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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 

1 K. G. ADIYODI, Vijn. Kair. 7, 57 (1969). 
2 G. S. DOGRA and B. K. TANDON, Q. J1 microsc. Sci. 705, 455 0964). 
3 K. G. ADIVOm and H. A. I3~RS, Gen. comp. Endocr. 11, 88 (1968). 
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con ta in ing  per fo rmic  acid Vic to r ia  b lue -pos i t ive  ma te r i a l  
could also be  d i s t inguished .  I t  is well  k n o w n  t h a t  in  
p t e rygo t e  insects,  inc lud ing  P. americana4, 5, t h e  axons  
of t he  2 m e d i a n  groups  of neurosec re to ry  neu rons  r u n  
rost ra l ly ,  med ia l ly  and  ven t ra l ly ,  decussate ,  t u r n  poster i -  
orly and  leave t h e  cerebra l  gang l ion  v e n t r a l l y  as t h e  nerv i  

Fig. 1. Brain of the abnormal adult male stained in situ with performic 
acid Victoria blue to show median neurosecretory eells (mnc) and 
their non-decussating axonal pathways (arrows). The latter can be 
seen to leave the brain jointly. • 80. 

corporis  card iac i  i n t e rn i  (NCC I)~. The  in t r ace reb ra l  
po r t ions  of NCC I do n o t  decussa te  in t h e  a b n o r m a l  
neu roendoc r ine  a p p a r a t u s ,  t h o u g h  t h e y  seem to  exchange  
some f ibres a t  d i f fe ren t  levels (Figure  1). Our  obse rva t ions  
show t h a t  t h e  ch i a sma  is n o t  comple te  in  n o r m a l  P.  
americana: processes of a smal l  n u m b e r  of m e d i a n  
neurosec re to ry  ceils do n o t  decussa te  w i t h  t h e  resu l t  t h a t  
axons  of each m e d i a n  group  of neu rosec re to ry  n eu rons  
i n n e r v a t e  b o t h  ips i la te ra l  an d  con t r a l a t e r a l  CC. Some 
exchange  of f ibres  b e t w een  t h e  2 axona l  p a t h w a y s  a p p e a r  
to  occur  n o r m a l l y  also in Locusta migratoria migratori- 
oldesT. In  t h e  a b n o r m a l  neu roendoc r ine  a p p a r a t u s  
axona l  t r a c t s  f rom t h e  2 groups  of m e d i a n  neurosec re to ry  
cells en te r  j o i n t l y  the  r i gh t  CC, comple te ly  bypas s ing  t he  
left  one (Figure 2). The  lef t  NCC I is never the less  d i s t in -  
gu ishable  ex t racerebra l ly ,  b u t  is b l e a k  ill t h e  w h o l emo u n t ,  
be ing  devo id  of v iab le  ou tgo ing  neurosec re to ry  processes 
w i t h i n ;  possibly,  t h e  ne rve  in th i s  case c o n t a i n e d  on ly  
non -neu rosec re to ry  ( ' o rd inary ' )  f ibres  an d  or s t roma l  
shea th .  N e i t h e r  the  l a te ra l  groups  of neu rosec re to ry  ceils, 
no r  t h e  i n t r ace reb ra l  or e x t r a c e r e b r a l  po r t ions  of t he i r  
axona l  p a t h w a y s  ( the ne rv i  corporis  card iac i  ex t e rn i ;  
NCC II)  s t a in  w i t h  pe r fo rmic  acid Vic to r ia  b lue  in P.  
americana, a p p a r e n t l y  due  to def ic iency of cys t ine /  
cys te ine  res idues  in t he i r  secre tory  produc ts .  A few fine 
neurosec re to ry  processes ca r ry ing  granules  an d  der ived  
f rom the  b u n c h  of v iab le  f ibres  in t h e  lef t  CC (see below) 
could be seen m e a n d e r i n g  f rom below in to  NCC I a n d  
NCC II .  Such  ascend ing  processes are obse rved  in t h e  CC 
of n o r m a l  an ima l s  also. Neurosec re to ry  processes ca r ry ing  
s t a inab l e  b lobs  a n d  granules  are far  fewer in t i le lef t  CC 
t h a n  in n o r m a l  CC (Figures 2 an d  3). The  neurosec re to ry  
f ibres p r e s en t  r a m i f y  over  a large p a r t  of t h e  left  CC 
(except  an t e rodor sa l ly  ad jo in ing  the  an t e r io r  cardiac  
commissu re  descr ibed b y  WILLEY ~) a n d  in t h e  p r o x i m a l  
por t ions  of t h e  n e r v u s  corporis  a l la t i  I (NCA I) (Figure 2). 
Neurosec re to ry  s tores can  be  seen to be  r e l a t ive ly  more  
a b u n d a n t  in regions  p r o x i m a l  to  t h e  left  n e r v u s  cardio-  
s t o m a t o g a s t r i c u s  (NCS). The  neurosec re to ry  processes  in 
t h e  left  ha l f  oI the  r e t roce rebra l  complex  are clear ly der ived  
f rom t h e  ca rd i o s t o ma t o g as t r i c  commissu ra l  f ibres  f rom 
t h e  m a i n  a x o n a l  b u n d l e  in t h e  r i gh t  CC (Figures 2 a n d  4). 
Rami f i ca t i ons  of c a rd io s toma togas t r i c  commissura l  neuro-  
secre tory  f ibres  w i t h  secre t ions  can  be  seen in the  r i gh t  
an d  left  NCS (Figure 4) a n d  also sp read ing  over  a n  a rea  
pos te r ior  to  t h e  ca rd io s toma togas t r i c  j u n c t i o n  in t he  
n e r v u s  oesophageus  (Figure 2). A so l i t a ry  neu rosec re to ry  
process  w i t h  granules  could be  t r aced  f rom ti le  r i g h t  NCS 
going up  t h e  hypocere,bral  gang l ion -ne rvus  recur rens  
complex  (Figure 4). Such  ascend ing  neurosec re to ry  
processes in to  t h e  s t o m a t o g a s t r i c  s y s t e m  are of c o m m o n  
occurrence  in w h o l e m o u n t  p r e p a r a t i o n s  of P .  americana. 

