
378 Specialia EXPERIENTIA 32/3 

2/3rds of the  u re th ra  a l though none was observed in the  
dis tal  por t ion  below the  level of the  sphincter  u re thrae  
muscle. In  the  male,  f luorescent  cells occurred in tha t  
region of the  pros ta t ic  u re th ra  ex tending  from just  below 
the  in ternal  u re thra l  meatus  to the  poin t  of en t ry  of the  
e jacula tory  ducts.  In  all specimens examined  no fluores- 
cent  cells were observed in dis tal  par ts  of the  urethra.  

E lec t ron  microscopy of female  ure thra l  epi the l ium 
revealed numerous  ceils which could be dis t inguished by  
thei r  con ten t  of dense, cy toplasmic  granules (Figure 2). 
The  granules var ied  ill d iamete r  f rom 80 nm to 100 nm 
and each was bound by  a membrane  and contained a 

Fig. 2. Electron micrograph of an endocrine-like cell in human female 
urethral epithelium. The cell is characterized by the presence of 
numerous electron dense cytoplasmic granules (80-100 nm diameter). 
• 36,000. 

centra l  electron dense core. Thus cells similar  to those  
described in the  male u re th ra  4 have  now been defined 
electron microscopical ly in the  h u m a n  female.  However ,  
fur ther  s tudy  is required to establish whether  two types  
of granuIe-conta ining cell (as described by  CASANOVA 
et  al. 4) also occur in the  female.  

Collectively,  the  present  observat ions  have  confirmed 
endocrine-l ike ' A P U D '  cells 6 in the  human  urethral  
epi the l ium and have  also established the  dis t r ibut ion of 
these cells in bo th  male  and female specimens. Thei r  
s imi lar i ty  to enterochromaff in  cells of the  a l imen ta ry  
t rac t  raises the  possibi l i ty  t h a t  the  embryological  develop-  
men t  of the  region m a y  expla in  the  presence of this  cell 
type  in the  ure thra l  epi thel ium. On the  assumpt ion  t h a t  
the  ep i the l ium of the  cloaca normal ly  includes entero-  
chromaff in  cell precursors, septa t ion of the  cloaca by  the  
urorectal  sep tum would, therefore,  result  in the  inclusion 
of this type  of cell in the epi the l ium of the  pr imi t ive  
urogenital  sinus. Thus, the  dis t r ibut ion of such cells in 
the adul t  migh t  indicate  those par ts  of the  ur inary  t rac t  
to which the  cloaca d i rec t ly  contr ibutes.  Interest ingly,  
most  embryologis ts  consider as deve lopmenta l ly  analo-  
gous those par ts  of the  male and female ure thra  which 
have  now been shown to possess endocrine-l ike cells. 
Clearly more work is required to ver i fy  this hypothesis  
and fur ther  s tudy  using foetal  mater ia l  is cur ren t ly  in 
progress in this laboratory.  

Final ly,  the  occurrence of this type  of cell in normal  
ure thra l  epi thel ium should be borne in mind when exam-  
ining the  cyto logy of ure thra l  tumours .  The possibil i ty 
exists t h a t  these endocrine-l ike ceils migh t  undergo neo- 
plast ic change similar  to t h a t  known to occur in carcinoid 
and related condit ions of the  a l imen ta ry  t ract .  

6 A. G. E. PEARSE, J. Histoehem. Cytoehem. 17, 303 (1969). 
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Summary. The centra l  and the  peripheral  areas of the  head-fold s tage ra t  embryo  ec toderm develop into both the 
neura l  t issue and the  epidermis  when  graf ted under  the  k idney  capsule of adul t  rats.  

Dur ing gastrulat ion,  t he  p r imi t ive  or  p r imary  ecto- 
de rm of the  ra t  embryo  undergoes a restr ict ion of devel-  
opmen ta l  potential i t ies .  At  the  pre-pr imi t ive  streak, and 
a t  the  ear ly  pr imi t ive  s t reak stages, i t  contains  presump-  
t ive  ceils of all three defini t ive germ layers. At  the  head-  
fold stage, however ,  i t  contains  only the  defini t ive ecto- 
de rmal  and the  p resumpt ive  mesodermal  cells 3, 8. 

The  purpose of the  present  p i lo t  exper iment  has been 
to show whether  the  cent ra l  and the  per ipheral  par ts  of 
the  head-fold stage ra t  embryonic  ec toderm differ in 
the i r  capac i ty  to different ia te  into two major  ec todermal  
der iva t ives :  the  neural  tissue and the  epidermis.  We  
have  previous ly  shown t h a t  a t  this deve lopmenta l  s tage 
the  endoderm + mesoderm combina t ion  a l ready displays 
a regional ly  res t r ic ted capac i ty  to different ia te  into dif- 
ferent  segments  of the  p r imi t ive  gut,  when  t ransp lan ted  
under  the  k idney  capsule of adul t  animals  4. 

