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Fig. 1. Fibroblast-like cell cultures derived from cr Fig. 2. High magnification: the cytoplasm is fiIled with PAS positive 
deficient muscle, diastase digestible granules. 

to  muscle  cul tures ,  could be  r e l a t ed  to t i le d i f fe ren t  
fea tu res  of g lycogen m e t a b o l i s m  of these  cells. 

I t  is possible,  because  t he  glycogen syn thes i s  occurs  in 
t he  cell cu l tu res  ~ t h a t  i t  comes  a b o u t  s lowly in skin  
cu l tu res  a n d  v e r y  r ap id ly  in muscle  cul tures .  I n  t h e  
former,  b u t  no t  in  t h e  la t te r ,  g lycogenolys is  could t a k e  
place  comple t e ly  b y  a n  a l t e r n a t e  p a t h w a y  to  t he  ~- l -4-  
glucosidase deg rada t ion .  However ,  ou r  o b s e r v a t i o n  could 
also m e a n  t h a t  t he  e - l -4 -g luc0s idase  defect  is no t  t he  on ly  
cause  of g lycogen depos i t ion .  This  would  be  in a g r e e m e n t  
w i t h  t he  p r e s u m p t i o n  t h a t  t he re  is a n o t h e r  defect  a p a r t  
f rom the  e - l -4 -g lucos idase  one. On t he  whole,  in  v i t ro  
cu l tu re  resul t s  also show the  d i f f icu l ty  of s impl i fy ing  t h e  
p a t h o g e n e s i s  of glycogenosis  t y p e  I I  to  a lysosomaI  
e n z y m a t i c  defect .  

These  resu l t s  d e m o n s t r a t e  t h a t  t he  disease 's  f ea tu res  
can  be  r e p r o d u c e d  in vi t ro .  F u r t h e r  s tud ies  of t i ssue  

cu l tu res  m i g h t  p roduce  a b e t t e r  u n d e r s t a n d i n g  of 
glycogenosis  t y p e  I I .  

Riassunto.  E s t a t a  esegui ta  la co l tu ra  in  v i t ro  di 
f r a m m e n t i  di muscolo e di cu te  di un  sogge t to  a f fe t to  da  
glicogenosi  di t ipo  I I  ~ ~; s t a to  osse rva to  u n  accumulo  di 
ma te r i a l e  P A S  posi t ivo,  diger ibi le  con la d ias tas i ,  nelle 
cellule de r iva t e  dal  muscolo  m a  n o n  in quel le  de r iva t e  
dal la  cute.  
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Partial  Nervous  Control  of the Avian Ul t imobranchia l  Body 

There  is now s t rong  ev idence  t h a t  the  m a m m a l i a n  
t h y r o i d  parafol l icular ,  or C, cells are t he  cells of or igin of 
t h e  h y p o c a l c a e m i c  h o r m o n e  ca lc i ton in  1,2. E m b r y o l o g i c a l  a 
a n d  cy tochemica l  4 s tud ies  h a v e  shown  t h a t  t he  C ceils are  
der ived  f rom t h e  u l t i m o b r a n c h i a l  bodies.  

I n  b i rds  t h e r e  are no t h y r o i d  C cells b u t  t he  u l t imo-  
b r a n c h i a l  bodies  pers i s t  as d i s t i nc t  s t r u c t u r e s  in to  a d u l t  
life. R e c e n t l y  C o p p e t  al. s h a v e  shown  t h a t  t h e y  co n t a i n  
h i g h  levels of ca lc i ton in  ac t iv i ty .  

Un l ike  t he  m a m m a l i a n  t h y r o i d  C cells t he  u l t imo-  
b r a n c h i a l  b o d y  of t h e  fowl is well  i n n e r v a t e d .  The  vagus  
ne rve  lies a d j a c e n t  to  i ts  dorso-latei-al  b o r d e r  a n d  t h e  
r e c u r r e n t  n e r v e  runs  close to  i ts  med ia l  b o u n d a r y .  Nerve  
f ibres  supp ly ing  t he  u l t i m o b r a n c h i a l  come m a i n l y  f rom 
the  vagus  a n d  to a lesser e x t e n t  f rom the  r e c u r r e n t  ne rve  
a n d  t he  s y m p a t h e t i c  sys tem6.  NoNII)~Z 7 descr ibed  a 
s ingle b r anch ,  o f t en  in i t i a l ly  in  assoc ia t ion  w i t h  t h e  
accessory  depressor  nerve ,  wh ich  leaves  t he  vaga l  
gang l ion  n o d o s u m  to  supp ly  t he  u l t i m o b r a n c h i a l  body.  
The  s i t u a t i o n  is, however ,  more  complex  t h a n  this .  An  
i n t e r a n a s t o m o s i n g  group  of severa l  f ine ne rve  bu n d l e s  
leaves  t h e  gangl ion  n o d o s u m  to  s u p p l y  b o t h  t he  ca ro t id  
b o d y  a n d  t he  u l t i m o b r a n c h i a l  body,  a n d  t he  2 bodies  m a y  
also be  i n t e r c o n n e c t e d  b y  nerves.  Similar ly ,  t h e r e  m a y  be  

more  t h a n  one ne rve  b u n d l e  pass ing  f rom t h e  r e c u r r e n t  
ne rve  in to  t h e  u l t i m o b r a n c h i a l  8,s. 

