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ac t iv i t6  puisse ~tre augment6e .  Pu i sque  I ' I .M. de nos  
cellules es t  nul ,  l ' i m p o r t a n t  p o u r c e n t a g e  de cellules t# t r a -  
ploides  que  nous  t r o u v o n s  dans  nos  h i s t o g r a m m e s  (cel- 
lules m6soth61iales m o y e n n e s  / ne p e u t  pas  exp r imer  une  
in tense  pro l i f6ra t ion  cellulaire pa r  mitose.  Nous  pensons  
doric qu ' i l  s ' ag i t  1~ d ' u n  b locage  des cellules en pos t -  
syn th~se  ou G~. 
Au p o i n t  de vue  de I 'ADN,  nos  r6su l t a t s  nous  p e r m e t t e n t  
de pense r  q u ' a u  m o m e n t  du  pr61~vement  les pe t i t e s  cel- 
lules m6s0th61iales se t r o u v e n t  en p~riode de <~repos>~ (R~, 
diploides  en  ADN).  Les cellules m~soth61iales m o y e n n e s  
d o u b l e n t  leur  A D N  (synth~se d ' A D N )  mais  ne  p e u v e n t  
pas  e n t r e r  en  mitose.  Cer ta ines  d ' e n t r e  elles s t a t i o n n e n t  
en  p~riode de <~repos>> (R 2, t6 t r ap lo ides  en ADN) p e n d a n t  
u n  laps  de t e m p s  plus  ou moins  long;  d ' a u t r e s  p e u v e n t  
de n o u v e a u  e n t r e r  en synth&se pou r  fo rmer  des cellules 
hype r t6 t r ap lo ide s  (voir h i s t og rammes ,  f igure 1). P o u r  les 
g randes  cellules m~soth61iales, u n  pou r cen t age  assez im- 
p o r t a n t  sub i t  des processus  d6g6n~rat ifs  (picnose nucl6- 
aire, vacuo l i sa t ion  du  cy top lasme)  e t  se s i tue  dans  l 'h i s to -  
g r a m m e  5~ gauche  de la v a l e u r  diploide comme il fa l la i t  
s ' y  a t t end re .  I1 existe ,  6ga lemen t  p o u r  ces cellules, u n  
pou rcen t age  qui  p e u t  doub le r  son A D N  ( incorpora t ion  de 
la Th-aH) e t  se t r o u v e r  en pos t - syn th~se  ou G 2. Comme 
les moyennes ,  ces cellules ne  p e u v e n t  pas  e n t r e r  en  mi tose  

e t  s t a t i o n n e n t ,  peut-f i t re  pendar~t  u n e  p6r iode  m o i n s  
longue,  en  p6r iode de <~repos~> (R~, t6 t r ap lo ides  en  ADN).  
Les h i s t o g r a m m e s  du  c o n t e n u  en p ro t6 ines  (figure 2) des 
ce l lu les  m o y e n n e s  e t  g r andes  o n t  la m~me  a l lure :  ils pr6- 
s e n t e n t  en effet  2 pics d i s t inc t s  c o r r e s p o n d a n t  ~ des va-  
leurs  s imples  (2p) e t  doubles  (4p). Les pe t i t e s  cellules m6- 
soth~l ia les  s o n t  t o u t e s  g r o u p i e s  a u t o u r  d ' u n  pic. Ces 
r~su l t a t s  s ' a c c o r d e n t  avec  ceux  o b t e n u s  pou r  le con t enu  
en A D N  des m~mes cellules, pu i sque  lk aussi  nous  avons  
pou r  les cellules m o y e n n e s  e t  g r andes  des va l en r s  di- 
ploides  et  t6 t r ap lo ides  e t  pou r  les pe t i t e s  u n i q u e m e n t  des 
va leu r s  diploides.  
Si l ' on  iuge l ' h i s t o g r a m m e  (figure 3) d ' ap r~s  la  r 6 p a r t i t i o n  
du  c o n t e n u  en  h i s tones  des cellules m6soth~l ia les  m o y e n n e s  ; 
on  S 'aper$oi t  que  (comme il a 6t6 d 6 m o n t r 6  p o u r  d ' a u t r e s  
cellules~~ ce c o n t e n u  est  e n  r a p p o r t  avec  les t e n e u r s  en  
A D N  et  en  p ro t6 ines  t o t a l e s  des m6mes  cellules. E n  effet  
il exis te  u n  p o u r c e n t a g e  de cellules avec  u n  c o n t e n u  en 
h i s tones  double ,  e t  plus,  de celui  des cellules d u  p remie r  
pic du  m~me h i s t o g r a m m e .  P a r  c o n s 6 q u e n t  on  p e u t  ad-  
m e t t r e  que les cellules t6 t r ap lo ides  en  A D N  c o n t i e n n e n t  
le double  d ' h i s t o n e s  p a r  r a p p o r t  a u x  cellules diplo~des. 

