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e i the r  0.25 mg  or 0.50 m g  c rys ta l l ine  cyp ro t e rone  ace t a t e  
(CYP A) p laced  d i rec t ly  on  t he  blas todisc .  A n o t h e r  2 
g roups  received e i the r  0.25 m g  or 0.50 mg  C Y P  A sus- 
p e n d e d  in sesame oil. A con t ro l  g roup  received on ly  t he  
sesame oil. P r e p a r a t i o n s  in  so lu t ion  were even ly  admin i s -  
t e red  o n t o  t he  en t i r e  b la s tod i sc  w i t h  t he  aid of a t u b e r -  
cu l in  syringe.  

I n  t he  r e m a i n i n g  3 g roups  a sma l l  hole was p laced  in t he  
b l u n t  end  of t he  egg w i t h  a n  egg punch .  A 21 gauge 
needle  a t t a c h e d  to  a syr inge  c o n t a i n i n g  t he  s u b s t a n c e  to 
be  in jec ted  was p laced  in to  t h i s  open ing  and  passed  
t h r o u g h  t he  a i r  sac i n to  t he  yo lk  sac where  t he  so lu t ion  
was deposi ted .  1 g roup  rece ived  0.50 mg  C Y P  A sus- 
p e n d e d  in sesame oil a n d  a n o t h e r  rece ived  ha l f  th i s  dosage 
or  0.25 mg. A con t ro l  g roup  rece ived  on ly  t he  sesame oil 
vehicle.  Fol lowing a d m i n i s t r a t i o n  of t he  t e s t  subs tances ,  
t he  open ings  in t he  eggs were sealed w i t h  scotch  tape .  
The  eggs were r e t u r n e d  to  t h e  i n c u b a t o r  un t i l  t h e  end  of 
t h e  5 th  day  of i n c u b a t i o n  (Stages  24-27 n)  a t  wh ich  t ime  
t h e  e m b r y o s  were r e m o v e d  a n d  examined .  

Results. The  resu l t s  of th i s  i n v e s t i g a t i o n  are l is ted in the  
a c c o m p a n y i n g  tab le .  Chick  e m b r y o s  exposed to  c rys ta l -  
l ine C Y P  A h a d  a h i g h  inc idence  of m o r t a l i t y ,  especial ly  
those  exposed to  0.50 m g  (87.5%).  Exposu re  to C Y P  A 
suspended  in sesame oil and  p laced  d i rec t ly  above  t he  
e m b r y o  resu l ted  in 80% a n d  100% m o r t a l i t y  in  e m b r y o s  
rece iv ing  0.25 m g  a n d  0.50 mg, respect ive ly .  E v e n  sesame 
oil cont ro l s  d id  n o t  escape t h e  h i g h  m o r t a l i t y  ra te .  The  
in j ec t ion  of C Y P  A in to  t h e  yo lk  sac resu l ted  in a signifi- 
c a n t  decrease  in t he  n u m b e r  of e m b r y o  d e a t h s  w h e n  
c o m p a r e d  to e m b r y o s  t r e a t e d  d i rec t ly .  On ly  3 of t he  24 
e m b r y o s  exposed  to 0.25 m g  C Y P  A failed to  r e a c h  5 days  
of e m b r y o n i c  life. 50 % of those  rece iv ing  0.50 mg  m a n a g e d  
to  surv ive .  No d e a t h s  were obse rved  in t he  19 e m b r y o s  
rece iv ing  in jec t ions  of sesame oil in to  t he i r  yo lk  sac. 

