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head along the  sutura  saggitalis (1 cm) and siliceous acid 
(15 mg) was implan ted  s.c. Beginning at  the  t ime  of 
implanta t ion ,  a t  subsequent  8 h in tervals  the  cross- 
circulat ion was arrested by  an intes t inal  c lamp while 
one member  of each pair  (acceptor-animal) was given an 
i.p. inject ion of unlabel led thymid ine  (0.01 mg/g  body 
weight).  Subsequent ly  the  o ther  member  (donor-animal) 
received a single dose of 1 ~Ci/g body weight  3I-I-TdR 
(Amersham-Buchler ,  Braunschweig,  specific ac t iv i ty  : 
5.0 Ci/mmol).  20 min  later, the  acceptor-animal  received a 
fur ther  i.p. inject ion of unlabel led thymid ine  and then  the 
clamp was removed.  The animals  were sacrified at  5 and 
7 days post  implan ta t ion  by cardial  perfusion of formalin.  
Embedd ing  was made  in paraffin. 5 ~m sections of skin 
and subcutaneous granula t ion  tissue, as well  as of the  
small  intestine, were coated wi th  I l ford K2 and exposed 
for 14 days and for 21 days in darkness by  + 4~ Some 
sections are stained by G6M6RI'S si lver impregna t ion  
technique  for demons t ra t ion  of re t icul in  fibres. The other  
sections are stained after  the exposi t ion by  hematoxy l in  
and eosin (HE). 

While  among the  epi thel ia  of the  small  intest ine of the 
a c c e p t o r -  animal  no labelled ce l l -  wi th  the  except ion of rare 
in t ravasal  blood cells - could be observed, near ly  each 
ep i t he l i a l  cell of the  donor-animal  was labelled by 
~H-TdR (Figure 1 a, b). This examina t ion  was made  to 
control  whether  labelled thymid ine  had left  the  donor 
animal  by  cross-circulation inspire of the  clamp and the 
inject ion of nonlabelled thymidine .  

Wi th in  the subcutaneous  granula t ion tissues of the  
acceptor-animals ,  v e r y  m a n y  labelled mononuclear  and 
polymorphnuclear  ceils could be seen, A t  the  border  of 
the  granula t ion tissues, a ne t  of ret icul in fibres in com- 
b ina t ion  wi th  ve ry  m a n y  f ibroblasts  spread out. There, 
mononuclear  cells could be observed which were found to 
be labelled up to 20-30%. Moreover  f ibroblasts  could be 
seen which clearly showed reduced silver grains above the  
nucleus (Figure lc). Such f ibroblasts  were seen up to 
2-4%.  On the  sections which were stained by silver- 
impregna t ion  before the  autoradiographica l  process, some 
labelled f ibroblasts  could be identified, too. 

Obviously  Ross  et al. could not  find labelled fibro- 
blasts because these authors  made  inject ion-procedures  
only once wi th in  24 h. Moreover  the  number  of labelled 
fibroblasts is too small  when using electronmicroscopic 
autoradiographic  methods.  Only by accident  could a 
labelled f ibroblast  have  been seen. Fu r the r  considerat ions 
are impossible because of the  lack of dis t inct  informat ion  
about  the  dose of 3H-TdR and about  the  exposi t ion t ime  
of the  sections for l ight  microscopy.  

In  conclusion we have  to s ta te  t h a t  by puls-labelIing 
of non-parabiot ic  rats  wi th  3H-TdR af ter  subcutaneous 
implan ta t ion  of siliceous acid, near ly  25% of I ibroblasts  
could be found labelled on the  5th and 7th day  after  
operation.  T h a t  means : the  increase of f ibroblasts  will  be 
main ly  caused by local proliferation.  Only addi t ional ly  a 
t ransformat ion  of mononuclear  blood cells into fibro- 
blasts can be observed, 

Zusammen/assung. Es wird bei parabiot ischen R a t t e n  
das Granulat ionsgewebe nach subcutaner  Kiesels~ureim- 
p lan ta t ion  untersucht .  Durch  Bes t rahlung der Hinter lgufe  
einer der beiden parabiot ischen R a t t e n  erfolgt deren Blut-  
versorgung fiber die Parab iosenaht  zum Tell durch die an- 
dere R a t t e ;  dieser anderen R a t t e  war  zur ~ a r k i e r u n g  
der Leukozyten  3H-Thymidin  injiziert .  I m  Granulat ions-  
gewebe der bes t rahl ten  R a t t e  l inden sich typische Fibro-  
blasten, deren Markierung auf ihren h / imatogenen Ur-  
sprung hinweist .  Die Pulsmark ie rung  bei E inze l ra t ten  
nach Kiesels~iure-Implantat ion ergab ferner eine DNS-  
Synthese der ortsstSmdigen Fibroblas ten  als Hinweis  fiir 
eine lokale Proliferat ion.  
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S m o o t h  M u s c l e  of the P a n c r e a t i c  Duct  of  the  Cat 

