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s t ead  of 5/~c. I f  necessa ry  3 in jec t ions  could be  g iven  a t  
r egu la r  i n t e r v a l s  i n s t e a d  of 2. 

I t  is r e a s o n a b l e  to  infer  t h a t  i r r a d i a t i o n  d i s t u r b s  t h e  
phys io logica l  a c t i v i t y  of t he  p i t u i t a r y  gland,  a n d  de- 
crease in  t h e  sec re t ion  of F S H  would  r e su l t  in  t he  cessa- 
t i on  of t he  g r o w t h  a n d  d e v e l o p m e n t  of  t h e  oocytes .  A 
s imi la r  v iew has  also been  expressed  b y  EOAMI e t  al. 2 
on  t he  basis  of t h e i r  e x p e r i m e n t s  on  Oryzias latipes. 
VIvIEN 3-6 ha s  b e e n  ab le  to  s ter i l ize  xiphophorus a n d  
Lebistes b y  m a i n t a i n i n g  t h e m  in  w a t e r  c o n t a i n i n g  p3~ 
a n d  ha s  conc luded  t h a t  r a d i o a c t i v e  p h o s p h o r u s  f i rs t  
a c t ed  on  t h e  h y p o t h a l a m i c  n e r v e  cen t r e s  a n d  t h u s  in-  
h i b i t e d  t h e  p i t u i t a r y .  Golgi  bod ies  a n d  m i t o c h o n d r i a  are  
be l ieved  to  be  respons ib le  for  t h e  or ig in  of t h e  yo lk  
vesicles a n d  yo lk  globules  s. I t  is p r o b a b l e  t h a t  rad io-  
chemica l  c h a n g e s  in  t he se  organel les  i m p a i r  t h e i r  ac t iv i ty ,  
t h e r e b y  i n h i b i t i n g  t he  d e v e l o p m e n t  of t he  oocy tes  in  t he  
i r r a d i a t e d  f ish ~. 

Zusammen/assung, I n d i s c h e n  K a t z e n w e l s - W e i b c h e n  
(Heteropneustes /ossilis Bloch)  w u r d e n  im F e b r u a r  u n d  

Apr i l  5 #c  Co 6° inj iz ier t ,  was  zur  vol ls t~indigen U n f r u c h t -  
b a r k e i t  I t ihr te .  Alle F i sche  e r h o l t e n  s ich a b e t  i n n e r h a l b  
yon  14 T a g e n  auf fa l l end  g u t  y o n  d e n  In j ek t i ons sch~den .  
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Relationship of Gasserian Cells to Extraocular 
Muscle Proprioception in Lambs 

Affe ren t  d i scharges  in  r e sponse  to  t h e  s t r e t c h  of t he  
e x t r a o c u l a r  muscles  were r ecorded  f rom n e r v o u s  f ibres  
b e l o n g i n g  to  t h e  t h i rd ,  f o u r t h  a n d  s i x t h  c ran ia l  n e r v e s  ~-4. 
I t  was  c l a imed  t h a t  t he  cell bodies  of s u c h  p r op r i ocep t i ve  
f ibres  were c o n t a i n e d  e i t h e r  in  t he  mesencepha l i c  nuc leus  
of t h e  t r i g e m i n u s  n e r v e  5-7 or in  t h e  sma l l  gang l i a  de-  
sc r ibed  o n  t h e  t r u n k  of t h e  s ame  o c u l o m o t o r  ne rves  s-x°. 
However ,  a r g u m e n t s  a g a i n s t  b o t h  these  views were pre-  
sen ted .  I t  was  o b j e c t e d  t h a t  s u c h  gangl ia  a re  n o t  con-  
s i s t en t l y  p r e s e n t  in  t h e  3 o c u l o m o t o r  n e r v e s  a n d  t h a t  t h e  
cells w h i c h  t h e y  c o n t a i n  shou ld  be  v e r y  few as c o m p a r e d  
w i t h  t he  n u m b e r  of t h e  sp indles  f o u n d  in t he  e x t r a o c u l a r  
muscles .  On t h e  o t h e r  h a n d ,  a c lea r -cu t  d e m o n s t r a t i o n  
was g iven  t h a t  t h e  mesencepha l i c  nucle i  of t he  f i f th  
c ran ia l  n e r v e  a re  conce rned  w i t h  j aw  musc le  p ropr ioeep-  
t i on  b o t h  in m a m m a l s  a n d  in  b i rds  n-14. Howeve r ,  
a n o t h e r  poss ib i l i ty  could be  t a k e n  i n to  accoun t .  Ocu la r  
a f fe ren t s  were descr ibed  in  t he  t r i g e m i n a l  ne rve  b y  
STIBBE 10 a n d  connec t i ons  b e t w e e n  ocu la r  muscle  n e r v e s  
a n d  t h e  t r i g e m i n u s  were  o b s e r v e d  in  U n g u l a t a  15. T h e  
resu l t s  of t he  p r e s e n t  i n v e s t i g a t i o n  p r ov i de  ev idence  for  
t h e  f i r s t  t i m e  t h a t  cells c o n t a i n e d  in t he  s e m i l u n a r  gang-  
l ion of l a m b s  are  c o n c e r n e d  w i t h  eye musc le  p ropr io -  
cep t ion .  

