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was used for f luor imetr ic  measurements .  Readings  were 
made  at  ac t iva t ion  wave  lengths  of 380 and  430 n m  and  
a t  f luorescence wave  lengths  of 490 and 540 nm.  The m e a n  
values 4- SEM are given in ng/g  of tissue. 

Results. In  the  fetuses  of 30 days,  the  bra in  norepine-  
phr ine  level is low, only  51 4- 4.9 ng/g. No changes  occur 
the  n e x t  day, the  las t  one before b i r th  (52 4- 9.7 rig/g), as 
can be seen in the  Figure.  

Ai te r  par tur i t ion ,  wi th in  the  1st h, the  newborn  r ab b i t  
bra in  con ten t  falls to 34 4- 9.9 ng/g norepinephr ine ,  
abou t  37% less t h a n  t h a t  of the  31st day.  La te r  on, 
wi th in  2 to 4 h, the  a m o u n t  of noreph inephr ine  re tu rns  to  
the  p rena ta l  level (52 :~ 5.6 ng/g) and remains  prac t ica l ly  
the same for 8 to  12 h (51 :j: 2.4 ng/g) (see Figure).  

Discussion. In  the  r a t  fetus, the  enzymes  involved in the  
b iosynthes is  of ca techolamines  are p resen t  in the  bra in  a t  
15 days  of ges ta t ion  s, ~ ; a t  th i s  age, the  norep inephr ine  is 
a t  only  2% of the  adul t  level, whereas  the  b iosyn the t i c  
enzymes  have  specific act ivi t ies  of abou t  10% of those  
in the  adul t  bra in  ~~ At  b i r th  and thereaf ter ,  the  bio- 
syn the t i c  enzymes  and the i r  products ,  dopamine  and  
norepinephr ine ,  increase in a parallel  fashion 9,n. Our 
results  show t h a t  in the  r abb i t  fe tus  on the  30th and 31st 
day  of gestat ion,  norep inephr ine  is p resen t  and the  level 
remains  unchanged,  as is the  case wi th in  2 to 4 and  8 to  
12 h af ter  par tur i t ion .  On the  o ther  hand ,  dur ing  the  
1st h following par tur i t ion ,  a decrease of norep inephr ine  
can be seen and the  var iab i l i ty  of the  individual  values  is 
larger t h a n  in the  o the r  stages. Wi th in  2 to 4 h, the  a m o u n t  
of norep inephr ine  rises to  the  level measured  in the  fetuses,  
and remains  the  same for 8 to 12 h. Similar modif ica t ions  
of the  a m o u n t  of ca techolamines  have  been observed  in 
the  newborn  rabbi t ,  in varigus~.t~ssues. For  instance,  
dur ing the  first  few hours  folloWirig@a~turition, one can 
observe a decrease of the  a m o u n t  'of ca t echo la rn ine~ in  
the  adrenals  12, is and increase in the  plasm~ la, 14 and in ,tfi e 
hea r t  aS. These rapid and t r ans i to ry  var ia t ions  of the  
amoun t s  of ca techolamines  found in the  newborn  rabb i t  
thus  seem to be l inked to bir th .  The fall of the  norepine-  
phr ine  level in the  bra in  can be re la ted to the  fetal  
suffering special condi t ions  dur ing  par tur i t ion ,  especial ly 
the  hypox ia  which occurs a". I t  has  been es tabl ished t h a t  
in the  adul t  cat, the  a sphyx ia  produced  by  rebrea th ing  
can decrease the  norep inephr ine  level in the  hypo tha l a -  
mus  in less t h a n  2 h~7; in the  adul t  rat,  the  hypox ia  
decreases in 1 h the  norep inephr ine  in the  brain  18. In  the  
fetus, a sphyxia  also in t roduces  a decrease of the  level of 
ca techolamines  in h u m a n  ~9, l amb 2~ calf 2t and foal 22 
adrenals  and in h u m a n  ~9 and r abb i t  23 paragangl ia  as well 
as in h u m a n  2~ ex t ra -adrena l  tissue. In  the  adul t  rat ,  o the r  
severe stresses, such as prolonged muscular  effor t  25 and  
exposure  to cold 26-2s, are also known to  reduce the  
endogenous  level of ca techolamines  in tissues. Consequent -  
ly, the  spon taneous  decrease of norep inephr ine  in t he  
bra in  which we have  found  in the  newborn  r abb i t  can 

also be expla ined by  stress condi t ions  to which  the  
animals  are exposed  dur ing  par tu r i t ion .  As has been  
suggested 29, norepinephr ine ,  by  its v a s o m o t o r  act ion,  
could con t r ibu te  to a be t t e r  d i s t r ibu t ion  of blood to  t he  
brain,  thus  increasing the  b ra in ' s  oxygen  s tock and facil- 
i t a t ing  the  defense of the  newborn  animal  agains t  asphyxia .  
Therefore,  th is  bra in  norep inephr ine  l ibera t ion  dur ing  
pa r tu r i t i on  could have  an i m p o r t a n t  role in a mos t  
cri t ical  per iod of the  m a m m a l ' s  life 3~ 

