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formula t ions  s tem f rom m a n y  observat ions  on higher  
p lan t  embryos  where, for the  mos t  part ,  c leavage pa t te rns  
are qui te  regular.  Notab le  except ions  have  been recorded, 
however,  for embryos  of Gossypium and Capsella and one 
cannot  say with  cer ta in ty  t h a t  order ly  cell d isplacement  
is a r equ i rement  for normal  growth in these organismsS. 
Fur thermore ,  no twi ths tand ing  the  d ramat i c  2-cell dif- 
ferent ia t ion  in '  Fucus, its histogenesis is qui te  simple 
and ' indef ini te '  as compared  wi th  more advanced  systems. 
The  second apparen t  different ia t ion in Fucus comes about  
when the  embryo  is comprised of approx ima te ly  100 cells ; 
i.e., the  format ion  of a per ipheral  cell layer which is 
l ikened to a dermatogen.  Therefore,  up to this po in t  in 
growth the  funct ion  of c leavage would be mere ly  to 
' cu t  up '  the  existing, general ly polar ized mass, and the  
pa t t e rn  of doing so need no t  to be uniform. In  this respect  
the  young  Fucus embryo  is l ike an early phase of echino- 
de rm embryos.  I t  is of in teres t  to consider, however,  t h a t  
the  overal l  form of the  t rea ted  embryos  of Fucus is 
ma in ta ined  in spite of ro ta ted  spindles and unequal  
cleaving. This fact  leads one to emphasize the  regional  
na ture  of polar izat ion in the  embryo,  and to assign a 
less cri t ical  role to orderly c leavage pat terns ,  cell displace - 
m e n t  and early differentiat ion.  If  this holds t rue it should 
be possible to reverse the  ini t ial  events  in early embryo-  
geny (up to a point) and still ob ta in  normal  embryos  e.g., 
mult icel lular ,  apolar  embryos  which la ter  polarize. Fur ther ,  
in v iew of these considerations,  one migh t  ask, 'how diffe- 
rent  real ly are the  f i rs t - formed 2-cells of the  embryo  ?' 

Final ly,  these observat ions  on the  relat ionship of 
polari ty,  cell c leavage and histogenesis suggest a profound 
f lexibi l i ty  in the  early embryogeny  of Fucus. This is 
no tewor thy  in view of the  fact  t ha t  ma tu re  forms of this 
species are character ized by  a similar  degree of mor-  
phological  var ia t ion  even wi th in  a short  r ange  of the  
in ter t idal  zone 9-n. 

Zusammenfassung. 17fl-0stradiol  ver~nder t  die Lage 
der Spindelachse und verursach t  eine abnormale  Mitose 
in jungen E m b r y o n e n  yon Fucus distichus. In  der Folge 
zeigen die wachsenden E m b r y o n e n  Furchungsmuster ,  
welche keine geordnete  Abfolge der  Tei lungen mehr  
zeigen. Tro tzdem k6nnen die E m b r y 0 n e n  eine 6rtl iche 
Polar is ierung aufrecht  erhal ten und tiberleben. 
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Catecholamines in the Avian Carotid Body 

The presence of ca techolamines  in cells, which was 
former ly  de tec ted  only by  thei r  chromaff in  reaction,  has 
recent ly  come to be s tudied by  fluorescence his tochemical  
methods  of ]~RXNKO, FALCK and HILLARp1. This modern  
me thod  has made  i t  increasingly ev iden t  t ha t  the  
m a m m a l i a n  carot id  body,  long bel ieved to be a chemo- 
receptor,  represents  a kind of endocrine gland consist ing 
of cells which secrete ca techolamines  2. However ,  the  
av ian  carot id  body  does no t  seem to have  been observed 
by  e i ther  f luorescence or electron microscopy. The  carot id  
body in some birds is known to be character is t ical ly  
enclosed by  the  .parathyroid ,  l ike the  re la t ion of the 
medul la  to the  cor tex  in the  m a m m a l i a n  adrenal,  to form 
the  so-cMled para thyro id-caro t id  body  complex  ~ and, if 
s tudied by  modern  methodologies,  seems to provide  a 
key  to the  elucidat ion of the  funct ion of this organ. 

Material and methods. Adul t  love-birds,  Uroloncha 
domestics, were used in this invest igat ion.  The  carot id  
body  was found bi la tera l ly  in the  thoracic  inlet, beside 
the  c o m m o n  carot id  a r te ry  jus t  beyond the  origin of the  
subclavian  ar tery.  

F o r  the  examina t ion  of ca techolamines  in the  carot id 
body,  the  h is tochemical  me thod  described by  DAHLSTROM 
and F u x E  1 was applied: Freeze-dr ied tissues were t rea ted  
wi th  gaseous f o r m a l d e h y d e  and embedded  in paraffin.  
Sections were examined  under  an Olympus  microscope 
' P h o t o m a x '  wi th  a H B  100A high pressure mercury  lamp 
(Ushio), an ac t iva t ion  fi l ter U (max imum transmission,  
365 nm), a dark  field condenser  for immers ion  oil and a 
barr ier  fi l ter FY3  (transmission, 410 nm). 

For  electron microscopy, the  brachiocephal ic  a r t e ry  and 
its branches were perfused, via  a polye thylene  tube,  wi th  

2.5% glu tara ldehyde  in phospha te  buffer  a t  p H  7.1. The  
carot id body, together  wi th  surrounding tissues, was 
fur ther  f ixed in g lu ta ra ldehyde  followed by  1.3% 
osmium tet roxide.  Af te r  dehydra t ion  wi th  ethanol,  t h e  
tissues were embedded  in Luf t ' s  Epon.  Thin  sections were 
cut  wi th  a Por t e r -B lum micro tome and stained wi th  
u rany lace ta te  and lead hydroxide.  A Hi t ach i  H S  7s 
electron microscope was used for observat ion.  

