
272 Specialia EXI'ERIENTIA 33/2 

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 
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conta in ing  17 mg L-ascorbate ,  i.p. on 3 occasions sepa- 
r a t ed  by  4 and  16 h). Control  animals  were given L- 
ascorba te  only. The animals  were killed by  cervical  dis- 
locat ion and exsangu ina ted  a t  var ious t imes  af ter  the  
final drug  admin is t ra t ion .  The vas deferens  was f ixed 
wi th  5% g lu ta ra ldehyde  buffered to  p H  7.4 wi th  0.1 M Na 
cacodyla te  and  pos t f ixed  in 2% OsO 4 in cacodyla te  
buffer.  Tissue blocks were s ta ined wi th  sa tu ra t ed  aqueous 
uranyl  solutions,  d e h y d r a t e d  and embedded  in Araldi te .  
Thin  sect ions cut  on glass knives  were s ta ined wi th  lead 
c i t ra te  and viewed in a Phi l ips  300 or 301 electron micro- 
scope. 
4 t issue blocks f rom the  middle  th i rd  of b o t h  vasa  defer-  
ent ia  were p repa red  f rom each animal.  F r o m  each block 
th in  sections were cut  and  25 varicosit ies within the  ou te r  
longi tudinal  muscle  layer  were p h o t o g r a p h e d  at  • 12,000 
onto  35-mm-fi lm and  p r in ted  to  a final magni f ica t ion  of 
• Varicosi t ies  were def ined as axonal  profiles 
(1-2 ~zm in diameter)  conta in ing  20 or more  synap t ic  
vesicles of the  smal l  type .  For  each var icos i ty  photo-  
g raphed  (100 per  expe r imen ta l  animal) the  rat io of small  
granular  vesicles to  to ta l  small  synap t ic  vesicles was 
de te rmined .  
The vas  deferens  is known  to receive a dual  cholinergic 
and adrenergic  innerva t ion ;  the  longi tudinal  muscle layer  
and the  circular layer are bo th  densely  inne rva ted  by  
adrenergic  nerves  while the  major  cholinergic inpu t  is to  
the  circular layer  4. Bundles  of adrenergic  nerve  fibres 
pene t r a t e  the  muscle  coa t  and  divide r epea ted ly  to form 
individual  junc t ions  on smoo th  muscle cells wi th  a gap 
of 20 nm. Adrenergic  varicosit ies were ident i f ied by  the  

presence  of small  (50 nm) synap t i c  vesicles conta in ing  a 
granule or dense 'core'  (figure 1)9-10. 
In  contro l  vas  deferens adrenergic  varieosit ies in the  
longi tudinal  muscle layer  con ta ined  small  granular  ves- 
icles (SGV) which,  wi th  glutaraldehyde/OsO~ fixation,  
accounted  for only  19 • 6.8% (Mean ! S.D., n = 100) 
of the  to ta l  small  vesicle popula t ion .  In  the  circular 
muscle  layer  36.5 • 3.0% (Mean • S.D., n = 100) of 
the  small  vesicles of adrenergic  varicosi t ies  were granular .  
Small  vesicles ent i re ly  filled wi th  e lec t ron-dense  mater ia l  
were occasionally p resen t  in adrenergic  endings wi th in  
the  circular  layer  in contro l  animals  b u t  were  rare in the  
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Fig. 1. Adrenergic variocosities in the outer longitudinal muscle layer of the guinea-pig vas deferens. A Control. B 1 h after 5-OHDA. C 24 h. 
D 48 h. • 54,000, bar line {D) 0.1 lxm. 
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l on g i t ud ina l  layer .  Fol lowing 5 - O H D A  b o t h  large a n d  
smal l  vesicles c o n t a i n e d  h i g h l y  e lec t ron-dense  m a t e r i a l  
wh ich  filled t h e  en t i re  vesicle (figure 1)s. T he  d i a m e t e r s  
of these  vesicles were g rea t e r  t h a n  those  of con t ro l s  
(control~ 50 =k 6 nm,  5=OHDA: 52 :k 5 nm,  m e a n  d i am-  
e te r  • S.D., n = 60) conf i rming  p rev ious  obs e r va t i ons  s. 
F igure  2 shows t he  pe rcen t age  of SGV's  in  adrenerg ic  
ne rves  in t h e  l ong i t ud i na l  muscle  layer  of t he  vas  deferens  
a t  va r ious  t imes  a f t e r  t i le  f inal  a d m i n i s t r a t i o n  of 
5-OHDA.  A t  1-3 h 8 0 - 9 0 %  of t he  smal l  synap t i c  vesicles 
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Fig. 2. Graph showing the change in the SGV percentage in adrener- 
" hie nerve terminals in the outer longitudinal muscle layer of the 

