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shapes  of t he  m i t o c h o n d r i a  are ova l  or  i l l ipsoid in con tour .  
Some are i r regula r  forms w i t h  focal expans ion  a n d  con- 
s t r ic t ions .  E l o n g a t e d  forms somet imes  d i sp lay  a t e r m i n a l  
i l l ipsoid (Figure 1 a n d  3). B r a n c h i n g  m i t o c h o n d r i a  are 
also seen (Figure 2). Occasional ly ,  a po r t i on  of t he  mi to -  
c h o n d r i a  forms rings.  G i a n t  m i t o c h o n d r i a  are somet imes  
increased  to a few h u n d r e d '  t imes  in v o l u m e  c o m p a r e d  
w i t h  t he  n o r m a l  m i t o c h o n d r i a  (Figure 6). 

The  m o s t  s t r ik ing  fea tu re  of t he  m i t o c h o n d r i a  f rom 
t u m o r  cells is t he  a l t e r a t i o n  of cr is tae.  Some of t h e  cr i s tae  
are  in  para l le l  fash ion  (Figure 4) whi le  o the r s  are in  con-  
cen t r ica l ly  pa i red  m e m b r a n e s  (Figure 5). A few even  show 
a mixed  i r regula r  b i zza r e  a r r a n g e m e n t  (Figures 6 a n d  7). 
Dense  bodies  are occas ional ly  obse rved  w i t h i n  the  mi to -  
c h o n d r i a  (Figure 8). 

Mi tochondr i a ,  as t h e  ' power  house  of t he  cell ' ,  are 
ac t i ve ly  i nvo lved  iri cel lular  ox ida t i on  processes. The  

t r a n s p o r t  of molecules  across t h e  m e m b r a n e s  of mi to -  
c h o n d r i a  a n d  t h e i r  loca l iza t ion  w i t h i n  p a r t i c u l a r  organel les  
are a compl ica ted  process  r equ i r ing  specif ic i ty  of a n  ex- 
ceed ingly  h igh  order.  Because  m i t o c h o n d r i a  are ex t r eme-  
ly sens i t ive  ind ica to r s  of t he  s t a t e  of h e a l t h  of ceils, 
morpholog ica l  modi f i ca t ions  m a y  be  as resu l t s  of p a t h o -  
logical condi t ions .  A t  t h e  p r e sen t  t ime,  we sti l l  do n o t  
u n d e r s t a n d  t he  m e c h a n i s m  of m i t o c h o n d r i a l  a l t e r a t i on  
in t h e  t u m o r  cells; however ,  s t ress  of a n y  k i n d  m a y  be  
expec t ed  to  p roduce  n o t a b l e  s t r u c t u r a l  changesS.  Pleor-  
m o r p h i s m  is also a f ea tu re  of th i s  organel le  even  w i t h i n  
t he  same cell. 
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Summary. M a t u r e  Bu/o arenarum eggs, as well  as b o d y  c a v i t y  oocytes  of t h e  same species, h a v e  been  f o u n d  to  be  fer- 
t i l izable  u n d e r  anae rob ic  condi t ions .  Anae rob ic  fe r t i l iza t ion  was o b t a i n e d  in a m e d i u m  in wh ich  oxygen  was rep laced  
b y  pur i f ied  n i t rogen  a n d  in t he  presence  of a n t i m y c i n  in concen t r a t i ons  assur ing  t he  comple te  b lockage  of r e sp i ra t ion .  

I t  h a s  been  r e p e a t e d l y  po i n t ed  ou t  t h a t ,  u n d e r  anaero-  
bic condi t ions ,  a m p h i b i a n  eggs can  deve lop  a n d  show an  
in tense  glycolyt ic  a c t i v i t y2 - L  On t he  o t h e r  h a n d ,  r ecen t  
work  ha s  shown  t h a t  oocytes  of t h e  a m p h i b i a n  Bu/o 
arenarum show in tense  glycolyt ic  a c t i v i t y  d u r i n g  develop-  
m e n t  to  m a t u r e  eggs (LEGNAME, pe r sona l  c o m m u n i c a t i o n ) .  
S imi lar  obse rva t i ons  h a v e  been  m a d e  b y  FITCH and  
MERRICH S work ing  w i t h  Rana pipiens eggs. As regards  
spe rmatozoa ,  ENGELMAN 9 r epo r t ed  as ear ly  as 1868 t h a t  
a m p h i b i a n  s p e r m a t o z o a  are mot i le  in t h e  absence  of 
oxygen.  Our  l a b o r a t o r y  has  been  in t e re s t ed  in t he  re la-  
t i on  of m e t a b o l i s m  to m o t i l i t y  in s pe r m a t ozoa  f rom the  
species Bu/o arenarum. These  cells r e m a i n  v iab le  for 
cons iderab le  per iods  in t he  absence  of a i r  (DEL Rio ,  
unpubl i shed) .  Since t he  v i ab i l i t y  of game tes  was ma in -  
t a i n e d  u n d e r  anae rob ic  condi t ions ,  i t  was  of f u r t h e r  in- 
t e r e s t  to  d e t e r m i n e  w h e t h e r  fe r t i l i za t ion  could  also occur  
ii 'nder these  condi.t-ions. 

