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I t  has  been general ly  accepted  t h a t  mos t  of A P U D  cells 
are der ived f rom the  neural  crest.  However ,  there  exists  
evidence con t r a ry  to a neural  crest  origin for t he  pan-  
creat ic  islet cells18,14 a l though  the i r  possible neuroecto-  
dermal  origin has  no t  been prec luded and  da t a  suppor t ing  
the  la t t e r  hypo thes i s  has been  repor ted  15. 
Our findings,  while no t  p rov id ing  evidence to  suppor t  
e i ther  of the  above views, indicate  t h a t  the  ra t  pancrea t ic  

islets do no t  differ f rom pancrea t i c  islets in o ther  spec ies  
in t e rms  of the i r  abi l i ty  to  take  up, deca rboxy la te  and 
s tore  amines.  

13 P. Phelps, Anat. Rec. 187,449 (1975). 
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15 A. G. E. Pearse and T. Takor Takor, Clin. Endocrin. 5, Suppl. 
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Summary. Spherical  bodies consist ing of a granular  ma t r i x  and a pen t a l amina r  l imit ing m e m b r a n e  were found in cells 
f rom the  p rox imal  t ibial  me taphys i s  of normal  mice. The s t ruc tures  measured  abou t  280-570 nm in d iamete r  and were 
located main ly  in the  cy top la sm of os teoblas ts  and occasionally in preosteoblas ts .  The granules wi th in  the  bodies re- 
sembled ribosomes.  The mul t i - layered  composi t ion  of the  l imit ing body  m e m b r a n e  was identical  wi th  t h a t  of inter-  
cellular gap junct ions .  

Peculiar  spherical  s t ruc tures  charac te r ized  by  a p en t a -  
laminar  l imi t ing m e m b r a n e  have  been observed in cells 
f rom a va r i e ty  of t issues of d i f ferent  species ~-s, The 
bodies have  been  t e rmed  ' sphaerae  occlusae'a,  'bulb  gap 
junct ions '  4, 'gap  junc t ion -bounded  vesicles'  5, 7, ' annu la r  
nexuses '  6, or ' annu la r  gap junc t ions '  6. Recent ly ,  such 
in t racy top lasmic  s t ruc tures  were found in cells f rom the  
pe r ios teum of no rma l  and la thyr i t ic  ratsS. E lec t ron  mic- 
roscopic s t u d y  of cells f rom the  me taphysea l  t rabecula r  
bone t issue of the  t ibia  of normal  mice has revealed the  
presence  of similar conf igura t ions  as descr ibed below. 
Materials and methods. Six no rma l  female N M R I  mice and 
3 normal  (C3H • 101)F 1 hybr id  mice, 2 males and  1 fe- 
male,  were used. The r a n d o m l y  ou tb red  N M R I  mice 
weighing 19-25 g were 3-4 weeks old. The inbred hybr id  
mice wi th  a weigh t  of 11 g were 3 weeks old. I m m e d i a t e l y  
af ter  sacrifice of the  a p p a r e n t l y  hea l t hy  mice, the  proxi-  
mal  p a r t  of the  r igh t  t ib ia  of each animal  was rap id ly  
r emoved  and  spl i t  longi tudinal ly.  B o t h  halves  of each 
t ibial  me taphys i s  were cut  into cubes of abou t  1 m m  ~. 
The specimens f rom 3 N M R I  mice were f ixed in phos-  
pha te -buf fe red  1% osmium te t rox ide  and  those  f rom the  
o ther  3 N M R I  mice  in phospha te -bu f fe red  6.25% glutar-  
a ldehyde.  The specimens  f rom the  3 (C3H • 101)F1 mice 
were f ixed in cacodyla te -buf fe red  3% glu tara ldehyde .  
The g lu ta ra ldehyde- f ixed  t issue cubes f rom the  N M R I  
mice were pos t f ixed  in phospha te -bu t f e red  1% osmium 
te t rox ide  and  those  f rom the  hybr id  mice in chrome-  
osmium% Following dehydra t i on  th rough  a g raded  series 
of e thanols  to  p ropy lene  oxide, the  specimens  were em- 
bedded  in E p o n  812. Thin  sect ions were cut  wi th  a dia- 
m o n d  knife on a Re icher t  Om U3 micro tome and s ta ined  
wi th  uranyl  ace ta te  and  lead ci trate.  They  were examined  
in an  A E I  EM6B elect ron microscope.  
Results. Many bone  cells which  were r a n d o m l y  examined  
in t he  undecalcif ied specimens  f rom the  p rox imal  t ibial  
me taphys i s  of the  young  normal  mice con ta ined  pecul iar  
m e m b r a n e - b o u n d  s t ruc tures  (figures 1-4). These in t ra -  
cy toplasmic  bodies which were more  f requen t ly  seen in 
the  N M R I  t h a n  in the  (C3H • 101)F 1 mice were spherical  
and var ied in size. The outer  d iameters  of the  inclusion 
bodies ranged f rom abou t  280 to 570 nm. The b o d i e s  
consis ted of a m a t r i x  being su r rounded  by  a mul t i - layered  
l imit ing m e m b r a n e ,  The mat r ix ,  similar in appea rance  to  

