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Alterations in the Structure of the Octopus vulgaris Chromatophore by Cytochalasin B 

The  Cepha lopod  c h r o m a t o p h o r e  is a h igh ly  special ized 
single cell, bea r ing  p i g m e n t  granules  w i t h i n  a n  int racMaular  
container (CLONEY and FLOREY I] MIROW2; FRO]ESCH3). 
Expansion of the chromatophore is achieved by radially 
attached muscle fibres, and return from the dispersed 
condition is probably promoted by the pigment container 
itself, which is supposed to have elastic function (CLONEY 
a n d  FLOREY 1). 

A t  a n y  degree of e x p a n s i o n  of t he  c h r o m a t o p h o r e ,  
t he  p i g m e n t  g ranu les  are d ispersed h o m o g e n e o u s l y  
w i t h i n  t he  con ta ine r .  To accoun t  for this ,  t he re  m u s t  be  
a co -o rd ina t ing  m e c h a n i s m  for t he  p i g m e n t  dispers ion,  
a l t h o u g h  a r e spec t ive  s t r u c t u r e  has  no t  been  descr ibed  
so far.  The  p r e sen t  s t u d y  is an  e x p e r i m e n t a l  a p p r o a c h  
to  t h e  ques t ion  of ' g ranu le  l ink ' ,  a p p l y i n g  a c o m b i n a t i o n  
o5 electr ical  s t i m u l a t i o n  and  cy tocha l a s in  B (CB). CB 
in ter feres  w i t h  ce r t a in  cy top la smic  f i l amen t s  (WzSsELS 
et  al.4); however ,  t he  m e c h a n i s m  is no t  u n d e r s t o o d  

Methods. The  effect  of CB on f u n c t i o n  a n d  s t ruc-  
t u r e  of t h e  c h r o m a t o p h o r e  was e x a m i n e d  as fol lows:  
10 pieces of skill  were r e m o v e d  f rom 4 d e c a p i t a t e d  speci- 
mens  of Octopus vulgaris an d  p u t  t o g e t h e r  in to  an  oxygen-  
a t ed  b a t h  c o n t a i n i n g  5 ~g/ml  CB in s eawa te r  a t  10~ 
(1 m g  CB was in i t i a l ly  dissolved in 1 ml  d i m e t h y l  su lph-  
oxide (DMSO) an d  t h e n  m a d e  up  w i t h  200 ni l  seawater ) .  
Af te r  eve ry  15 ra in  t h e  sk in  slices were e lect r ica l ly  
s t i m u l a t e d  b y  squa re  wave  pulses  (4 V, 100 Hz,  0.3 ms) 
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Fig. 1. Contracted Octopus vulgaris 
ehromatophore cell of control speci- 
men. The plasma membrane is exten- 
sively folded. The pigment granules 
are retained by all intracelIular pig- 
ment container (PC). The arrow 
points to a pigment granule laying 
outside the container. 
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for 10 sec, in order to expand  the  chromatophores .  
After  30, 90 and 150 rain, 1 slice was cut  away  from each 
specimen, f ixed wi th  osmic acid (2% in isosmotic solution, 
buffered wi th  sodium cacodylate)  and processed for EM 
observat ion  as previous ly  described (FRoESC~ 3). Controls 
were ba thed  and s t imula ted  at  the  same t ime  in seawater  
conta ining 0.5~o DMSO. At  90 and 150 rain, samples 
were r emoved  from the  CB-ba th  and washed in oxygena ted  
seawater  (10 ~ for 30 min  and then  fixed. This  was done 
to tes t  the  supposed revers ibi l i ty  of the  effect of the  drug. 

