1. Kreise: ruhende Muskeln ohne Acetyl- 

cholin; ~hwarze Punkte: ruhende Muskeln mit Acetylcholin. 

A n  den  r u h e n d e n  Vorh6 fen  b e n u t z t e n  wir  e ine ACh-  
K o n z e n t r a t i o n  y o n  5 ×  10 -7 g/ml ,  sic w a r  also 10fach 
h 6 h e r  als bei  ' den  k o n t r a h i e r e n d e n  P r / i pa ra t en .  Der  
Ca lc iumgeha l t  w a r  w i e d e r u m  bei  K o n t r o l l e n  u n d  ACh-  
b e h a n d e l t e n  Muske ln  w ~ h r e n d  d e r  Messper iode  y o n  2 h 
k o n s t a n t .  E r  b e t r u g  0,33 4- 0,01 bzw.  0,32 4- 0,01 izhqCa 
pro  100 m g  F e u c h t g e w i c h t .  U n t e r  d ieser  B e d i n g u n g  h a t  
ACh  also ebenfa l l s  k e i n e n  E in f luss  au f  den  C a l c i u m n e t t o -  
geha l t .  I n  F i g u r  2 is t  die A u f n a h m e k u r v e  r u h e n d e r  
Muske ln  m i t  u n d  ohne  ACh  darges te l l t .  Wie  a u s ' d e m  
K u r v e n v e r l a u f  h e r v o r g e h t ,  bee in f luss t  die h o h e  ACh-  
K o n z e n t r a t i o n  a m  r u h e n d e n  Muske l  die C a l c i u m m a r k i e -  
r u n g s g e s c h w i n d i g k e i t  n ich t .  

I m  Gegensa t z  zu r u h e n d e r  V o r h o f m u s k u l a t u r  wird  bei  
k o n t r a h i e r e n d e n  Muske ln  die A u f n a h m e g e s c h w i n d i g k e i t  
yon  Ca 4s bei  g l e i c h b t e i b e n d e m  C a l c i u m g e h a l t  v e r m i n d e r t .  
Wie  ki irzl ich v o n  HODITZ u n d  LOLLMAI~N ~ gezeigt  w e r d e n  
konn t e ,  b e s t e h t  de r  cellul/ ire C a l c i u m a u s t a u s c h p r o z e s s  bei  
k o n t r a h i e r e n d e n  M u s k e l n  aus  2 K o m p o n e n t e n :  e iner  
schnel l  a u s t a u s c h e n d e n  F r a k t i o n  (~ Er regungss to f fwechse l  
des cellul~iren Calciums~)) u n d  e iner  e t w a  ebenso  grossen,  
l a n g s a m  a u s t a u s c h e n d e n  F r a k t i o n  (Ha lbwer t s ze i t  25 -30  
rain).  I n  r u h e n d e r  V o r h o f m u s k u l a t u r  t a u s c h t  das  celluli~re 
Ca lc ium e inhe i t l i ch  m i t  der  l a n g s a m e n  Geschwind igke i t  
aus.  V o m  ACh  wi rd  n u r  die schnel l  a u s t a u s c h e n d e  F r a k -  
t i on  im Sinne  e iner  H e m m u n g  beeinf luss t .  Die n e g a t i v  
i no t rope  W i r k u n g  yon  ACh 1/isst s ich  somi t  Io lgender-  
m a s s e n  v e r s t e h e n :  die pr im/ i re  W i r k u n g  yon  ACh i s t  e ine 
A n d e r u n g  de r  Membranpermeabi l i t~Lt ,  die zu e iner  Ver-  
k t i rzung  de r  A k t i o n s p o t e n t i a l d a u e r  f t ih r t  (TRAUTWEIN~). 
Wie  unse re  Ve r suche  zeigen,  wi rd  y o n  d e n  zei t l ich  ver -  
k t i r z t en  E r r e g u n g s v o r g / i n g e n  wen ige r  cellul/ires Ca lc ium 
fre igesetz t  als u n t e r  n o r m a l e n  B e d i n g u n g e n .  Die bei ACh-  
A n w e s e n h e i t  yon  j e d e m  A k t i o n s p o t e n t i a l  int racel luHir  
f re igese tz te  Menge  a n  Ca lc ium r e i c h t  ftir e ine vol ls t i indige  
A k t i v i e r u n g  des k o n t r a k t i l e n  Sys t ems  n i c h t  aus.  