As could be  expected ,  t h e  r i gh t  NCC I, NCC II ,  NCS, 
CC an d  NCA I of t h e  a b n o r m a l  neu roendoc r ine  a p p a r a t u s  
are r ich  in s tores of neurosec re t ion ;  secre tory  granules  
were a b u n d a n t  also in ex tens ions  of t h e  NCA I, enve lop ing  
the  r i gh t  corpus  a l l a tum,  whereas  a t  t h e  oppos i te  side, 
regions of NCA I ad jo in ing  t h e  corpus  a l l a t u m  h a d  
only  a few secre tory  granules .  Neurosec re to ry  m a t e r i a l  
was scarce or a b s e n t  in t h e  ne rv i  corpor i  a l l a t i  I I  an d  t he  
pos t a l l a t a l  nerves.  

Fig. 2. Retroeerebral complex of the same animal stained in situ as 
in Figure 1. Note the nature of neurosecrctory innervation of the 
left corpus cardiacum (icc) by fibres from the right corpus cardiaeum 
(rcc) through the nervi cardiostomatogastriei (nes). Arrow points 
to the area on nervus oesophageus {no) rich in neurosecretion. 
ca, Corpus allatum; nea-i, nervus corporis allati I; nca-ii, nervus 
eorporis allati II; nr, nervus recurrellS. • 

4 R. B. WILL~Y, J. Morph. 108, 219 (1961). 
5 G. S. DOGRA, Acta anat. 70, 288 (1968). 

M. GABE, Neurosecretion (Pergamon Press, Oxford 1966), p. 322. 
K. C. HIOHNAM and M. W. WEST, Gem comp. Endocr. 16, 574 
(1971). 
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Morphology of the  cephalic neuroendocr ine  appa ra tus  
varies wi th in  fairly wide l imits  among  individuals  of 
P. americana, a s y m m e t r y  of pai red componen t s  being 
common.  We have  also come across a small  n u m b e r  of 
individuals  wi th  uneven  amoun t s  of s tored secret ion in the  
2 ha lves  of the  re t rocerebral  complex,  t hough  the  differ- 

Fig. 3. RetrocerebraI complex of a normal adult male P. americana, 
stained in situ as above. Note the distribution of neurosecretory fibres 
in various components of the retrocerebral complex, and compare 
with Figure 2. Arrow points to the area on nervus oesophageus rich in 
neuroseeretion. • 80. 