Results.  During the  exper iment ,  the  chromatophores  
were observed under  a binocular  microscope. S t imula t ion  
always caused expansion of all the  chromatophores  and 
was followed by spontaneous cont rac t ion  a few seconds 
af ter  the  last  st imulus.  In  addit ion,  numerous  spontaneous 
expansions of the  chromatophores ,  'b l inking ' ,  occurred 

in the  periods be tween s t imulat ion.  This  pa t t e rn  re- 
mained  cons tant  th roughou t  the  exper iment ,  implying  
tha t  the  funct ion  of the  p igment  conta iner  was unaffected 
by CB. 

An effect of the  CB was la ter  recognized in the EM. 
In  the  un t rea ted  chromatophore  all  bu t  ave ry  few 
p igment  granules are re ta ined wi th in  the  conta iner  
(Figure 1). There  is a marked  increase in the  number  of 
granules outs ide the  conta iner  in the  CB-t rea ted  chro- 
matophore ,  the  p igment  conta iner  appear ing to leak these 
escaped granules (Figure 2). For  each sample 50 sections 
of cont rac ted  chromatophores  were examined  wi th  the  
EM, i.e. 500 al l together.  The  escaped granules per  uni t  
c i rcumference were counted.  The propor t ion  of escaped 
granules per  100 ~m circumference rises f rom 2 in the  
control  specimen to 5 (30 rain), 7 (90 min) up to 8.5 

Fig. 2. Contracted Octopus vulgaris 
ehromatophore, 150 min incubated 
with cytochalasin B at 5 vg/ml. 
Numerous pigment granules are sit- 
uated outside the pigment contaiuer. 
The granules inside tend to assemble 
towards the periphery of the com- 
partment. 
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(150 rain), the  overal l  increase being highly  signif icant  
(P < 0.01). 

Washing  the  specimens did not  change the  s i tua t ion;  
rather ,  the  90-rain CB-incubated  chromatophores  showed 
af ter  washing exac t ly  the  same propor t ion  of escaped 
granules as the  150-rain specimens (Figure 3), showing t h a t  
the  escape effect is no t  reversible.  In  fact, i t  is h igh ly  
improbable  t h a t  once a granule has left  the  p igment  
conta iner  it  would re turn  to i t  (P ~ [N outside/N inside] 2). 
In  this respect  the  i r revers ib i l i ty  of the  escape effect is 
secondary.  

There is an addi t iona l  phenomenon  to be t aken  into 
considerat ion : in the  control  chromatophores  the  dis tr ibu-  
t ion of the  p igment  gTanules is v e r y  homogeneous,  
regardless of the  s ta te  of cont rac t ion  or expansion,  
(Figure 1). In  the  CB-incubated  chromatophore ,  the  
p igment  dispersion suffers considerable disorganizat ion 
(Figure 2), the  p igment  granules tending  to assemble 
towards  the  wall  of the  container.  Rinsing in seawater  for 
30 mill  did not  restore the  normal  organization.  

Discussion. Though  its funct ion is essential ly main ta in-  
ed, the  ch romatophore  undergoes some s t ruc tura l  change 
causing p igment  granules to leave the  container .  To 
some ex ten t  t h e y  do so in the  un t rea ted  chromatophore  
as well. Appa ren t ly  the  p igment  conta iner  gradual ly  
fails to re ta in  the  granules the  more thei r  ' l ink '  is damaged.  

Ul t r a s t ruc tu ra l  studies of the  p igment  conta iner  have  
not  shown its organiza t ion  sat isfactor i ly  (CLON~EY and 
FLOREY1; 1VIIROW2; FROESCHS). In  the squid i t  consists of 
2 types  of f i laments,  250 A and 50-70 A respect ively,  
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whereas in Octopus vulgaris only f i laments  of less than  
100 A seem to be present.  The squid p igment  conta iner  is 
discont inuous in the  plane of myochromatophora l  junc-  
tion. I t  is in these areas t h a t  the  granules, which are 
found outside the  container,  m a y  have  escaped (MiRow2). 
In  Octopus no such discont inui t ies  have  been found, 
suggest ing tha t  granules must  pene t ra te  the  conta iner  in 
order to leave it. 