Discussion. Cypro te rone  ace t a t e  exer t s  i ts  a n t i a n d r o g e n i c  
effects  b y  c o m p e t i t i v e l y  i n h i b i t i n g  t he  ac t ion  of a n d r o g e n s  
a t  t a r g e t  si tes TM. The  d a t a  p r e sen t ed  here  shows a signifi-  
c a n t  increase  in ch ick  e m b r y o  m o r t a l i t y  w h e n  C Y P  A is 
p laced  d i rec t ly  on  t he  e m b r y o  in e i the r  a c rys ta l l ine  fo rm 
or su spended  in so lu t ion  w h e n  c o m p a r e d  to t h a t  of em-  
b ryos  exposed  to  t he  same  c o n c e n t r a t i o n s  of t he  chemica l  
in j ec ted  i n to  t he  yo lk  sac. These  resu l t s  dif fer  f rom those  
of Cap lan  4 who  obse rved  t h a t  t he  in j ec t ion  of n ico t in -  
amide  ana logs  in to  t he  yo lk  sac of ch ick  e m b r y o s  r e su l t ed  
in a m u c h  h ighe r  m o r t a l i t y  r a t e  t h a n  in those  in wh ich  
t h e  chemica ls  were p laced  t h r o u g h  a w i n d o w  in t he  egg 
d i rec t ly  on  t he  embryo .  A n o t h e r  r e p o r t  a p p e a r e d  in 
wh ich  specific sugars  p laced  d i rec t ly  a b o v e  t he  ch ick  
embryo ,  exh ib i t ed  a lesser degree of m o r t a l i t y  t h a n  did  
con t ro l  e m b r y o s  13. 
These  conf l ic t ing  r epo r t s  could  be  due  to  t he  f ac t  t h a t  
these  d i f fe ren t  chemica l  agen t s  h a v e  d i f f e ren t  a b s o r p t i v e  
r a t e s  in t he  chick  embryo .  The  fac t  t h a t  even  sesame oil, 
w h e n  p laced  d i rec t ly  over  t he  e m b r y o  in t he  p r e s e n t  
s tudy ,  resu l ted  in such  a h i g h  inc idence  of m o r t a l i t y  sug- 
gests  t h a t  the  mere  we igh t  of a s u b s t a n c e  re s t ing  on  t h e  
deve lop ing  b las tod isc  m a y  be  respons ib le  for r e s t r i c t ing  
t he  g r o w t h  of t h e  e m b r y o  a n d  r e s u l t a n t  dea th .  A p p l y i n g  
t he  t e s t  s u b s t a n c e  d i rec t ly  to  t he  e m b r y o  m i g h t  a l low for 
more  r ap id  a b s o r p t i o n  t h a n  v ia  t he  yo lk  sac a n d  m i g h t  be  
t he  m e t h o d  of choice where  on ly  sho r t  exposure  to  a d rug  
is requi red .  S tudies  us ing  d i f fe rent  chemica l  agen t s  are  
d i f f icul t  to  equa te .  I t  is necessary,  therefore ,  t h a t  a s t an -  
da rd  t e c h n i q u e  of e v a l u a t i n g  the  t ox i c i t y  or  t e r a togen i c i t y  
of chemica l  agen t s  on  t he  ch ick  e m b r y o  be  employed .  
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Summary. Chlorel la  cells, sea u r c h i n  eggs and  P a r a m e c i u m  were e m b e d d e d  in f ib r in  gel wh ich  was fo rmed  b y  f ibr ino-  
gen- f ib r in  conve r s ion  in t he  p resence  of t h r o m b i n .  The  e m b e d d e d  Chlore l l a  cells r e t a i n  t he  ab i l i t y  of p h o t o s y n t h e s i s  
b y  i l lumina t ion .  The  e m b e d d e d  sea u rch in  eggs deve lop  to  n o r m a l  b l a s tu l ae  a n d  gas t ru lae .  Samples  of P a r a m e c i u m  
su rv ive  for more  t h a n  severa l  h b e a t i n g  t h e i r  cilia. I t  is sugges ted  t h a t  th i s  t e c h n i q u e  of f ix ing l iv ing  cells is useful  for 
h a n d l i n g  free cells as a mass  l ike a t issue,  and  for ho ld ing  free cells in  mic rurg ica l  expe r imen t s .  

I n  p rev ious  repor t s ,  immob i l i zed  aspa rag inase  and  im- 
mobi l ized  adenos ine  t r i p h o s p h a t a s e  were p r e p a r e d  b y  
e m b e d d i n g  t h e m  in f ib r in  p o l y m e r  b y  f ib r inogen- f ib r in  
conve r s ion  in  t he  presence  of t h r o m b i n  1, 2. The  p r inc ipa l  
a d v a n t a g e s  of f ib r in  p o l y m e r  as a m a t r i x  are aa follows; 
t he  p o l y m e r i z a t i o n  of f ib r in  f rom f ib r inogen  proceeds  b y  
a d d i n g  t h r o m b i n  u n d e r  phys io log ica l  cond i t ions  (neu t ra l  
p H  a n d  room t e m p e r a t u r e )  a n d  b lood  coagu la t ion  fac to r  
X l I I  serves  as a c ross - l ink ing  r e a g e n t  be t w een  f ib r in  
molecules.  I n  t he  p r e s e n t  paper ,  t he  a u t h o r s  succeeded in 
f ix ing  l iv ing  cells such  as Chlorel la ,  sea u rch in  eggs a n d  
P a r a m e c i u m  in  f ib r in  m e m b r a n e  or  b lock  o f  f ib r in  gel 
w i t h o u t  i m p a i r i n g  t h e i r  func t ions .  
Materials and methods. H u m a n  f ib r inogen  was o b t a i n e d  
f rom p l a s m a  b y  t h e  m e t h o d  of B lombt t ck  a n d  BlombAck 8, 