21 l a m b s  were e m p l o y e d  in  t h e  p r e s e n t  research.  U n d e r  
e t h e r  a n a e s t h e s i a  t he  lef t  ex t r ins ic  eye musc les  were iso- 
l a t ed  a n d  t i le  l e f t  eye bal l  was  r e m o v e d  f rom t he  o rb i t .  
Then ,  u n d e r  surgical  anaes thes i a ,  t he  lef t  s e m i l u n a r  
gang l ion  was g e n t l y  exposed a t  t h e  base  of t h e  skul l  a f t e r  
r e m o v a l  of t h e  ce rebra l  co r t ex  a n d  t h e  o p e r a t i v e  w o u n d s  
were i n f i l t r a t e d  w i t h  proca ine .  T he  e t h e r  a n e s t h e s i a  was  
s topped ,  a n d  t he  l a m b s  were p a r a l y s e d  w i th  I n t o c o s t r i n  T 
S q u i b b  a n d  m a i n t a i n e d  u n d e r  ar t i f ic ia l  r e sp i ra t ion .  T u n g -  
s t e n  microe lec t rodes  were  i n t r o d u c e d  in to  t he  s e m i l u n a r  
gang l ion  b y  m e a n s  of a mic rocon t ro l .  T he  microe lec t rodes  
were c o n n e c t e d  t h r o u g h  a Grass  H i p  5A h i g h - i m p e d a n c e  
p r o b e  w i t h  a Grass  P 5 C R  preampl i f i e r .  T h e  u p p e r  b e a m  

of a T e k t r o n i x  502 A oscil loscope a n d  a l oud - speake r  
m o n i t o r e d  t h e  i npu t s .  T h e  lower  b e a m  recorded  t h e  
s t r e t c h i n g  of t h e  eye musc les  b y  m e a n s  of a Basi le  
M D I  4 m i c r o d y n a m o m e t e r .  F i lms  were t a k e n  b y  m e a n s  
of a Cossor t y p e  1431 k y m o g r a p h  camera .  T h e  exac t  
pos i t i on  of t h e  r ecord ing  mic roe lec t rode  t i p  was  ascer-  
t a i n e d  in all t h e  e x p e r i m e n t s  b y  h is to logica l  cont ro l .  T h e  
fo l lowing cr i te r ia ,  p roposed  b y  DARIAN-SMITH, MUTTON 
a n d  PROCTOR 16, were  fol lowed in o rde r  to  ensure  t h a t  t h e  
mic roe l ec t rode  t i p  was  loca ted  in  t h e  reg ion  of t h e  per i -  
ca r l a  of t he  s e m i l u n a r  gang l ion :  (1) n e g a t i v e  p o l a r i t y  of 
t he  un i t s ,  (2) t he  u n i t a r y  a c t i v i t y  could be r eco rded  whi le  
a d v a n c i n g  t h e  mic roe tec t rode  t i p  u p  to  250 microns ,  (3) 
t he  h is to logica l  con t ro l  showing  t h a t  t he  e lec t rolys is  of t h e  
recorded  si te  was w i t h i n  a ce l lu lar  pool. 

A cel lu lar  pool  was  f o u n d  in t h e  med i a t -do r so l a t e r a l  
p a r t  of t h e  s e m i l u n a r  gang l ion  of all  21 l a m b s  a t  a d e p t h  
of a b o u t  1-1.5 ram,  w h i c h  c o n t a i n e d  u n i t s  r e s p o n d i n g  to  

1 A. CARm~ and S. RIOOTTI, Boll. Soc. ital. Biol. sper. 23, 56 (1947). 
S. COOPER, P. ~ .  DANIEL, and D. WHITTER1DGE, J. Physiol. 113, 
463 (19Sl). 

a s. COOPISR and M. FILLENZ, J. Physiol. 127, 400 (1955). 
4 p. BACVi-Y-RITA and K. MURATA, Q, Jl  exp. Physiol. ,t9, 408 (1964). 