W i t h i n  t h e  u l t i m o b r a n c h i a l  b o d y  t h e  ne rves  b r a n c h  a n d  
pass  ou t  in to  t h e  t i ssues  bu t ,  before  doing  so, some of t he  
fasciculi, p a r t i cu l a r l y  f rom t h e  vagus ,  m a y  become  
associa ted  w i t h  smal l  groups  of gang l ion  ceils loca ted  
superf ic ia l ly  w i t h i n  t h e  g land  6,9. 

T h e  s t r u c t u r e  a n d  i n n e r v a t i o n  of t h e  u l t i m o b r a n c h i a l  
g l and  of t h e  l ay ing  h en  h a s  been  s tud ied  w i t h  l igh t  
microscope,  s i lver  i m p r e g n a t i o n  t e c h n i q u e s  a n d  b y  
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Fig. 1. Light micrograph of ultimobranchial epithelioid ceils, c, 
capillary; e, epithelioid cell; n, myelinated nerve fibre. X 201)0. 

Fig. 2. Electron micrograph of part of an ultimobranehial epithelioid 
cell. er, endoplasmic reticulum; g, dense cytoplasmic granule; 
m, mitochondrion; nf, unmyelinated nerve fibre; nu, nucleus; 
s, synaptic terminal containing many agranular synaptie vesicles 
and one small dense-cored vesicle; S, Schwann cell process. • 18,000. 

electron microscopy and, in part icular ,  close a t ten t ion  has 
been paid  to the  left  gland. In  this gland the  ganglion cells 
are usual ly  found jus t  wi thin  its anter ior  end and nerve  
bundles pass poster ior ly  f rom them into  the  main  mass of 
glandular  tissue. The  u l t imobranchia l  epithelioid cells are 
scat tered th roughou t  the  gland in s t rands and groups 1~ 
(Figure 1), and after  si lver impregna t ion  can be seen to 
conta in  numerous  argentophi l ic  granules. Certain groups 
of these cells, snperficiMly indist inguishabIe f rom the  
remainder ,  appear  to be innervated .  These groups occur 
anywhere  wi th in  the  gland b u t  are mos t  f requent ly  seen 
in an anter ior  posi t ion close to the  ganglion cells. Nerve  
fibres leave the  main  nerve  t rac ts  wi th in  the  gland and 
even tua l ly  come into close relat ionship wi th  these groups 
of cells. Very  fine, apparen t ly  unmyel ina ted ,  fibres can be 
seen passing around and between the  cells. No direct  l ight  
microscope evidence of nerve  te rmina t ions  on the  cells has 
ye t  been found, a l though the  nnmyel ina ted  fibres are 
clearly in t ima te ly  related wi th  the  cells. These innerva ted  
cells comprise no t  more than  10% of the  epithel ioid cell 
populat ion.  

The  fine s t ructure  of fowl u l t imobranchia l  epithelioid 
cells is" ve ry  similar  to t h a t  of the  m a m m a l i a n  thyro id  C 
cells. The  cells are ovoid to e longate  in shape (Figure 1) 
and are character ized by  the  presence of numerous  dense 
membrane -bound  cytoplasmic  granules (Figure 2). The  
nucleus tends  to be  located towards  one end of t he  cell and 
usual ly  contains  i or 2 nucleoli.  Rod-Iike mi tochondr ia  
have  longi tudinal ly  ar ranged cristae. The  rough endo- 
plasmic re t icu lum consists of solitary, or  occasionally 
stacked, e longated profiles. Free  r ibosomes or  polysomes 
are found scat tered th roughou t  the  matr ix .  The  Golgi 
complex  consists of 4 or 5 smoo th -membraned  cis ternae 
and a va ry ing  number  of associated smoo th -membraned  
vesicles. The  character is t ic  dense granules are found 

th roughou t  the  cy top lasm and reach a m a x i m u m  size of 
about  1.0 a. Other  organelles seen in the  cells are lyso- 
s o m a l  dense bodies, mul t ives icular  bodies and tono-  
f i laments .  

