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Summary. The origin of the  s t ruc tures  of the  abdomina l  wall in avian  embryos  was s tudied  by  using the  quai!-chick 
marke r  sys tem.  I t  was concluded t h a t  the  muscles  or iginate  f rom somit ic  cells while  tendons ,  fasciae and  the  in t ra -  
muscular  f ibroblasts ,  as also the  remain ing  connect ive  t issue,  der ive f rom the  somat ic  p la te  mesoderm.  

In  young embryos  of h igher  ver tebra tes ,  the  r u d i m e n t a r y  
body  wall consis ts  of somat ic  p la te  mesoderm and  somites .  
As a resul t  of the  s tudies  concerning the  fo rma t ion  of the  
abdomina l  wall, the  con t r ibu t ion  of somit ic  cells was of ten  
discussed. Based on morphological  grounds,  as well as on 
descr ip t ive  studies,  it  has  of ten been s t a t ed  t h a t  the  mus-  
cula ture  of the  abdomina l  wall is formed ent i re ly  f rom 
the  somites  2-8 
Straus  and Rawles  7 concluded,  f rom thei r  expe r imen t s  on 
chick embryos ,  t h a t  the  ven t ra l  pa r t s  of the  3 la teral  ab-  
dominal  muscles and  the  whole of the  rectus  abdomin is  
muscle develop in situ from ceils of the  somat ic  p la te  
mesoderm.  However ,  Detwiler  8 and Theiler 9 have  ad-  
duced,  f rom thei r  observa t ions  on urodeles and mammals ,  
evidence suppor t ing  a somitic origin for these  muscles.  
Analogous resul ts  were es tabl ished for the  chick by  recent  
expe r imen ta l  s tudies  1~ Whereas  the  grea te r  p a r t  of 
the  connec t ive  t issue of the  abdomina l  wall is t raced  back  
to the  somat ic  p la te  mesoderm,  no def ini t ive expe r imen ta l  
d a t a  exis t  on the  origin of the  muscle-associa ted  connec-  
t ive  t issue (fasciae, t endons  and i.m. connect ive  tissue). 
I t  is the  purpose  of the  p resen t  s tudy  to ob ta in  new ex- 
pe r imen ta l  evidence on the  con t r ibu t ion  of the  somit ic  
and somat ic  p la te  mesoderm to the  d i f ferent  s t ruc tures  
of the  abdomina l  wall in avian embryos  by  using the  
quai l -chick marker  sys tem.  
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Fig. 1. Diagram showing the microsurgical procedure. After removal 
of the chick somites (1), the corresponding quail somites (2) were 
implanted after being previously isolated from an embryo at the 
same stage of development. 