EBERTH 1 described the  presence of a smooth  muscle 
layer  around the  pancrea t ic  duct  of the  cat  in 1863 bu t  it  
has received l i t t le  a t t en t ion  since. Recen t  exper iments  
by  LENNINGER 2 have  shown tha t  vaga l  s t imula t ion  or 
p a r a t h y m p a t h o m i m e t i c  drugs increase the  resistance to 
perfusion flow in the  pancreat ic  duct  of the cat. Fu r the r  
studies showed tha t  segments  of the  main pancreat ic  
duct  exhibi t  spontaneous contract ions  in v i t ro  and the  
tension induced could be increased by  certain drugs3. 

I t  was therefore decided to examine  the  pancrea t ic  
duct  of the  cat  by histology, h i s tochemis t ry  and electron 
microscopy to assess the  a r rangement  and innerva t ion  of 
any smooth  muscle t h a t  m a y  be present.  

Methods. The principal  ducts  f rom the  head and ta i l  of 
the pancreas  have  been removed  from 16 cats. 3 ducts  
were fixed whole in 4% formaldehyde  in 0.08 M cacody- 
late buffer containing 7.5% sucrose. Blocks of tissue were 
embedded  in paraff in  and sections were cut  f rom all 
areas of the  ducts  and stained by  Lissamine Fas t  Red 
and ta r t raz ine  ~ to show smooth  muscle. 3 o ther  ducts  
were fixed by  a formaldehyde-g lu ta ra ldehyde  mix tu re  5, 
post-osmicated,  embedded  i n  araldi te  and u l t ra th in  
sections from m a n y  areas were examined  electron 

and i ts  I n n e r v a t i o n  

microscopical ly af ter  staining wi th  lead citrate.  F r o m  the  
remaining animals  small  segments  f rom different  par ts  
of the  duct  were rapid ly  frozen in iso-pentane in l iquid 
nitrogen. Ha l f  these blocks were freeze dried, t rea ted  
wi th  formaldehyde  vapour  and sections were examined  
for fo rmaldehyde  induced fluorescence. The ad jacent  
blocks were used for demons t ra t ing  acetylchol inesterase 
(ACHE) act ivi ty .  Cryos ta t  sections were pos t f ixed in the  
formaldehyde-sucrose mix tu re  and incuba ted  wi th  sub- 
s t ra te  6 in the  presence of iso-OMPA 3 • 10 .8 M. 

Results. The paraff in  sections conf i rmed the  presence 
of smooth  muscle around the  duct  (Figure 1). The  l ining 
of smooth  muscle surrounded the  entire length  of the  
main  duct  of bo th  the  head and the  ta i l  of the  pancreas.  
A layer of lax connect ive  t issue separated the  muscle 
layer f rom the  ep i the l ium of the  duct.  The muscle coat  

1 C . J .  ]~BERTH, Z. wiss. Zool. 72, 360 (1863). 
2 S. LENNINGER, Acta  physiol ,  scand. 82, 345 (1971). 
3 S. LENNINOER, Acta  physiol ,  scand. 84, 134 (1972). 
4 A.C. LENDRn~, in  Recent advances in cIinicaI Pathology (Churchill,  

London 1947), chapt .  41, p. 452. 
5 M . J .  KARNOVSKY, J.  Cell Bi01. 24, 137A (1965). 
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w a s  composed  of a n u m b e r  of poor ly  def ined separa te  
bundles  of smooth  muscle  cells, which  appeared  to  
a c c o m p a n y  the  duc t  in longi tudina l ly  d i rec ted  spirals.  
Large  main  b ranches  of t he  duc t  appeared  to  t ake  a 
muscle  layer  wi th  t h e m  b u t  the  ma jo r i t y  of ducts  b ranch-  
ing off t he  main  duc t  s imply  passed be tween  the  muscle  
bundles  and were unaccompan ied  by  muscle  cells. 

