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The  mul t i foca l  or ig in  of c o n t r a c t i o n  waves as seen 
in t h e  pig, b u t  n o t  in  t he  dog, suppor t s  a n a t o m i c a l  
ev idence  w h i c h  ind ica tes  t h a t  a n u m b e r  of p a c e m a k e r  
si tes occur  in  mul t ica l icea l  a n d  n o t  in  unical iceal  sys- 
t e m s  6. The  obse rva t i on  t h a t  con t r ac t i ons  wh ich  r eached  
t h e  pe lv iu re te r i c  region fai led to  p r o p a g a t e  s u p p o r t  
in v ivo  d a t a  where  t h e  n u m b e r  of pe lv ic  con t r ac t i o n s  
successful ly  p r o p a g a t e d  a long t h e  u re t e r  was d i rec t ly  

The renal parenehyma (R) has been incised and reflected to expose 
the inner surface of the renal end of the upper urinary tract in the 
dog. Contraction waves were first identified in the regions marked by 
the arrows and moved as a concentric wave front towards the 
pelviureteric junction (P). The preparation was quiescent at the time 
of this illustration, in which the shape of the pelviureterie junction is 
clearly evident. 

r e l a t ed  to  t h e  u r ine  flow r a t e  4. T h u s  a t  h ighe r  u r ine  flow 
ra te ,  more  u re te r ic  con t r ac t i ons  were p r o p a g a t e d  even  
t h o u g h  rena l  pelvic  a c t i v i t y  r e m a i n e d  cons t an t .  Collec- 
t ively ,  these  f indings  ind ica te  a u r ine  flow d e p e n d e n t  
m e c h a n i s m  in t h e  region of t h e  pe lv iu re te r i c  j u n c t i o n  
wh ich  d e t e r m i n e s  w h e t h e r  a r ena l  pe lvic  c o n t r a c t i o n  will 
r e su l t  in  a p r o p a g a t e d  u re te r ic  pe r i s t a l t i c  wave.  Since 
t h i s  m e c h a n i s m  appea r s  to  d e p e n d  u p o n  ur ine  flow, i t  
m a y  be  t h a t  t h e  s t r e t c h i n g  forces exe r t ed  u p o n  t h e  
pe lv iu re te r ic  j u n c t i o n  b y  a c c u m u l a t i n g  f luid lowers t h e  
t h r e s h o l d  of t h e  region.  T h e  a r r iva l  of a r ena l  pelvic  
c o n t r a c t i o n  can  now resu l t  in  a p r o p a g a t e d  c o n t r a c t i o n  
t h r o u g h  t h e  pe lv iu re te r i c  j u n c t i o n  a n d  a long  t h e  ure te r .  
Clearly, in  t h e  p r e s en t  e x p e r i m e n t a l  design,  t h e  r ena l  
pe lvis  h a s  been  opened  a n d  bolus  f o r m a t i o n  is un l ike ly  
to  occur. Thus ,  on  t h e  bas is  of t h e  above  h y p o t h e s i s  i~iis 
n o t  surpr iz ing  t h a t  regu la r  rena l  pelvic  c o n t r a c t i o n  waves  
fai led to p r o p a g a t e  as u re te r ic  peris talsis .  

I n  conclusion,  t h e  p re sen t  s t u d y  h a s  p r o v i d e d  some 
p r e l i m i n a ry  obse rva t ions  w h i c h  are of i m p o r t a n c e  in an  
u n d e r s t a n d i n g  genesis of pe r i s t a l t i c  a c t i v i t y  in  t h e  unical i -  
ceal a n d  mul t i ca l i cea l  sys tems.  W h i l s t  t h e  m e t h o d  does 
h a v e  t h e  l im i t a t i ons  imposed  upon  in v i t ro  teehniqt!es ,  
i t  is hoped  t h a t  i ts  app l i ca t ion  in  f u t u r e  i nves t iga t ions  
shou ld  p ro v i d e  v a l u a b l e  i n f o r m a t i o n  on  t h i s  i m p o r t a n t  
subjec t .  
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Summary. A m e t h o d  for  c u l t i v a t i n g  t he  ea r ly  ch ick  e m b r y o  in a n  ar t i f ic ia l  m e d i u m  h a s  been  deve loped  t h a t  p e r m i t s  
t h e  d e t e r m i n a t i o n  of t h e  s tage  a t  t h e  onse t  of the  t r e a t m e n t  a n d  t h e  c o n t i n u o u s  o b s e r v a t i o n  of t h e  embryogenes i s .  