t he  cellular cytoplasm,  con ta ined  diffusely sca t t e red  
granules  which  resembled r ibosomes (figures 1-4). Occa- 
sionally, an e lec t ron- lucent  halo was in terposed be tween  
the  granular  core of a b o d y  and the  annular  l imit ing 
m e m b r a n e  (figure 4). 
The unusual  m e m b r a n e  l imit ing the  bodies  had a pen ta -  
laminar  appearance  which  was not  modif ied in its pre-  
serva t ion  by  the  various f ixat ives  used. The m e m b r a n e  
consis ted of an inne rmos t  and  ou t e rmos t  e lect ron-dense  
layer, b o t h  similar to the  ou te r  leaflets of a uni t  mem-  
brane.  Be tween  these  2 layers,  an in te rmedia te  punc-  
t u a t e d  one was to  be seen. This  leaflet  seemed to consis t  
of per iodical ly  a r ranged  subun i t  par t ic les  appear ing  in 
cross-sect ion as a chain of e lec t ron-dense  dots.  I t  was 
separa ted  f rom the  i nne rmos t  and ou te rmos t  electron-  
dense leaflet  by  an e lec t ron- lucent  layer  on ei ther  side. 
The f ive-layered m e m b r a n e  was app rox ima te ly  20 n m  
thick.  I t s  mul t i - layered  compos i t ion  was  identical  wi th  
t h a t  of intercel lular  gap junc t idns  10 ( ' t ight  iunct ions '  n,  1~) 
occasionally observed be tween  cells f rom the  t rabecula r  
bone  t issue examined  (figure 3). 
The inne rmos t  leaflet of the  l imit ing m e m b r a n e  of a few 
inclusion bodies was  cont inuous  wi th  a saccular  s t ruc tu re  
measur ing  up to abou t  150 n m  in size (figures 2 and  3). 
Such a saccule was formed by  a p ro t rus ion  of the  inner-  
mos t  layer  of the  p e n t a l a m i n a r  m e m b r a n e  into the  ma t r ix  
of a body.  In  one body,  an in t rasaccular  dense, knob-l ike 
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Fig. 1. a A ' sphe r i ca l  membrane-  
bound body  is located in the cyto-  
p lasm of an osteoblast .  A mito-  
chondrion and e is ternae of the 
rough-surfaced endoplasmic  reti-  
cu lum are seen in the v ic in i ty  of 
the inclusion body  ( •  40,000). b 
The in t racytoplasnf ic  body  shown 
in a a t  a higher  magnif icat ion.  The 
granular  ma t r ix  and the penta la -  
m i n a r  l imi t ing  n, embrane  of the 
body  are clearly visible ( • 200,000). 

Yig. 2. The innernlost  leaflet  of the 
pen t a l amina r  l imi t ing  menlbrane  
of this  oval -shaped inclusion body  
is cont inuous wi th  a saccule con- 
ra ining a knob-l ike s t ruc ture  (ar- 
row; • 80,000). 

Fig. 3. Port ion of an os teoblas t  
conta in ing  a membrane -bound  
body.  The innermost  l ayer  of the 
pen t a l amina r  body  m e m b r a n e  
appears  to be cont inuous  wi th  a 
saecular  s t ruc ture  (arrow) ob- 
scured by  the t angen t ia l  p lane  of 
the section. An in terce l lu lar  gap 
junc t ion  is to be seen in the lower 
left  eornerof  thep ic tu re  ( • 80,000). 
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Fig. 4. An intracytoplasmie in- 
clusion body is found in close con- 
tact with a mitochondrion and in 
the vicinity of the nucleus, a part 
of which is seen in the upper left 
corner of the picture. The granular 
core of the body is separated from 
the pentalaminar limiting body 
membrane by an electron-lucent 
halo ( • 120,000). 

s t r u c t u r e  was found  loca ted  nea r  t he  o u t e r m o s t  l ayer  of 
t he  b o d y  m e m b r a n e  (figure 2). The  i n t e r m e d i a t e  d o t t e d  
l aye r  of t he  b o d y  m e m b r a n e  a p p e a r e d  to be  d i scon t inuous  
a t  s i tes of saccule loca t ion  (figures 2 a n d  3). 
The  spher ica l  m e m b r a n e - b o u n d  bodies  found  in t he  m e t a -  
p h y s e a l  t r a b e c u l a r  bone  t i ssue  of t he  t ib i a  of mice oc- 
cu r red  m a i n l y  in os teob las t s  a n d  occas ional ly  in  preos teo-  
blasts .  T h e y  were n o t  obse rved  in cap i l l a ry  endo the l i a l  
cells, os teoclas ts  and  osteocytes .  All  bodies  were loca ted  
freely in t he  cy top l a smic  m a t r i x  of cells. Cont inu i t i e s  of 
t he  l imi t ing  b o d y  m e m b r a n e  w i t h  t he  l imi t ing  m e m b r a n e  
of t i le cell w i t h i n  wh ich  a b o d y  was located  were n e v e r  
de tec ted .  
Discussion. The  bodies  descr ibed  in  t he  p r e s e n t  s t u d y  are 
s imi lar  in  t h e i r  u l t r a s t r u c t u r e  to  those  wh ich  severa l  
a u t h o r s  h a v e  found  in cells f r om var ious  n o r m a l  or neo-  
p las t ic  t i ssues  of h a m s t e r s  ~, r a t s  s, r a b b i t s  8, 7, sheep5 an d  
m e n  2, 4. The  s t r u c t u r e s  h a v e  been  obse rved  in lu tea l  cells 
of t h e  o v a r y  ~, cells of t he  m e m b r a n a  g ranu losa  of t h e  
o v a r i a n  follicle a, cu l tu red  cells f rom a small-cel l  c a r c i n o m a  
of t he  ad rena l  co r t ex  4, ke r a t i n i z ing  cells of the  wool 
follicle 5, cells of e s t rogen - induced  rena l  a d e n o c a r c i n o m a s  s, 
cells of v i t a m i n  A ac id - t r e a t ed  k e r a t o a c a n t h o m a s  ~ a n d  

