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Rat Spinal Ganglion Cells Characterized by Atypical Mitochondria 

During  the  e lectron microscopical  s t u d y  of t he  ra t  
spinal  ganglion cells, we have  found  unusual  nerve  cells 
which  con ta ined  a typ ica  ! mi tochondr ia .  These mi to-  
chondr ia  were hype r t roph ied ,  e i ther  w i th  or w i t h o u t  
tubulo-saccular  cristae.  S t ruc tura l  var ia t ions  of mi to-  
chondr ia  in m a m m a l i a n  nerve  ceils have  been  repor ted  
previous ly  by  several  au thors  1-~; these  observa t ions  were 
however  d i s t inc t ly  d i f fe ren t  f rom the  a typ ica l  mi to-  

chondr ia  descr ibed here. Moreover  these  unusual  spinal  
ganglion cells have  no t  been  observed before in any  
u l t r a s t ruc tu ra l  inves t iga t ions  5-L 

Ten ra ts  of male  whi te  Wis tar ,  weighing be tween  400 
and  450 g, were uti l ized.  F ixa t ion  was  done under  
pen toba rb i t a l  anaes thes ia  (30 mg/kg  b o d y  wt. ,  i.p.) by  
per fus ion  t h r o u g h  the  aor ta  abdomin i s  w i t h  6.25% 
g lu ta ra ldehyde  or w i th  a m i x t u r e  of 2.5% formaldehyde  

Fig. 1. In the cytoplasm of the unusual glanglion cell, hypertrophied mitochondria with tubulo-saccular cristae (T1), hypertrophied mito- 
:chondria (T2) and mixed type (M) are observed. S, satellite cell; V, blood vessel; G, Golgi-apparatus. Scale: 1 ~zm. 

Fig. 2. Black arrows show intracristal substances. White arrow shows interrupted mitochoudrial outer membrane. Scale: 1 ~zm. 

Fig. 3. Type 2 Initochoudrion (T2) with intramitochondrial inclusion (arrow) and type i mitochondria (T1). Numerous electron dense 
granules are seen in matrices of both T1 and T2. Scale: 1 ~Am. 
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a n d  2.5% g l u t a r a l d e h y d e  in p h o s p h a t e  buffer  (pH 7.4). 
Dorsa l  roo t  gang l ia  were t h e n  e x t i r p a t e d  f rom t he  cerv ica l  
region.  These  samples  were pos t f ixed  in p h o s p h a t e -  
buf fe red  2% o s m i u m  te t rox ide ,  a n d  t h e n  d e h y d r a t e d  in 
a g raded  series of e t h a n o l  a n d  e m b e d d e d  in E p o n  812, 
U l t r a t h i n  sec t ions  were s t a ined  w i t h  lead c i t r a t e  and  
e x a m i n e d  in a Zeiss E M  9S e lec t ron  microscope.  The  
sec t iona l  a rea  of i n d i v i d u a l  m i t o c h o n d r i a  w h i c h  were 
f ixed  w i t h  6 .25% g l u t a r a l d e h y d e  was p l a n i m e t r i c a l l y  
m e a s u r e d  a n d  s t a t i s t i ca l ly  ana lyzed .  M i t o c h o n d r i a  f rom 
o t h e r  n e r v e  ceils on  t h e  same  sec t ion  were used for con t ro l  
m e a s u r e m e n t s .  

The  u n u s u a l  gang l ion  cells were found  in 4 r a t s  ou t  of 
10. 3 of these  4 a n i m a l s  were p re f ixed  w i t h  6 .25% g lu ta r -  
a ldehyde ,  a n d  1 of t h e m  w i t h  a m i x t u r e  of 2.5% formal-  
d e h y d e  a n d  2.5% g lu t a ra ldehyde .  U n u s u a l  gang l ion  cell 
is sma l l e r  a n d  i ts  c y t o p l a s m  is darker .  The  nucleus ,  
G o l g i - a p p a r a t u s  a n d  e r ga s t op l a s m  seem to  be  normal .  
The re  is a m o d e r a t e  increase  in t he  n u m b e r  of l ipofusc in-  
g ranu la .  The  u n u s u a l  u l t r a s t r u c t u r a l  cha rac te r i s t i c s  in  
these  ceils are  obse rved  in t he  m i t o c h o n d r i a  w h i c h  are  
r a n d o m l y  d i s t r i b u t e d  t h r o u g h  t he  c y t o p l a s m  (Figure  1). 
Two var ie t i e s  of m i t o c h o n d r i a l  types  wh ich  will  be  
d e s i g n a t e d  as t ypes  1 a n d  2 are  c lear ly  discernible .  