However ,  the  main tenance  of e las t ic i ty  of the  p igment  
conta iner  th roughou t  the  exper iment  and the  occurrence 
of escaped granules in the  controls s t rongly indicate  
t h a t  the  escape effect is not  due to the  influence of CB on 
the  f i laments  of the  p igment  container .  

In  conclusion, I pos tu la te  the  existence of a mechanism 
connect ing the  p igment  granules and co-ordinat ing their  
dispersal in the  ehromatophore ,  the  'granule l ink' .  
Incuba t ion  wi th  CB affects this  mechanism and is 
followed by an increase of granules leaving the  container.  
The number  of granules enter ing into the  s tat is t ics  is small  
bu t  suff ic ient  to prove  the  significance of the  result.  

On the  o ther  hand CB does not  interfere  wi th  the  
overal l  funct ion  of the  p igment  container .  The sensi t iv i ty  
of the  chromatophore  to CB suggests the  presence of 
f i laments  be tween the  p igment  granules. However ,  
for direct  proof  evidence must  be produced at  the  ul t ra-  
s t ruc tura l  level, demons t ra t ing  1. the  f i laments,  2. the i r  
insert ion a t  the  granules,  and 3. the i r  insert ion at  the 
p igment  conta iner  or  the  p lasma membrane .  

Zusammen/assung. Nachweis,  dass die Chromatophoren  
yon Octopus vulgaris bei Inkuba t ion  mi t  Cytochalasin  B 
s t rukturel le  Ver~Lnderungen zeigen. Eine  signif ikante 
Zunahme yon P igmentk6rnern  ausserhalb des P igment -  
beh/ilters ist  festzustellen.  Es wird angenommen,  dass 
Cytochalasin 13 einen Mechanismus st6rt,  der normale r -  
weise Zusammenha l t  und Ver te i lung der P igmentgranu la  
koordiniert .  
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Fig. 3. 0, number of pigment granules (E)/100 [zm circumference 
escaped from pigment container, at different times of cytochalasin 
B-incubation. �9 E of samples washed for 30 rain after incubation 
with cytochalasin ]3. 
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Some Structural Evidence in Support of Functional Integration within the Cephalic 
Neuroendocrine Complex of Periplaneta americana L. 

The cephal ic  neuroendocr ine  sys tem of insects, c o r n -  

prizing the  med ian  nenrosecre tory  cells, their  axonal  
pa thways ,  corpora card iacs  (CC), corpora allata,  and 
the  var ious nerves associated wi th  the  retrocerebral  
complex,  appears  to act  as one funct ional  control  uni t  1. A 
mul t i componen t i a l  control  sys tem can be effect ive only 
if its different  components  are funct ional ly  integrated.  
Func t iona l  in tegra t ion  in the  cephalic  neuroendocrine 
appara tus  seems to be effected th rough  neural  and 
neurosecre tory  channels and conceivably  also th rough 
feed-back humora l  relations.  I n  the  course of our studies 
on the  funct ional  morphology  of the  cephalic neuro- 
endocrine system of P .  americana by  in situ s taining wi th  
performic acid Victoria. blue l, said to be specific for 
cys t ine /cys te ine  rich A- type  neurosecretion,  we came 

across an aber ran t  neurosecretory appara tus  in all adul t  
male. This is described and compared  wi th  the  normal  
neurosecretory systems, inasmuch as together  t hey  
th row some interes t ing l ight  on the  s t ructura l  basis of 
funct ional  in tegra t ion  in the  cephalic  neuroendocrine 
complex.  

Neurosecre tory  cells in the  pars intercerebral is  medial is  
of the  abnormal  neuroendocr ine  appara tus  are normal  in 
conf igurat ion wi th  the  usual dendri t ic  arborizat ions on 
thei r  ini t ial  processes 8 (Figure 1); axonal  collaterals 
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