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u r e d  a n d  i n t e g r a t e d  w i t h  t he  d e n s i t o m e t e r  V i t a t r o n  
TLD-100 .  A s t a n d a r d  cu rve  was o b t a i n e d  b y  dens i to-  
me t r i c  m e a s u r e m e n t  of samples  c o n t a i n i n g  10-40 txg of 
r a t  p r o l a c t i n  ( N I A M D  - r a t  p r o l a c t i n  RP-1  ; 11 I U / m g )  13. 

Results and discussion. T he  m i l k  spots  were comple t e ly  
suppressed  b y  V U F B - 6 6 8 3  dosed  10 and  4 m g / k g  dai ly ,  
a n d  r educed  b y  82% a t  t h e  dosage of 1 m g / k g  daffy. The  
a d e n o h y p o p h y s i a l  p r o t a c t i n  c o n c e n t r a t i o n s  a n d  we igh t s  
are  g iven  in  t h e  Table .  I t  is e v i d e n t  t h a t  a f t e r  V U F B -  
6683 t h e  a d e n o h y p o p h y s i a l  p r o l a c t i n  c o n c e n t r a t i o n  s ank  
a n d  t h e  a d e n o h y p o p h y s i a l  w e i g h t  decreased.  I n  v iew of 

these  f indings ,  a n  i n h i b i t o r y  effect  of t h e  p r e p a r a t i o n  on  
t he  p r o l a c t i n  syn thes i s  in  a d e n o h y p o p h y s i s  can  be  as- 
s u m e d  to  exist .  

Zusammen[assung. Mit  Hi l fe  yon  D-6-Methyi-8-ergol in-  
I - y l a c e t a m i d - T a r t a r a t ,  V U F B - 6 6 8 3  wurde  be i  sAugen- 
den  R a t t e n  das  Gewich t  u n d  de r  P ro l ak t in sp i ege l  de r  
A d e n o h y p o p h y s e  h e r a b g e s e t z t  u n d  die L a k t a t i o n  ge- 
h e m m t .  

P. KREJ~i,  M. AU~KOVK, K. RE~2{BEK, 
J.  B i ~ K  and  M. SEMO~SK'~ 
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A N e w  T y p e  of 'Node '  in the  Mye l in  S h e a t h  of an Inver tebrate  N e r v e  Fibre  

The  mecl~anisms of impulse  c o n d u c t i o n  in i nve r t e -  
b r a t e  n e r v e  f ibres  w i t h  myel in - l ike  s hea t h s  and  t h e i r  
u l t r a s t r u c t u r a l  .correlates h a v e  n o t  y e t  b e e n  c leared 
up.  I n  2 cases 1, 2 nodes  r e s e m b l i n g  t h e  v e r t e b r a t e  nodes  
of R a n v i e r  h a v e  been  descr ibed  in c r u s t a c e a n  ne rve  
fibres, b u t  t h e i r  f unc t i on  was no t  ana lyzed .  On t he  
o t h e r  h a n d ,  ce r t a in  m y e l i n a t e d  g i a n t  f ibers  of shr imps ,  
for  w h i c h  s a l t a t o r y  c o n d u c t i o n  ha s  been  cIaimed,  l ack  
Ranv ie r - l i ke  nodes.  T he  m y e l i n  s h e a t h  is i n t e r r u p t e d  
o n l y  b y  t h e  emerg ing  co l la te ra l s  a n d  the se  s i tes  ac t  
p r o b a b l y  as exc i t ab le  nodes  3, �9 

I n  t h e  v e n t r a l  cord  of e a r t h w o r m s ,  on ly  f he  3 dorsa l  
g i a n t  f ibres  h a v e  mye l in - l ike  shea ths ,  w h i c h  are also 
i n t e r r u p t e d  b y  regu la r ly  spaced  col la tera ls  on  t h e i r  
v e n t r a l  side s . Th i s  c o m m u n i c a t i o n  descr ibes  open ings  
in t h e  dorsa l  side of t h e  mye l in  s h e a t h  of the  m e d i a n  
g i a n t  f ibre  of t he  e a r t h w o r m ,  w h i c h  h a v e  been  over-  
looked un t i l  now. 