Type 1 mitochondria. These  m i t o c h o n d r i a  are genera l ly  
ovoid.  The  m e a n  va lue  of sec t idna l  a rea  is 2.0 tzm 2 w i th  a 
s t a n d a r d  d e v i a t i o n  of 0.8 tzm 2 (n = 174). Th i s  t y p e  of 
m i t o c h o n d r i a  is as v o l u m e  a b o u t  8 t i m e s  g rea t e r  t h a n  t he  
con t ro l  m i t o c h o n d r i a  (0.5 ~zrn ~, S.D. = 0.3 a m  ~, n =.  164). 
These  m i t o c h o n d r i a  h a v e  t ubu lo - saccu la r  c r i s tae  s w h i c h  
v a r y  in d i a m e t e r  f rom 50 to  100 nm.  The  t ubu l o - s accu l a r  
c r i s t ae  are f r e q u e n t l y  a c c o m p a n i e d  b y  c i r cu l a r - a r r anged  
c r i s tae  (Figures  2 a n d  3). T he  t ubu lo - saccu la r  c r i s tae  
m a y  be  obse rved  a t  t he  edge of t he  m i t o c h o n d r i o n .  I n  ,the 
m a t r i x  of t he  cen t r a l  region,  va r ious  dens i t ies  of i n t r a -  
m i t o c h o n d r i a l  inclusions,  up  to 250 n m  in d iamete r ,  are  
o f ten  observed .  The  i n t r ac r i s t a l  spaces  are  e i t he r  s l igh t ly  
e lec t ron  dense  or lucent .  F r e q u e n t l y  r o d - s h a p e d  e lec t ron  
dense  subs tances ,  a b o u t  6 n m  in d i ame te r ,  are  seen in t he  
d i l a t ed  c r i s tae  (Figure  2). A m o s t  s t r i k ing  p h e n o m e n o n  
is t h a t  t he  ma t r i ce s  show more  e lec t ron  dense  t h a n  those  
of t he  con t ro l  m i t o c h o n d r i a .  T he  m i t o c h o n d r i a l  ou te r  
m e m b r a n e  m a y  be  occas ional ly  i n t e r r u p t e d  w i t h  t he  
s ta lks  of saccula r  c r i s t ae  w h i c h  seem to  be  in d i r ec t  
c o n t a c t  w i t h  t he  c y t o p l a s m  (Figure 2). 

Type 2 mitochondria. These  m i t o c h o n d r i a  are  round .  
The  m e a n  va lue  of sec t iona l  a rea  is 2.8 tzm 2 w i t h  a 
s t a n d a r d  d e v i a t i o n  of 1.1 am"  (n = 78). Th i s  t y p e  of 
m i t o c h o n d r i a  is as v o l u m e  a b o u t  70% g rea t e r  t h a n  t y p e  
1 m i t o c h o n d r i a .  W h e n  c r i s tae  are p resen t ,  t h e y  seem to 
be  n o r m a l  (Figure  3). B u t s o m e  of these  m i t o c h o n d r i a  
are  dep le ted  of c r i s tae  wh ich  are rep laced  b y  a n  amor -  

phous  or f ine ly  f i l a m e n t e d  ma t r i x .  The  m a t r i x  is no t  
e lec t ron  dense  as t h a t  of t h e  t y p e  1 m i t o c h o n d r i a .  As 
in t h e  t y p e  1 m i t o c h o n d r i a ,  va r ious  dens i t i es  of i n t r a -  
m i t o c h o n d r i a l  inc lus ions  a n d  i n t r ac r i s t a l  subs t ances  are 
observed .  

On a ra re  occasion, a mixed  t y p e  of m i t o c h o n d r i a  was  
found  as well  (Figure  1). These  c o n t a i n e d  b o t h  n o r m a l  
a n d  t u b u l a r  cr is tae.  The  ma t r i ce s  were dense  as those  of 
t he  t y p e  2 m i t o c h o n d r i a .  

