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observed in the eye structure of the shrimp 9 and bee 1°. 
I t  would appear possible that  at  least part  of the UV- 
stimulus could have been detected by the receptors as 
secondary blue-green light. 

The assumption of a direct interaction between ionizing 
radiation and rhodopsin can only be inferred from the 
knowledge tha t  the energy delivered is more than 
adequate to produce stereoisomerization of retinal. There 
is the additional possibility that  ionizing radiations may 
induce a visible fluorescence within the eye structures, 
which may serve as a source for receptor excitation. 
Rhodopsin solutions can fluoresce in vi tro under relatively 
intense X-irradiation a~, but  a contribution of fluorescence 
to visual stimulation through brief exposure has not  been 
shown. 

Assuming a direct action of ionizing radiation on the 
visual pigment, responses analogous to those elicited by 
visible light should be observed. This was the case with 
X-radiation in which 'on'  and 'off '  responses were 
recorded during abrupt  changes of stimulus intensity, 
but  not  during gradual intensity changes. The ampli tude 
of responses to a train of light stimuli declined rapidly 
to reach a nearly constant value, whereas the response 
to X-rays remained stable over a comparable train of 
exposures. Presumably, the migratory shielding pigment 
layer expanded between ommat id ia  so as to reduce the 
effectiveness of light st imulation during repeated expo- 
sures. This pigment barrier would be ineffective against 
penetrat ing X-rays so tha t  the response ampli tude 
remained constant. 

Higher-energy fl-radiation stimuli, on the other hand, 
produced a monophasic response. By inference from the 
responses to visible light and X-rays, the photoreceptors 
did not  experience a rapid decline in stimulus intensity 
at  cessation of fl-exposure. High energy fl-radiations 
have been shown to induce fluorescence in the eye 
structure of mammals  4. There is also a unique effect, 
Cerenkov radiation, which occurs when highly energetic 
electrons exceed the velocity of light in a medium of 
relatively high refractive index. The Cerenkov radiation 
could become a source of visible light in transparent 

eye structures and appears relevant to this study. 
Cerenkov emission from a I MeV electron has been 
calculated to yield about  300 quanta  between 400 and 
800 nm la. For the rhabdom of the arthropod eye, the 
minimum electron energy required for this effect was 
calculated to be roughly 171 keV TM. Pr imary and sec- 
ondary electrons in this energy range were available in 
the present study with/~-radiation, but  not with X-radia- 
tion. Secondary sources of visual stimulation (strong 
fluorescence and Cerenkov radiation) could have produced 
a gradually decaying visible light output  tha t  may 
explain the absence of a detectable 'off '  response. The 
response ampli tude from repeated exposures to/~-stimuli 
followed a curve similar to that  for visible light (Figure 3). 
This finding is consistent with the hypothesis tha t  sec- 
ondary light production plays a significant role in the 
E R G  response to energetic E-radiations. The shielding 
pigment would be expected to reduce the response as 
it  did with repeated exposure to visible light. 

Zusammen/assung. Im Krabbenauge von Hemigrapsus 
nudus entstehen elektroretinographische Reaktionen 
(ERG) mit  sichtbarem Licht und R6ntgenstrahlung, die 
andeuten, dass dieselben Rhodopsin-Erregungsprozesse 
mit  beiden Strahlungsarten stattfinden. Nach 9°Sr-fl- 
Strahlung wird angenommen, dass Cerenkov-Effekt- und 
induzierte Fluoreszenz-Lichterzeugung die fl-ERG-Reak- 
tion deutlich beeinflussen. 
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Study of Neurosecretory Cells of Helix pomatia by 

The central ganglia of the snail, Helix pomatia, offer 
a convenient preparation for studying individual nerve 
ceils differing in their properties. Among identifiable 
neurones, cells designated previously x as cluster RPa-D 
are of special interest since they are neurosecretory cells. 
To investigate the pat tern of their  connections, we have 
applied the fluorescent dye injection technique of STRET- 
TON and KRAVITZ ~. 

Material and method. Active snails collected locally 
(Tihany, Hungary) were used. The ganglia were isolated 
as described previously x. The same intracellular electrode 
was used for both recording membrane and action poten- 
tials and dye injection. Unlike some other superficial 
neurones, neurosecretory cells are usually damaged 
during the removal of the sheath of the ganglion. I t  is 
therefore essential to drive the electrode through the 
intact inner layer of the sheath. 