ence was never  as p ronounced  as descr ibed herein.  Some 
s t ruc tura l  and funct ional  compensa t ion  in the  r ight  half  
of the  re t rocerebral  complex  in the  abnorma l  neuro- 
endocr ine  appa ra tus  m a y  only be an t ic ipa ted ,  as this  
half  has  to cope wi th  t he  storage, t rans loca t ion  and 
out le t  of secret ion by  a lmost  the  double  complemen t  of 
med ian  neurosecre tory  axons.  The n u m b e r  of neuro-  
secre tory  processes f rom the  r ight  CC crossing over  to  the  
left is, however ,  comparab le  to t h a t  in normal  males. 
Other  neurosecre tory  fibres being absen t  in t he  left CC, 
t he  p ic ture  p resen ted  here may,  therefore,  be t aken  as 
i l lus t ra t ive  of normal  or near  normal  neurosecre tory  
innerva t ion  of a CC f rom the  cont ra la te ra l  CC th rough  the  
NCS for funct ional  coord ina t ion  (Figure 4). BROXSKILL 
and HANgArS and DOGRA 5 had  brief ly indica ted  the  
presence  of a ca rd ios tomatogas t r i c  commissure  in 
P. americana, t hough  its ex t en t  could no t  be apprec ia ted  
by  them.  

Our observa t ions  on normal  and  abnormal  cockroach 
neurosecre tory  sys tems  suggest  t h a t  funct ional  in tegra t ion  
by  neurosecre t ion be tween  the  2 halves  of the  cephal ic  
neuroendocr ine  appa ra tus  m a y  be b rough t  abou t  by  
1. exchange of neurosecre tory  fibres in t racerebra l ly  at  
d i f ferent  levels be tween  the  med ian  axonal  pa thways ,  
2. neurosecre tory  innerva t ion  of ipsi la teral  and contra-  
lateral  CC by  each med ian  group of f ibres and 3. exchange  
of neurosecre tory  fibres be tween  the  CC main ly  t h ro ugh  
the  NCS wi th  poss ibly  some l inking wi th  the  s tomato -  
gastr ic  system.  Funct ions ,  if any, of neurosecre tory  
processes ascending  NCC I, NCC II  and the  nervus  
recurrens  are unknown.  The area adjoining the  cardio- 
s tomatogas t r i c  junc t ion  in the  nervus  oesophageus which 
is r ich m performic  acid Victor ia  blue-posi t ive  granules 
(Figures 2 and 3) m a y  serve as one of the  sites of release 
of neurosecret ion.  Var ia t ions  in the  con ten t  of s ta inable  
mater ia l  have  been observed in th is  area in d i f ferent  
individuals ,  according to di f ferent  physiologic01 states.  
Axonal  t rans loca t ion  of neurosecre t ion f rom this  area 
down the  nervus  oesophageus  alone (Figure 3) can ha rd ly  
account  for such var ia t ions .  

Zusammen/assung. Die funkt ionel le  In t eg ra t ion  der  
beiden H/ilf ten des cephalen neurosekre tor ischen Sys tems  
kann  mi t te ls  Neurosekre t  auf dreierlei  Weise  zus tande  
k o m m e n :  1. durch  Aus tausch  neurosekre tor ischer  Fasern  
zwischen den beiden med ianen  Axonbf inde ln  in ver-  
schiedenen Bereichen innerha lb  des Gehirns,  2. fiber die 
neurosekre tor ische  Inne rv ie rung  der  i p s i  und  contra-  
la tera len Corpora cardiaca (CC) durch jede der  be iden  
med ianen  Fase rg ruppen  und 3. dureh  Aus tausch  neuro- 
sekre tor ischer  Fasern  zwischen den CC fiber die Nervi  
card ios tomatogas t r ic i .  
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Fig. 4. A portion of the abnormal neuroendocrine apparatus given in 
Figure 2 enlarged to show the course of neuroseeretory fibres 
(arrow) from the right corpus cardiaeum (roe) through ttie cardio- 
stomatogastric nerves (nes) into the left corpus eardiacum (lec). 
Note the neurosecretory process with stainable granules ascending 
from the right ncs into the hypoeerebral ganglion-nervus recurrens 
complex. • 300. 

s j .  F. BRONSKILC and C. L. HANNAY, Proc. XII Int. Congr. Ent., 
London 1964 (1965), p. 137. 
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