10 R. Bassleer et M. Ch~vremont, Bull. Ass; Anat. 57, rto 159 (1973). 
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Summary. Yellow 5-HT fluorescence has  been  h i s tochemica l ly  d e m o n s t r a t e d  in r a t  p a n c r e a t i c  is let  cells in  an ima l s  
in jec ted  w i t h  L - 5 - H T P  w i t h  or w i t h o u t  p r e t r e a t m e n t  w i t h  t he  m o n o a m i n o x i d a s e  i nh ib i t o r  n ia lamide .  This  f luorescence 
was no t  obse rved  a f te r  i n h i b i t i o n  of t he  a roma t i c  amino  acid decarboxylase .  The  resul t s  s t rong ly  sugges t  t he  presence  
of a t r y p t a m i n e r g i c  m e c h a n i s m  in t he  r a t  islet  cells. 

The  presence  of some of t he  biogenic  amines  w i th in  p a n -  
c rea t ic  is let  cells in severa l  species is now  well  es tab-  
l ished 2-4. However ,  g rea t  species differences  a p p e a r  to  
exis t  r ega rd ing  t he  na tu re ,  loca t ion  a n d  re la t ive  concen-  
t r a t i o n  of these  amines  as well  as w i t h  regard  to t he  
m e t h o d o l o g y  requ i red  for t h e i r  demons t r a t i on3 ,  4. Sero- 
t o n i n  (5-HT) ha s  been  d e m o n s t r a t e d  in panc rea t i c  islets 
of mice b o t h  b y  h i s t o c h e m i s t r y  a n d  a u t o r a d i o g r a p h y  
a f t e r  t he  a d m i n i s t r a t i o n  of L - 5 - h y d r o x y t r y p t o p h a n  
(L-5-HTP)~,5-L I n  t he  ra t ,  however ,  t he  presence  of 
t r y p t a m i n e r g i c  m e c h a n i s m  in t he  panc rea t i c  islets is a n  
unse t t l ed  quest ion.  Cegrell a has  m e n t i o n e d  t h a t  a f te r  
t r e a t m e n t  w i t h  L -5 -HTP ,  se ro ton in  can  be  d e m o n s t r a t e d  
h i s tochemica l ly  ill th i s  species. I n  cont ras t ,  Gagl ia rd ino  
et  al. 8 were unab le  to  f ind  a n y  h i s tochemica l ly  demon-  
s t rab le  5-HT ill p a n c r e a t i c  islets  of r a t s  a f t e r  a d m i n i s t r a -  
t ion  of t r y p t o p h a n  b y  gas t r ic  tube.  F r o m  th i s  s tudy ,  t he  
above  au tho r s  concluded t h a t  r a t  is let  cells do no t  con t a in  
t r y p t a m i n e r g i c  m e c h a n i s m .  I n  t he  p r e s en t  work,  we h a v e  
i nves t i ga t ed  t he  ques t ion  of w h e t h e r  or no t  se ro ton in  is 
p re sen t  in r a t  panc rea t i c  is let  as revealed  b y  f luorescence 
h i s tochemis t ry .  
Materials and methods. Sprague -Dawley  male  a lb ino  rats ,  
weighing  a p p r o x i m a t e l y  400 g were employed.  The  ani-  
ma l s  were d iv ided  in to  5 e x p e r i m e n t a l  groups  of 6 r a t s  
each ;  t he  d i f fe rent  subs t ances  used were adm i n i s t e r ed  
in t r ape r i tonea l ly .  The  t i m e  in t e rva l s  be t w een  in jec t ions  
in  a l l  g roups  were t h e  s ame  as descr ibed  below for t h e  
f i rs t  group a n d  t h e  doses for eactl g iven  subs t ance  were 
cons tan t .  