Materials and methods. T h e  o b s e r v a t i o n s  were m a d e  
o n  a d u l t  spec imens  of Lumbricus terrestris. T h i n  sect ions  
for l igh t  mic roscopy  (0.5 to  1 txm th ick)  were o b t a i n e d  
f rom A r a l d i t e - e m b e d d e d  v e n t r a l  cords  a f t e r  f i xa t i on  
w i t h  1% g l u t a r a l d e h y d e  fol lowed b y  2% o s m i u m  te-  
t rox ide ,  b o t h  in 0.1 m p h o s p h a t e  or cacody la t e  buffer  
a n d  in t he  cold ( p i t  7.4). The  sec t ions  were p o s t - s t a i n e d  
w i t h  to lu id ine  blue.  

Results. The  m e d i a n  g i an t  f ibre  of t h e  e a r t h w o r m  
d isp lays  3 v e n t r a l  col la tera ls  in  all s egmen t s  of t he  
co rd  s. However ,  e x a m i n i n g  A r a l d i t e - e m b e d d e d  whole  
m o u n t s  of t h e  v e n t r a l  cord  a t  low magn i f i ca t ion ,  5 
r egu la r ly  spaced  t r a n s l u c e n t  spots  can  be d i scerned  
in i ts  o p a q u e  m y e l i n  shea th .  Af te r  c u t t i n g  off t he  v e n t r a l  
p a r t  of t h e  cord  inc lud ing  t he  v e n t r a l  ha l f  of t h e  g i an t  
f ibres  - a n d  the re fo re  t he  3 v e n t r a l  openings  of t h e  
m e d i a n  g i an t  - 2 open ings  are  sti l l  v is ible  in t he  dorsa l  
mid l ine  of t h e  m y e l i n  s h e a t h  of t he  m e d i a ~  g i a n t  f ibre.  
No such  openings  could  be  d i s t i ngu i shed  in t he  l a te ra l  
g i a n t  f ibres  (Figure  2). These  dorsa l  open ings  will  be 
h e n c e f o r t h  cal led nodes.  T he  pos i t ion  of t h e  nodes  is 
fa i r ly  c o n s t a n t  in  all  regions  of t h e  cord  a n d  in al l  a n i m a l s  
e x a m i n e d  (Figure  1). T h e y  a l t e r n a t e  w i t h  t he  2 ne rve  
bund l e s  wh ich  leave each  s egm en t  of t he  cord, t he  side 
ne rves  1 a n d  t h e  pa i red  side ne rves  2 a n d  3. T he  f i rs t  
node  is loca ted  a b o u t  m i d w a y  b e t w e e n  t h e  side ne rves  
1 a n d  2/3, some 50 to 150 ~zm a n t e r i o r  t o  t he  m e d i a n  

g i a n t  cellK The  second node  is found  a t  t he  end  of t h e  
s egmen t  s l igh t ly  closer to  t he  p receed ing  side ne rves  
2/3 t h a n  to  t h e  side ne rve  1, a n d  a t  a b o u t  t h e  same  lev- 
el as t h e  s y n c h r o n i z i n g  b r idge  b e t w e e n  t h e  l a t e ra l  g i a n t  
f ibres  s (Figure 1). 

The  d i s t ance  be tween  consecu t ive  nodes  var ies  be-  
t w e e n  0.5 and  0.7 ram,  d e p e n d i n g  u p o n  t h e  l e n g t h  of 
t he  co r r e spond ing  segment .  General ly ,  t he  i n t e r n o d a l  
d i s t ance  w i t h i n  the  s e g m e n t  appea r s  to  be  s o m e w h a t  
smal le r  t h a n  t he  i n t e r n o d a l  d i s t ance  b e t w e e n  conseeu-  
t ives  segments .  T h e  nodes  are of a p p r o x i m a t e l y  cir-  
cu la r  shape  a n d  a b o u t  10 to  15 tzm in d i ame te r .  THe 
mye l in  lamel lae  are  a r r a n g e d  a r o u n d  t he  node  to 
enve lope  t h e  p r o t r u d i n g  a x o p l a s m  concen t r i ca l ly  (Fi- 
gure  3), cover ing  i t  un t i l  i t  reaches  t h e  f ib rous  capsute  
a b o v e  t h e  g i an t  fibre, t h u s  fo rming  a funne l - l ike  s t ruc-  
t u r e  (Figure  4). 
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Fig. I. Schematic drawing of a ventral cord segment showing the 
dosition of the dorsal nodes of the median giant fibre. Interrupted lines 
indicate the segmental borders of the body wall. 