S. COOPER, P. DANIEL, and D. WHITTERIDGE, J- Physiol. 120, 471 
(1953). 

s M. FILLENZ, J. Physiol. 128, 182 (1955). 
7 R. WARWICK, Oeu~omotor Organization in 'The Oculomotor System' 

(Ed. M. B. BENDER; Harper and Row, New York 1964), p. 173. 
s F. M. TOZER, J. Physiol. 45, 15 P (1912). 
9 H. NICHOLSON, J. comp. NeuroL .37, 31 {1924). 

10 E. P. STIBB~, J.  Anat. 64, 112 (1929). 
it K. B. CORBXN and F. HARRISON, J. Neurophysiol. 3, 423 (1940). 
~ C. R. JERGE, J. Neurophysiol. 26, 379 (1963), 
la R. BORTOLAMI and A. V~GGETTX, C. r. Ass. Anat. 12d, 307 (1965). 
it E. MANNI, R. BORTOLAMI, and G. B. AZZENA, Exptl Nenrol. 12, 

320 (1965). 
is G. WINKLER, Acta anat. 25, 403 (1955). 
1¢ L DARIAN-SMITIt, P. MUTTON, and R. PROCTOR, J. Neurophysiol. 

28, 682 (1965). 



15. 3. 1967 Specialia 231 

0.3 
sec 

0.1 see 

Upper beam: mechanogram of the stretch of the left inferior bblique muscle. Lower beam: unitary discharge recorded from a cell in the 
medial-dorsolateral part of the left semilunar ganglion of a lamb. The unit responded only to the stretching of the left inferior oblique 

muscle. 

t he  s t r e t c h  of t he  e x t r a o c u l a r  muscles .  The  un i t s  s t ud i ed  
were s p o n t a n e o u s l y  ac t ive  in  m a n y  cases a n d  e x h i b i t e d  
a d i scharge  r a t e  of 10-20/sec.  T he  un i t s  showed  a n e g a t i v e  
p o l a r i t y  w i t h  a n  a m p l i t u d e  of 100-200 #V. A g iven  
u n i t  was  exc lus ive ly  a n d  c o n s i s t e n t l y  modi f ied  b y  s t r e t ch -  
ing of a d e t e r m i n e d  e x t r a o c u l a r  musc le ;  on ly  w h e n  t h e  
record  was a m u l t i f i b r e  one, was  t he  u n i t a r y  d i scharge  
a f fec ted  b y  s t r e t c h i n g  2 or  more  ex t r ins i c  ocu la r  muscles .  

The  re sponse  of such  gasse r i an  cells to  t he  s t r e t c h  of 
t h e  e x t r a o c u l a r  musc les  was  c h a r a c t e r i z e d  b y  a s u d d e n  
increase  in t he  d i scha rge  r a t e  (up to 300/see). T he  dis- 
cha rge  of t h e  u n i t s  t h e n  se t t l ed  d o w n  a t  a lower  f r e q u e n c y  
(150-90/sec).  The  f i r ing  of t h e  u n i t s  dec reased  i m m e -  
d i a t e l y  or  s t o p p e d  for  a few msec  w h e n  t h e  s t r e t c h  was 
re leased  a n d  s u b s e q u e n t l y  r e c o m m e n c e d  a t  t h e  or ig ina l  
r e s t i ng  r a t e  (Figure) .  I t  is to  be  n o t e d  t h a t  such  responses  
e x h i b i t e d  a v e r y  br ie f  l a t e n c y :  1-3  rese t .  All t h e  u n i t s  
s t ud i ed  showed  a s l igh t  a d a p t a t i o n .  

T h e  f i r ing  of t h e  un i t s  d u r i n g  a s t r e t c h  of a g iven  e x t r a -  
ocu la r  muscle  was i n h i b i t e d  b y  t h e  e lec t r ica l ly  i nduced  
c o n t r a c t i o n  of t h a t  musc le ;  t h u s  t h e  u n i t s  could  be 
iden t i f i ed  as musc le  sp ind le  a f fe ren t s  zL 

T h e  gasse r ian  un i t s  r espons ive  to t he  s t r e t c h  of t he  
e x t r a o c u l a r  muscles  were  u n a f f e c t e d  b y  m o v e m e n t s  of 
j a w  or  b y  s t i m u l a t i o n  of o t h e r  ips i l a te ra l  t r i g e m i n a l  re- 
ceptors .  The  responses  were  n o t  abo l i shed  b y  N e m b u t a l  
anaes thes i a ,  wh i l s t  t h e y  d i s a p p e a r e d  t o t a l l y  a f t e r  c u t t i n g  
t he  ips i l a te ra l  o p h t h a l m i c  b r a n c h  of t h e  f i f th  nerve .  

