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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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difficult  and infrequent ,  especially during the  winter  
months,  and the  percentage of ferti l ized ova  and surviving 
fry was low (an observat ion  also noted by  this author),  
t hey  point  out  t ha t  A. jordani is the  only cave fish 
capable of prolonged surv iva l  and reproduct ion  under  
labora tory  conditions.  

The  art if icial  induct ion  of spawning by the  inject ion 
and implan ta t ion  of p i tu i t a ry  glands f rom freshly killed 
carp was a t t e m p t e d  during the  winter  months  by  CAttN 1. 
She repor ted  t h a t  m a n y  females became abnormal ly  
enlarged by  this t r e a t m e n t  bu t  failed to spawn. Therefore,  
a reliable me thod  of inducing ovula t ion  and spawning ill 
these fish in order to provide  sufficient embryos  of A. 
]ordani for inves t iga t ion  was pursued by  this author.  
Chorionic gonadotropin,  for several  years  successful for 
this purpose in cer ta in  amphibia,  e.g. Xenopus and Bu]o 
(for references see s ) was used. 

Materials and methods. 26 adul t  bl ind Cave Fish, 
3.5-5 cm, were purchased f rom a local pe t  shop. They  were 
placed (ill groups of 5) in 20 to 35 l s tock aquaria.  The  p H  
of the  water  was main ta ined  at  7.0 and the  t empera tu re  
be tween 24 ~ and 27 ~ Their  diet  consisted of commercia l  
flake food, frozen brine shrimp, gra ted  beef and Tubifex 
worms. 

Since these fish are egg-scatterers and eat  their  own 
eggs, spawning tanks  were const ructed t h a t  contained a 
nylon net  (3 m m  hole size) suspended by  a plast ic f rame 
and held approx ima te ly  3 inches above  the  bo t tom of the  
bare t a n k  by  a series of plast ic trays,  in tended to ca tch  
the  adhesive eggs. No th ing  else was in the  t a n k  except  a 
charcoal  type  f i l ter  (Figure). 

Six exper iments  were conducted  during the  win te r  
months.  In  the  first, 1 male  and 1 female were injected 
i.m. wi th  50 in te rna t iona l  units  (IU) of h u m a n  chorionic 
gonada t rop in  (HCG-Rugby  Laboratories ,  Inc. Inwood,  
Long Island, N.Y.) in 0.05 ml. of the  supplied di luent  and 
placed in a spawning tank.  The  2nd consisted of 1 male, 
injected wi th  50 I U  of H C G  and an uninjec ted  female.  The  

, 3rd, comprised 1 female injected wi th  50 I U  of H C G  and 
1 uninjec ted  male. In  the  4th exper iment ,  4 male  and 
4 female fish were r emoved  from the  s tock aquar ia  and 
isolated in 8 one-gallon plast ic t rays  for 1 month.  They  
were then  placed together  in a 75 1 spawning t a n k  to 
de termine  if these condit ions would produce na tura l  
spawning. These fish were allowed together  for 1 week. No 
spawning occurred dur ing this t ime, however .  2 pair  were 
then  r andomly  chosen f rom the  8 fish in exper iment  4, in- 
jected wi th  50 I U  of HCG and re turned  to the  spawning 
t a n k  for the  5th exper iment .  The  remaining  2 pairs were 
removed  to another  spawning t a n k  to serve as controls. 
Matched controls were s imul taneously  arranged in the  

o ther  4 exper iments  and where appropriate ,  given 0.05 ml 
of diluent.  The 6th exper iment  employed 4 injected males 
and 2 injected females, ill a 75 1 spawning tank,  for the  
purpose of obta in ing embryos  for o ther  invest igat ions.  
No control  was established. All inject ions were made  wi th  
a 30 gauge needle under  MS-222 (Tricaine Methane-  
sulphonate-Sandoz)  anesthesia at  a di lut ion of 1:10,000 
in aquar ium water .  

Results and conclusions. In  the  1st exper iment ,  at  6 h 
post- inject ion,  150 eggs were shed, and about  15~o were 
viable. In  the  2rid exper iment ,  af ter  about  4 h the  male 
exhibi ted  mat ing  behaviour  which persisted for 4 h bu t  no 
eggs were shed by  the  female. In  the  3rd experiment ,  
i n t e rmi t t en t  courtship was noted  after  6 h wi th  no spawn- 
ing. The  female was found shedding eggs 20 h later, none 
of which developed. The  4th exper iment  did not  result  in 
a spawning;  bu t  those r emoved  and injected for the 5th 
exper iment ,  spawned 6 h post- inject ion.  Approx ima te ly  
2000 eggs were shed and about  800 were viable.  I n  the  6th 
exper iment ,  spawning began wi th in  6 h, yielding approx-  
imate ly  1000 eggs, 65~o of which were viable. In  experi-  
ments  1 th rough  5, the  controls did not  spawn nor  exhibi t  
any spawning behaviour .  

The results of these exper iments  indicate  t ha t  bo th  the  
male and the  female mus t  be injected wi th  HCG for the  
induct ion of ovula t ion  to result  in a fert i l ized spawn. In  
addit ion,  inject ion of more  t h a n  1 pair  under  the  condi- 
t ions of exper iment  6 (which has since been repeated wi th  
similar  results) increases the  yield and percent  of viable 
embryos.  These Characins are at  present  commercia l ly  
bred in pools in Florida,  where the  sun light,  t empera tu re  
and water  condit ions favor  their  reproduct ion.  The viabil-  
i ty  nolltheless of spawns under  these condit ions is reported 
to be low (approximate ly  50%)o. 

The use of HCG offers invest igators ,  especially those 
interested ill development ,  a fairly reliable method  for 
inducing sexual  behaviour ,  ovula t ion  and spawning in 
in tac t  A. ]ordani. Pre l iminary  results (unpublished) have  
also shown t h a t  HCG is effect ive in o ther  members  of 
Charicidae (i.e., Hemigrannus caudovittatus) and its 
general use ill obta ining embryos  of o ther  fish should be 
inves t iga ted  10,11. 

Zusammen/assung. Exper imente l l  wird gezeigt, dass 
die In jek t ion  yon menschl ichem Choriongonadotropin 
beim HShlenfiseh Anoptichthys ]ordani, das For tpf lan-  
zungsverhal ten  ve rmehr t  und der E r t r ag  an entwicklungs-  
f~higen t~iern grSsser ist, wenn mehrere  P~rchen gleich- 
zeitig mi t  H o r m o n  behandel t  und im gleichen Aquar ium 
zur Eiablage  belassen werden. 
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Plastic trays 

Typical spawning tank (75 l) devised and used in these experiments 
(description in .text). 
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