Table I. Effect of anaerobiosis on fertilization of mature eggs 

Fertilization (%) 

Anaerobic Control 

1 s2 (400) 94 (360) 
2 100 (400) 100 (400) 
3 47 (400) 100 (400) 
4 78 (300) 92 (300) 
5 68 (230) 100 (230) 
6 100 (270) 100 (270) 

Mean 4- SE 79 :{: 8.4 97 ~ 1.5 

T h e  n u m b e r  ill pa r en these s  i nd i ca t e  the  n u m b e r  of eggs used  in 
each  expe r imen t .  T h e  s p e r m  c o n c e n t r a t i o n  was  10 8 spe rm/ml .  E a c h  
e x p e r i m e n t  was  p e r f o r m e d  on  eggs a n d  s p e r m  o b t a i n e d  f rom di f fe ren t  
an imals .  

Material and methods. Bu[o arenarum oocytes  were 
o b t a i n e d  f rom females  s t i m u l a t e d  to ovu la t e  b y  in j ec t ion  
of a suspens ion  of homologous  h y p o p h y s i s  a n d  m a i n t a i n e d  
in 10% Ringe r  so lu t ion  a t  p H  7.4 a n d  room t e m p e r a t u r e .  
B o d y  c a v i t y  eggs were o b t a i n e d  in t he  same  m a n n e r ,  
excep t  t h a t  t he  a n i m a l  was sacrif iced 8 h a f t e r  t he  in-  
ject ion.  I n  t h i s  case, t h e  eggs r e m a i n e d  in t he  b o d y  c a v i t y  
and  did  no t  en t e r  t he  oviducts .  These  eggs, wh ich  do n o t  
con t a in  t he  ge la t inous  coats  o rd ina r i l y  p r e sen t  on  t h e  eggs 
t h a t  h a v e  passed  in to  t he  ov iduc t ,  were k e p t  in 5 m M  
Ringe r  Tris buf fe r  a t  p i t  7.4 u n t i l  t h e  expu ls ion  of t he  
f i rs t  po la r  b o d y  was observed .  The  eggs were i n c u b a t e d  for 
30 m i n  in a n  ov iduc t  e x t r a c t  (pars recta)  accord ing  to  t he  
m e t h o d  of RAISMAN (personal  commun ica t i on ) .  

S p e r m a t o z o a  were o b t a i n e d  b y  m a c e r a t i n g  a d u l t  Bu/o 
arenarum t es tes  and  were su spended  in 2-3 ml  of 10% 
Ringer  so lu t ion  a t  p H  7.4. Anaerob ios i s  was  ach ieved  b y  
a flow of n i t rogen  pur i f ied  b y  passage  t h r o u g h  pyrogal lol ,  
v a n a d o u s  s u l f a t e - a m a l g a m a t e d  zinc 1~ or b y  i n c u b a t i n g  
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t he  gametes  in the  presence  of an t imycin ,  a p o t e n t  inhi-  
b i to r  of mi tochondr ia l  e lectron t r a n s p o r t  and respi ra t ion.  
The effect  of these  t r e a t m e n t s  on gamete  resp i ra t ion  was  
de t e rmined  using W a r b u r g  m a n o m e t r y  to  e s t ima te  
oxygen  up take  b y  eggs 4t and  a Teflon covered Clark 
electrode (Yellow Spr ing I n s t r u m e n t  Co) to  e s t ima te  
spe rm respi ra t ion  12. Fer t i l iza t ion  was  al lowed to  t ake  
place in a W a r b u r g  flask a t  25 ~ Eggs were placed in t he  
main  c o m p a r t m e n t  in 0.5-1.0 ml  of 10% Ringer  solut ion 
at  p H  7.4. The side a rm con ta ined  0.7 ml  of the  spe rm 
suspension.  

As anaerobic  exper iments ,  t he  flasks were f lushed wi th  
n i t rogen  for 10 min.  The con ten t s  of the  flasks were main-  

Table II. Anaerobic fertilization of amphibian body-cavity eggs 

Fertilization (%) 

Anaerobic Control 

1 56 (134) 48 (100) 
2 100 (21) 100 (24) 
3 75 (25) 98 (54) 
4 68 (30) 89 (25) 
5 63 (28) 91 (28) 

Mean -t- SE 72 -E 7.6 85 q- 9.6 

Conditions were same to those indicated in Table I. 