Group  1: Rece ived  n i a l amide  (5 m g / k g  BW) a mono-  
aminoox idase  inh ib i to r ,  followed a t  60 rain  b y  L - 5 - H T P  
(100 m g / k g  BW).  
G r o u p  2: Sal ine and  L-5 -HTP.  
G r o u p  3: N ia l amide  and  saline. 
G r o u p  4: As group  1 b u t  p r io r  to  n ia lamide ,  t he  an imals  
rece ived  R O  4-4602 (100 m g / k g  BW)  an  a r o m a t i c  amino  
acid deca rboxy lase  inh ib i to r .  
G r o u p  5: R O  4-4602 and  L -5 -HTP .  
F o r  each of t h e  groups  above  2 an ima l s  were in jec ted  
w i t h  saline a lone  fol lowing t he  same schedules  used for 
t h e  e x p e r i m e n t a l  groups.  2 hou r s  a f t e r  the  f i rs t  in jec t ion  
all an ima l s  were anes the t i z ed  w i t h  N a  a m y t a l  | (100 mg/kg  
BW)  a n d  pieces of panc rea s  were t a k e n  and  frozen in iso- 
p e n t a n e / l i q u i d  n i t rogen ,  freeze-dried,  a n d  t r e a t e d  accord- 
ing to t he  f o r m a l d e h y d e  c o n d e n s a t i o n  t e c h n i q u e  for the  
d e m o n s t r a t i o n  of 5-HTg. Panc rea s  f rom t r e a t e d  and  con- 
t ro l  an ima l s  were processed a t  t he  same  t ime  a n d  s tud ied  
us ing  a f luorescence microscope equ ipped  w i t h  an  ex- 
c i t ing  f i l ter  BG3-$405  and  ba r r i e r  f i l ter  K460. This  com- 
b i n a t i o n  of f i l ters  gives a b lue  f luorescence on ca techola -  
mines  a n d  yel low f luorescence for 5-HT. 
Chemicals. L - 5 - H T P  and  n i a l amide  were o b t a i n e d  f rom 
S igma  Chemica l  Company ,  St. Louis ,  Mo. 63178, USA,  
a n d  R O  4-4602 was  a gif t  f rom H o f f m a n n - L a  Roche  
Limitee ,  Vaudrevi l ,  Quebec, Canada .  
Results. P a n c r e a t i c  t issue f rom sal ine in jec ted  an ima l s  and  
f rom those  w h i c h  received n i a l amide  a lone  fai led to  show 
a n y  f luorescence w i t h i n  t he  islet  cells or  the  ac ina r  pan-  
creas. T r e a t m e n t  w i t h  b o t h  L - 5 - H T P  or  n i a l a m i d e  a nd  
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Fig. 1. Fluorescent pancreatic islet cells from a rat killed i h after 
L-5-HTP injection, without pretreatment with nialamide. • 410. 

Fig. 2. Intense cytoplasmic fluorescence displayed by islet cells from 
a rat pretreated with nialamide and killed 1 h after L-5-HTP in- 
jection. • 410. 