guinea-pig vas deferens after administration of 5-OHDA. Ordinate: 
SGV percentage, abscissa: time (days). Vertical bars represent 1 SD 
(variability among different tenninals). The value at time zero 
represents the control (continuous line) and its SD (broken line). 

were of t he  g r a n u l a r  t y p e  as c o m p a r e d  to 19% in controls .  
A t  these  t imes  t he  large g r a n u l a r  vesicles were also 
loaded.  I n  t ime  t he  p e r c e n t a g e  of SGV's  s tead i ly  decl ined 
un t i l  a t  10 days  t he  p e r c e n t a g e  of SGV's  was s imi la r  to  
t h a t  of cont ro l s  (figure 2). Pa ra l l e l  to  t he i r  decl ine in 
n u m b e r  t he  SGV's  showed  less p r o m i n e n t  granules  and  
comple t e ly  filled vesicles b e c a m e  rare.  The  pe rcen t age  of 
large g r anu l a r  vesicles showing  e n h a n c e d  g r a n u l a t i o n  
decreased  a t  24 h a n d  were r a re ly  encoun t e r ed  a t  48 h 
whereas  t he  pe rcen t age  of SGV's  w i t h  comple t e ly  filled 
m a t r i x e s  b e g a n  to decrease  a t  72 h and  few were encoun-  
t e red  a t  144 h. 
Fol lowing 5 -OHDA the  qua l i t a t i ve  changes  in the  g ranu-  
l a t ion  of the  synap t i c  vesicles in adrenerg ic  nerves  in  t he  
c i rcular  l ayer  were s imi la r  to  those  in  t he  l ong i tud ina l  
layer,  a l t h o u g h  in the  f o r m e r  t he  decl ine in t h e  SGV 
n u m b e r s  t ook  place more  slowly;  th i s  is t rue  for b o t h  t he  
large a n d  smal l  s y n a p t i c  vesicles. A t  72 h SGV's  h a v i n g  
comple t e ly  filled m a t r i x e s  were f r e q u e n t l y  encoun te red  
in t he  c i rcular  layer  b u t  r a re  a t  th is  t i m e  in the  longi tu-  
d ina l  layer.  
T r e a t m e n t  of an ima l s  w i t h  reserp ine  (Sigma, 2.5 m g / k g  in 
1 ml  isotonic  saline c o n t a i n i n g  20% L-ascorba te ,  i.p.) 24 
and  4 h before 5 - O H D A  resu l ted  in a m u c h  lower 
(20-30%)  pe rcen tage  of SGV's  t h a n  a f t e r  5 -OHDA alone. 
Paradox ica l ly ,  however ,  in  an ima l s  g iven  reserpine a lone 
(2.5 m g / k g  24 and  4 h before  dea th)  a l t h o u g h  t he  ma-  
j o r i t y  o5 smal l  vesicles h a d  no  core, 5 - 1 0 %  h a d  e lec t ron-  
dense  m a t r i x e s  which  en t i r e ly  filled t he  vesicle. 
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Summary. Surgical  b u r s e c t o m y  in ch icken  a t  62 h of i n c u b a t i o n  p roduces  a de lay  in sk in  a l lograf t  re jec t ion,  whereas  
l a t e r  b u r s e c t o m i z e d  ch ickens  show n o r m a l  r e j ec t ion  t ime .  I t  is p roposed  t h a t  t he  B u r s a  of F a b r i c i u s  in  ear ly  s tages  of 
d e v e l o p m e n t  inf luences  the  d e v e l o p m e n t  of cel lular  i m m u n i t y .  

