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and examined  histologically.  For  the  t ime  being only a 
p re l iminary  survey  of results will be given. 

The  m a j o r i t y  of grafts (90%) developed into masses of 
normal  embryonic  tissues ranging in shape and size f rom 
small  discs to big tumorous  masses reminiscent  of the  
grafts of the  ent ire  ra t  egg cylinders.  The  only except ion 
was the  isolated endoderm which developed in only 2 out  
of the to ta l  12 grafts. 

The ectoderm dif ferent ia ted  regular ly  into typ ica l  
ec todermal  der iva t ives  (neural tissue, epidermis).  The  
mesodermal  tissues (adipose tissue, cartilage, bone, 
muscle) were also present,  bu t  the i r  incidence was no t  as 
high as in the  grafts of the  e c t o d e r m + m e s o d e r m  com- 
binat ion.  Der iva t ives  of the  endoderm were never  found 
in ec todermal  grafts. 

The  isolated endoderm did not  different ia te  at  all. In  the  
2 successful endodermal  grafts ment ioned  above,  some 
mesodermal  der iva t ives  (cartilage, muscle) were also 
found. I t  was obvious t h a t  in these cases the  endodermM 
layer  was ' con tamina ted '  wi th  some adherent  meso- 
dermal  cells. In  the  grafts of the  endoderm and mesoderm, 
endodermal  der ivat ives  (intestine, respi ra tory  epi thel ium, 
glands) di f ferent ia ted regularly.  

In  grafts of the  isolated mesoderm, the  brown adipose 
tissue was the  most  cons tant  differentiat ion.  I n  some 
grafts, however,  the  der iva t ives  of the  ec toderm and the  
endoderm were also present.  If  grafted in combina t ion  
wi th  the  ec toderm or the  endoderm, the  mesoderm dif- 
fe rent ia ted  into all character is t ic  der iva t ives  which can be 
found in grafts of the  entire egg cylinder.  

The  da ta  repor ted  show tha t  the  c o m m o n  method  of 
' spl i t t ing off '  of epi thel ial  layers f rom the  under ly ing 
mesenchyme by  the  enzymat ic  digestion of thei r  basement  
membranes  can be appl ied wi th  success to the  separat ion 
of germ layers in early ra t  embryos.  This  procedure  does 

no t  affect  e i ther  the  v iabi l i ty  of embryonic  cells or the i r  
abi l i ty  to di f ferent ia te  into normal  tissues in homotyp ic  
grafts. 

The  main  obstacle to a complete  isolat ion of the  entire 
germ layers was the  existence of res t r ic ted areas of inten- 
sive migra t ion  of cells (pr imit ive streak, Hensen ' s  node) 
in which the  germ layers being still in dynamic  cont inu i ty  
wi th  one another  have  no t  ye t  a t ta ined  thei r  individual i ty .  
In  these areas a ' con tamina t ion '  of the  par t icu lar  germ 
layer wi th  adheren t  cells of the  neighbour ing one could 
no t  be excluded. Unde r  these circumstances,  the  histo- 
dif ferent ia t ion in grafts of single germ layers cannot  be 
considered as an adequa te  resul t  of the i r  auto-different ia-  
t ive  capacities.  

I n  the  present  exper iment ,  the  pr incipal  a im of graf t ing 
the  isolated germ layers was to tes t  the i r  v iab i l i ty  and 
general  abi l i ty  for fur ther  development .  In  the  future 
work  special care will  be t aken  to isolate and graf t  only  
the  areas in which the  format ion  of def ini te  germ layers 
has a l ready occurred. 

Rdsumd. Les feuillets du cylindre-ceuf du ra t  out  4t6 
disjoints  pa r  une solut ion compos4e de deux enzymes:  
0,5% de t ryps ine  et  2,5% de pancr6at ine.  La  s6parat ion 
a 6t6 achevge par  une aiguille de tungst6ne.  Les feuillets 
ainsi d6tachfs  re t iennent  leur pouvoi r  de croissance et de 
diff6renciation comme homogreffes,  sous la capsule r6nale. 