Summary. Acety lcho l ine  5 × 10 -B g/rot  reduces  t h e  Ca 4s 
u p t a k e  of t h e  b e a t i n g  left  a t r i a  of gu inea -p ig ;  t he  t i ssue  
ca lc ium is n o t  a l te red .  I n  r e s t i ng  a t r ia ,  ace ty l cho l ine  
5 × 10 -7 g /ml  h a s  no  in f luence  u p o n  t h e  ca l c ium c o n t e n t  
a n d  Ca 4a up t ake .  I t  is conc luded  t h a t  ace ty lcho t ine  ac t s  
b y  s h o r t e n i n g  t he  ac t ion  p o t e n t i a l  d u r a t i o n  a n d  t h e r e b y  
reduces  t h e  release of cel lular  ca l c ium per  exc i t a t ion .  

H. HODITZ und H. Li~LLMANN3 

Pharmakologisches Institut tier Universitiit M a i m  
(Deutschland), 17. Februar 1964. 

2 W. TRAUTWEIN, PharmacoL Rev. 15, 277 (1993). 
a Mit grossziigiger Untersttitzung dutch die Deutsche Forschungs- 

gcmeinschaft. 

Comparative Study of Sleep Cycles in Rodents 

W e  h a v e  m a d e  e x p e r i m e n t s  w i t h  sleep cycles in  un -  
a n a e s t h e t i z e d  u n r e s t r a i n e d  r a b b i t s  (ROLDAN a n d  W E I s s  x), 
r a t s  (ROLDA, N, WEISS, a n d  FIFKOVJ, 2) a n d  mice  (WEIss  
a n d  FIFKOV£ 3) w i t h  ch ron ica l ly  i m p l a n t e d  electrodes.  W e  
p r e s e n t  a c o m p a r i s o n  of t he  resu l t s  found.  

Results. Sleep beg ins  w i t h  h i g h  slow E E G  a c t i v i t y  in  
neoco r t ex  a n d  h i p p o c a m p u s .  Th i s  f i rs t  phase  of sleep is 

s u d d e n l y  i n t e r r u p t e d  b y  t he  a p p e a r a n c e  of neocor t i ca l  de-  
s y n c h r o n i z a t i o n  a n d  regu la r  0 - a c t i v i t y  in  t he  h i p p o c a m -  
pus  ( second-pa radox ica l  p h a s e  of sleep). Af te r  i t  a s h o r t  

1 E. ROLD~N and T. WEIss, Arch. int. Physiol. Biochim. 71, 518 
(1963). 
E. RoLoAN, T. WEISS, and E. FrFKOVh, EEG clin. NeurophysioL 
15,775 (1963). 
T. WEiss and E. FIyKOV~, Physiol. Bohenloslov, in press (1964). 
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behavioura l  arousal  occurs  in mice, ra t s  and  r abb i t s  com-  
bined a t  the  beg inn ing  wi th  desynchron iza t ion  of t he  
h ippocampogram.  Then  the  cycle r ecommences  wi th  
phase  1 of sleep. A l t h ough  the  organiza t ion  of t he  bra in  
is s imilar  in the  th ree  species examined ,  t he  ve loc i ty  of 
the  cycle (the d u r a t i o n  of sleep phases)  is s lowest  in rab-  
bits  and  m o s t  rap id  in mice (Table I). The re la t ive  dura-  
t ion of b o t h  sleep phases  is s imilar  in all species. The 
pa radox ica l  phase  represen t s  15.1% in rabbi t ,  16.0% in 
rat,  and  17.5% in mouse  of the  t o t a l  du ra t ion  of the  cycle 
(the di f ference b e t w e en  these  values  is. no t  s ignif icant) .  
No similar  g rad ien t  was found  in the  f r equency  of regular  
# -ac t iv i ty  dur ing  the  second-paradox ica l  phase  of sleep 
(Table II) .  

Discussion. I t  is a wel l -known fac t  t h a t  t he  dura t ion  of 
sleep cycles is longer  in m a n  (DEMENT and  KLEITMAN 4) 
t h a n  in ca ts  (DEraENT and  KLEITMAN 5) or r abb i t s  (RoL- 
DAN and  WEISSl), and  in adul t s  i t  is longer  t h a n  in chil- 
dren (AssERINSKY and  KLEITMANa). However ,  i t  is diffi- 
cult  to decide if th i s  d i f ference is caused by  di f ferences  in 
brain  func t ions  d e t e r m i n e d  on togene t i ca l ly  or phylo-  
genetical ly,  or if i t  is r e l a t ed  to the  ra te  of metabo l ic  
processes which  is h igher  in c rea tures  w i t h  smal ler  b o d y  
weight  (and re la t ive  b o d y  surface).  Our  e x p e r i m e n t s  made  