The resistance of microelectrodes filled with a nearly 
saturated aqueous solution of the dye, Procion Yellow 
M4RAN, was about  10-20 megohms. The negatively 
charged dye was injected by passing a steady current 
of about 10 nA for 40-60 min. During the subsequent 
24-48 h at 4°C the dye was allowed to become diffused. 

Intracellular Dye Injection 

Then the ganglia were fixed in 4% formol-saline over- 
night, dehydrated in ethanol, cleared in methyl  benzoate 
and embedded in paraffin. 10 ~m sections mounted in 
Entellan-xylol  were examined with a fluorescence micro- 
scope. 

Results and discussion. Uniformly large neurosecretory 
cells constitute a compact group occupying a somewhat 
variable position on the dorsal surface of the right 
parietal ganglion. Cells of the cluster have remarkably 
similar morphological, physiological and pharmacological 
properties. They have no pigment inclusions characteristic 
for neighbouring neurones and are colourless, whitish 
or white in different specimens, due to the content  of 
secretory material. The ceils send their axons into the 
right pallial nerve, mainly into its external branch, where 
the secretory material  seems to be collected under the 
perineurium. 

Physiologically, RPa-D cells may be categorized as 
monomodal oscillators showing either both axonal and 
somatic action potentials or only the former. The duration 
of the somatic potential  is remarkably long due to a 
delay in its falling phase. The cells receive fairly rich 
excitatory and inhibitory synaptic input. They give 
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a) Section through the cluster of neurosecre- 
tory cells of the right parietal ganglion. One 
of the cells is filled with the dye. x202. 
b) The same cell at higher magnification. 
Fine somatic processes can be seen. x607. 

hype rpo l a r i z i ng  re sponses  to  ace ty l cho l ine  a n d  dopamine .  
Sero ton in ,  in  a d d i t i o n  to  i t s  e x c i t a t o r y  ac t ion ,  increases  
t h e  d u r a t i o n  of t he  de l ay  in t h e  s o m a t i c  a c t i o n  po ten t i a l s :  

Like  some iden t i f i ab le  n e u r o n e s  of Helix aspersa inves-  
t i g a t e d  b y  KERXUT e t  al. a, R P a - D  cells could  p rodu ce  
a c t i o n  p o t e n t i a l s  a f t e r  i n j e c t i n g  t h e  P roc ion  dye,  a l t h o u g h  
t h e  a m p l i t u d e  was  s o m e w h a t  s m a l l e r  t h a n  before  t h e  
in jec t ion .  T h e  dye  d id  n o t  in f luence  r e s t i ng  a n d  pos t -  
s y n a p t i c  po ten t i a l s .  

Microscopic  e x a m i n a t i o n  of  cells f i l led w i t h  t h e  dy e  
in  ser ia l  sec t ions  h a s  s h o w n  t h a t  e a c h  cell  of t h e  c lu s t e r  
g ives  r ise  to  one  t h i c k  process  (Figure) .  J u s t  in  t h e  
v i c i n i t y  of t h e  cell  b o d y  t h e  process  d iv ides  i n to  2 
b r anches ,  one  r u n n i n g  t o  t h e  r i g h t  pa l l i a l  n e r v e  a n d  
a n o t h e r  w h i c h  r u n s  media l ly ,  passes  t h r o u g h  t h e  cel lular  
mass ,  t h e n  t u r n s  b a c k  a n d  e n t e r s  t h e  f ibe r  m a t t e r .  
S o m e t i m e s  i t  c an  be  fol lowed t h r o u g h  t he  c o n n e c t i v e  
up  to  t h e  fused  neurop i l e  of t h e  lef t  pa r i e t a l  a n d  v i scera l  
gangl ia .  

The  cell  b o d y  gives r ise to  m u l t i p l e  t h i n  processes  
easi ly  d i s t i ngu i shab l e  f rom t h e  t h i c k  one  (Figure).  
These  are  especia l ly  n u m e r o u s  u n d e r  t h e  s h e a t h  of t h e  
gang l ion  a n d  some of t h e m  can  be  fol lowed to  t h e  shea th .  
T h e  b r i g h t n e s s  of t h e  f luorescence  in t h i n  processes  is 
low as c o m p a r e d  w i t h  t h a t  in  t h e  p e r i n u c l e a r  c y t o p l a s m ,  
so t h a t  i t  is d i f f icu l t  t o  d e t e r m i n e  h o w  far  t h e y  s p r e a d  
w i t h i n  t he  shea th .  T h i n  processes  of t he  s a m e  t y p e  
i n t e r m i n g l e  w i t h  s imi l a r  processes  of n e i g h b o u r i n g  R P a - D  
cells w i t h o u t  o b v i o u s  p a r t i c i p a t i o n  of sa te l l i t e  glia. 