The  fine s t ructure  of the  innerva ted  epithelioid cells 
f rom the  anter ior  end of the  gland is ve ry  similar  to t h a t  
of the  epithelioid ceils jus t  described, b u t  t hey  differ in 
t h a t  unmye l ina ted  nerve  fibres enter  into in t imate  con- 
t ac t  w i th  t he  cells and end synapt ica t ly  on t h e m  (Figure 
2). Fur ther ,  much  of the  epithel ioid cell sur face  is en- 
sheathed by  Schwann cell processes, especial ly where 
nerve  fibres are found in close association wi th  it. The 
synapt ic  te rminals  conta in  main ly  non-granula ted  synap-  
t ic  vesicles and occasionally small  dense-cored vesicles 
(Figure 2). 

This ana tomica l  evidence m a y  be in te rpre ted  in 2 ways. 
Firstly,  t h a t  the  innerva ted  epithel ioid ceils are aber ran t  
paragangl ionic  cells, resembling those  of t he  nea rby  
carot id  body ' ,n ,1% Or, secondly, t h a t  t hey  are a special 
form of the  u l t imobranchia l  epi thel ioid cells, possibly 
concerned in calci tonin secretion, and in pa r t  under  
centra l  nervous  control  v ia  the  vagus.  

To tes t  the  l a t t e r  hypothesis ,  young,  anaesthet ized 
cockerels wi th  1 wing vein. cannula ted  had thei r  lef t  vag i  
exposed. A to ta l  of eight  1 ml  blood samples were taken  at  
15 or  20 min  intervals.  Be tween  the  second and third 
samples the  vagus was s t imula ted  electrically.  Control  
birds were no t  s t imulated.  I t  can be  seen f rom Figure  3 
tha t  s t imulat ion was followed by  a fall in to ta l  p lasma 
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ca lc ium wh ich  was s ign i f i can t ly  g rea t e r  ( P  < 0.01, t- test)  
t h a n  in  t h e  con t ro l  samples  a t  7 ra in  a f t e r  s t imu la t ion ,  a n d  
also a t  20 ra in  a f t e r  s t i m u l a t i o n  ( P  < 0.05). R e c o v e r y  to 
non-s ign i f i can t  levels occur red  w i t h i n  35 rain.  A second 
s ign i f ican t  fall  ( P  < 0.05) occur red  be t w een  po in t s  6 a n d  
7. Th i s  fall  in p l a s m a  ca lc ium in response  to  vaga l  s t imu-  
l a t ion  was p r e v e n t e d  b y  a t r o p i n i z a t i o n  a n d  could also be  
i n i t i a t ed  b y  in jec t ions  of t he  p a r a s y m p a t h o m i m e t i c  d rug  
Carbachol .  Sect ion  of t he  lef t  v a g u s  gave  no response,  
i n d i c a t i n g  t h a t  a n y  n e r v o u s  con t ro l  is s t i m u l a t o r y  a n d  no t  
i n h i b i t o r y  as l las been  found  in t h e  frog u l t i m o b r a n c h i a l  1~. 

A l t h o u g h  i t  h a s  been  d e m o n s t r a t e d  a n a t o m i c a l l y  t h a t  
t he re  is a d i rec t  connec t ion  b e t w e e n  t h e  vagus  a n d  t h e  
i n n e r v a t e d ,  dense ly -g ranu la t ed ,  ep i the l io id  cells w i t h i n  
t he  u l t i m o b r a n c h i a l  body ,  t h e r e  is as ye t  no  d i rec t  
ev idence  t h a t  t h e  d rop  in p l a s m a  ca lc ium fol lowing v a g a l  
s t i m u l a t i o n  is caused  b y  release of ca lc i ton in  f r o m  t he  in- 
n e r v a t e d  cells. Such  ev idence  is a,t p r e s en t  be ing  sought .  
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Fig. 3. Effects of vagal stimulation (arrows) upon plasma total 
calcium in young, anaesthetized cockerels compared with unstimu- 
lated, control animals. (n) The difference between points 2 and 3 in 
the experimental birds was significantly different ( P <  0.01, t-test) 
to that in the controls. (B) and (c) The differences between points 
2 and 4 and 6 and 7 in the experimental birds was significantly 
different (P < 0.05) to that in the controls. 

The  c o m p a r a t i v e l y  smal l  a n d  t r ans i en t ,  t h o u g h  signifi- 
can t ;  decrease  in p l a s m a  ca lc ium is of i n t e r e s t  w h e n  
cons idered  ill t h e  l igh t  of o t h e r  results .  The  fa i lure  b y  
severa l  workers  ~t-x6 to  d e m o n s t r a t e  a fall in  p l a s m a  cal- 
c ium in  i n t a c t  ch ickens  of va r ious  ages a f t e r  t he  in jec t ion  
of e i the r  al logeneic or xenogene ic  ca lc i ton in  ha s  been  
ascr ibed  to t he  p r o b a b l e  ab i l i ty  of t h e  fowl p a r a t h y r o i d s  
to  r e spond  r ap id ly  to  a s ! ight  h y p o c a l c a e m i a  ~4,16. Such  a 
h y p o t h e s i s  would help  to a c c o u n t  for t he  t r ans i ence  of t he  
response  found  here.  

