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Fig. 1. Ventral view of a specimen ligated on the ventral side at 
stage 8-9 (a), preserved 6 days later (b). The hind-gut complex is 
lacking, the mid-gut parts are well developed on either side (recon- 
structed from cross sections). 

Fig. 2. Ventral view of a specimen ligated ventrolaterally at stage 
10 (a), preserved 6 days later (b). Mid- and hind-gut parts are lacking 
on the ligated side; the mid-gut rudiment is well developed on the 
other side and tapers off into the hind-gut area (reconstructed from 
cross sections). 

sect ioned in th icknesses  below 1 ~z on an u l t r amic ro tome  
or 6 [z on a regular  micro tome.  The sect ions were s ta ined  
wi th  Azure Blue or Masson 's  Tr ichrome.  The recons t ruc-  
t ions  shown in Figures  1 and  2 were made  f rom drawings  
(camera h c i d a )  of 6 ~x cross-sectionsT. 

Results and discussion. Histological  analysis  of 10 
specimens t h a t  had  developed well a f ter  l igat ion showed 
t h a t  e l iminat ion  of the  ven t ra l  cor tex  in the  p r e s u m p t i v e  
h i n d - g u t  area inhibi ts  the  fo rmat ion  of the  in tes t ine  and 
ink sac only while the  rud imen t s  of the  actual  mid -gu t  
(s tomach,  caecum, hepa topancreas )  form on e i ther  side 
(Figure 1). Remo v a l  of a la teral  p a r t  of the  cor tex  leads 
to the  fo rmat ion  of an incomple te  r u d i m e n t  lacking t h e  
pa r t s  cor responding  to the  l igated area (Figures 2 and  3). 
In  the  live embryo,  the  presence  of the  respec t ive  pa r t s  of 
the  r u d i m e n t  appears  in the  cons t r ic t ion  of the  yolk 
which is absen t  at  the  si te of the  l igation. 

If  t he  original r u d i m e n t  were a small  one, res t r ic ted  to  
a med ioven t ra l  spot  as KORSCHELT descr ibed it, t he  cor- 
t ex  area by  which it is de t e rmined  would have  to be as 
small.  E l imina t ion  of th is  ven t ra l  induc t ion  area would  
inhibi t  the  ent i re  mid-  and h ind -gu t  format ion ,  whereas  
removal  of the  more  la teral  pa r t s  of the  cor tex  would  no t  
pr imar i ly  affect  t he  fo rma t ion  of a comple te  mid-  and 
h ind-gu t  complex  s. 

Zusammes/assung. Die Abschnt i rung  von  Teilen des un- 
gefurch ten  E icor t ex  in der p rospek t iven  Mittel-  und  
E n d d a r m r e g i o n  bei Loligo pealei f t ihrt  zum Feh len  der  
en t sp rechenden  Darmte i le  in spS, t e ren  Stadien.  Dies zeigt, 
dass die z u s a m m e n h g n g e n d e n  Anlagen  des Mittel-  und  
E n d d a r m k o m p l e x e s  yon  Anfang  an in F o r m  eines la tera l  
weft  aus ladenden  Epi the l s t re i fens  vorliegen. 

S. v.  BOLETZKY 9 

Fig. 3. Cross section of a specinlen ligated ventrolaterally at stage 
12-13, preserved 5 days later. On the ligated side, no trace of dif- 
ferentiation into an epithelium is visible; on the intact side, a distinct 
mid-gut epithelium is differentiated and begins to form a hepatic 
tube (camera lueida drawings of Epon section). 
bl, blastodise; bs, blood sinus; ch, ehorion; f, funnel; g, gill; hg, 
hind-gut; m, mantle; mg, mid-gut; re, vena eava limb; y, yolk; 
ye, yolk epithelium nuclei. 
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A Poss ib le  Role of Microtubules  in the C Cells Secretory  M e c h a n i s m  

I t  is well known  t h a t  Calci tonin is released following 
hyperca lcemia  t and  t h a t  the  same condit ion:ca*xses a 
d ischarge of the  secre tory  granules of the  C (parafollicular) 
cells of the  t hy ro id  S. Ev idence  has been  p resen ted  sug- 
gest ing t h a t  the  secre tory  granules are the  site of Cal- 
c i tonin s torage 3. In  in v i t ro  organ culture,  loss of Cal- 
c i tonin (demons t rab le  w i th  immunofluorescence)  and  
degranula t ion  of the  dog thy ro id  C cells follows an increase 
of the  calcium level of the  cul ture  med ium 4, 5. 

I t  is no t  ye t  known  how Calci tonin conta in ing  granules 
are released. We  inves t iga ted  the  mechan i sm of secret ion 
of C cells b o t h  in normal  and cul tured  (s t imula ted  by  high 
calcium concen t ra t ion  of the  medium) dog thyroid .  We  
pa id  special a t t en t i on  to a possible  role of micro tubules  
in the  mechan i sm of secret ion.  