P regnan t  females of the  inbred Fischer  s t rain albino 
ra t  were anaesthesized wi th  e ther  on the  gesta t ion day 9 
(at 08.00 h on the  10th day).  Whole  embryos  (embryonic 
shield + ex t ra -embryonic  membranes  + ec toplacenta l  
cone) were isolated f rom the uteri.  They  belonged to the  

1 This investigation was supported by the grant No. IV/3 from the 
Research Foundation of S.R. Croatia, and in part by NIH PL 480 
Agreement No. 02-038-1. 
B. LEVAK-~VAJGER and A. ~VAJGER, Experientia 27, 683 (1971). 
B. LEVAK-SvAIGER and A. SVA/GER, J. Embryol. exp. 1V[orph. 32, 
445 (1974). 

4 A. SVAJGER and B. LEVAK-SVAJGER, J, Embryol. exp. Morph. 
32, 461 (1974). 
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Series Graft No. of cases Neural tissue Epidermis and derivatives Cartilage Bone Skeletal muscle 

I Central area 16 16 11 12 8 6 
II a + IIb Peripheral area 16 16 14 8 2 5 

s tage  15 of NICHOLAS 5, or the  stage 14 of WITSCHI 6. The 
ex t r a -embryon ic  par t ,  t he  p r imi t ive  s t reak  and  the  
Hensen ' s  node areas were cut  off (Figure 1). The pre-  
viously  cup-shaped  egg-cyl inder  was  t r ans fo rmed  into  
a flat,  b i - lobated  shield. In  th is  form the  embryos  were 
t r ea t ed  wi th  enzymes :  0.5% t ryps in  (crystallized, lyo- 
philized, Wor th ing ton)  + 2.5% pal lcreat in  (Difco) in the  
calcium- and  magnes ium-f ree  Tyrode ' s  saline, a t  + 4 ~  
for 30 m i n L  Af te r  th is  t r e a t m e n t ,  the  ec tode rm was 
r emoved  f rom the  under ly ing  layers of t he  embryonic  
shield (endoderm + mesoderm).  The neural  groove was 
clear ly visible as a median  invag ina t ion  of the  ec toderm 
(Figure 2). Subsequent ly ,  t he  ec tode rm was d iv ided into 
3 p a r t s  by  2 cuts  paral lel  w i th  the  neural  groove:  the  
cen t ra l  (anteromedian)  area (I) compriz ing  the  neural  

groove, and 2 per iphera l  areas ( I I a  and I Ib )  compriz ing  
the  ec toderm lateral  to  the  neura l  groove (Figure 3.) (For 
be t t e r  or ienta t ion,  the  cor responding  areas on the  more  
familiar  chick epiblas t  are depic ted  in Figure  4). The 
area I of each embryo  was graf ted  alone, and  the  areas 
I I a  and I I b  were graf ted  close to  one an o t h e r  under  the  
k idney  capsule of syngeneic  adul t  males.  Af te r  15 days,  
the  hos t  animals  were killed and  the  t e r a t o m a s  were 

5 j .  S. NICttOLAS, in The Rat in Laboratory Investigation (Eds. E. J. 
PARRIS and J. A. GRIFFITH; Hafner, New York 1962), p. 51. 

6 D. A. T. NEW, The Culture o/ Vertebrate Embryos (Logos Press, 
London 1966). 
B. LEVAK-SVAJGER, A. SVAJGER and N. SKREB, Experientia 25, 
1311 (1969). 
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Fig. 1. Profile view of the head-foId stage 
rat embryo. Shadowed areas were cut off. 

Fig. 2. Photograph of an embryonic shield 
with the ectoderm almost completely sep- 
arated from the underlying mesoderm + 
endoderm. 

Fig. 3. Diagram of the operation on the 
isolated rat embryonic ectoderm. 

Fig. 4. Diagram of a head-process stage 
chick epiblast. To be compared with Fig- 
ures 1 and 3 for better understanding of 
more intricate topographical relationships 
on the rat embryonic shield. A, amnion; 
All, allantois; Eep, extra embryonic part; 
Hf, head-fold; Hn, Hensen's node; Me, 
mesoderm; Ng, neural groove; Ps, primi- 
tive streak; I, central (anteromedian) area 
of ectoderm; II a andb, peripheral (lateral} 
areas of the ectoderm. 
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isolated, subjected to the  rout ine  histological  procedure,  
and examined  for the  presence of mature  tissues. 

