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Fig. 2. Cells of the same tumor. A nucleus contains several mitochon- 
dria (arrows) and vesicles. The perinuclear space is markedly dilated 
and the chromatin is not yet reduced to a marginal zone of the nucleus 
showing that this ceil is at early interpbase. In the cytoplasm mito- 
ehondria and numerous vesicles, the same found in the nucleus, are 
scattered. • 12,790. 

Fig. 3. A swollen and altered intranuelear mitocbondria with the single 
thicker membrane and matrix areas of lesser density, containing pro- 
minent fine filamentous components and opaque aggregates. Such a 
mitochondrion is always separated by a halo area of medium density 
from the nucleoplasm. • 59,680. 

at ion,  or inclusion wi th in  t he  nuclear  envelope a t  ana-  
te lophase  m a y  have  been  induced.  We found these  
s t ruc tures  mos t ly  in t he  ceils a t  early in terphase .  Fur-  
thermore ,  an evidence of seizing of the  mi tochondr i a  by  
a rap id  and  abnormal  fusion of the  numerous ,  c o m p a r a -  
t ive ly  large vesicles, in which  some of t h e m  were adher ing  
to  the  coalescent  ch romosomal  masses  and mi tochondr ia ,  
dur ing the  course of t he  re fo rmat ion  of the  nuclear  
envelope s a t  ana- te lophase ,  was ob ta ined  (Figure 1). We, 
therefore ,  emphas ize  the  impor t ance  of the  seizing at  
ana- te lophase  as the  m o s t  l ikely mechanism:  Observa-  
t ion  of sequent ia l  a l te ra t ions  of the  in t ranuc lear  m/ to-  
chondr ia  shows t h a t  mi toehondr i a  can survive for several  
hours,  and  f inal ly go into dis in tegrat ion,  in the  abnorma l  
condi t ion  of t he  nucleus, in t he  res t ing cell stage.  The 
features  of the  al tered mi tochondr i a  closely resemble  those  
of yeas t  mi tochondr i a  under  anaerobic  condi t ions  and of 
mi tochondr i a  f rom rapid ly  growing root  t ip  of t he  broad 
bean, Vicia [aba 2. I t  is especially in teres t ing  to note  t h a t  
in these  cells t he  mi tochondr i a  have  p r o m i n e n t  D N A  
fi laments .  The presence  of the  in t ranuc lear  mi tochondr i a  

and  the i r  possession of a genet ic  mater ia l ,  DNA,  m a y  
influence some of t he  proper t ies  of cancer  cells". 

Zusammen/assung. In  K e rn en  t r ansp l an t i e r t e r  Tumor-  
zellen, die aus adrenocor t ika lem Carcinom des syr ischen 
Goldhamste r s  s t a m m e n ,  wuJcden hguf ig  Mi tochondr ien  
und  kleine Blgschen festgestel l t .  Diese S t ruk tu ren  wurden  
in Ana te lophase  yon  K e rn en  u mg eb en  und  innerha lb  eines 
Zellenzyklus werden  die e ingekreis ten Mi tochondr ien  
a l lmghl ich im Kern  aufgel6st.  
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In Vitro Fertilization of the Mongolian Gerbil Egg 

H e a t e d  bovine  follicular fluid (BFF) is r epo r t ed t - a  to 
endow ep id idymal  spe rma tozoa  f rom mice and  hams te r s  
wi th  t he  capac i ty  to pene t r a t e  homologous  eggs in vitro.  
This success p r o m p t e d  an a t t e m p t  to achieve in v i t ro  
capac i ta t ion  and  fer t i l izat ion for Mongolian gerbil  gametes  
in t he  presence  of B F F ;  unusual ly  h igh  i r rad ia t ion  re- 
sistance,  exhib i ted  even by  the  early zygote,  makes  th is  
roden t  a sub jec t  of par t icu lar  exper imenta I  in teres t  4, 5. 