Cholinesterase s ta in ing  showed t h a t  AChE-pos i t ive  
nerves  were associa ted wi th  the  ducta l  smoo th  muscle 
t h roughou t  its length,  w i th  poss ib ly  an increase in the i r  

n u m b e r  t owards  the  duodenal  end. No adrenergic  nerves  
were de tec ted  in associat ion wi th  the  ducta l  smoo th  
muscle.  I n f r e q u e n t  f luorescing nerves  were  seen ac- 
company ing  some blood vessels b y  the  duct .  

E lec t ron  microscopy suppor t ed  the  l ight  microscopical  
descr ip t ion  of the  ducta l  s mo o t h  muscle.  I t  showed t h a t  
not  only  were the  bundles  ill def ined but ,  wi th in  the  
bundles,  the  muscle  cells were loosely ar ranged and  inter-  
spersed wi th  connect ive  tissue. Nexus  es were p resen t  be- 
tween  groups of muscle ceils wi th in  the bundles  and  one 
gained the  impress ion t h a t  t h e y  were forming myogenic  
units.  Non-mye l ina ted  axons in Schwann-axon  bundles  
were p resen t  in the  muscle layer ;  some appeared  to  be pass- 
ing be tween  bundles  others  were p resen t  wi th in  bundles.  
The n u mb er  of nerves was never  very  extens ive  bu t  prob-  
able neuro-effector  sites ~ were readi ly found. These consis- 
ted  of vesic le-containing axons  in close p rox imi ty  to s mo o t h  
muscle cells (Figure 2). The vesicles in the  axons  were of 
the  agranular  smal l  vesicle t ype  plus some larger dense- 
cored vesicles, which  suppor t s  t he  idea t h a t  mos t  if no t  
all of these  nerves  were cholinergic. Occasional mye l ina ted  
axons were seen pass ing be tween  the  muscle  layer  or in the  
connec t ive  t issue be tween  it and the  ducta l  epi thel ium.  
These were p ro b ab l y  af ferent  f ibres bu t  the i r  t e rmina l  ar- 
r angemen t s  h a v e  no t  been  ascer ta ined.  

D i s c u s s i o n .  The p resen t  s t u d y  has conf i rmed the  pre- 
sence of a muscle  layer  a round  the  pr inc ipal  pancrea t ic  
ducts  of the  cat. The evidence indica tes  t h a t  it  has  a 
cholinergic innervat ion ,  which  suppor t s  the  f indings of 
the  in-vivo and  in-vi t ro  physiological  s tudies  aforemen-  

Fig. 1. Main pancreatic duct showing irregular bundles of smooth 
muscle cells (~) arranged around the periphery of the duct and 
separated from the duetal epithelium by thick layer of lax connec- 
tive tissue (Lendrum's stain4), x 112. 

6 G. GOMORI, Microscopic histochemistry (Chicago Univ. Press, 
Chicago 1952). 

7 G. BVRNSTOCK, in Smooth Muscle (Edward Arnold, London 1970), 
p. 1. 

Fig. 2. Electron micrograph of main pancreatic duct showing axons, containing vesicles, in close proximity-to smoo.tii muscle cells. 
Nexus es are evident between the muscle cells, • 19,000. 
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t ioned  ~,8. To th i s  shou ld  be  added  t h a t  ElCSTR6M and  
LENNI~GER s h a v e  shown  t h a t  t he re  is chol ine  ace ty l -  
t r ans fe r a se  in  t he  d u c t a l  t issues.  T he  chol inergic  ne rves  
p r o b a b l y  induce  c o n t r a c t i o n  of t h e  muscle  layer.  The  per-  
fusion s tud ies  i nd i ca t ed  t h a t  n e r v e - i n d u c e d  l u m i n a l  
na r rowing  m a y  impede  f low b u t  i t  is n o t  k n o w n  w h e t h e r  
th i s  occurs  u n d e r  physio logica l  condi t ions .  I t  is t h o u g h t  
un l ike ly  t h a t  u n d e r  n o r m a l  cond i t ions  a big  b a c k  pressure  
aga ins t  secre t ion would  be  induced  b y  t he  muscle  con- 
t rac t ions ,  b u t  th i s  m a y  occur  u n d e r  pa tho log ica l  in- 
f luences.  The  func t i on  of tl~e muscle  l ayer  is obscure.  I n  
v i t ro  t he  muscle  exh ib i t s  r h y t h m i c a l  a c t i v i t y  wh ich  was  
cons idered  td  be  myogen ic  ~. I f  such  a c t i v i t y  occurs  in  
v ivo  i t  m a y  h a v e  a m i l k i ng  effect  on  t he  con ten t s .  B u t  
w h a t  of ne rve  i n d u c e d  con t r ac t i ons  ? These  poss ib ly  arise 