a n d  h u m a n  t h r o m b i n  was gif ted f rom the  Green  Cross 
Coopera t ion .  Chl0rel la  e l l ipsoidea cells were g rown p h o t o -  
a u t o t r o p h i c a l l y  a t  25 ~ b y  t he  m e t h o d  of T a m i y a  e t  al. *. 
Egg a n d  s p e r m  were o b t a i n e d  f rom the  sea  u rch in ,  
H e m i c e n t r o t u s  pu lche r r imus .  Spec imens  of P a r a m e c i u m  
c a n d a t u m  rea red  in h a y  infus ion  a t  20~ were used. 
F ix ing  sea u r c h i n  eggs in f ib r in  gel was  car r ied  o u t  as 
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follows: in a p las t ic  Pe t r i  dish,  a d rop  of suspens ion  of 
fer t i l ized eggs was mixed  wi th  0.2 ml  of sea w a t e r  con-  
t a i n i n g  0.5, 1 or 2% f ibr inogen.  T h e n  0.01 ml  of t h r o m b i n  
so lu t ion  (25 IU/ml )  was  added  to  the  mix tu re ,  w h i c h  was 
t h r o u g h l y  mixed  w i t h  a glass rod. Fer t i l ized  eggs w i t h  
fe r t i l i za t ion  m e m b r a n e ,  as well  as those  w i t h o u t  m e m -  
b rane ,  were used.  Fo r  r e m o v i n g  t he  m e m b r a n e ,  eggs were 
t r e a t e d  w i th  1 M u rea  so lu t ion  for 4 ra in  sho r t l y  a f t e r  
i n semina t ion .  Spec imens  of P a r a m e c i u m  were e m b e d d e d  
in a s imi lar  way.  O b s e r v a t i o n  was m a d e  w i t h  a N ikon  
i n v e r t e d  microscope  t h r o u g h  the  f la t  b o t t o m  of P e t r i  dish.  
F i x i n g  Chlorel la  ceils in  f ib r in  m e m b r a n e  was pe r fo rmed  
as descr ibed  p rev ious ly  2. To a m i x t u r e  of 2:5% f ib r inogen  
(1.5 ml) a n d  cell suspens ion  (0.1 ml) was  added  0.04 ml  of 
t h r o m b i n  (80 IU/ml )  a n d  k e p t  s t a n d i n g  for 30 m i n  a t  
r oom t e m p e r a t u r e  a n d  pressed  to  0.4 m m  th ickness .  
M e a s u r e m e n t  of oxygen  p r o d u c t i o n  f rom the  f ib r in  m e m -  
b r a n e  c o n t a i n i n g  Chlorel la  cells b y  i l l umina t i on  was car-  
r ied ou t  w i t h  a Clark  oxygen  e lec t rode  in a closed p las t i c  
c h a m b e r  a t  37 ~ wi th  c o n s t a n t  s t i r r ing.  
Results.  Chlorel la  cells e m b e d d e d  in f ib r in  m e m b r a n e  
p roduced  oxygen  w h e n  i t  was  i l lumina ted ,  and  t he  oxygen  
p r o d u c t i o n  s t opped  w h e n  t he  l igh t  was  p u t  off (curve B 
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Fig. 1. Oxygen production by illumination of Chlorella cells (8 ~g 
chlorophyll/ml) suspended in 40 mM phosphate buffer (pH 7.0) 
containing 0.1 M NaCl(curve A) and embedded in fibrin membrane 
(curve B) 22~ 