per ios tea l  cells of n o r m a l  a n d  l a thy r i t i c  femurs  s. Such  
inclus ion bodies  h a v e  not ,  to  our  knowledge,  ye t  been  
r epo r t ed  as occurr ing  in bone  cells f r om the  p r o x i m a l  
t ib i a l  m e t a p h y s i s  of n o r m a l  mice. 
I t  h a s  been  p r e s u m e d  t h a t  t h e  spher ica l  s t ruc tu re s  m i g h t  
o r ig ina te  f rom in te rce l lu la r  gap  j u n c t i o n s  b y  bu lg ing  of 
such  j u n c t i o n s  in to  t h e  c y t o p l a s m  of cells an d  b y  p i n c h i n g  
off of t h e  i n v a g i n a t i o n s  f rom t h e  cell m e m b r a n e s  2, 3, 5, 6 
Accord ing  to th i s  p o s t u l a t e d  deve lopmen t ,  a so-called 
a n n u l a r  gap  j u n c t i o n  m u s t  c o n t a i n  a p o r t i o n  of t h e  cyto-  
p l a s m  f rom all a d j a c e n t  cell S, 8, 5. The  func t iona l  signifi- 
cance  of such  a cell-to-cell  t r ans f e r  of cy top lasmic  com- 
p o n e n t s  r ema i n s  obscure  a t  p resen t .  
Since t h e  g rea t e s t  n u m b e r  of in te rce l lu la r  gap j u n c t i o n s  
are found  b e t w een  os teob las t s  in  ac t ive  bone  f o r m a t i o n  1], 
i t  is specu la ted  t h a t  t h e  so-cal led a n n u l a r  gap junc t ions ,  
wh ich  we found  p r e d o m i n a n t l y  in  a p p a r e n t l y  p ro te in -  
syn thes i z ing  osteoblas ts ,  m a y  also be  s o m e w h a t  asso- 
c ia ted  w i t h  osteogenesis.  I n  th i s  respect ,  i t  shou ld  be  
emphas i zed  t h a t  the  so-called a n n u l a r  gap  junc t ions  pre-  
sen t  in  m e t a p h y s e a l  bone  cells c o n t a i n e d  m a i n l y  granules  
r e sembl ing  r ibosomes  on  w h i c h  p ro t e i n  synthes i s  nor-  
ma l ly  t akes  place. 
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Summary. I n  adrenerg ic  n e r v e  end ings  of t he  gu inea-p ig  vas  deferens  t h e  p o p u l a t i o n  of smal l  g r a n u l a r  vesicles in- 
creases f rom 19% in con t ro l  an ima l s  to  8 0 - 9 0 %  1-3 h a f t e r  t h e  a d m i n i s t r a t i o n  of 5 - h y d r o x y d o p a m i n e ,  an d  g radua l ly  
decl ines to  con t ro l  va lues  in 10 days.  Large  g r anu l a r  vesicles were also loaded  b u t  t h e  loss of e n h a n c e d  g r an u l a t i o n  was 
more  r ap id  t h a n  in t he  smal l  g r a n u l a r  vesicles. 

The  osmiophi l ic  f a l s e - t r a n s m i t t e r  5 - h y d r o x y d o p a m i n e  of t h e  u p t a k e  an d  loss of 5 - O H D A  in to  synap t i c  vesicles 
(5-OHDA) has  been  used as a specific e lec t ronmicro-  of adrenerg ic  ne rves  i n n e r v a t i n g  t h e  vas  deferens has  
scopical  m a r k e r  for adrenerg ic  ne rves  s-n, and  to  inves t i -  been  s tudied.  
ga te  t he  s torage  of t r a n s m i t t e r  w i t h i n  t he  adrenerg ic  A d u l t  ma le  guinea-pigs  we igh ing  400-460 g were g iven  
neu rone  ~-s. I n  t h e  p r e s e n t  e x p e r i m e n t s  t h e  t ime-cour se  5 - O H D A  HC1 (Sigma, 170 m g / k g  in 1 ml  isotonic sal ine 