in  response  to ref lex s t imu l i  a n d  t he  effect  m a y  be  to  im- 
p a r t  a g rea te r  r ig id i ty  to  t h e  duct .  F u r t h e r m o r e  a s t rong  
c o n t r a c t i o n  m a y  help  to h i n d e r  a s u d d e n  rise of p ressure  
in  t he  m a i n  duc t  f rom pass ing  ou t  to  t he  p a r e n c h y m a ,  for 
i t  seems l ike ly  t h a t  t he  smal ler  b r a n c h  duc t s  wil l  be  oc- 
c luded  to some e x t e n t  b y  a s t rong  c o n t r a c t i o n  of t he  
muscle  layer .  

Zusammen/assung. I n  der  W a n d u n g  des Ductus pan- 
creaticus major der  K a t z e  wi rd  eine d i inne  Sch ich t  y o n  
Muskel iaserz i igen  beschr ieben .  H i s t o c h e m i s c h  wi rd  fest-  
gestell t ,  dass  es sich bet  f eh lender  ad rene rg i sche r  u m  
chol inerge  I n n e r v a t i o n  dieser Muskelzel len  hande l t .  

J. R. GARRETT 9, P. ALM a n d  S. LENNINGER 
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Zinc I o d i d e - O s m i u m  T e t r o x i d e  R e a c t i v e  S u b s t a n c e s  in the  M a t r i x  of Granula ted  
V e s i c l e s  in the  Rat  P inea l  N e r v e s  

I n  d i f fe ren t  works  1-8 i t  has  been  d e m o n s t r a t e d  t h a t  t he  
m i x t u r e  of zinc i od ide -osmium t e t r o x i d e  (ZIO) s t a ins  
d i f fe ren t  t ypes  of synap t i c  vesicles. I n  t he  g r a n u l a t e d  
vesicles of t he  p inea l  nerves ,  t h i s  t e c h n i q u e  revea ls  two  
c o m p o n e n t s 4 :  t h e  cen t r a l  core a n d  t he  m a t r i x ,  wh ich  
compr ises  t he  space b e t w e e n  t h e  vesicle m e m b r a n e  and  
t hb  core. The  m a t r i x  is more  i n t ens i ve l y  s t a ined  t h a n  t he  
core. 

S tudies  m a d e  in our  l a b o r a t o r y  5 d e m o n s t r a t e d  t h a t  ZIO 
reac t ion  is t e m p e r a t u r e  and  t i m e  dependen t .  An  increas ing  
n u m b e r  of s y n a p t i c  vesicles a n d  o the r  subce l lu la r  com- 
p o n e n t s  a p p e a r  pos i t ive  w h e n  t he  t e m p e r a t u r e  a n d  t i m e  
are increased.  G r a n u l a t e d  vesicles of d i f fe ren t  mono-  
amine rg ic  ne rves  do n o t  r eac t  in  t h e  same  w ay  a t  a g iven  
schedule  of f ixa t ion .  Thus ,  w h e n  ZIO is used a t  4~ for 
2 h (ZIO 4-2),  t he  m a t r i x  of t h e  g r a n u l a t e d  vesicles of t h e  
p inea l  ne rves  appea r s  e lec t ron  dense,  whereas  t h a t  of t he  
g r a n u l a t e d  ves ic l e s  of t h e  va s  deferens  ne rves  r e m a i n s  
e lec t ron  lucen t  ~. I f  t h e  f i xa t i on  is done  a t  20~ for 15 h 
(ZIO 20-15),  t h e  m a t r i x  of t h e  g r a n u l a t e d  vesicles of t he  
vas  deferens  ne rees  is also deep ly  s t a ined  ~. T he  g r a n u l a t e d  
vesicles of t he  p inea l  ne rves  h a v e  t h e  same  a p p e a r a n c e  
w i t h  ZIO 20-15 as w i t h  ZIO 4-2.  H o w e v e r  t he  f ind ings  
r e l a t ed  to  t h e  vas  deferens  ne rves  sugges ted  us t h a t  ZIO 
4-2  and  ZIO 20-15 could  revea l  d i f f e ren t  c o m p o n e n t s  of 
t h e  m a t r i x  of g r a n u l a t e d  vesicles  of t h e  p inea l  nerves .  