1264 Specialia EXPERIENTIA 29/10 

At  the  end of the  a x o p l a s m  extension,  t he  axo lemma 
(axon membrane)  of the  med ian  g iant  f ibre faces t he  
f ibrous capsu le  directly,  w i t h o u t  separa t ion  by  o ther  
cellular e lements .  This has been  conf i rmed by  prel imi-  
na ry  e lectron microscopical  observat ions .  Contacts  wi th  the  
muscular  s t r ands  which  are p re sen t  in the  f ibrous capsule 
were never  observed.  A regular  pecul iar  cytological  
fea ture  of t he  nodes  is t he  enhanced  dens i ty  (osmio- 
philia) of the  axoplasm,  which  increases t owards  the  
top  of the  axop lasm prot rus ion.  

Discussion.  In  add i t ion  to  Ranvier - l ike  nodes  and  
circular openings of b ranch ing  collaterals,  t he  p resen t  
communica t ion  describes a new th i rd  t y p e  of 'node '  in 
a mye l ina t ed  inve r t eb ra t e  axon.  The dorsal  nodes of 
t he  med ian  g ian t  f ibre resemble  the  ven t ra l  collateral  
openings as to  shape  and dimensions,  but ,  unlike them,  

t h e y  are no t  involved in the  synap t i c  re la t ions  of the  
fibre. 

The extracel lu lar  f ibrous capsule (collagen), which  
envelopes  t he  cent ra l  nervous  sys t em of the  e a r t h w o r m  
and o ther  inve r t eb ra te s  has  been  shown to  be h ighly  
pe rmeable  to  ions and  even  larger dye  molecules 6 s. 
Thus  i t  is l ikely to provide  a low electrical  res is tance  
p a t h w a y  be tween  consecutive~ dorsal  nodes.  This  should 
be more  eff icient  t h a n  longi tudina l  cur ren t  p a t h w a y s  
be tween  the  ven t ra l  collaterals,  for which  only  small  
ext racel lu lar  spacings be tween  glial and nervous  e lements  
and  na r row inward  ex tens ions  of t he  f ibrous  capsule 
are disposable  g, 1~ These impl ica t ions  s t rongly  suggest  
some specific func t ion  of the  dorsal  nodes in the  impulse  
conduc t ion  of the  med ian  g ian t  fibre, which  pe rhaps  
occurs in a sa l t a to ry  manner .  Indeed,  p re l imina ry  electro- 
physiological  expe r imen t s  recording the  spike ampl i tude  
of t he  med ian  g iant  f ibre ext racel lu lar ly  w i th  fine 
suct ion electrodes show 2 d is t inc t  m a x i m a  at  t he  si tes 
of the  dorsal  nodes,  t hus  ind ica t ing  an increased cur ren t  
dens i ty  t h ro u g h  these  openings.  

The pecul iar  dens i ty  of t he  med i an  g ian t  axop lasm 
in t he  dorsal  nodes recalls r e c e n t  e lec t ron microscopical  
observa t ions  on the  special osmiophi l ia  of cellular 
m e m b r a n e s  in g iant  f ibres of c rus taceans  n and ear th-  
worms 1~. This  f ind ing  has  been  corre la ted  w i t h  some 

Fig. 2. Low power view from ventral of the whole aralclite-mounted 
dorsal giant fibres. The ventral part of the fibres with the ventral 
openings has been cut off. In the median giant fibre, the first dorsal 
node of the ganglion can be distinguished (arrow) ahead of the septal 
region (S). Segment 107, scale 100 l~.m. 

Fig. 3. Frontal section through the dorsal part of the median giant 
fibre. Arrow first dorsal node with concentricalIy arranged myelin 
lamellae; S, septal membranes in the median giant fiber; My, 
myelin sheath of the median giant fibre. G1, glial tissue; Co, fibrous 
capsule and M, muscles of the cord_ envelope. Segment 108, scale 
20 [~m. 