Table I. Duration of various phases of sleep in rabbit, rat and mouse 

Length of Duration of Duration of 
'inter- paradoxical arousal 
paradoxical' phase reaction after 
internal~ paradoxical 

phase 

l) Rabbit b 12484-78 2224- 11 1084-39 
(n= No. of cycles) (n = 82) (n = 105) (n= 71) 

2) Rat .  668 4- 50 127 4- 9 69 4- 11 
(n = No. of cycles) (n = 60) (n = 74) (n = 54) 

3) Mouse a 433-t- 19 924-5 124- 1 
(n = No. of cycles) (n = 84) (n = 138) (n ~ 106) 

Significance : 
between 1) and 2) P<0.003 p<0.003 not significant 
between 2) and 3) P<0.003 P<0.0O3 p<0.003 
between 1) and 3) P<0.003 P<0.003 P<0.05 

Remarks: All values are expressed in see (average value I S.E. of the 
mean), a Counted from the end of one paradoxical sleep period to 
the beginning of the next one. b From ROLB2t.N and WEISSL c From 
ROLD~,Nj ~¢VEISS~ a n d  FIFKOVA 2. d F r o m  WEISS a n d  FIFKOVA 3. 

in adu l t  r ep re sen ta t ives  of s imilar  species no t  d i f fer ing 
too m u c h  in the  o rgan iza t ion  of the i r  b ra in  b u t  d i f fer ing 
in b o d y  weight ,  b o d y  surface and  ra te  of me tabo l i c  pro-  
cesses, ind ica te  t h a t  in t r ins ic  b ra in  m e c h a n i s m s  (the 's leep 
cycle pacemaker ' )  d e t e r m i n i n g  t h e  cyclic a l t e rna t ion  of 
sleep cycles, are a metabo l ic  fea ture  or  axe cont ro l led  b y  
metabol ic  factors.  

Re la t ive  differences of t h e  ve loc i ty  of s leep cycle re- 
semble  the  differences in h e a r t  and  resp i ra t ion  f r equency  
(SPECTOR 7) etc. Expres s ing  the  va lues  charac te r iz ing  the  
r a b b i t  as 100%, we m a y  find s imilar  re la t ions  be tween  
rabb i t ,  r a t  and  mouse  (Figure). This  s imi la r i ty  m a y  be 
re la ted  to the  fact  t h a t  all these  cyclic processes  are con- 
t rol led by  mechan i sms  localized in t he  lower p a r t  of t he  
b ra ins t em.  
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Relative differences between the frequency of cyclic processes con- 
trolled by bulbar mechanisms in rabbit (100%) = A, rat = B, and 
mouse = C. Sleep cycles (expressed as number of cycles per h) 
cardiac frequency . . . . .  , and respiration frequency - - -  (both ex- 

pressed as number of cycles in inin). 

Zusammen/assung. Bei Nage t i e ren  (Kan inchen ,  Ra t t e ,  
Maus) verg le ichbarer  Geh i rno rgan i sa t ion  s ind die Schlaf-  
cyclen,  die durch  regelm~issiges Al te rn ie ren  yon  (a) gene- 
ral is ier ter  l angsamer  unregelmliss iger  hochvo l t i ge r  Akt i -  
vi t i i t  und  (b) neokor t ika le r  Desynchron i s i e rung  und  regel- 
miissiger h i p p o c a m p a l e r  ~-Aktiviti~t cha rak te r i s i e r t  s ind,  
u m  so schneller,  je kleiner  die Tiere sind.  Dies zeigt, dass  
der  Mechan i smus  des Al te rn ie rens  der  Sch la fphasen  yon 
Stof fwechse l fak toren ,  die im u n t e r e n  Tell des  Hi rn -  
s t a m m e s  liegen, kont ro l l ie r t  ist. 

Table II. Frequency of ~9-activity during paradoxical phase of sleep 
in rabbit, rat and mouse 

T. WEISS and  E. ROLDA.N s 

Institute o/ Physiology, Czechoslovak Academy o/ Sciences, 
Prague (Czechoslovakia), December 9, 7963. 

Rabbit Rat Mouse 

Average frequency (M) 7.12 ~ 0.06 6.75 4- 0.03 7.05 4- 0.62 
~: S.E. of the mean (m) 

(n = No. of paradoxical n = 95 n = 163 n = 154 
phases) 

Significance P <: 0.003 not not 
significant significant 
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5 W. DEMENT and N. KL~ITMAS, EEG din. Neurophysiol. 3, 673 
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7 W. S. SPECTOR, Handbook o] Biological Data (Saunders, London 
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8 Present address: Instituto de Estudios M~dicos y Biologicos, 
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