Table III. Effect of antimycin on the fertilization of mature eggs 

Fertilization ( % ) 

Antimycin Control 

1 34 (32) 85 (59) 
2 29 (68) 97 (64) 
3 31 (54) 98 (60) 
4 33 (62) 100 (70) 
5 30 (54) 92 (68) 

Mean ~ SE 31 J2 0.9 94 4- 2.7 

Concentration of spermatozoa was 108 sperm/ml. Concentration of 
antimyein was 1.0 ~xg/ml. The number in parentheses indicate the 
number of eggs used in each experiment. Each experiment was per- 
formed on eggs and sperm obtained from different animals. 

t a i n e d  under  n i t rogen  for an addi t ional  10 min  before the  
spe rma tozoa  in the  side a rm were t i pped  in to  the  main  
c o m p a r t m e n t  con ta in ing  the  eggs. Control  expe r imen t s  
carr ied out  unde r  aerobic condi t ions  were made  simul- 
taneously .  At  the  appearance  of the  f i rs t  embryo  cleavage 
s tage in the  contro l  flask, t he  con ten t s  of all flasks were 
r emo v ed  and  the  n u m b e r  of fert i l ized ova counted.  

Results and discussion. As is clear f rom the  d a t a  in 
Table  I, oocytes  f rom the  species Bu[o arenarum are 
fert i l ized under  anaerobic  condit ions.  The fer t i l izat ion of 
eggs taken  f rom the  b o d y  cav i ty  (Table  II) e l iminates  t he  
possibi l i ty  t h a t  the  gelat inous coat  found  on eggs t aken  
f rom the  ovisac p r e v e n t  anoxia  when  a n i t rogen  purge  
alone is used. Fer t i l iza t ion  of eggs in t he  presence  of ant i -  
myc in  in concen t ra t ion  t h a t  comple te ly  s tops  respi ra t ions  
(Table I I I ) ,  e l iminates  t he  possibi l i ty  t h a t  technica l  errors 
were in t roduced  in expe r imen t s  using n i t rogen  only. 

This  is the  f i rs t  ve r t eb ra t e  species in which  fer t i l izat ion 
unde r  anaerobic  condi t ions  has  been  observed.  However ,  
fer t i l izat ion under  these  condi t ions  has  been  observed  in 
inve r t eb ra t e s  and  bacter ia .  G~ZMA~ BARRON12 repor ted  
t h a t  the  germinal  ceils of Nereis were unaf fec ted  b y  the  
lack of oxygen  and  were able to  ca r ry  out  fer t i l izat ion 5 h 
af ter  exposure  to an oxygen-free  e n v i r o n m e n t ;  and  more  
recent ly ,  STALLIUS and  CURTIS 14 showed t h a t  ch romosome  
t rans fe r  in E. coli occurs a t  h igh  f requency  under  anaero-  
bic condit ions.  

The lower ra te  of fer t i l izat ion of eggs in the  presence  
of an t imycin ,  compared  to the  expe r imen t s  in which  
n i t rogen was  used, sugges ted  t t la t  the  ant ib io t ic  m a y  have  
o the r  effect  on fer t i l izat ion no t  re la ted  to  an effect  on 
mi tochondr ia l  e lectron t r a n s p o r t  and  respi ra t ion .  

PETERSON and  FREUND 1~ have  shown t h a t  h igh  levels 
of A T P  are ma in t a ined  in h u m a n  spe rmatozoa  even in t he  
absence of air. A s imilar  s i tua t ion  appears  to  exis t  in 
a m p h i b i a n  gametes  which  genera te  suff icient  energy  
anaerobica l ly  no t  only  to ma in t a in  viabil i ty,  b u t  also to  
car ry  ou t  fert i l izat ion.  

Our s tudies  showed no difference in the  cleavage ra te  or 
any  o the r  ana tomica l  character ,  which  would  indicate  
morphologic  a b n o r m a l i t y  when  fer t i l izat ion in th is  species 
is carr ied ou t  anaerobical ly.  
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Summary. P e n t a l a m i n a r  specialized m e m b r a n e  junc t ions  - t i g h t  junc t ions  - are descr ibed in the  granular  layer  of the  
pigeon cerebellum. The presence  of these  axo-dendr i t ique  and dendrosomat i c  con tac t s  suggest  the  exis tence of electro- 
tonic coupling in the  pigeon cerebellum. 

Special ized junc t iona l  zones be tween  nerve  cell pro-  
cesses, where  m e m b r a n e s  are in close apposi t ion,  have  
been  descr ibed in the  nervous  sy s t em of m a n y  an imal  
species 8. BENNETT, PAPPAS e t  al. 4 d e m o n s t r a t e d  t h a t  
these  low res i s t an t  junc t ions  are t he  morphologica l  
c o u n t e r p a r t  of e lect rotonic  coupling, a p h e n o m e n o n  
which  now appears  to  be qui te  f r equen t  in inve r t eb ra t e s  
as well as ver tebra tes .  These intercel lular  con tac t s  were 
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