A neura l  m e c h a n i s m  of th i s  na tu re ,  pa r t i a l l y  cont ro l -  
l ing ca lc i ton in  secret ion,  could conce ivab ly  h a v e  con- 
s iderable  s ignif icance in b i rds  where  t h e r e  is a p a r t i c u l a r l y  
ac t ive  c a l c i u m  m e t a b o l i s m  assoc ia ted  w i t h  egg-shell  
fo rmat ion .  

Rdsumd. Le corps  u l t i m o b r a n c h i a l  de la poule  a une  
for te  i n n e r v a t i o n ,  p r o v e n a n t  en pa r t i cu l i e r  du  nerf  vague.  
On a cons ta t6  que  des f ibres  ne rveuses  se t e r m i n e n t  sur  
que lques  groupes  de cellules C. L a  s t i m u l a t i o n  du  v a g u e  
p r o d u i t  une  c h u t e  s igni f ica t ive  du t a u x  de ca lc ium du 
p lasma,  ce qui  d ~ m o n t r e  les propri@tCs d ' u n  effet  pro-  
voqu~ p a r  voie  p a r a s y m p a t h i q u e .  On propose  l 'hypoth&se 
que  l 'hypocalcCmie peue ~tre caus4e p a r  une  dCcharge de 
ca lc i ton ine  v e n a n t  des cellules C innervCes.  
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N a r r o w i n g s  of the  Synapt i c  Cleft i n M y o n e u r a l  J u n c t i o n s  

I n  t h e  course  of e lec t ron  microscopic  s tud ies  1 on  
mY0neura l  j u n c t i o n s  in  severa l  species, n a r r o w i n g s  of t he  
s y n a p t i c  clef t  were  obse rved  in m o t o r  n e r v e  t e r m i n a l s  of 
t h e  s t r i a t ed  i n t r a o c u l a r  muscle  f ibres  of t h e  ch i cken  
(Figure  1) a n d  in e x t r a o c u l a r  musc le  f ibres  of t he  r a t  
(Figure  2). I n  these  na r rowings ,  t he  5- layered s y n a p t i c  
m e m b r a n e  complex  of t h e  m y . n e u r a l  j u n c t i o n  is r educed  
t o  3 l ayers ;  t he  p l a s m a  m e m b r a n e s  of t h e  n e r v e  t e r m i n a l  
a n d  t h e  musc le  fibre,  wh ich  are  usua l ly  s epa ra t ed  b y  a 
500 A gap  con ta in ing ,  a b a s e m e n t  m e m b r a n e  layer,  ap-  
p r o a c h  as close as 160 A w i t h o u t  i n t e rpos i t i on  of b a s e m e n t  
m e m b r a n e  m a t e r i a l  (Figure  3). 

Accord ing  to  p rev ious  i nves t i ga t i ons  s, t h e  s p h i n c t e r  
pupi l lae  muscle  of t h e  chicken,  in  wh ich  na r rowings  of t h e  
s y n a p t i c  clef t  were found  severa l  t imes ,  consis ts  0n ly  of 
muscle  f ibres  w i t h  one m o t o r  endp la te .  These  endp la t e s  
do no t  h a v e  j u n c t i o n a l  folds. T he  n e r v e  t e r m i n a l s  c o n t a i n  

n u m e r o u s  synap t i c  vesicles b o t h  nea r  t h e  n o r m a l  5- 
l ayered  s y n a p t i c  m e m b r a n e  complex  a n d  nea r  t he  
3-layered na r rowings  of t he  s y n a p t i c  clef t  (Figure  1). 

The  m o t o r  end ing  s h o w n  in  F igure  2 was found  in a 
m u l t i p l y  i n n e r v a t e d  muscle  f ibre  3 of t he  o rb i t a l  region 
in a l a te ra l  r ec tus  bu lb i  muscle  of t h e  ra t .  The  m o t o r  

1 Fixation with glutaraldehyde in phosphate buffer and OsQ, 
embedding in epon, double staining of ultrathin sections with 
uranyl acetate and lead citrate. 
W. ZENK~R a~d E. KRA~MER, Z. Zellforsch. 83, 147 (1967). 
On the basis of a detailed study of muscle fibre types and their 
innervation in rat extraocular muscles (R. MAYa, in preparation) 
we are now able to discern multiply innervated fibres in these 
muscles using fine structural criteria. 