S u m m i n g  up,  s t r e t c h i n g  of t h e  e x t r a o c u l a r  musc les  
p r o v o k e d  s h o r t  l a t e n c y - s u s t a i n e d  responses  of a l im i t ed  
g roup  of cells c o n t a i n e d  in  t he  s e m i l u n a r  gang l ion  of l ambs .  
Such  responses  were  of t h e  t y p e  i n d u c e d  b y  musc le  sp ind-  
les. T h e  conc lus ion  was r eached  t h a t  p r o p r i o c e p t i v e  f ibres  
f rom e x t r a o c u l a r  musc les  h a v e  t h e i r  cell bodies  in  t h e  
s e m i l u n a r  gangl ion.  

Riassunto. ~. s t a t s  i so la to  nel  gangl io  s e m i l u n a r e  del-  
l ' agne l lo  u n  l i m i t a t o  g r u p p o  di  cellule la cui scar ica  un i -  
t a r i a  ~ t i p i c a m e n t e  ed e s c l u s i v a m e n t e  m o d i f i c a t a  dul l s  
s t i r a m e n t o  di s ingol i  musco l i  ocular i .  Tal i  r i spos te  s o n s  
del t i p s  di  quel le  i n d o t t e  da i  fusi neu romusco la r i .  Si t r a e  
la conc lus ions  che  ne l  gangl io  di  Gasser  de l l ' agne l lo  si 
t r o v a n o  i p i r enofor i  di  f ib re  che p r o v v e d o n o  al la  sens ib i -  
liter p r o p r i o c e t t i v a  dei muscol i  es t r inseci  del l 'occhio .  
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R e s p o n s e s  of Crustacean  Larval  C h r o m a t o -  
phores  to Light  and Endocr ines  

E v i d e n c e  for  t he  p resence  of f u n c t i o n a l  a m o u n t s  of 
c h r o m a t o p h o r o t r o p i n s  f rom v e r y  ea r ly  s tages  of deve lop-  
m e n t  of c ru s t aceans  has  b e e n  r e p o r t e d  z,~. However ,  t he  
t i m e s  a t  w h i c h  t he  c h r o m a t o p h o r a l  s y s t em s  in de-  
ve lop ing  c r u s t a c e a n s  f i r s t  t a k e  on  f u n c t i o n a l  a c t i v i t y  
h a v e  been  d e t e r m i n e d  in  few formsZ-L Zoeae of Hippolyte 
a n d  Palaernon 3, Nephrops 4, Crangon 5 a n d  Carcinus 6 
fa i led to  e x h i b i t  c h r o m a t i c  a d a p t a t i o n .  B y  con t ras t ,  
zoeae of Palaemonetes e x h i b i t e d  b a c k g r o u n d  responsesT. 
PAUTSCH 5,e r epo r t ed  t h a t  t h e  c h r o m a t o p h o r e s  of zoeae of 
Crangon a n d  Carcinus were  una f f ec t ed  b y  c h r o m a t o -  
p h o r o t r o p i n s ,  whi le  BROCH 7 r e p o r t e d  t h a t  c h r o m a t o -  
phores  of Palaemonetes zoea r e sponded  to  a d u l t  chro-  
m a t o p h o r o t r o p i n s .  To d e t e r m i n e  t h e  ef fec t  of c h r o m a t o -  
p h o r o t r o p i n s  on zoeae, PAUTSCH 5,6 has  p l unged  t h e  zoeae 
i n to  a n  aqueous  suspens ion  of t he  n e r v o u s  t i ssue  ex- 

t r ac t s ,  whi le  BROCH ? ha s  t e s t ed  t he  ef f icacy  of c h r o m a c -  
r ive  e x t r a c t s  on  i so la ted  pieces of c a r apace  of zoea. 
Since such  a f u n d a m e n t a l  d i f ference  ex is t s  b e t w e e n  t h e i r  
t echn iques ,  i t  was  fe l t  w o r t h w h i l e  to  r e p e a t  t h e m ,  us ing  
a n o t h e r  t e s t  species to  fac i l i t a t e  p r o p e r  i n t e r p r e t a t i o n  of 
the  ava i l ab l e  da ta .  

D u r i n g  t he  p r e s e n t  s tudy ,  be r r i ed  female  Ocypode 
macrocera col lec ted  f rom t h e  V i s a k h a p a t n a m  b e a c h  were 
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