Thyro ids  were  ob ta ined  f rom 5 dogs and e i ther  
a) di rect ly  f ixed in 3% buffered g lu ta ra ldehyde ,  post-  

f ixed in OsO 4 1%, d e h y d r a t e d  and en lbedded  in D u rcu pan  
ACM Fluka;  the  s ta in  was pe r fo rmed  wi th  uranyl  ace ta te  
dur ing d e h y d r a t i o n  and  lead c i t ra te  on the  sect ions;  or 
b) cul tured  for 36 h a t  37 ~ in organ cul ture  according 
to the  t echn ique  previous ly  described4, ~. The calcium 
level in t he  cul ture med i u m (TC 199 Wellcome) was 
increased to 7.5 or 10.2 meq/1 by  add ing  CaCI~. Af ter  
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Fig. 1. Normal dog thyroid. C cell with mierotubule (arrow) and 
secretory granules (g) near the plasma membrane (double arrows). 
• 42,000. 

Fig. 2. Cultured dog thyroid. C cell with numerous microtubules 
(arrows) and some secretory granules (g). • 52,000. 

cu l tu re  t he  t i ssue  b locks  were processed as in a). Cont ro l  
cu l tu res  w i t h  2.4 a n d  3.7 meq/1 caIcium level were o b t a i n e d  
as p rev ious ly  descr ibed 4, 5. 

I n  t he  n o r m a l  dog thyro id ,  C cells showed  the i r  t yp i ca l  
p a t t e r n  as descr ibed  b y  o the r s  ~. The  mic ro tubu l e s  were 
loca ted  nea r  t he  Golgi  a rea  a n d  in t he  pe r iphe ra l  areas  
of t h e  cells (Figure  1). S imi ta r  f ind ings  h a v e  been  descr ibed  
in t h e  C cells of t he  r a t  ~, guinea-pig ,  t r ee - sh rew t h y r o i d  
a n d  a v i a n  u l t i m o b r a n c h i a l  b o d y  s. I n  t h e  C cells of dog 
t h y r o i d  cu l tu red  in TC 199 w i t h  h igh  ca lc ium level, t h e  
secre tory  granules  were few in n u m b e r  a n d  m a i n l y  loca ted  
a t  t he  pe r iphe ry  of t h e  cell. I n  th i s  p a r t  of t he  cell n u m e r -  
ous m i c r o t u b u l e s  were p r e s e n t ;  t h e i r  l eng th  a n d  aggrega-  
t ion  var ied  f rom sect ion to sec t ion  (Figure 2). Some of 
t h e m  were in close r e l a t ionsh ip  to t he  p l a s m a  m e m b r a n e  
or to  t he  secre tory  granules  (Figure 3). P i l ing  up  of 
secre tory  granules  in p r o x i m i t y  of infoldings  of t h e  
p l a s m a  m e m b r a n e  could occas ional ly  be  seen (Figure 3). 
S imi la r  aspects  h a v e  been  found  b y  o thers  in cu l tu red  
panc rea t i c  A 9, and  B cells 10,11, a n d  referred to  emiocy to t i c  
m e c h a n i s m  of secre t ion of h o r m o n e - c o n t a i n i n g  granules .  

The  func t ion  of m ic ro tubu l e s  is st i l l  deba ted .  I t  h a s  
been  sugges ted  t h a t  t h e y  are a sor t  of cy toske le ton  w i t h  
con t r ac t i l e  c apac i t y  and  serve to  t he  t r a n s p o r t  of sus- 
p e n d e d  solids 12. I n  t he  B cells of t he  pancreas ,  LACY 
et  al. n h a v e  obse rved  mic ro tubu l e s  ' l i nk ing  t h e  sac 
a r o u n d  t h e  b e t a  granules  to  t he  p l a s m a  m e m b r a n e ' .  This  
cy toske l e ton  'would  p rov ide  an  i n t e r n a l  p a t h w a y  of t h e  
granules  w i t h i n  t he  cells'.  Mic ro tubu les  seem the re fo re  

to  p lay  a n  i m p o r t a n t  role in  t h e  m e c h a n i s m  of emiocytos i s  
which  has  been  sugges ted  to exp la in  t h e  secre tory  mecha -  
n i sm  of some endocr ine  cel lsg-n,  1~, which  is h o w eve r  
den ied  b y  o the r s  14. 

A p a r t  f rom t h e  d i f f icul ty  of d r aw i n g  d y n a m i c  d a t a  
f rom morpho log ica l  p ic tures ,  i t  is n o t  easy  in e lec t ron  
mic roscopy  to  decide w h e t h e r  2 s t ruc tu re s  are  j u s t  
a d j a c e n t  or a c tua l l y  fused. I f  t h e  t opog raph i ca l  rela-  
t i onsh ip  b e t w een  secre tory  granules  an d  mi c ro t u b u l e s  
r ep resen t s  a l inkage,  t h e n  our  f ind ings  would  s u p p o r t  
t h e  v iew t h a t  m i c r o t u b u l e s  h a v e  a role in t h e  secre t ion  
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of C cells. They  would act  in a way  similar  to  t h a t  shown 
in the  B cells of the  pancreas .  Once at  the  pe r iphe ry  of 
the  cell, the  granules migh t  well be expel led by  a mech-  
an ism of emiocytosis .  