]~. LEVAK-NVAJGER, A, ~VAJGER 
and N. ~KREB 

Institute o/Biology, University o/ Zagreb, 
Department of Biology and Department o/Histology 
and Embryology, Faculty o/Medicine, 
Zagreb, p.p 422 (Yugoslavia), 28 July 7969. 

The Role of the Diffusible Factor Released by the 

I t  has previous ly  been repor ted  t h a t  the  gelat inous / 
envelopes around the  oocytes of the  toad  Bu/o arenarum 
contain  a diffusible substance,  readi ly  ex t rac tab le  by  
distil led wate r  or balanced salt  solution, which seems to 
be essential  for fer t i l izat ion 1. Since this  diffusible factor  
is quickly  released f rom the  jelly, i t  has  been assumed 
t h a t  this  principle would ac t iva te  free spermatozoa  before 
they  pene t ra te  the  je l ly  ~. On the  o ther  hand,  some evi-  
dence indicates  a small  molecular  size and a basic charac-  
ter  a. Taking  into account  these properties,  i t  was desir- 
able to inves t igate  if the  role p layed by  the  diffusible 
factor  in fer t i l izat ion could be the  result  of an alkafizing 
effect Oil the  inseminat ion  medium.  Some exper imenta l  
results suppor t ing this assumpt io  n are repor ted  in the  
present  paper.  

Material and methods. Bu]o arenarum oocytes were 
obta ined f rom the  ovisacs of females t rea ted  wi th  suspen- 
sions of homologous hypophysis  preserved according to 
PISAX6 ~. Sperm suspensions (about 10 a eells/ml) were 
prepared  by  di lacerat ing the  testes in 10% amphib ian  
Ringer  solution wi thou t  bicarbonate .  

Resul ts  were es t imated  using the  f e r t i l i z a t i on  ra te  
method,  which consists, essentially, in in te r rup t ing  fer- 
tilization, a t  different  intervals  of t ime  by means  of lauryl  
sulfate ~. After  inseminat ion,  egg cords were immersed  
for 5 sec in 0.1% lauryl  solution followed by  a quick 
wash in t ap  water .  Control  exper iments  showed t h a t  this 

Egg Jelly in Fertilization of the Toad Egg 

t r e a t m e n t  has no harmful  effects on egg development .  
Fu r the r  details will be found in the  descript ion of each 
exper iment .  

Results and discussion. As a first  step, i t  was necessary 
to ascertain whether,  under  normal  conditions,  the  dif- 
fusible factor  had  some influence on the  p t I  of the  
inseminat ing  medium.  In  fact, since var ious products,  
including appreciable  amount s  of proteins,  are s imulta-  
neously released f rom the  jel ly after  immers ion  in water ,  
the  presence of the  diffusible factor  is no t  enough to 
predic t  any  p H  effect on the  surrounding medium.  This 
was inves t iga ted  by  ex t rac t ing  the  diffusible factor  fol- 
lowing the  stepwise procedure as is rout ine ly  performed 
in this laboratory,  and measur ing the  p i t  values  of washin~ 
solutions by means of a Zeromat ic  p H  meter .  About 
2000 oocytes were ex t rac ted  by  3 consecut ive  washes 
wi th  200 ml  of Ringer  solution of 15 rain each, wit t  
occasional gent le  shaking. Under  these conditions,  fer 
t i l izabi l i ty  of washed oocytes decreases progressively 
being comple te ly  lost  a t  the  end of the  last  ex t rac t ion  

i F.D. }~ARBIERI and E. I. VILLEGGO, Areho zool. ital. 57,227 (1966' 
F. D. BARmERI and J. S. RAISMAN, Embryologia, 70, 363 (1959: 

a F. D. BARmERI, unpublished data. 
A. PISAN6, Arehos Farm. Bioquim Tucum~n 7, 387 (1956). 