Mature  female Mongolian Gerbils were superovu la ted  
by  in ject ion of 20-40 IU  PMS (Equinex,  Ayerst)  and  
48-52 h later  10 IU  HCG (APL, Ayerst) .  Eggs  were  
recovered f rom the  oviduct  13-15 h ~after HCG inject ion 
in the  m a n n e r  descr ibed by  YANAGIMAcHi and  CHANO 6. 
A sperm suspens ion  was p repa red  by  cu t t ing  the  cauda  
ep id idymis  and  press ing out  t he  spe rmatozoa  in a wa tch-  

glass, con ta in ing  0.5 ml  of Tyrode ' s  solut ion;  there  were 
15-20 • 106 spe rm cells/ml in th is  suspension.  B F F  was  
col lected by  means  of a steri le syr inge f rom large follicles 
in ovaries f rom freshly  s laughtered  cows. The fluid was 
cent r i fuged at  2.500 r p m  (800 • for 15 rain and  s tored 
a t  - -4  ~ Before incuba t ion  B F F  was h ea t ed  as descr ibed 
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Different stages of in vitro fertilized Mongolian gerbil eggs. a) Unfertilized egg; approximately • 400. b) Sperm entering the zona pel- 
lucida; approx. • 400. c) Spermatozoon in perivitelline space; approx. • 320. d) Emission of the second polar body; approx • 320. 
e) Two sets of ehromatin present in the egg; approx. • f) Firsteleavage stage; approx. • 320. 

Fertilization of Mongolian gerbil eggs in the presence of bovine follicular fluid 

Time after insemination Culture media Eggs Stage of penetrated eggs 
(%) 

(h) Total No. examined Penetrated 
(%) Z.p. penetrated PVM penetrated PN 

0-3 B F F +  

Tyr. 35 29 90 0 

Tyr. 12 0 0 0 

4-6 B F F §  

Tyr. 35 54 37 53 

Tyr. 10 40 50 50 

7-9 B F F +  

Tyr. 36 14 60 20 

Tyr. 28 4 3 0 

Total B F F +  

Tyr. 106 32 ~ 

Tyr. 50 10 

10 

0 

10 

0 

20 

0 

~Statistical analysis significant 0.01 > P > 0.005; X ~ = 7.69, 
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b y  YANAGIMACHI 3. 10--50 ~1 h e a t e d  B F F  was used to  
i ncuba t e  f reshly  col lected eggs. A n  equa l  v o l u m e  of t he  
spe rm suspens ion  was added  to  th i s  p r epa ra t i on .  Ty rode ' s  
so lu t ion  rep laced  B F F  in t he  con t ro l  m e d i u m .  T he  f luid 
c o n t a i n i n g  eggs and  spe r m a t ozoa  was covered  w i t h  h e a v y  
mine r a l  oil (Squibb)  a n d  i n c u b a t e d  a t  37 ~ in a n  a tmos -  
phe re  of 5% CO 2 in air.  I n c u b a t i o n  las ted  for 1-9  h. Af te r  
i n c u b a t i o n  t he  eggs were recovered,  m o u n t e d  on  a wax-  
spot-sl ide,  f ixed ill buf fe red  fo rmal in  a n d  s t a ined  w i t h  
l acmoid  7,8. Eggs  cons idered  to  be  p e n e t r a t e d  h a d  
spe rma tozoa  in t h e  zona  pel lucida,  t he  vi te l lus ,  or h a d  
fo rmed  2 pronuclei .  

A t o t a l  of 156 Mongol ian  Gerbi l  eggs were e x a m i n e d  in 
th i s  expe r imen t .  The  F igure  shows var ious  s tages  of 
p e n e t r a t i o n  and  fe r t i l i za t ion  found  a m o n g  ova  p e n e t r a t e d  
b y  s p e r m a t o z o a  in t he  p r e s en t  in  v i t ro  sys tem.  An  
u n p e n e t r a t e d  egg is shown in F igure  a, a n d  p e n e t r a t i o n  
of t he  zona  pe l luc ida  b y  a s p e r m a t o z o o n  Can be  seen in 
F igure  b. The  v i te l lus  has  been  p e n e t r a t e d  and  t h e  second 
polar  b o d y  e x t r u d e d  in t h e  ova  shown  ill F igure  c a n d  d, 
respect ively .  F igure  e shows a n  egg w i t h  2 sets  of c h r o m a t i n  
and  a c leaved egg can  be  obse rved  in F igure  I. 