L - 5 - H T P  r e s u l t e d  in  t h e  a p p e a r a n c e  of a y e l l o w  f l uo re s -  
c e n c e  w i t h i n  t h e  i s l e t  cel ls  a n d  a y e l l o w - g r e e n  f l u o r e s c e n c e  
w i t h i n  t h e  a c i n a r  p a n c r e a s  ( f igu res  1 a n d  2). H o w e v e r ,  
i s l e t  cel ls  f r o m  r a t s  t r e a t e d  w i t h  n i a l a m i d e  b e f o r e  i n j e c t i o n  
of  L - 5 - H T P  s h o w e d  a m u c h  h i g h e r  a n d  m o r e  u n i f o r m  
d i s t r i b u t i o n  of t h e  ye l low f l u o r e s c e n c e  as  c o m p a r e d  to  
a n i m a l s  i n j e c t e d  w i t h  L - 5 - H T P  a lone .  T h i s  y e l l o w  f luo-  
r e s c e n c e  d i s a p p e a r e d  f r o m  al l  i s le ts ,  w i t h o u t  e x c e p t i o n ,  
w h e n  R e  4-4602,  a n  a r o m a t i c  a m i n o  ac id  d e c a r b o x y l a s e  
i n h i b i t o r  w a s  i n j e c t e d  b e f o r e  t r e a t m e n t  w i t h  e i t h e r  
L - 5 - H T P  or  n i a l a m i d e  a n d  L - 5 - H T P  ( f igure  3). U n d e r  
t h e s e  c o n d i t i o n s ,  t h e  a c i n a r  p a n c r e a s  s h o w e d  a s t r o n g e r  
y e l l o w - g r e e n  f l uo re scence .  
D{scussio~. T h e  ye l l ow  f l u o r e s c e n c e  o b s e r v e d  in t h e  r a t  
p a n c r e a t i c  i s le t  cells f r o m  a n i m a l s  p r e t r e a t e d  w i t h  
L - 5 - H T P  w i t h  or  w i t h o u t  p r e t r e a t m e n t  w i t h  n i a l a m i d e  
a p p e a r e d  to  be  c l ea r l y  d u e  to  a n  i n c r e a s e d  c o n c e n t r a t i o n  
of i n t r a c e l l u l a r  5 - H T ,  s i nce  t h i s  f l u o r e s c e n c e  w i t h i n  i s l e t  
cel ls  d i s a p p e a r e d  a f t e r  i n h i b i t i o n  of t h e  a r o m a t i c  a m i n o  
ac id  d e c a r b o x y l a s e .  T h e s e  r e s u l t s  s t r o n g l y  s u g g e s t  t h a t  
t h e  r a t  i s le t  cel ls  p o s s e s s  a t r y p t a m i n e r g i c  m e c h a n i s m .  
T h e  s i g n i f i c a n c e  of  t h e  i n c r e a s e  in  f l u o r e s c e n c e  o b s e r v e d  
in  t h e  a c i n a r  p a n c r e a s  a f t e r  a d m i n i s t r a t i o n  of  a n  i n h i b i t o r  
of  t h e  a r o m a t i c  a m i n o  ac id  d e c a r b o x y l a s e  in  a n i m a l s  
t r e a t e d  w i t h  L - 5 - H T P  is n o t  c l ea r  a t  p r e s e n t .  F u r t h e r  
i n v e s t i g a t i o n s  wil l  be  n e c e s s a r y  b e f o r e  a d v a n c i n g  v i e w s  
o n  t h i s  f i nd ing .  T h e  r e s u l t s  p r e s e n t e d  a b o v e  do  n o t  s u p -  
p o r t  t h e  v i e w  of G a g l i a r d i n o  e t  al. s r e g a r d i n g  t h e  a b s e n c e  
of  a t r y p t a m i n e r g i c  m e c h a n i s m  in  r a t  p a n c r e a t i c  i s le t  
cells.  T h i s  a p p a r e n t  d i s c r e p a n c y  m a y  b~ r e l a t e d  to  t h e  
f a c t  t h a t  t h e s e  a u t h o r s  u s e d  t r y p t o p h a n  in  a n  a t t e m p t  to  
i n c r e a s e  t h e  i n t r a c e l l u l a r  c o n c e n t r a t i o n  of s e r o t o n i n .  Gy l f e  
e t  al. ~~ h a v e  d e m o n s t r a t e d  b y  i n c u b a t i o n  of m i c r o d i s s e c t e d  
i s l e t s  w i t h  l abe l l ed  t r y p t o p h a n  t h a t  i s l e t  cel ls  l a c k  t h e  
a b i l i t y  to  t r a n s f o r m  t r y p t o p h a n  to  s e r o t o n i n .  
T h e  a b i l i t y  of  r a t  p a n c r e a t i c  i s l e t  cel ls  to  t a k e  u p  5 - H T P  
to  d e c a r b o x i l a t e  t h i s  a m i n o  ac id  to  p r o d u c e  5 - H T  a n d  to  
s t o r e  t h e  l a t t e r  a m i n e ,  as  d e m o n s t r a t e d  in t h e  p r e s e n t  
s t u d i e s ,  s h o w s  t h a t  t h e s e  cel ls  s h a r e  p r o p e r t i e s  in  c o m m o n  
w i t h  cells  of  t h e  A P U D  ( A m i n e  c o n t e n t ,  A m i n e  P r e c u r s o r  
U p t a k e  a n d  D e c a r b o x i l a t i o n )  se r ies  of  cel ls  p r o d u c i n g  
p o l y p e p t i d e  h o r m o n e s  n ,  ~2. 

Fig. 3. Non-fluorescent rat pancreatic islet cells from an animal 
pretreated with R e  4-4602 and nialainide, killed 1 h after L-5-HTP 
injection. • 410. 
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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). 
14 R. L. Pieteet, L. B. Rail, P. Phelps and W. J. Rutter, Science 
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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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