Th i s  pos ib i l i ty  was  explored  b y  f ix ing  w i t h  ZIO 4-2  
and  ZIO 20-15 p inea l  g l ands  of r a t s  t r e a t e d  w i t h  reserp ine  
or p - c h l o r o p h e n y l a l a n i n e  (p-CPA). Rese rp ine  was a d m i n -  
i s te red  i.p., a t  t h e  dose of 10 m g / k g  a n d  t he  an i ma l s  
ki l led 4 h a f te r  t he  in jeet ion.  R a t s  t r e a t e d  w i t h  p -CPA were 
g iven  2 •  m g / k g  i.p. s e p a r a t e d  b y  a 48-h in te rva l .  
T h e y  were ki l led 24 h a f te r  t h e  las t  in jec t ion .  Cont ro l  
r a t s  rece ived  e q u i v a l e n t  vo lumes  of sa l ine  in  b o t h  
t r e a t m e n t s .  

ZIO 4-2  (Figure 1) r eac t ion  in t h e  con t ro l  p inea l  ne rves  
of t h e  r a t  ha s  a l r eady  been  descr ibed  2. Most  of t he  vesicles 
show a heav i l y  s t a ined  m a t r i x .  I n  a sma l l  p r o p o r t i o n  of 
vesicles t he  m a t r i x  is u n s t a i n e d  a n d  in t h e m  a dense  core 
can  be  d i s t inguished .  W i t h  ZIO 20-15 (Figure  2) t h e  
a p p e a r a n c e  of s y n a p t i c  vesicles is s imi la r  to  t h a t  o b t a i n e d  

a f te r  ZIO 4-2,  b u t  t he re  is a g rea te r  r eac t ion  ill t h e  mi to -  
c h o n d r i a  and  t h e  cy top lasm.  

I n  t he  g lands  t r e a t e d  w i t h  reserpine ,  t he  m a t r i x  and  
t he  core of sma l l  g r a n u l a t e d  vesicles become  nega t ive  w i t h  
ZIO 4-2,  as shown  p rev ious ly  2. W i t h  Z l O  20-15 (Figure 4) 
the  m a t r i x  of a sma l l  n u m b e r  of vesicles r e m a i n s  b u t  mos t  
of the  vesicles are deple ted .  The  m e m b r a n e  of t he  vesicles 
u n s t a i n e d  is ba re ly  visible.  As p rev ious ly  descr ibed 7 
p -CPA deple tes  ZIO 4-2  r eac t ive  subs t ances  in  t he  m a t r i x  
a n d  p a r t i a l l y  in  t h e  core (Figure 5). On t h e  con t r a ry ,  
subs t ances  r eac t ing  w i t h  ZIO 20-15 (Figure 6) are no t  
dep le ted  b y  p -CPA a n d  t he  aspec t  of n e r v e  t e r m i n a l s  is 
s imi la r  to  t h a t  of t he  controls .  

The  f ind ing  here  descr ibed  conf i rms  t h a t  p -CPA 
deple tes  ZIO 4-2  r eac t ive  m a t e r i a l  in  t h e  m a t r i x  of t he  
g r a n u l a t e d  vesicles of t h e  p inea l  g l and  of t he  r a t  a n d  
d e m o n s t r a t e s  t h a t  t h i s  d rug  does n o t  a f f ec t  ZIO 20-15 
r eac t ive  ma te r i a l .  On t h e  c o n t r a r y  reserp ine  deple tes  b o t h  
of t h e m .  

I t  is i n t e r e s t i ng  t h a t ,  whi le  rese rp ine  deple tes  ca techo l  
a n d  indo leamines ,  p - C P A  specif ical ly i nh ib i t s  t h e  syn thes i s  
of s e ro ton in  in  t h e  p inea l  ne rves  8,". ZIO 4--2 r eac t ive  
m a t e r i a l  is also dep le ted  b y  t y r a m i n e  a n d  oxyper t ine .  I t  
has  been  d e m o n s t r a t e d  w i t h  a h i s t ochemica l  a p p r o a c h  
t h a t  t y r a m i n e  also deple tes  se ro ton in  in t h e  p inea l  
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