The C cells, t oge the r  w i th  the  pancrea t ic  A and  B cells, 
and  m a n y  o ther  po lypep t ide -sec re t ing  endocr ine  ceils of 
the  A P U D  series are a l ready  known  to  have  m a n y  
proper t ies  in co mmo n  Is. We  suggest ,  as a work ing  
hypotes is ,  t h a t  all these  endocr ine  cells could possess a 
co mmo n  way  of secret ing the  ho rmone -con ta in ing  gran- 
ules. Microtubules  might ,  well be  involved in such a 
mechan i sm ~6. 

Riassunto. Le modal i t~  di secrezione dei granuli  con- 
t enen t i  Calci tonina da pa r t e  delle cellule C sono s t a te  
s tud ia te  in t iroidi  di cane in condiz ion i  normal i  e in col- 
t u f a  organot ip ica  con alto t enore  di calcio. ~ s t a t s  n o t a t a  
la presenza  di numeros i  micro tubul i  alia perifer ia  delle 
cellule e aIcune immagin i  suggeriscono un a t t acco  d e i  
micro tubul i  ai granul i  secretori .  Viene p r o s p e t t a t o  che i 
micro tubul i  abbiano  imp0r t anza  nel meccan i smo di secre- 
zione delle cellule C e forse delle cellule della serie A P U D  
in generale, e che questo  possa essere del t ipo <~emio- 
citosi ~>. 
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Fig. 3. Cultured dog thyroid. Piling up of secretory granules (g} 
near an infolding of plasma membrane (i). Microtubules (small 
arrows). A mierotubule is intimately associated to a secretory 
granule (inset). C, C cell; F, Follicular cell. • 36,000. Inset: • 74,000. 
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A r g y r o p h i l i c  Cel l s  of the Dog  P a n c r e a s  F o l l o w i n g  Different  S i lver  Sta ins  

I t  is well known t h a t  pancreas  conta ins  bo th  in t ra -  
insular  and ex t ra insu la r  argyrophi l ic  cells (IAC and  EAC). 
B o t h  types  of cell were considered to  be of t he  same 
na tu re  (preente r0chromaff in  cells: ]~RSPAMER1; A cells: 
FERNER 2) unt i l  HAMPERL a, using the  Bod ian  si lver 
m e t h o d  ins tead  of t he  Gros-Schul tze  one, found  t h a t  in 
dog, unlike in man,  o n l y  EAC were s ta ined.  HAMPERL 3 
also po in ted  out  t h a t  alcoholic f ixat ion,  which  des t royed  
argyrophi l ia  of h u m a n  IAC, did no t  suppress  argyrophi l ia  
of EAC and  sugges ted  t h a t  EAC m a y  be re la ted  to 
gas t ro in tes t ina l  argyrophi l ic  cells more  t h a n  to IAC. In  
1960 HELLERSTR6M and HELLMAN 4 p resen ted  a modif ica-  
t ion  of D a v e n p o r t ' s  alcoholic silver me thod ,  which  gave 
posi t ive  resul ts  also in canine IAC s, 6. 

At  p re sen t  a rgyrophi l ia  takes  an i m p o r t a n t  place in 
islet cytology,  as it  is considered a specific p r o p e r t y  of 
D cells6, ~ and  is employed  to  d e m o n s t r a t e  the  D cell 
origin of Zoll inger-Ell ison cells s. Bodian ' s  and Daven-  
po r t ' s  modif ied  m e thods  are the  mos t  popular  silver s ta ins  
used. 

For  these  reasons we have  pe r fo rmed  a compara t i ve  
s t u d y  be tween  these  2 methods ,  using 4 [z th ick  paraf f in  
sect ions of Bouin f ixed pancreas  f rom 20 mongre l  dogs. 
Sect ions s ta ined  wi th  Bod ian ' s  m e t h o d  (according to  
McMANus and  MowRY 9) were somet imes  coun te r s t a ined  
wi th  K e r n e c h t r o t  and  haema toxy l in .  

Argyrophi l ic  cells were found  wi th in  the  islets of Langer-  
hans,  wi th in  the  exocrine acini, in the  connect ive  t issue 
sur rounding  the  exocrine duc ts  and  among  the  cells of 
ducta l  ep i the l i a  No difference was found  be tween  the  
tail  and  the  unc ina te  process.  IAC were easily s ta ined  
by  D a v e n p o r t ' s  modif ied  me thod ,  b u t  were uns t a ined  
af ter  Bodian ' s  impregna t ion .  Numerous  deeply  b lackened  
in t raac inar  cells were observed  following Bodian ' s  
method ,  while very  few cells appeared  to  be Davenpor t -  
argyrophil ic.  B o t h  intra-  and  per i -duc ta l  argyrophi l ic  
cells appeared  to  be more  numerous  af ter  Davenpor t , s  
t h a n  af ter  Bodian ' s  stain.  Using serial sect ions s ta ined 
respect ive ly  wi th  the  2 methods ,  t he  cells which  reac ted  
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