P r ev ious  i nves t i ga t i ons  a t  t h i s  i n s t i t u t e  2 in to  t h e  
inf luence  of chemica l s  on  t h e  embryogenes i s  Of t h e  ch ick  
emp loyed  two  d i f fe ren t  m e t h o d s  for app ly ing  t he  chemi-  
cals:  t h e  N E w - m e t h o d  a a n d  t h e  w i n d o w - m e t h o d ,  t h e  
l a t t e r  ba sed  on  in j ec t ion  of t h e  s u b s t a n c e  d i rec t ly  u n d e r  
t h e  b l a s tode rm.  The  N E w - m e t h o d  is, for  our  purpose ,  too  
slow a n d  labor ious .  The  b l a s t o d e r m  is exposed  to  a s t rong  
m e c h a n i c a l  stress,  a n d  t h e  r ing  is a l imi t ing  f ac to r  for t h e  
o u t g r o w t h  of t h e  a rea  opaca.  I n j e c t i o n  of t h e  s u b s t a n c e  
u n d e r  t h e  b l a s t o d e r m  is more  rapid ,  b u t  p roduces  a n  
u n e v e n  mate r i a l ,  owing to  t h e  d i f f icu l ty  of con t ro l l ing  
ti le exac t  pos i t ion  of t h e  i n j ec t i on  a n d  the re fo re  of t h e  
c o n c e n t r a t i o n s  of t h e  chemicals .  Ma l fo rma t ions  some-  
t imes  occur  w h i c h  c a n n o t  be  exp la ined  in a n y  o t h e r  w a y  
t h a n  as a consequence  of t h e  m e c h a n i c a l  s t ress  t h e  
e m b r y o  is exposed  to  b y  a n  in jec t ion ,  no  m a t t e r  h o w  
carefu l ly  executed .  Also t he  d i f f icu l ty  in  e x a m i n i n g  t h e  
s tage  b y  t h i s  m e t h o d  is a n  obv ious  d i s a d v a n t a g e  w h e n  i t  
is des i rab le  to  beg in  t h e  t r e a t m e n t  a t  a f ixed stage.  To 
e l imina te  t h e  va r ious  diff icul t ies  i n h e r e n t  in  t h e  NEw-  
m e t h o d  a n d  t h e  w i n d o w - m e t h o d ,  we deve loped  a m e t h o d  
where in  we i n c u b a t e d  t h e  yo lk  in a n  ar t i f ic ia l  med ium.  
Moreover ,  we needed  a m e t h o d  t h a t  p e r m i t t e d  1. t h e  
d e t e r m i n a t i o n  of t h e  s tage  a t  t he  onse t  of t he  t r e a t m e n t ;  
2. t h e  c o n t i n u o u s  o b s e r v a t i o n  of t he  embryogenes i s  for  

a n y  g rea te r  l e n g t h  of t i m e ;  a n d  3. a d m i n i s t r a t i o n  as well  
as r e m o v a l  of t h e  t e s t e d  chemica ls  a t  a wel l -def ined stage,  

Mc~tezial and methods. All e x p e r i m e n t s  were  m a d e  on  
f resh ly  la id  W h i t e  L eg h o rn  eggs. E x p e r i m e n t s  s t a r t i n g  
w i t h  n o n - i n c u b a t e d  eggs were  p r e p a r e d  a t  r o o m  t e m -  
pe ra tu r e .  I f  l a t e r  s tages  were requi red ,  t h e  eggs were  
i n c u b a t e d  a t  37.5 :k 0.5 ~ a n d  t h e  fol lowing t r e a t m e n t  
p e r f o r m e d  a t  37.5 ~ 