I t  s eems  of i n t e r e s t  to  c o m p a r e  cells  e x a m i n e d  in  t h e  
p r e s e n t  s t u d y  w i t h  a c lu s t e r  of n e u r o s e c r e t o r y  cells of 
t h e  a b d o m i n a l  gang l ion  of ApIysia ( ' ros t r a l  w h i t e  cells ' ,  
R3-R13)  4. T h e  2 g roups  show s t r i k i n g  s imi lar i t ies .  
R o s t r a l  w h i t e  cells  of Aplysia a re  r e p o r t e d  to  b e  d i s t inc-  
t i v e  because  of 1. t h e  w h i t e  a p p e a r a n c e  due  to  t h e  
p re sence  of sec re to ry  m a t e r i a l ,  2. t h e  r e l a t i ve  absence  of 
p i g m e n t  bodies ,  3. t h e  n u m e r o u s  deep  in fo ld ings  of t h e i r  
p l a s m a  m e m b r a n e ,  4. t h e  p resence  of s o m a t i c  processes  
w h i c h  end  w i t h i n  t h e  s h e a t h  of  t h e  gangl ion ,  5. t h e  du ra -  
t ion  of t h e i r  ac t ion  p o t e n t i a l s  w h i c h  a re  2 or  3 t i m e s  
longer  t h a n  t h a t  of m o s t  n e i g h b o u r i n g  cells, 6. t h e  
i n h i b i t o r y  response  to  ace ty l cho l ine  4, ~. Cells of t he  R P a - D  
c lus te r  in  Helix sha re  al l  t he se  charac te r i s t i c s .  

I t  is n o t e w o r t h y  t h a t  R 3 - R 1 3  cells of Aplysia are  
loca ted  in t he  r i g h t  h e m i g a n g l i o n  wh ich  is e ssen t i a l ly  

t h e  h o m o l o g u e  of t h e  r i g h t  pa r i e t a l  gang l ion  of p u l m o -  
na tes .  Thus ,  t h e  h o m o l o g y  of t h e  two  c lus te r s  seems  
qu i t e  possible.  O u r  p r e l i m i n a r y  phys io log ica l  e x p e r i m e n t s  
i nd i ca t e  t h a t  n eu ro s ec r e t o ry  cells of t h e  r i g h t  p a r i e t a l  
gang l ion  of Lymnaea stagnalis e h a v e  s imi l a r  cha rac -  
ter is t ics .  

I n  general ,  t h e  p r o b l e m  a n d  c r i t e r i a  of  n e u r o n a l  h o m o -  
logies a re  d i scussed  e l sewhere  r, a n d  some  o t h e r  e x a m p l e s  
of homologeous  n e u r o n e s  in p u l m o n a t e  a n d  op i s tho-  
b r a n c h  mol luscs  h a v e  r e c e n t l y  b e e n  cons ide red  8 

As fa r  as  s y n a p t i c  i n p u t  is concerened ,  t h e  R P a - D  
cells  a re  d i f f e ren t  f r o m  t h e  ro s t r a l  w h i t e  cells:  un l ike  t h e  
l a t t e r  4, t h e  f o r m e r  h a v e  wel l -deve loped  i n t r ag an g l i o n i c  
connec t ions .  Th i s  d i f fe rence  m i g h t  b e  t h e  r e su l t  of t h e  
f ac t  t h a t  Helix h a s  no  o s p h r a d i u m ,  t h e  p e r i p h e r a l  
sensory  o r g a n  which ,  in  Aplysia, in f luences  au togen i c  
a x o n a l  p a c e m a k e r s  of w h i t e  cells 9. 

BbIBOllbL Kax<~aa KJIeTKa Hccne/IOBaHHOi~ rpynnbx 0VC- 
bIHaeT II0 aKC0HH0fi BeTBH K l]epHf~epHqecKoMy Aeno H B 
cHHanTHqecKHi~ He~ponH~Ib, a Ta~oKe HMeeT MHo)KeCTB0 CO- 
MaTHqecKHX 0Tp0CTKOB, [~JIeTKH noJlyqaH)T 6oraT~i~ CHHa- 
HTHqecKH~ IIpHTOK, T0pM03flTCfl aIIeTHYlXOJIHHOM n J~0~baMH- 
HOM H CTHMyYIHpyIOTC~I cepOTOHHHOM. 
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