.s B. E. HAGSTR6M and B. HAGSTROM, Expl. Cell Res. 6, 479 (1954 



15. 12. 1969 Specialia 1313 

as seen f rom the  w a s h e d  cont ro l s  in  a f u r t h e r  series of 
expe r imen t s .  The  resu l t s  r ecorded  in t h e  Tab le  show the  
v a r i a t i o n  of p H  p roduced  b y  t he  presence  of oocy te  
s t r ings  of  B. arenarum, which  e x h i b i t e d  a n  a lka l iz ing  
capac i ty .  These  plaI changes  were  de t ec t ed  w i t h i n  t he  
f i rs t  m i n u t e  and  k e p t  c o n s t a n t  as long as eve ry  e x t r a c t i o n  
s tep  las ted,  I t  is e v i d e n t  f rom t he  d a t a  o b t a i n e d  t h a t  
t he  a lka l i z ing  capac i t y  of t he  s t r ings  decreases  s tep  b y  
s tep  as t h e y  are  s u b m i t t e d  to  r epea t ed  ex t rac t ions .  

T h e  n e x t  s tep  was to  i nves t i ga t e  w h e t h e r  fer t i l iza-  
b i l i ty  of oocytes  l ack ing  t he  dif fusible  f ac to r  could be  
res to red  b y  rep lac ing  th i s  c o m p o n e n t  of n o r m a l  fer t i l iza-  
t ion  b y  some o t h e r  bas ic  subs tance .  To t e s t  this ,  t h e  
r ecove ry  of oocytes  e x t r a c t e d  w i t h  R i n g e r  so lu t ion  was 
a t t e m p t e d  b y  a d j u s t i n g  t he  p H  of t he  i n s e m i n a t i n g  
m e d i u m  b y  m e a n s  of inorgan ic  salts.  Def in i t e  pFI va lues  
were o b t a i n e d  b y  s imple  a d d i t i o n  of 0 . 0 5 M  N a H C O  s or 

pH changes following immersion of oocyte cords in Ringer solution 

I st extraction 2 nd extraction 3 rd extraction 
Experi- Initial Final Initial Final Initial Final 
ment No. pH pH pH pH pH pH 

1 5.3 7.1 5.3 6.4 5.3 6.0 
2 5.3 6.9 5.3 6.2 5.3 5.8 
3 5.3" 6.9 5.4 6.1 5.6 5.8 

Initial pH refers to pH values of Ringer solution as determined 
immediately before each extraction. 
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Fig. 1. Rates of fertilization of washed oocytes inseminated in 
Ringer solution at different pFI values (as determined before each 
experiment). 'Washed controls' and ooeytes inseminated at pH 7 
gave 0% fertilized eggs after 30 rain of insemination. 
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Fig. 2. Rates of fertilization of washed oocytes inseminated in 
Ringer solution at pH 9 adjusted either with O.05M NaHCO 3 or 
0.05M Na3PO 4 and 0.05M Na~HPO 4. 'Washed controls' gave 0% 
fertilized eggs after 30 rain of insemination. 

0.052VI Na~CO 3 to  R i n g e r  solut ion.  Oocyte  cords  were  
washed  as p rev ious ly  descr ibed,  and  t h e n  i m m e r s e d  in 
R inge r  so lu t ion  a t  a def in i te  p H  va lue  for  5 min.  In semi -  
n a t i o n  was p e r f o r m e d  in a s epa ra t e  b e a k e r  c o n t a i n i n g  
sal ine a t  t h e  same  pH,  t h e  cord  a n d  a m i n i n l u m  v o l u m e  
of spe rm suspens ion  be ing  s i m u l t a n e o u s l y  added.  Af te r  
s t opp ing  fe r t i l i za t ion  a t  d i f fe ren t  i n t e rva l s  b y  m e a n s  of 
l au ry l  sulfate,  each  s t r ing  was washed,  i m m e r s e d  in 
R i n g e r  solut ion,  and  k e p t  a t  r oom t e m p e r a t u r e  un t i l  
c leavage  occurred.  As controls ,  n o r m a l  a n d  w a s h e d  
oocytes  were i n s e m i n a t e d  in  o r d i n a r y  R i n g e r  so lu t ion  
(pH 5.4-6.2),  u n d e r  iden t i ca l  condi t ions .  Curves  repre-  
sen ted  in F igure  i show the  r ecovery  of oocytes  l ack ing  
t h e  diffusible  factor ,  as well  as t he  dependence  of t h e  
r a t e  of fe r t i l i za t ion  upon  t h e  p H  of t h e  i n s e m i n a t i n g  
med ium.  I n  no case could w a s h e d  oocytes  be  r ecovered  
b y  i n s e m i n a t i n g  in R i n g e r  so lu t ion  a t  p H  7. T h o u g h  
cons iderab le  differences  were found  b e t w e e n  d i f fe ren t  
b a t c h e s  of gametes ,  r e la t ive  va lues  were  cons i s t en t l y  
observed .  