Dense  a n d  t h i n  a l b u m e n  was carefu l ly  homogen ized ,  
avo id ing  a n y  foam fo rma t ion ,  w i t h  a k n i f e -h o mo g en i za t o r  
u n t i l  t h e  a l b u m e n  f lowed th in ly .  W e  used a modi f ied  
P a n n e t - C o m p t o n ' s  sal ine (Table) in  w h i c h  we dissolved 
a n y  chemica ls  we wished  to  tes t .  T h e  egg was c leaned  w i t h  
70% alcohol  a n d  t h e  shel l  b r o k e n  w i t h  forceps.  T h e  
a l b u m e n  was gen t ly  r e m o v e d  a n d  t h e  cha lazae  were cu t  
off w i t h  a pa i r  of scissors. T h e  yo lk  was gen t ly  poured  
in to  a n  o r d i n a r y  100-150 m l  beaker ,  c o n t a i n i n g  a b o u t  80 
m l  of t h e  med ium.  (To lessen t h e  a m o u n t  used, a t e s t  t u b e  
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w i t h  a n  i n n e r  d i a m e t e r  of a b o u t  35 m m  can  be  chosen  
ins tead .  See F igu re  1.) The  yo lk  s inks  to  t h e  b o t t o m  whi le  
t he  b l a s t o d e r m  r o t a t e s  upwards .  E n o u g h  m e d i u m  is poured  
ou t  so t h a t  t i le yo lk  is a b o u t  1 m m  below t h e  surface.  I f  
t he  yo lk  is more  t h a n  3 m m  below t h e  surface,  t yp i ca l  
m a l f o r m a t i o n s  are  formed,  p r o b a b l y  owing to t he  lack 
of oxygen.  The  e m b r y o  grows more  slowly, t h e  b r a i n  
becomes  nar row,  a n d  t h e  somi tes  become  wedgeshaped .  
I n  a s te reomicroscope ,  t he  s tage  is d e t e r m i n e d  acco rd ing  
to HAMBURGI~R a n d  ~IAMILTON 4 b y  ob l ique  i l l u m i n a t i o n  
of t he  b l a s tode rm.  The  b e a k e r  is sealed w i t h  PVC-foil  a n d  
a r u b b e r  b a n d  to avo id  evapo r a t i on .  The  i n c u b a t i o n  t h e n  
t akes  place  a t  37.5 ~: 0.5 ~ in an  o r d i n a r y  i ncuba to r .  I f  
t he  t r e a t m e n t  is i n t e r r u p t e d ,  t h e  m e d i u m  is g e n t l y  sucked  
off, t h e  yo lk  is r insed  w i t h  saline,  a n d  f resh  m e d i u m  is 
added.  F o r  t r e a t m e n t  of no t  more  t h a n  48 h, t h e  proce-  
dure  is m a d e  p a r t l y  sterile.  T r e a t m e n t  ove r  a longer  per iod  
(4 days  or more)  m a k e s  full  asepsis  necessary ,  a n d  t he  
beake r s  are  s h a k e n  a t  r egu la r  i n t e rva l s  so t h a t  t he  em-  
b ryo  ha s  full  access to  t h e  n u t r i e n t .  

Results. Of 50 eggs p r e i n c u b a t e d  for a b o u t  24 h (stage 
3-6) a n d  t h e n  c u l t i v a t e d  for  24 h in v i t ro ,  as descr ibed  in 
' m e t h o d s ' ,  48 e m b r y o s  deve loped  no rma l ly .  E x p e r i m e n t s  
were also pe r fo rmed  in suck ing  off t he  m e d i u m  a f t e r  3-4  h 

The modified Pannett-Compton saline, without buffer 

NaCI 12.11 g 
KCI 1.55 g 
CaC16 x 2 H~O 1.02 g 
MgC16 x 2 H60 1.27 g 
Aq. dest. 100 ml 

This solution is autoclaved. For use, take 4 ml and add 96 mI aq. dest. 

D C 
Fig. 1. The beaker and test tube with the yolk as described in the 
text. 

i ncuba t ion ,  r ins ing  t he  yo lk  twice  in saline,  and  the re -  
a f t e r  c o n t i n u i n g  t h e  i n c u b a t i o n  for 20-24 h. Of 17 em- 
b ryos  t r e a t e d  thus ,  16 deve loped  normal ly .  87 b l a s t o d e r m s  
were i n c u b a t e d  f rom 0 h. Of these,  95% deve loped  nor-  
m a l l y  up  to  72 h, 53% reached  96 h, and  in a few cases 
(14%) t he  e m b r y o s  su rv ived  up  to  5 days  (Figure 2). 

W e  h a v e  found  t h a t  a 45% d i lu t ion  of t h e  a l b u m e n  
causes  a n  a b n o r m a l l y  large  i n t a k e  of l iqu id  f rom the  
a lbumen ,  r e su l t ing  in t he  v i te l l ine  m e m b r a n e  b u r s t i n g  in a 
c i rcular  l ine  a few m m  outs ide  t he  s inus  t e rmina l i s .  This  
a l m o s t  comple t e ly  sepa ra t e s  t he  yo lk  f rom the  e m b r y o  
a n d  i ts  v i te l l ine  b lood vessels,  wh ich  are s u r r o u n d e d  b y  
t he  i n c u b a t i o n  med ium.  This  occurs  a f t e r  a b o u t  4 days  
i ncuba t ion .  F r o m  the  onse t  of th i s  sepa ra t ion ,  t he  em- 
b ryo  does IlOt su rv ive  more  t h a n  30 h because  of a dis- 
t u r b e d  c i rcu la t ion .  