Summary .  In  the  first  hour  a f te r  par tu r i t ion ,  the  new- 
born  r ab b i t  b ra in  norep inephr ine  c o n t e n t  is abou t  37% 
less t h a n  t h a t  of the  fetus of 30th or 31st day.  La te r  on, 
wi th in  2 to 4 h, the  norep inephr ine  level re tu rns  to t he  
p rena t a l  value and remains  unchanged  be tween  8 to  12 h. 
This  t r ans i to ry  fall of the  bra in  norep inephr ine  seems to be 
l inked to  the  stress condi t ions  which  occur dur ing par tur i -  
t ion. 
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C o m p a r a t i v e  S t u d y  of the  E l e c t r i c a l  and  M e c h a n i c a l  B e h a v i o u r  of  an I n t a c t ,  S e m i - I n t a c t  
and  I s o l a t e d  G a s t r o p o d e  (Helix pomatia) S m o o t h  M u s c l e  P r e p a r a t i o n  

Under  appropr ia te  s t imula t ion  condit ions,  the  isolated 
penis  r e t r ac to r  muscle  (PRM) of Helix pomatia L., a 
gas t ropode  sm oo th  muscle, can be made  to  pe r fo rm a 
phasic  con t rac t ion  and a prolonged con t rac t ion  k n o w n  
as ' ca tch '  (WABNITZl,~). W h e t h e r  the  two dis t inc t  t ypes  
of cont rac t ion  p lay  a pa r t  in the  normal  behaviour  of the  
penis  re t rac to r  muscle in the  in tac t  animal  is unknown.  

The aim of the  p re sen t  expe r imen t s  is to compare  the  
no rma l  electrical and  mechanica l  behav iou r  of the  i n t av f  
penis  re t rac to r  musc le ;nerve-bra in  p repa ra t ion  wi th  t he  
proper t ies  of the  muscle a t  d i f fe rent  s tages of surgical  

1 R. W. WABNITZ, Dipl.-Arbeit Univ. G6ttingen (1970). 
2 R. W. WABNITZ, Cell Tiss. Res. 756, 253 (1975). 
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isolation in order  to  clarify the  ques t ion to w h a t  e x t e n t  
the  P R M  is control led b y  the  centra l  nervous  sys tem,  or 
by  per iphera l  mechanisms ,  and  whe the r  the  p a t t e r n  of 
muscle ac t iv i ty  in i t ia ted  by  artificial  s t imula t ion  is 
comparab le  w i th  the  muscle ac t iv i ty  in vivo. In  the  follow- 
ing s t u d y  3 d i f ferent  types  of p repara t ions  of the  P R M  
were used:  1. the  in tac t  PRM-ne rve -b ra in  p repa ra t ion  
(Figure 1), 2. t he  semi- in tac t  p repara t ion  consis t ing of the  

P1RM and  the  per iphera l  nerve  plexus (Figure 2) and  3. 
the  isolated P R M  prepa ra t ion  w i thou t  any  connect ion  
to ident i f ied per iphera l  neurona l  cell clusters  (Figure 2). 

For  up to 1 h af ter  dissection,  an asynchronous  muscle 
ac t iv i ty  was recorded in all 3 types  of p repara t ions  in- 
d ica ted  by  small,  i rregular  spike ampl i tudes  and  the  
re la t ive  high f requency  of the  spike discharge (Figure 3). 
Af ter  th is  t ime,  however ,  the  in tac t  and  the  semi- in tac t  
p repa ra t ion  became more and more  synchronized  and  a 
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electrodes transducer 