The  ques t ion  has  to  be  ra ised  w h e t h e r  t he  u n u s u a l  
p h e n o m e n a  descr ibed  are a f i xa t i on  a r t e fac t .  H o w e v e r  
th i s  seems un l ike ly  since no  m i t o c h o n d r i a l  changes  were 
no t iced  in o the r  n e r v e  cells wh ich  were f ixed t h r o u g h  
perfusioI1 a t  t he  same  t ime.  The  specific or igin a n d  
func t i on  of these  m i t o c h o n d r i a  is no t  known,  b u t  one 
m i g h t  h y p o t h e s i z e  t h a t  degene ra t i ve  or on togene t i c  
changes  of m i t o c h o n d r i a l  enzymes  Could h a v e  a l t e red  
t he i r  i nne r  s t r u c t u r e s  a,9. The  u n u s u a l  i n t r a m i t o c h o n d r i a l  
inc lus ions  here  descr ibed  m i g h t  be  cons idered  as a ccumu-  
l a t ions  of m i t o c h o n d r i a l  metabol{tes .  The  m i x e d  t y p e  of 
m i t o c h o n d r i a  could no t  be  found  f r equen t ly ,  h o w e v e r  i t  
m a y  be poss ible  t h a t  one of these  t ypes  of m i t o c h o n d r i a  
can  change  to  t he  o t h e r  type .  I t  is also n o t e w o r t h y  t h a t  
t he  gang l ion  ceils w i t h  a typ i ca l  m i t o c h o n d r i a  do n o t  
con t a in  a n y  n o r m a l  m i t o c h o n d r i a .  Th i s  m i g h t  i nd i ca t e  
t h a t  t h e  gangl ion  cells w i t h  t h e  a typ i ca l  m i t o c h o n d r i a  
pe r fo rm a d i f fe ren t  func t ion .  

Zusammen/assung. I n  den  Sp ina lgang l i en  de r  R a t t e  
w u r d e n  Zellen m i t  auf fa l l end  s t a r k  ve r / inder ten ,  sehr  
v o l u m i n 6 s e n  M i t o c h o n d r i e n  gefunden ,  de ren  F u n k t i o n  
j edoch  u n b e k a n n t  ist~ 
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Hormonal  Induction of Ovulation and Spawning 
the Use of Human Chorionic Gonadatropin 

The  Mex ican  b l i nd  cave  fish, Anoptichthys ]ordani, 
discovered  a n d  n a m e d  b y  HUBBS and  INNES in 1936, mem-  
bers  of t he  f ami ly  Charac idae ,  are cha rac t e r i zed  b y  a t r o p h y  
of t he  eyes, l i t t l e  p i g m e n t  a n d  so l i t a ry  nega t i ve  p h o t o t a c -  
t ic  b e h a v i o u r  1, 3. These  f ish offer i nves t iga to r s  a p o t e n t i a l  
model  w i t h  wh ich  to s t u d y  some of t he  ques t ions  of evolu= 
t ion,  d e v e l o p m e n t  a n d  specifically,  gene express ion  concern-  
ing t he  s t r u c t u r e  a n d  func t i on  of t he  eye a n d  i ts  lens. 

Since t h e i r  d iscovery,  th i s  species has  been  t he  s ub j ec t  
of i n v e s t i g a t i o n  b y  b 'ehaviour is ts ,  morpho log i s t s  and  
genet ic is t s  3-5. Because  b r eed ing  the se  f ish n a t u r a l l y  in 
a q u a r i a  has  p r o v e n  dif f icul t  in  t he  past ,  these  s tud ies  were 

in the Blind Cave Fish, Anoptichthys jordani with 

l imi ted  m o s t l y  to  a d u l t  fish. Inc reas ing  in te res t ,  however ,  
in  th i s  species is ref lec ted  in  t he  l i t e r a t u r e  ~, 6, 7. A l t h o u g h  
CAHN 1 a n d  GERTYCHOW 2 found  t h a t  o b t a i n i n g  n a t u r a l  
spawns  of A. ]ordani u n d e r  l a b o r a t o r y  cond i t ions  was  
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