Eggs i n c u b a t e d  in B F F  + Tyrode ' s  showed a pene t r a -  
t ion  r a t e  of 32% (Table).  "Whereas i n c u b a t i o n  in Ty rode ' s  
a lone was associa ted  w i t h  a 10% p e n e t r a t i o n  ra te .  
Clearly, B F F  has  e n h a n c e d  c a p a c i t a t i o n  of e p i d i d y m a l  
spe rma tozoa  of t h e  Mongol ian  gerbi l  u n d e r  in v i t ro  con- 
di t ions .  The  bes t  p e n e t r a t i o n  r a t e  in  B F F  + Tyrode ' s  was  
a f t e r  4 -6  h i n c u b a t i o n ;  54% of t he  eggs were pene t r a t ed .  
S ign i f i can t  levels of ova  p e n e t r a t i o n  b y  s pe r m a t ozoa  
were ach ieved  in  Ty rode ' s  alone. Th i s  suggests  t h a t  spe rm 
c a p a c i t a t i o n  can  also occur  in  ce r t a in  inorgan ic  so lven ts  
in  vi t ro .  Eggs  e x a m i n e d  in t he  f i r s t  2 h of i n c u b a t i o n  
revea led  t h a t  no s p e r m a t o z o a  h a d  become  a t t a c h e d  or 
h a d  p e n e t r a t e d  t h e  zona  pe l luc ida  in  e i t he r  Ty rode ' s  + 
B F F  or Ty rode ' s  alone.  However ,  as shown  in t he  Table,  
a f t e r  3 h i n c u b a t i o n  29% of t h e  eggs in B F F  + Tyrode ' s  
h a d  been  p e n e t r a t e d ;  90% of t h e  p e n e t r a t e  d eggs h a d  
spe rma tozoa  in t h e  z o n a  pel lucida,  a n d  t h e  r e m a i n d e r  
h a d  a d v a n c e d  to  t he  p r o n u c l e a r  stage. I n  cont ras t ,  i t  m a y  
be  seen t h a t  in  Ty rode ' s  so lu t ion  a lone  no  eggs were 
p e n e t r a t e d  a t  th i s  t ime.  This  suggests  t h a t  e p i d i d y m a l  
spe rma tozoa  of t he  Mongol i an  gerbi l  requi re  a b o u t  2-3  h 

to  c a p a c i t a t e  in v i t ro  in  t he  presence  of B F F .  I n  T y r o d e ' s  
so lu t ion  a lone  t h i s  process  seems to  t a k e  longer.  YANAGI- 
MACHI ~ r epo r t ed  t h a t  h a m s t e r  s p e r m a t o z o a  c a p a c i t a t e  
in  2-4  h w i t h  B F F .  B e t w e e n  4 -6  h of i n c u b a t i o n  in 
B F F  + Tyrode ' s ,  ha l f  t he  p e n e t r a t e d  eggs h a d  spe rma-  
tozoa  in  t he  pe r iv i t e l l ine  space  or in  t h e  v i te l lus  a n d  a b o u t  
10% of t h e m  h a d  fo rmed  pronucle i .  I n  T y r o d e ' s  med ium,  
no  p r o n u c l e a r  eggs could be  found  and  t h i s  is c o n s i s t a n t  
w i t h  a s lower r a t e  of s p e r m a t o z o a  c a p a c i t a t i o n  in th i s  
med ium.  The  pe rcen tage  of eggs in  t he  p r o n u c l e a r  s tage 
doubles  be tween  6-9  h of i n c u b a t i o n  in B F F  + Tyrode ' s .  

Accord ing  to  MARSTON a n d  CHANG 9, in  v ivo  pene t r a -  
t i on  of t h e  Mongol ian  gerbi l  egg beg ins  a p p r o x i m a t e l y  
1 h a f te r  ovu la t ion .  The  f i r s t  p r o n u c l e a r  eggs were found  
2-3 h a f t e r  ovu la t ion ,  t h a t  is 1-2 h a f te r  fe r t i l iza t ion .  This  
agrees r e a s o n a b l y  w i t h  t he  t i m e  course descr ibed  for 
B F F  + T y r o d e ' s  med ium.  B e t w e e n  20-23 h a f te r  ovula-  
t ion  t he  f i rs t  c leavage  occurs  in  v ivo  and  th i s  accoun t s  for 
t he  fac t  t h a t  on ly  1 c leaved  egg was found  ou t  of 39 
p e n e t r a t e d  eggs in th i s  s tudy ,  where  i n c u b a t i o n  did  no t  
e x t e n d  b e y o n d  9 h. Poss ib ly  longer  i n c u b a t i o n  per iods  
would  yie ld  more  c leaved  eggs, s ince i t  appea r s  c leavage  
is poss ible  in these  eggs u n d e r  in  v i t ro  condi t ions .  