Fig. 3. Spontaneous electrical activity (upper trace) and auxotonie 
tension development (lower trace) of the penis retractor muscle 
recorded 40 min after dissection (low speed on the left and higher 
speed on the right). 
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Fig. 1. Experimental arrangement for the simultaneous study of 
the mechanical and electrical activity" of the intact penis retractor 
muscle-nerve-brain preparation of Helix pomatia. The snail was 
immobilized by pinning the foot to the waxfloor of a chamber con- 
taining oxygenated ringer solution at 21~ After removal of the 
shell one end of the PRM was exposed through a dorsal slit in the 
mantle tissue and connected to a force transducer for auxotonic 
tension measurements. The electrical activity was recorded extra- 
cellularly by 2:platinum electrodes spaced 4 Into apart and isolated 
by liquid paraffin. 
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Fig. 2. Schematic drawing of the semi-intact and the isolated (dotted 
line indicating incision) PR3s preparation showing the arrangement 
for stimulation and external recording. Some branches of the penis 
nerve traversing the septum between the vas deferens and the penis 
run to supply the penis retractor muscle. Clusters of nerve cells are 
scattered around the nerve branches. Note especially the clusters at 
the base of the PRM. 

Fig. 4. Spontaneous electrical (upper trace) and mechanical (lower 
trace) activity of the intact penis retractor muscle-nerve-brain 
preparation (see Figure 1) recorded 120 min after dissection, a) 
Long duration burst of spike activity and prolonged contraction. 
b) Short duration burst of spike activity and phasic contraction. 
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specific pattern of spontaneous muscle act ivi ty is stabiliz- 
ed. 

The experiment illustrated in Figures 4a and 4b 
shows a typical example for the electrical and mechanical 
act ivi ty  of the intact muscle-nerve-brain preparation. 
There are principally 2 types of electrical muscle activity, 
a) a long duration burst of spike activity lasting up to 
30 min and b) a short duration burst of spike activity 
lasting less than 60 sec. The long duration bursts were 
repeated at intervals of 10 to 30 rain. The interval 
duration increased with time. During the long duration 
bursts, a drop in the muscle cell synchronization occurred, 
accompanied by a strong prolonged contraction. During 
tension development and the first part of the plateau 
phase of contraction, the spike amplitude and the inter- 
spike interval decreased, followed by a period of increasing 
amplitude of superimposed spikes indicating an increase 
of the electrical muscle cell synchronization. The short 
duration bursts (Figure 4b), which were observed during 
relaxation and after complete relaxation of the strong 
prolonged contraction, showed interburst-intervals of 20 
sec up to several rain and were associated with smaller 
phasic contractions. Recordings from the same prepara- 
tion, under identical conditions but 8 h after dissection, 
showed a changed pattern of burst activity. The short 
duration bursts had almost disappeared, while burst 
duration and the tension development correlated to the 
long duration bursts increased and the burst repetition 
frequency decreased. 

In contrast to these observations, it was found that  in 
the semi-intact penis retractor muscle preparation (see 
Figure 2) long duration bursts did not occur. The short 
duration bursts were unaffected by the surgical t reatment  
indicating that  the long duration burst activity originated 
from the central nervous system while the remaining short 
duration activity was initiated by regularly firing periph- 
eral structures located possibly at the base of the PRM 
(Figure 2) which is found to contain a group of neurons 
( E B E R H A R D T  and W A B N I T Z ,  in preparation). Figure 5 
shows a representative example of the pattern of electrical 
activity in the semi-intact preparation, which was main- 
tained for hours with only little changes in the spike 
amplitudes, spike repetition frequency, burst duration 
and interburst intervals. 

In a third group of experiments using the isolated 
penis retractor muscle preparation (Figure 2), it was 

found that  1 h after dissection the spontaneous act ivi ty  
was completely abolished. Therefore, myogenic act ivi ty 
seems not to be the underlying mechanism for the 
spontaneous act ivi ty in the PRM. 

In the following experiments, the electrical and mechan- 
ical responses of the semi-intact nerve-muscle preparation 
and the isolated muscle preparation (Fig. 2) to indirect 
and direct stimulation via bipolar platinum electrodes 
were examined in order to determine the origin of the 
spontaneous activity. Results from typical experiments 
are shown in Figures 6a and 6b. One pair of stimuli 
(square pulses, 0.4 msec., 3V, 1Hz, 2s) applied to the 
PRM-nerves (electrodes in position I, see Figure 2) 
produced a long duration burst of spike activity accom- 
panied by a prolonged contraction (Figure 6a). 