Fig. 4. Transversal section through the giant fibres at the level of 
the second node (arrow) in segment 14. G1, glial tissue; Co, fibrous 
capsule; M, muscles of the cord envelope. Scale 40 [~m. 

Fig. 5. Transversal section through the second dorsal node in segment 
55, in higher magnification. My, myelin sheath of the dorsal node; 
Co, fibrous capsule and M, muscular elements of the envelope. 
Scale 10 [~m. 
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special  b iochemica l  r eac t ion  of t he  m e m b r a n e s  due  to  
inc reased  c u r r e n t  dens i ty ,  d u r i n g  spike p r o p a g a t i o n  
in these  axons  ~, t h u s  c o r r o b o r a t i n g  t h e  i n t e r p r e t a t i o n  
of t he  phys io log ica l  role of t he  nodes  g iven  above .  
F u r t h e r  e lec t rophys io logica l  a n d  e lec t ron  microscopi -  
cal work  is in progress  to  e luc ida te  these  p o i n t s  la. 

die ex t raze l lu l~re  Kol lagenhi i l le  des t 3auchmarkpe r i -  
n e u r i u m s  h e r an re i ch t .  Dieser  B e f u n d  wi rd  in H i n b l i c k  
au f  d en  Mech an i s mu s  de r  E r r e g u n g s l e i t u n g  myel in i -  
s ie r ter  N e r v e n f a s e r n  y o n  Wirbe l losen  d i sku t ie r t .  

J. GONTHER 

Zusammenfassung. Es werden  neuar t ige ,  s egmen ta l  
a n g e o r d n e t e  O f f n u n g e n  in de r  Myel insche ide  de r  m e d i a n e n  
Riesenfase r  des R e g e n w u r m s  Lumbricus terrestris be- 
schr ieben,  d u r c h  welche  die A x o n m e m b r a n  d i r e k t  a n  

I. Zoologisches Institut der Universitiit, 
A bteilung/i~r Zellbiologie, 
Berliner Strasse 28, 
D-3d G6ttingen (Germany), 2 May 1973. 

I d e n t i f i c a t i o n  of  H e m o c y a n i n  in  t h e  C y a n o c y t e s  o f  C a r c i n u s  m a e n a s  

Cyanoblast and cyanocyte are the names given by 
FAHRENBACHI to the cells which synthesize hemocyanin 
(Hcy) in  Limulus polyphemus. These  cells h a v e  been  
observed ,  t o g e t h e r  w i t h  g r a n u l a t e d  hemocy tes ,  in  t h e  
c i r cu la to ry  s inusoids  of t he  c o m p o u n d  eye and,  accord ing  
to  t h i s  au tho r ,  t h e y  p r o b a b l y  o r ig ina t e  in  t he  d iges t ive  
g land.  M a t u r e  cyanocy te s  show c rys t a l l i ne  bod ies  w i t h i n  
t h e  c y t o p l a s m  wh ich  h a v e  b e e n  iden t i f i ed  as H c y  on  t h e  
bas is  of t he  d imens iona l  congruence  of t he  c rys ta l l ine  
l a t t i ce  w i t h  t he  size of t h e  H c y  molecule  of t he  same  ani-  
mal .  

H c y  is t he  r e s p i r a t o r y  p i g m e n t  of 2 p h y l a  of inve r t e -  
b r a t e s :  Mol luscs  a n d  A r t h r o p o d a ,  and  t h e  molecu la r  
we igh t  of t h e  m a i n  c o m p o n e n t  p r e sen t  in  t he  b lood  is 
t yp i ca l  n o t  on ly  of each  p h y l u m  b u t  also of t he  classes, 
orders  a n d  suborde r s  of b o t h  p h y l a  ~,3. The  H c y  of 
L{mulus differs  f rom t h a t  of o t h e r  a r t h r o p o d  species in  i t s  
h igh  s e d i m e n t a t i o n  c o n s t a n t :  60 S aga ins t  24 S a n d  16 S 
in  Crus tacea  a n d  34 S in o the r  A r a c h n o m o r p h a  a. E x c e p t  
for  t h e  obse rva t i ons  b y  DILLY a n d  MESSENGER 5 on  
Octopus vulgaris a n d  b y  FAHRENBACH on Limulus 
polyphemus, b o t h  based  on  morpho log ica l  ev idence  only,  
t he  p r o b l e m  of t h e  b io syn thes i s  of H e y  in Mol luscs  a n d  
A r t h r o p o d a  is st i l l  a m a t t e r  of specula t ion .  