in f igure 1). T h e  full  a c t i v i t y  of oxygen  p r o d u c t i o n  b y  
i l l u m i n a t i o n  was obse rved  even  a f t e r  t h e  m e m b r a n e  was  
k e p t  in  t h e  m e d i u m  severa l  h. T h e  Chlorel la  cell suspen-  
sion of t h e  same c o n c e n t r a t i o n  p roduced  oxygen  b y  l igh t  
as shown  b y  curve  A in t h e  same figure.  T h e  ra t e  of 
oxygen  p r o d u c t i o n  of cells e m b e d d e d  in f ib r in  m e m b r a n e  
was smal le r  b y  on ly  30% t h a n  t h a t  of Chlorel la  suspen-  
sion. This  m a y  be  due  to  t h e  phys i ca l  effects,  such  as 
ef fec t iveness  in  t h e  a b s o r p t i o n  of l igh t  b y  cells an d  diffu- 
sion of oxygen  in to  t h e  med i u m.  T h e  a b s o r p t i o n  s p e c t r u m  
of Chlorel la  cells e m b e d d e d  in f ibr in  m e m b r a n e  was in 
good a g r e e m e n t  in peak  pos i t ion  w i t h  t h a t  of free suspen-  
sion of ceils. T h e  fac t  m e n t i o n e d  a b o v e  m a y  ind ica te  t h a t  
f ib r in  m e m b r a n e  ac t s  as a m a t r i x  su i t ab le  for ho ld ing  t he  
Chlorel la  cells w i t h o u t  i m p a i r i n g  t he i r  ab i l i t y  for p h o t o -  
synthes is .  
Sea u rch in  eggs w i t h  fe r t i l iza t ion  m e m b r a n e  e m b e d d e d  in 
f ibr in  gel n o r m a l l y  deve loped  to  b l a s tu l ae  a n d  gas t ru lae  
(figure 2a),  i r respec t ive  of t h e  c o n c e n t r a t i o n s  of f ib r in  
used in t h e  p r e s e n t  ex p e r i men t .  The  la rvae  were swim- 
ming  in n a r r o w  spaces  enclosed b y  f ib r in  gel. Cleavage of 
t h e  egg w i t h o u t  m e m b r a n e  e m b e d d e d  in f ib r in  gel was  
modi f ied  : e longa t ion  of t h e  cell d u r i n g  c leavage  was more  
or  less i m p e d e d  b y  t h e  presence  of t h e  f ib r in  gel as shown 
in f igure 2 b  (compare  w i t h  eggs in n o r m a l  sea w a t e r  
s h o w n  in f~gure 2c). Some eggs e m b e d d e d  in 1.6% f ib r in  
gel d id  n o t  divide,  whi le  eggs e m b e d d e d  in 0.4 or 0 .8% 
f ibr in  gel deve loped  to  b l a s tu l ae  t h o u g h  t h e  bals tocoels  
were smal le r  t h a n  those  in n o r m a l  b l a s tu l ae  in  sea water .  
Cont ro l  eggs w i t h o u t  m e m b r a n e  in sea w a t e r  did n o t  
deve lop  to b l a s t u l a  because  b l a s t o mere s  were sepa ra t ed  
w i th  one a n o t h e r  owing to t h e  absence  of hy l ine  layer.  
Some samples  of P a r a m e c i u m  e m b e d d e d  in f ib r in  gel were 
s w i m m i n g  in n a r r o w  spaces  a r o u n d  t h e m ,  while  some 
Others were comple t e ly  e m b e d d e d  in t h e  gel w i t h  no  free 
space a r o u n d  t h e m .  Most  samples  w i t h  a free space 
a r o u n d  t h e m  c o n t i n u e d  s w i m m i n g  for  more  t h a n  5 h and  
a few for  more  t h a n  20 b. The  microscopic  a p p e a r a n c e  of 
cells was  scarcely  impa i r ed  b y  t h e  presence  of f ibr in  gel 
a r o u n d  t h e m ,  because  f ib r in  gels were a l m o s t  t r a n s p a r e n t  
a n d  h o m o g e n e o u s  in t h e  c o n c e n t r a t i o n s  used  in t h e  pre-  
sen t  ex p e r i men t .  Never the less ,  f ib r in  gels were  suff ic ient ly  
st iff  to  ho ld  t h e  cell. Th i s  fac t  m a y  p rov ide  a n  exce l len t  
t e c h n i q u e  for ho ld ing  single cells d u r i n g  m i c r o m a n i p u l a -  
t ion ,  such  as inse r t ion  of microneedles ,  mic rop ipe t t e s  a n d  
microelec t rodes .  

Fig. 2. Fertilized eggs of the sea urchin, Hemicentrotus pulcherrimus embedded in fibrin gel. a) Larvae developing in 0.8% fibrin gel (22.3 h 
after insemination at 18 ~ b) Eggs without fertilization membrane cleaving in 0.8% fibrin gel (1.3 h after insemination at 20 ~ c) Eggs 
without fertilization membrane cleaving in sea water (1.3 h after insemination at 20~ • 300. 