When the isolated PRM-preparation was directly 
stimulated with a single pulse above threshold strength 
(electrodes in position II, see Figure 2), a single spike 
was elicited and a twitch-like mechanical response was 
produced (Figure 6b). When the direct stimulation was 
applied repetively at frequencies equal to or greater than 
0.3/s, additional spikes were elicited and a summation of 
the mechanical responses was observed. 
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tHill alL(g" d i~( 'c t i~ l l .  
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The  resul t s  descr ibed  a b o v e  h a v e  shown  t h a t  2 types  
of s p o n t a n e o u s l y  occur ing  muscle  a c t i v i t y  are p r e sen t  in  
t h e  i n t a c t  penis  r e t r a c t o r  m us c l e - ne r ve - b r a i n  p r e p a r a t i o n  
r e sembl ing  those  of the  s t i m u l a t e d  s emi - in t ac t  r espec t ive ly  
t he  i so la ted  P R M  p r epa r a t i on .  On t he  b a s i s  of t he  fore- 
going exper imen t s ,  one  can  conclude  t h a t  t he  muscle  
responses  to  s t i m u l a t i o n  ref lect  n o r m a l  func t ion ing  in t he  
penis  r e t r a c t o r  muscle.  

B e y o n d  t h a t  t he  resul t s  d e m o n s t r a t e  t h a t  t he  spon ta -  
neous  muscle  a c t i v i t y  seems n o t  to  be a myogen ic  mecha-  
nism.  The  func t iona l  dif ferences  be t w een  the  i n t a c t  and  
t h e  s e m i - i n t a c t  p r e p a r a t i o n  sugges t  t h a t  in t h e  absence  
of obv ious  sensory  inpu t ,  c en t r a l  n e u r o n a l  s t r u c t u r e s  are 
i nvo lved  in caus ing  t h e  long d u r a t i o n  bu r s t s  assoc ia ted  
w i t h  t he  s t rong  p ro longed  con t rac t ion ,  while  t he  spon ta -  
neous ly  occur r ing  phas ic  muscle  ac t i v i t y  seemed to  be  
r egu la ted  b y  pe r iphe ra l  n e u r o n a l  s t ruc tures .  T he  l a t t e r  
appea r s  to  be  due to  t he  repe t ive  a c t i v i t y  of ne rvous  
e l ement s  a t  t he  base  of t he  PRM.  

Pe r iphe ra i l y  m e d i a t e d  responses  are c o m m o n  in ex ter -  
na l  ef iec tor  sys tems  of mol luscs  (KANDEL 3, KUPFERMANN ~, 
PERETZ 5, WILLOWS ~) for ins t ance  in Helix pomatia 
t ac t i le  s t imul i  appl ied  to  t he  penis  w i t h o u t  connec t ion  to  
t he  cen t r a l  ne rvous  s y s t e m  (Figure 2) evokes  t he  con t rac -  
t ion  of t he  P R M  (WABNITZ, in  p repa ra t ion) ,  i nd ica t ing  a 
s imple  pe r iphe ra l  ref lexive behav iour .  

The  e x p e r i m e n t s  descr ibed  in t he  second p a r t  of th i s  
s tudy ,  showing  t h a t  t he  t y p e  of con t r ac t i on  p roduced  b y  
s t i m u l a t i o n  depends  u p o n  t h e  pos i t ion  of t h e  s t i m u l a t i o n  
electrodes,  co r robora t e  this .  T he  muscle  a c t i v i t y  el ici ted 

b y  s t i m u l a t i o n  t he  P R M - n e r v e  (electrodes in  pos i t ion  I, 
see F igure  2) resembles  t he  s p o n t a n e o u s l y  occur r ing  
long d u r a t i o n  b u r s t  of t he  i n t a c t  p r e p a r a t i o n  ind ica t ing  
a m o d u l a t o r y  inf luence  of t he  CNS on t he  s p o n t a n e o u s l y  
ac t ive  pe r iphe ra l  neu rons  or a d i rec t  con t ro l  of t he  muscle  
b y  t he  cen t r a l  ne rvous  sys tem,  T h e  synch ronous  exc i to ry  
e lec t r ica l  a c t i v i t y  of t h e  muscle  ceils a f te r  d i rec t  s t imula -  
t ion  is s imi la r  to  t h e  s p o n t a n e o u s l y  occurr ing  muscle  
response  of t he  s e m i - i n t a c t  p r epa ra t i on .  