W i t h  t h e  purpose  of d e m o n s t r a t i n g  u n e q u i v o c a l l y  t h e  
endoce l lu la r  p resence  of I~Icy, t h e  hemopo ie t i c  cells of 
Carcinus maenas h a v e  been  iden t i f i ed  a n d  cha rac t e r i zed  
b y  e lec t ron  mic roscopy  a n d  t h e  p ro t e in  wh ich  is syn thes iz -  
ed in t h e  c y a n o b l a s t  has  been  iden t i f i ed  as H e y  b y  i m m u n e -  
f luorescence.  

Material and methods. The  an ima l s  were o b t a i n e d  f rom 
the  I - tydrobiology S t a t i o n  of Chioggia  (Venice) a n d  k e p t  
in  t he  a q u a r i u m  u n t i l  used. The  dorsa l  ca rapace  was 
r e m o v e d  and  t he  t i ssues  were h a r d e n e d  in s i tu  b y  sho r t  
p r e f i xa t i on  (30-40 rain).  

For  t h e  op t i ca l  microscopy,  Bouin ,  f o r m a l d e h y d e  or 
g l u t a r a l d e h y d e  a t  d i f fe ren t  c o n c e n t r a t i o n s  were employed .  
The  sect ions  were coloured  w i t h  h e m a t o x y l i n - e o s i n  or 
P A S  and  w i t h  rubean i c  acid for  t he  de t ec t i on  of copper .  
Fo r  e lec t ron  microscopy,  t he  bes t  f i xa t ion  was o b t a i n e d  
b y  us ing  3 or 4 %  g lu t e r a ldehyde  in  sea w a t e r  a n d  0.05 2V/ 
cacody la t e  buf fe r  p H  7.0 (1:1 vol.) p lus  0.001 M CaCI~ 
and  0.025 M sucrose. The  t issues,  p rev ious ly  t r e a t e d  in 
s i tu  w i t h  t h i s  solut ion,  were r e m o v e d  a n d  k e p t  for 1 h 
in  f resh  f ixa t ive ,  t h e n  washed  3 t i m e s  (10 ra in  each) 
w i t h  t he  cacody la t e  buf fe r  and  pos t - f ixed  w i t h  1% 
o s m i u m  t e t r o x i d e  in 0.1 M cacody la t e  buf fe r  p H  7.2 for 
60 rain.  The  m a t e r i a l  was  d e h y d r a t e d  a n d  inc luded  in D E R  
(Dew E p o x y  Resin,  Car lson Co.)6. F ine  (500 A ca.) a n d  
1 ~xm t h i c k  sect ions  were p r e p a r e d  w i t h  t he  L K B  U l t r a -  
t o m e  I I I .  The  t h i c k  sect ions  were coloured w i t h  t o lu id ine  
b lue  a n d  t he  t h i n  ones w i t h  u r a n y l  a ce t a t e  ( s a t u r a t e d  

so lu t ion  in 50 ~ e thanol )  for 25-30 ra in  a n d  lead c i t r a t e  
for  3-4  m i n  7. The  o b s e rv a t i o n s  were m a d e  us ing  a Ph y l i p s  
E l ec t ron  Microscope Mod. 300. 

H e y  was pur i f ied  f rom t h e  h e m o l y m p h  of Careinus b y  
d ia lys is  a n d  u l t r a c e n t r i f u g a t i o n  accord ing  to GHIRETTI- 
MAGALDI et  al. 8. The  r a b b i t  H c y  a n t i b o d y  was p r e p a r e d  
b y  in j ec t ing  5 ml  sal ine c o n t a i n i n g  10 m g  of p ro t e i n  once 
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Fig. 1. Electron micrograph of a cyanoeyte in the reticular connective 
tissue of the hepatopanereas of Carcinus maenas showing a large 
inclusion of proteie material (Hey), the Golgi system (G} and a 
peripheric nucleus (N). 3% glutaraldehyde. • 