Zusammen/assung. Ova  v o n  mongo l i s chen  Wt is ten-  
m/ iusen Meriones unguiculatus (Gerbil l inae) w u r d e n  m i t  
S p e r m a t o z o a  aus  der  E p i d i d y m i s  in  Fot l ikelf l i iss igkei t  
yon  Kt ihen  z u s a m m e n g e b r a c h t .  Es  k o n n t e  gezeigt  wer- 
den, dass  die S p e r m a t o z o e n  w/ ih rend  der  I n k u b a t i o n  in 
d iesem Med ium die F ~ h i g k e i t  e r langen,  in  die Ova  ein- 
zudr ingen .  
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Further  S tudies  on Endothe l ia l  Cel l s  of V e r t e b r a t e s  and the  P r o b l e m  of Endothe l ia l  Granule s  

The  vascu la r  e n d o t h e l i u m  of c o m m o n  l a b o r a t o r y  
a n ' m a l s  ha s  been  t h e  ob jec t  of severa l  f i ne - s t ruc tu ra l  
s tudies  1-5, b u t  less a t t e n t i o n  has  been  g iven  to t he  
cy top la smic  granules  of endo the l i a l  cellsS-S; l i t t l e  work  
was devo t ed  to c o m p a r a t i v e  s tudies  in t h i s  field 9. The  
f ine s t r u c t u r e  of endo the l i a l  cells of 17 species was 
descr ibed b y  us in  a fo rmer  p a p e r  9. I n  t h a t  s t u d y  i t  was 
shown  t h a t  endo the l i a l  granules  are wide ly  b u t  no t  
u n i f o r m l y  d i s t r i b u t e d  a m o n g  ve r t eb ra t e s .  Differences  
were found  w h e n  t he  n u m b e r  of g ranules  ill t h e  c y t o p l a s m  
of endo the l i a l  cells of lower v e r t e b r a t e s  was c o m p a r e d  
w i t h  t h a t  of h ighe r  ve r t eb ra t e s .  These  bodies  were scarce 
a n d  even  a b s e n t  in  t he  e n d o t h e l i u m  of t h e  l a t t e r .  

I n  t he  p r e sen t  ex tens ion  of our  obs e r va t i ons  to  t he  ba t ,  
seal a n d  penguin ,  we were i n t e r e s t ed  in  k n o w i n g  w h e t h e r  
t h e  special  a d a p t i v e  cha rac t e r s  r ep re sen t ed  b y  these  
species are a c c o m p a n i e d  b y  mod i f i ca t ions  of t h e  presence  
and  f r equency  of endo the l i a l  granules .  O b s e r v a t i o n  on  
v e r t e b r a t e s  which,  t h a n k s  to  t h e i r  spec ia l i za t ion  a n d  
a d a p t a t i o n ,  l ive  in  an  e n v i r o n m e n t  u n c o m m o n  for mos t  

species of t he i r  class, is of p a r t i c u l a r  i n t e r e s t  in  th i s  l ine 
of research.  

The  f ine s t r u c t u r e  of t he  a o r t a  endo the l i a l  cells of ba t ,  
seal and  pengu in  is descr ibed  in F igures  1 to  3. A d u l t  
W e d d e l  seals (Leptonichotes weddelli) a n d  'adelie' pengu ins  
(Pygoscelis adelie) of b o t h  sexes were used. These  an ima l s  
were c a u g h t  a t  t h e  Base  E s p e r a n z a  (Hope bay)  rockery  
(lat. 63 ~ 23'  S., long. 59 ~ 59'  W.) in  t he  A n t a r c t i c  peninsula .  
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