Zusammen[assung. I m  i n t a k t e n  P e n i s r e t r a k t o r m u s k e l -  
N e r v - G e h i r n - P r i p a r a t  von  Helix pomatia L. t r e t e n  
sowohl  ton i sche  als a u c h  phas i sche  M u s e l k o n t r a k t i o n e n  
auf. Die phas i sche  K o n t r a k t i o n  sche in t  von  pe r iphe ren  
N e u r o n e n  ges teuer t  zu werden,  w/ ih rend  Iiir die S t eue rung  
der  t on i s chen  K o n t r a k t i o n  zen t ra le  S t r u k t u r e n  eine Rolle  
spielen.  
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D e v e l o p m e n t  of Osmolar i ty  in Blood P l a s m a  and 

Phys ica l  and  chemica l  p roper t i e s  of ce rebrosp ina l  
f luid (CSF) in ch ick  e m b r y o s  pe r fo rm v e r y  i m p o r t a n t  
changes  d u r i n g  the  e m b r y o n i c  deve lopmen t .  The  differen-  
ces in  chemica l  compos i t ion  of e m b r y o n i c  b lood p l a s m a  1 
a n d  CSF2, 3 give some ev idence  for t he  m a t u r a t i o n  of 
b lood -b ra in  barr ier .  One of t h e  i m p o r t a n t  fac tors  of t he  
C S F - p l a s m a  re l a t ionsh ip  m a y  be  the  osmot ic  pressure  of 
b o t h  fluids, wh ich  was t he  sub jec t  of our  p re sen t  develop-  
m e n t a l  s tudy .  

Material and methods. T h e  ch ick  e m b r y o s  of whi t e  
Leghorns  a t  t he  ages f rom d a y  11 of i n c u b a t i o n  to  t h e  
f i rs t  p o s t h a t c h i n g  d a y  were used. The  osmolar  concen t ra -  
t i on  was r ead  ou t  f rom K n a u e r  s em i - m i c r oos mome te r  
( type M, mode l  1970, W e s t  Ber l in) ,  w h i c h  requi res  150 Ixl 
of f luid for 1 d e t e r m i n a t i o n .  There fore  i t  was  necessa ry  
to collect  for 1 d e t e r m i n a t i o n  t he  C S F  and  b lood samples  
f rom severa l  e m b r y o s  in dependence  on  t he  e m b r y o n i c  

Cerebrospinal  Fluid of Chick E m b r y o s  

age (Table).  The  C S F  was  w i t h d r a w n  f rom t h e  apical  
p a r t  of t he  I V t h  ven t r i c l e  4. The  b lood  was t a k e n  t i l l  d ay  
15 f rom the  umbi l i ca l  a r t e r y  a n d  f rom the  h e a r t  in  older 
e m b r y o s  a n d  in 1-day-old  chicks.  The  glass hepa r in i zed  
capi l lar ies  w i t h  s h a r p e n e d  t ip  were used for col lec t ion of 
CSF  a n d  blood. The  same  capi l lar ies  were used for cent r i -  
fuga t ion  (2,000 rpm,  20 rain) of t h e  CSF  and  b lood sam- 
ples. 

Results. The  resu l t s  are s u m m a r i z e d  in t he  Table .  The  
o s m o l a r i t y  of b o t h  p l a s m a  and  C S F  increased  f rom day  
11 of i n c u b a t i o n  t i l l  t h e  f i rs t  p o s t h a t c h i n g  day.  The  
o smola r i t y  of b lood p l a s m a  increased  b y  35.4 mosm/1 

1 C. T. GRABOWSKI, Comp. Biochem. Physiol. 21, 345 (1967). 
J. SEDLIr Physiologia bohemoslov. 24, 229 (1975). 

a j .  SEDLA~EK, Physiologia bohemoslov. 2d, 305 (1975). 
a G. B6gM~, Aeta anat. 73, 116 (1969). 

Age of incubation No. of embryos No. of determinations 
(days) 

Osmolarity (mosml) P/CSF ratio P-CSF difference 
(mosm/l) 

CSF Plasma 

11 35 6 
13 30 6 
15 30 6 
17 25 5 
19 28 6 
21 18 6 
day 1 posthatch. 13 6 

245.0 ~ 0.84 a 
248.2 r~ 1.17 
252.6 ~ 2.17 
261.6 :t= 2.22 
270.0 ~ 1.96 
274.8 ~- 1.97 
276.9 =t= 1.93 

248.1 4- 1.27 ~ 1.013 3.1 
251.1 ::t= 1.34 1.012 2.9 
257,0 ::t: 2.03 1.017 4.4 
270.2 • 2.12 1.033 8.6 
280.0 • 2.77 1.037 10.0 
280.8 i 1.88 1.023 6.0 
283.5 • 1.25 1.023 6.6 

~M • S.E. 