Since the  in te rphase  nuclei of Japanese  quail  cells are 
charac te r ized  by a large mass  of nucleolus-associa ted 
he te rochromat i c  DNA,  which does no t  exis t  in chick cell 
nuclei, it  is possible to  iden t i fy  individual  cells in Feulgen-  
s ta ined  sect ions af ter  expe r imen ta l  i n t e rmix tu re  of quail  
and  chick cells 1~-15. 
Material and methods. The following microsurgical  proce-  
dure  was employed.  The somites  22-27 of chick embryos  
(White  Leghorn)  a t  s tage  15, according to the  cr i ter ia  of 
H a m b u r g e r  and  H ami l t o n  18, were r emoved  uni la tera l ly  
and  cor responding  somites  of quail  embryos  (Coturnix 
coturnix japonica) a t  the  same stage were graf ted  into the  
mesodermal  defect  (figure 1). Af te r  subsequen t  incuba t ion  
(2-8 days),  the  hos t  embryos  were f ixed in Serra ' s  fluid, 
d e h y d r a t e d  wi th  graded p ropanol  solut ions and e m b e d d e d  
in paraplas t .  The 7qxm serial sect ions were t r e a t ed  ac- 
cording to the  Feulgen  and  Rossenbeck ' s  t echn ique  17, and  
then  pos t - s t a ined  wi th  l ight  green. 
Most  of the  embryos  were normal ly  developed and showed,  
when macroscopica l ly  examined ,  no a l te ra t ion  of form and 
bi la teral  s y m m e t r y  of the  body  wall. Af ter  2 days  of pos t -  
opera t ive  incubat ion ,  the  m y o t o m e  layer  ex t ends  in the  
ven t ro - la te ra l  d i rect ion wi th in  the  mesenchyme  of the  
body  wall up to the  level of the  Wolff ian duct.  Whereas  
the  epi thel ial  s t ruc tu re  has been lost  in the  cent ra l  p a r t  
of the  de rma tome ,  it  is still ma in t a ined  at  the  dorso- 
medial  and ven t ro - la te ra l  edges. The ven t ro- la te ra l  p a r t  of 
the  d e r m a t o m y o t o m e  ( 'Muskelbl~schen'  according to 
ZechelS), which is located  near  the  coelomic epi the l ium,  
consists  of an epi thel ia l  wall which  sur rounds  a cent ra l  
cavi ty.  The following d i s t r ibu t ion  of quail  and chick cells 
was observed.  All cells of the  ven t ro - la te ra l  edge, of the  
m y o t o m e  layer,  as well as those  of the  m e s e n c h y m e  which 
have  or ig inated f rom the  de rma tome ,  are charac te r ized  
by  nuclei of t he  quail  type.  On the  o ther  hand,  m o s t  of the  
ceils of the  m e s e n c h y m e  sur round ing  the  ven t ro - la te ra l  
edge of the  d e r m a t o m y o t o m e  exh ib i t  nuclei of the  chick 
t y p e  (figure 2, A). Single cells or small  groups of cells con- 
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ta in ing  nuclei of the  quail  t ype  are found wi th in  the  
m e s e n c h y m e  ven t ra l ly  of the  d e r m a t o m y o t o m i c  edge, 
f rom which t h e y  emigrate ,  as analysis  of the  serial sect ions 
show. 
After  a pos tope ra t ive  incuba t ion  per iod of 8 days,  the  3 
la tera l  abdomina l  muscles  and  the  rectus  abdominis  
muscle including the i r  fasciae and t endons  are well de- 
ve loped and  very  close to  the i r  final location. Analys ing  
the  cellular composi t ion of all abdomina l  muscle pr imordia ,  
it  can  be s t a t ed  t h a t  t he  cells (myotubes  and myoblas ts )  
which  make  up the  muscle  b u n d l e s  con ta in  nuclei of the  
quail  type  (figure 2 B). The f ibroblas ts  of the  tendons ,  of 
the  fasciae and  those  of the  connect ive  t issue be tween  the  
muscle bundles  exh ib i t  nuclei  of the  chick type  (figure 2, B 
and  C). 
As a resul t  of these exper iments ,  it  can be concluded t h a t  
the  cells of all abdomina l  muscles  are of somit ic  origin, 
whereas  the  comple te  connec t ive  t issue of the  abdomina l  
wall  including tendons ,  fasciae and i.m. connect ive  t issue 
derives f rom the  somat ic  p la te  mesoderm.  This  suppor t s  
the  concept ion  of Seno 1~ P i n o t  11 and  Chevalier  1~ con- 
cerning the  d e v e l o p m e n t  of the  abdomina l  muscles  in the  
avian  embryo.  

The con t r ibu t ion  of the  somit ic  and somat ic  pla te  meso- 
de rm cells to the  d i f fe rent  s t ruc tures  is analogue to t h a t  
which  has been descr ibed for the  deve lopmen t  of the  
ven t ra l  thorac ic  region is and of the  wing of the  avian 
embryo  19 31. 
The cells which were found to have  emigra ted  f rom the  
ven t ro - la te ra l  edge of the  d e r m a t o m y o t o m e  dur ing  the  
ear ly  d e v e l o p m e n t  of the  body  wall  mus t  have  been in- 
t eg ra ted  into the  muscle b las tema,  since no o ther  s truc-  
tures  of the  ven t ro - l a t e ra l  abdomina l  wall  con ta in  cells 
wi th  qua i l - type  nuclei. 
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Figure 2. A Transverse section 
through a chick embryo at the 
level of the somitic graft after a 
post-operative incubation period 
of 2 days. Large arrow: myotomic 
cells with quail-type nuclei. Small 
arrows: single cells with quail-type 
nuclei within the mesenchyme of 
the body wall. Feulgen-Rossen- 
beck reaction, post-stained with 
light green. B Ventral part of the 
m.obliquus abdominis internus 8 
days after substitution of chick 
somites by an equal graft from a 
quail embryo. Arrows mark quail 
nuclei of myotubes. Asterisks: 
chick nuclei of connective tissue 
cells bordering the muscle primor- 
dia (fascia). Feulgen-Rossenbeck 
reaction, post-stained with light 
green, C ventral part of the m. 
transversus abdominis 8 days after 
substitution of chick somites by an 
equal graft from a quail embryo. 
Large arrows mark the border 
between muscle and tendon. Small 
arrows: quail-type nuclei of myo- 
tubes. Asterisks: chick nuclei of 
the tendinous cells. Feulgen-Ros- 
senbeck reaction, post-stained with 
light green, 