Discussion. The  s imples t  w a y  of cu l t u r i ng  t he  e m b r y o  
ou ts ide  t he  eggshell  consis ts  of p o u r i n g  t h e  en t i r e  egg 
c o n t e n t s  in to  a su i t ab l e  c o n t a i n e r  a n d  p r o v i d i n g  t h i s  w i t h  
a n o n p e r m e a b l e  foil to  p r e v e n t  e v a p o r a t i o n  5-15. SCHMIDT16, 
in an  e x p e r i m e n t  in  wh ich  he  s u b s t i t u t e d  p a r t  of t he  
a l b u m e n  w i t h  saline,  p r o v e d  t h e  a l b u m e n  to  be  necessa ry  
for  s t a r t i n g  t he  d e v e l o p m e n t  of t h e  embryo .  I n  a m e d i u m  
cons i s t ing  of 2/3-a/4 a lbumen ,  t he  e m b r y o s  ( exp lan ted  
a t  1-2  days  p r e incuba t i on )  deve loped  for  4 -6  days.  
The  g r o w t h - p r o m o t i n g  ef fec t  was  st i l l  p re se rved  in  al-  
b u m e n  d i lu ted  20-fold. He  also p r o v e d  t h a t ,  if t h e  eggs 
were p r e i n c u b a t e d  for  2 or 3 h before  t r a n s f e r r i n g  t h e m  
to a m e d i u m  w i t h o u t  a l b u m e n ,  t h e  e m b r y o  deve loped  
n o r m a l l y  a l t h o u g h  v e r y  slowly. O m i t t i n g  t he  p r e i n c u b a -  
tion, t h e  d e v e l o p m e n t  would  n o t  s t a r t .  

F o r  our  purpose ,  a m e d i u m  composed  of 2/3-3/4 
a l b u m e n  p r o v e d  too  dense.  The  yo lk  f loa ts  up  to  t h e  
surface  a n d  exposes t he  b l a s t o d e r m  to  a surface  evapo ra -  
t ion  a n d  a n  u n f a v o u r a b l e  d i s t r i b u t i o n  of t h e  t e s t ed  
chemica l s ;  t h u s  i t  is necessa ry  to  shake  t h e  beake r s  e v e r y  
hour .  A m e d i u m  c o n t a i n i n g  45% of a l b u m e n  h a s  a 
dens i t y  e q u i v a l e n t  to  t h a t  of t h e  yolk,  wh ich  m a i n t a i n s  
i ts  n a t u r a l  spher ica l  shape.  A h igh  sal ine c o n t e n t  of t he  
m e d i u m  also m a k e s  i t  possible  to  use s u b s t a n c e s  t h a t  m u s t  
be w a r m e d  to  be dissolved.  The  large  p e r c e n t a g e  of a lbu-  
men  also m a k e s  asept ic  cond i t ions  less i m p o r t a n t .  The  
ease w i t h  w h i c h  t he  s tage  can  be  de t e rmined ,  t h e  con-  
t i nuous  o b s e r v a t i o n s  of t h e  deve lop ing  embryo ,  a n d  t he  
poss ib i l i ty  of t r e a t m e n t  a t  s h o r t  in te rva l s ,  t o g e t h e r  w i t h  
t he  h igh  rep roduc ib i l i ty ,  m a k e s  t he  m e t h o d  v e r y  useful  
for s t u d y i n g  t he  d i f f e r en t i a t i on  of t h e  ea r ly  ch ick  embryo .  
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Fig. 2. Survival curve for 87 eggs incubated in beakers containing 
45% albulnen and 55% saline. 

4 V. HAMBURGER and H. L. HAMILTON, J. Morph. 88, 49 (1951). 
5 A. L. ROMANOFF, The Avian Embryo (Nfacmillan, New York 

1960), p. 1045. 
6 R. ASS~tETON, Proe. R. Soe. 60, 349 (1897). 
7 I7I. VOLLMAR, Z. Zellforseh. 23, 566 (1936). 
8 A. L. ROMANOFF, Anat. Ree. 87, 365 (1943). 
9 l~. AUERBACH, L. I~UBAI, D. KNIGHTON and J. FOLKMAN, Devh 

Biol. dl, 391 (1974). 
10 M. A. CORNER and A. P. J. RICHTER, Experientia 29, 467 (1973). 
i~ j .  H. RLLIOTT and J. BEN~ET% Poultry Sci. 50, 974 (1971). 
16 A. B. SCHLESINGER, CURBS News 2, 10 (1966). 
13 N. K. WESSELLS and F. H. WILT, Methods in Developmental 

Biology (Crowei1, New York 1967), p. 813. 
t4 D. A. T. NEw, The Culture o/ Vertebrate Embryos (Logos Press, 

London 1966), p. 47. 
15 R. L. DEHAAN, Methods in Developmental Biology (Crowell, New 

York 1967), p. 401. 
16 G. SCHMID% Enzymologiea d, 40 (1937). 