I n  order  to  p rove  t h a t  t he  resu l t s  r epo r t ed  above  were  
solely due  to a p H  effect, i t  was  des i rab le  to  a t t e m p t  t h e  
r ecove ry  of washed  oocytes  b y  m e a n s  of some o t h e r  sal t .  
Fol lowing t he  same  e x p e r i m e n t a l  procedure ,  a b a t c h  of 
oocytes  was i n s e m i n a t e d  in sal ine b r o u g h t  up  to  p H  9 
w i t h  0 . 0 5 M  NaaPO ~ a n d  0 . 0 5 M  N a 2 H P O  ~ as c o m p a r e d  
w i t h  a second b a t c h  i n s e m i n a t e d  in sal ine b rough~ up  
to t he  same  p H  va lue  w i t h  0 . 0 5 M  NaHCOa.  Contro ls  
were t he  same  as r epo r t ed  above .  I n s e m i n a t i o n  in t he  
presence  of p h o s p h a t e  also resu l ted  in  m a r k e d  r ecove ry  
of washed  oocytes  as i nd i ca t ed  b y  t he  curves  express ing  
t he  r a t e s  of fe r t i l i za t ion  (Figure 2). 

T a k i n g  in to  a c c o u n t  t he  fac t  t h a t  t he  diffusible  f ac to r  
is r ead i ly  re leased f rom the  oocy te  cords,  as well  as i ts  
bas ic  c h a r a c t e r  in c o n j u n c t i o n  w i t h  t h e  resu l t s  r epo r t ed  
above ,  a p r e l i m i n a r y  e x p l a n a t i o n  conce rn ing  i ts  role in 
fe r t i l i za t ion  m a y  be  a t t e m p t e d .  As a h i g h  c o n c e n t r a t i o n  
of t he  diffusible  f ac to r  is to  be expec ted  i m m e d i a t e l y  
a r o u n d  t he  oocyte  cords  as soon as t h e y  are shed  in to  
t he  water ,  a s u d d e n  rise of p H  should  occur  v e r y  close 
to t he  surface  of t he  je l ly  mate r ia l .  A s s u m i n g  t h a t  th i s  
p H  change  is r equ i red  for  a v e r y  sho r t  per iod  of t i m e  
only, j u s t  to  assure  t he  a t t a c h m e n t  of free s p e r m a t o z o a  
to the  surface  of t he  je l ly  coat,  t h e  diffusible  f ac to r  would  
be  able  to  ac t  before  i ts  s u b s e q u e n t  d i lu t ion  in t h e  insemi-  
n a t i n g  med ium.  

I t  ha s  been  r epo r t ed  t h a t  Ciosa intestinalis spe rma-  
tozoa  in t he  presence  of sea w a t e r  a t  p H  9-10  exh ib i t  
effects s imi la r  to  those  p roduced  b y  a fer t i l iz in  solut ion.  
Th i s  fact ,  however ,  does n o t  seem to  h a v e  b e e n  con-  
s idered in connec t ion  to tt~e fe r t i l i za t ion  r eac t i onL  

Resumen. Los e x p e r i m e n t o s  descr i tos  i nd i can  que  el 
f ac to r  d i fus ible  de las cub ie r t a s  ge la t inosas  de los ovo-  
ci tos de Bu/o are~mr.z*m ac t i va r f a  a los e spe rma tozo ides  
a t r av6s  de un  efecto a lca l in izan te  sobre  el medio  de 
inseminac idn .  
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