Thicker  (2~z) serial sections of E p o n  embedded  
mater ia ls  were s tained wi th  toluidine blue and were 
s tudied l ight  microscopical ly and par t ia l ly  recons t ruc ted  
using photomicrographic  methods  (x c. 400). L ight  micrc-  
scopic chromaff in  react ion was examined  wi th  b ichromate  
f ixed  specimens. 

Results and discussion. In  the  fluorescence microscopy,  
the cy top lasm of the  glomus cell of the  carot id body  
showed green fluorescence which was in te rpre ted  as 
indicat ing the  presence of catecholamines  ra ther  t han  
indolalkylamines  1. This in te rpre ta t ion  was suppor ted  by 
the  electron microscopic observa t ion  tha t  cored vesicles, 
resembling the  ca techolamine-conta in ing  granules of the  
adrenal  medul la ry  cells, occurred in the  cy top lasm of the  
glomus cells. A series of electron micrographs  were 
obta ined which seemed to indicate  different  stages of the  
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emiocy to t i c  release of t he  c a t e c h o l a m i n e  granules  of the  
g lomus  cell (Figures i a n d  2). 

A l t h o u g h  the  g lomus  ceils of t h e  m a m m a l i a n  ca ro t id  
b o d y  h a v e  been  descr ibed as p a r t l y  chromaff in ,  no t  a single 
ch romaf f in  cell ha s  been  d e m o n s t r a t e d  in t he  a v i a n  caro- 
t id  b o d y  as ye t  8. T h e  p r e sen t  l igh t  microscopic  observa-  
t ion  conf i rmed  p rev ious  ev idence  of t he  nega t i ve  
c h r o m a f f i n  r eac t ion  in t h e  a v i a n  ca ro t id  body .  However ,  
t h i s  was  i n t e r p r e t e d  to i nd i ca t e  no t  necessar i ly  t h e  
absence  of ca t echo lamines  b u t  a low va lue ;  a n d  i t  was  
conc luded  t h a t  t h e  a v i a n  ca ro t id  b o d y  is essent ia l ly  a 
' ch romaf f in '  pa ragang l ion ,  as is t he  m a m m a l i a n  ca ro t id  
b o d y  2. 

R e c o n s t r u c t i o n  of ser ial  sect ions  of E p o n  e m b e d d e d  
ma te r i a l s  showed  t he  de ta i led  vascu la r  a r ch i t ec tu re  of t h e  
p a r a t h y r o i d - c a r o t i d  b o d y  complex.  The  ca ro t id  b o d y  
received a b r a n c h  f rom the  c o m m o n  ca ro t id  a r t e r y  wh ich  
en t e red  t he  ca ro t id  b o d y  a t  a s i te  to  be  called t h e  hy lus  
a n d  r epea t ed ly  ramif ied  in to  capi l lar ies  r u n n i n g  be t w een  
t h e  g lomus  cells. A t  the  p e r i p h e r y  of t h e  body,  these  

Fig. 1. Fluorescence photomicrograph of the carotid body of a love 
bird; the fluorescence suggesting the presence of catecholamines is 
localized in the cytoplasm of the glomus cells, c. • 400. 

capi l lar ies  e m p t i e d  in to  t h e  s inusoid  n e t w o r k  of t he  
p a r a t h y r o i d .  T h e  p a r a t h y r o i d a l  s inusoids  u n i t e d  t o w a r d s  
t h e  pe r iphe ry  of th i s  o rgan  to  fo rm smal l  ve ins  wh ich  
f ina l ly  jo ined  w i t h  t h e  i n t e r n a l  j ugu la r  vein.  T h u s  t h e  
pa r t i cu l a r ly  close assoc ia t ion  b e t w e e n  t h e  p a r a t h y r o i d  
an d  t h e  ca ro t id  b o d y  seemed  to  sugges t  t h a t  ca techol-  
a m i n e s  secre ted f rom t h e  ca ro t id  b o d y  inf luence  the  
func t i on  of t h e  p a r a t h y r o i d .  However ,  f u r t h e r  experi-  
m e n t a l  s tud ies  m u s t  be  done  to t e s t  t h i s  hypo thes i s  
(Figure 3). 

Fig. 3. Schematic representation of the blood supply of the carotid 
body (CB) and parathyroid gland (P) in the love bird; arteries in 
black, capillaries, sinusoid and veins in white; arrows indicate the 
direction of blood stream; a, common carotid artery; v, internal 
jugular vein. 

Zusammen/assung. Fluoreszenz-  u n d  e l ek t ro n en mi k ro -  
skopische  B e o b a c h t u n g e n  zeigen, dass  die Glomuszel len  
der  Karo t i sd r t i se  y o n  Uroloncha domestica K a t e c h o l a m i n  
e n t h a l t e n .  E ine  l i ch t mi k ro s k o p i s ch e  U n t e r s u c h u n g  a n  
den  S e r i e n s c h n i t t e n  ergibt ,  dass  die Blutgef~sse  des die 
iKarotisdriise u mh i i l l en d en  E p i t h e l k 6 r p e r c h e n s  aus i h r em 
K a p i l l a r n e t z w e r k  h e r v o r k o m m e n * .  
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Fig. 2. Electron micrograph of a portion of a glomus cell; note the 
cored vesicles which are scattered throughout the cytoplasm; ly, 
lysosome; In, mitochondria, c. • 35,000. 
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