The  p r i m a r y  l y m p h o i d  o rgans  in t he  ch icken  are t he  
t h y m u s  a n d  t h e  b u r s a  of Fabr ic ;us .  B o t h  are l y m p h o -  
ep i the l ia l  o rgans  where  d e v e l o p m e n t  of l y m p h o i d  s t e m  
cells in to  T a n d  B l y m p h o c y t e s  r e spec t ive ly  occur.  The  
t h y m u s  is r espons ib le  for t h e  ce l l -media ted  i m m u n i t y  
m e c h a n i s m s  such  as g r a f t  re jec t ion,  a n d  in add i t i on  t h y -  
mus  de r ived  cells can  ac t  as suppressor  or  he lpe r  cells in 
a n t i b o d y  p roduc t ion .  L a t e  surgical  bu r s ec t om y ,  chemica l  
or h o r m o n a l  p rocedures  h a v e  been  appl ied  to  d e t e r m i n e  
t he  role of t he  bursa .  Chickens  in w h i c h  t he  b u r s a  has  
n e v e r  func t ioned  are u n a b l e  to  p roduce  a n t i b o d y .  The  
resu l t s  of surgical  b u r s e c t o m y  v a r y  w i t h  t he  age of t he  
an ima l s  w h e n  b u r s e c t o m y  is pe r fo rmed .  I t  h a s  been  
s h o w n  t h a t  b u r s e c t o m y ,  if n o t  c o m b i n e d  w i t h  s u b l e t h a l  
i r r ad ia t ion ,  m u s t  be  p e r f o r m e d  before  t h e  18 th  d a y  of 
i n c u b a t i o n  to  r e su l t  in  comple te  a g a m m a g l o b u l i n e m i a  
a n d  lack of p l a s m a  cells a n d  ge rmina l  cen te r s  2. 
Surgical  b u r s e c t o m y  a t  h a t c h i n g  does n o t  m e a s u r a b l y  
inf luence  cel lular  immuno log i ca l  func t ions  8, a. Cons ider ing  
t h a t  t he  b u r s a  expo r t s  cells to  t he  t h y m u s  ear l ier  in 
e m b r y o n i c  life, i t  is possible  t h a t  t h y m u s  func t i on  is af- 
fec ted  b y  t he  bursa .  
The  a im  of t he  p r e s e n t  p a p e r  was  to e s t ab l i sh  w h e t h e r  
ve ry  ear ly  surgical  b u r s e c t o m y  b y  imped ing  cell m i g r a t i o n  
or  o t h e r  ea r ly  h u m o r a l  i n t e r ac t i ons  b e t w e e n  b u r s a  a n d  
t he  t h y m u s  can  in f luence  t he  d e v e l o p m e n t  of cell med i -  
a t ed  i m m u n i t y  mechan i sms .  

Hy- l ine  fert i le  ch icken  eggs were m a i n t a i n e d  a t  38.5 ~ in 
a forced a i r  i n c u b a t o r . - A l l  e m b r y o s  were surgical ly  
bu r sec tomized  or s h a m - o p e r a t e d  a t  62 h of i n c u b a t i o n  
(stage 17 H a m b u r g e r - H a m i l t o n )  5. Surgical  b u r s e c t o m y  
was pe r fo rmed  u n d e r  asept ic  cond i t ions  b y  ab l a t i on  of 
t he  ta i l  b u d  cauda l ly  to  t h e  leg buds ,  accord ing  to t he  
t e c h n i q u e  descr ibed b y  F i t z s i m m o n s  e t  al.% S h a m -  
ope ra t ions  were done  fol lowing t he  s ame  surgical  s teps  
w i t h  t h e  excep t ion  of b u r s a  ab la t ion .  In  all, a t o t a l  of 17 
successful ly  bu r sec tomized  (Bx) and  21 s h a m - o p e r a t e d  
(Sh) ch icken  e m b r y o s  were used  in these  exper iments .  
The  ch i ckens  were sk in -g ra f t ed  w i t h i n  24 h of ha t ch ing .  
Fu l l - t h i ckness  grafts ,  10 x 10 m m  in size, were r e m o v e d  
f rom middor sa l  region of ch i cken  donors  and  p laced  in 
s imi lar  si tes on  each  B x  a n d  S h  chicken.  His toac ry l  was 
appl ied  to ho ld  t he  graf t s  in  place. The  t r a n s p l a n t s  were 
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