The  results of the  histol9gical  examina t ion  are sum- 
marized in the  Table.  I t  is obvious that ,  in the  present  
exper imenta l  conditions,  the  two areas of the  ec toderm 
do no t  s ignif icant ly  differ in their  capac i ty  to differenti-  
ate into the  neura l  t issue and the  epidermis and its 
der ivat ives .  Quant i ta t ive ly ,  the  dif ferent ia t ion of neural  
t issue was p redominan t  in grafts  of bo th  series. The  pos- 
sible explanat ions  of this feature  (to be fur ther  analyzed 
in a more extens ive  study) are: a) the  cuts, b y  which 
the  ec toderm was divided into 3 areas, did no t  correspond 
to the  demarca t ion  be tween  the  p resumpt ive  neurecto-  
de rm and the  p resumpt ive  epidermis;  b) the 2 develop-  
men ta l  capaci t ies  of the  ec todermal  cells are no t  ye t  
s t r ic t ly  regional ly  res t r ic ted a t  this s tage;  c) the  compe-  
tences of different  areas of the  ec toderm are no t  ye t  

def ini t ively stabil ized;  d) the  a typical  env i ronmen t  has 
led to the  par t ia l  neural izat ion of the la tera l  areas of the  
ec toderm (presumptive  epidermis ?); e) different  com- 
binat ions  of the  above-ment ioned  possibilities. 

We have  previous ly  shown t h a t  the  head-fold stage 
ra t  embryonic  ec toderm still  contains  some prospect ive  
mesodermal  cells a. I n  the  present  exper iment ,  meso- 
dermal  tissues appeared qui te  regular ly  in bo th  series, 
a l though the  graf ted areas of the  ec toderm were lacking 
the regions of in situ immigra t ion  0f prospect ive  meso- 
dermal  cells (pr imit ive streak, Hensen ' s  node). This  can 
be explained by  at  least  2 possibilit ies: a) some cart i lage 
and bone m a y  have  or iginated from the  neural  crest 
cells ( 'mesectoderm') ;  and b) in exper imenta l  conditions,  
the  prospect ive  mesodermal  ceils can segregate and dif -  
ferent ia te  in any area of the  ec toderm ( ' regenerat ion '  of 
the  p r imi t ive  streak). 
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Summary. During ear ly  embryogenesis  of Triturus vulgaris, IRNA and nonhis tone protein contents  of neuroec toderm 
nuclei  change wi th  stage specifically. M a x i m u m  values  were found ill the  late gastrula  after  embryonic  induction,  and 
in the  la te  neurula  wi th  the  format ion  of the  neura l  tube.  The  stage-specific increases of R N A  and nonhis tone  protein 
are  correlated wi th  a preceding increase of Fen lgen -DNA 

In  recent  years muctl  evidence has been accumula ted  
to show t h a t  nonhis tone proteins  par t ic ipa te  in regulat ion 
of t r ansc r ip t ion1  On the  o ther  hand,  studies on synthesis  
and tu rnove r  of nuclear  p recu r so r -RNA led to new 
hypotheses  and models about  the  mechan ism of gene 
expression in eukaryot ic  cells 2. 

F r o m  cy topho tomet r i c  measurements  of Feu lgen -DNA 
con ten t  in var ious  regions and deve lopmenta l  stages of 
Triturus vulgaris, which did no t  agree wi th  the  theory  of 
D N A  constancy,  we made  the  assumpt ion  tha t  the  phase- 

content .  

specific increase of D N A  migh t  cause an enhancemen t  of 
gene ac t iv i ty  ill defini te  regions of the  embryo  3-5. 

Materials and methods. F r o m  small  pieces of neuro- 
ec toderm (from early gastrula  to tai lbud) nuclei  smears 
were prepared as described earlier 4. Nonhis tone  proteins 
were s ta ined for 30 rain wi th  0.1% fast  green F C F  at  
p H  2.0, according to the  procedure of KAYE and McMAs- 
TER-KAYE G. Before s taining nucleic acids were r emoved  
wi th  ho t  TCA (5%, 90~ 15 rain), and then  histories 
were ex t rac ted  by  immers ion of the  slides in 0.1 N HC1 
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Changes of DNA (curve A), RNA 
(curve B) and nonhistone protein 
(curve C) conteilt of neuroecto- 
derm nuclei during development 
ol Triturus vulgaris. Ordinate: 
relative dye content in arbitrary 
units. Abscissa: developmental 
stages (Harrison) and h after fer- 
tilization (18~ The points in 
curve C illustrate the medians 
with the 95% confidence limits. 


