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v e r y  dense  f r a m e w o r k  t h r o u g h  wh ich  t h e  canal icul i  
anas tomose .  

I n  t h e  p inea l  p a r e n c h y m e ,  one can  also observe  a 
cons iderab le  n u m b e r  of f ine canal icul i  m e a s u r i n g  1-3 a m  
in  d i a m e t e r  (Figure  2, arrows).  

The  ne rve  end ings  a n d  col lagenous f ibre  bund l e s  are  
n o t  easy  to  d i s t ingu i sh  f rom pinea l  and  i n t e r s t i t i a l  cell 
processes.  

Discussion. The  scann ing  e lec t ron  microscope  shows a 
su rpr iz ing  s t r u c t u r e  of t he  p a r e n c h y m a l  p inea l  canaliculi .  
I t  n o t  on ly  conf i rms  t he  ex is tence  of ' in te r fac ia l  lakes '  
a n d  ' cavi t ies  of c i r c u m l u m i n a l  a r rays  '1, 3, b u t  also c lear ly  
d e m o n s t r a t e s  t h e i r  n u m e r o u s  ramif ica t ions .  T he  a b u n d a -  
nce of fine canal icul i  of 1-3 a m  forms a n e t w o r k  of 
l a b y r i n t h a l  in te rce l lu la r  spaces which,  v e r y  p robab ly ,  
come in to  c o n t a c t  w i t h  eve ry  p inea l  cell. The  ana lys i s  
of t he  p inea l  g l and ' s  p a r e n c h y m a t o u s  c h a n n e l s  w i t h  t h e  
s cann ing  e lec t ron  microscope suggests  a c o n t i n u i t y  of all  
canal icul i  and  cas ts  a new l igh t  on  t h e i r  significance.  
QuAY'S exper imen t s ,  showing  t he  exis tence  of a da i ly  
r h y t h m  of p inea l  canal icul i ,  sugges t  t h e i r  f unc t iona l  
d y n a m i s m .  Accord ing  to QIJAY'S obse rva t ions  9 a n d  o u r  

results ,  i t  is e v i d e n t  t h a t  t h e  p ineM g land  p a r e n c h y m a -  
tous  channe l s  h a v e  a m u c h  more  i m p o r t a n t  h i s tophys io -  
logical role t h a n  was a s sumed  up  to now. 

Summary. The  scann ing  e lec t ron  microscope  h a s  shown  
r ich  r ami f i ca t ions  of t he  p a r e n c h y m a l  canal icul i  fo rming  a 
t h r e e - d i m e n s i o n a l  n e t w o r k  of a n a s t o m o s i n g  in te rce l lu la r  
spaces  in t he  r a t  p inea l  gland.  E v e r y  p inea l  cell seems to  
be  in  c o n t a c t  w i t h  t h i s  c h a n n e l  sys tem.  A n  a b u n d a n c e  of 
cel lular  processes can  be found  w i t h i n  t he  canal icul i  
wh ich  m a y  p l a y  a n  i m p o r t a n t  role in  t he  h i s tophys io logy  
of t he  p inea l  body .  
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Effects  of G l u c a g o n  and Insu l in  on the  P a n e t h  Cel ls  of the M o u s e  D u o d e n u m  

The  coarse  cy top la smic  secre tory  granules  are cha rac -  
te r i s t ic  of P a n e t h  cells (PC). T he  func t ion  of these  cells 
ha s  r e m a i n e d  largely  u n k n o w n .  However ,  i t  h a s  been  
shown  t h a t  PC secrete  d iges t ive  enzymes ,  especial ly  
pept idases ,  in to  t he  i n t e s t i na l  l u m e n  1, a n d  t he  secre t ion  
m e c h a n i s m  seems to be r egu la ted  b y  t he  s y m p a t h e t i c  a n d  
p a r a s y m p a t h e t i c  ne r vous  sys tems  2. I t  was  s h o w n  ear l ier  
t h a t  o r d i n a r y  food does no t  h a v e  a n y  a p p a r e n t  effect  on  
these  cells 3 . However ,  t he  r ecen t  obs e r va t i ons  b y  t he  
p re sen t  a u t h o r s  ind ica ted  t h a t ,  fol lowing fast ing,  t he  
secre t ion m e c h a n i s m  is s t i m u l a t e d  b y  food a n d  fas t ing  
i tself  r e t a r d s  t he  sec re to ry  a c t i v i t y  of PC 4. Trasylol| a n  
i n h i b i t o r  of t r y p s i n  and  p ro te inase  ac t iv i ty ,  also seems to 
i n h i b i t  t he  secre t ion  m e c h a n i s m  of PC 5. Therefore ,  t he  
p r e sen t  p r e l i m i n a r y  i nves t i ga t i on  was des igned to  see 
w h e t h e r  g lucagon  a n d  insu l in  do h a v e  a n y  effect  on  PC. 

Material and methods. 18 male  a n d  female  a d u l t  a lb ino  
mice, d e s c e n d a n t s  of a s t r a i n  used in t he  D e p a r t m e n t  of 
A n a t o m y ,  were used. T he  mice were fas ted  for 1 d a y  
before  t he  e x p e r i m e n t s  b u t  were al lowed to  d r i n k  t ap  
w a t e r  ad  l ib i tum.  

The  m a t e r i a l  cons is ted  of 3 groups  of mice.  The  mice 
of t he  g lucagon  g roup  received a n  i.p. dose of 100 ag  of 
g lucagon  (Novo). These  mice were kil led 1 h l a te r  and  
in t e s t i na l  samples  were t a k e n  i m m e d i a t e l y  f rom the  mid-  
d u o d e n u m ;  f ixed in a buf fe red  aqueous  4 %  f o r m a l d e h y d e  
so lu t ion  a t  p H  7.2; e m b e d d e d  in pa ra f f in  w a x ;  sec t ioned  
a t  7 a m  a n d  s t a ined  w i t h  Bes t ' s  ca rmine  m e t h o d  6. The  
mice of t h e  insu l in  g roup  received a n  i.p. dose of 4 I U  
insu l in  (Novo).  T h e  samples  were t a k e n  i h l a t e r  a n d  
t r e a t e d  as above .  T he  con t ro l  mice were on ly  fas ted  for 1 
d a y  a n d  t he  samples  were t a k e n  as above.  

E a c h  g roup  cons is ted  of 6 mice. The  n u m b e r  of secre- 
t o r y  g ranu les  of 100 PC de r ived  f rom each  mouse  was 
counted .  On ly  t h e  re la t ive  n u m b e r  of sec re to ry  granules  
was d e t e r m i n e d  a n d  t he  s ignif icance of t he  differences 
be tween  t he  e x p e r i m e n t a l  a n d  con t ro l  g roups  was esti-  
m a t e d ,  us ing  t h e  S t u d e n t ' s  t- test .  T he  l igh t  microscopica l  
m o r p h o m e t r i c  m e t h o d ,  t o g e t h e r  w i t h  i ts  r ep roduc t ib i l i t y ,  
h a v e  been  discussed in de ta i l  p rev ious ly  2. 

Results. Afte r  g lucagon  t r e a t m e n t  t he  n u m b e r  of 
sec re to ry  granules  of PC increased  h i g h l y  s ign i f i can t ly  

(p < 0.001), i.e. f r om 12.1 ~: 0.1 (SEM) to 15.5 :t: 0.2 
(Figures 1 a n d  2), in  t he  d u o d e n u m .  The  size of sec re to ry  
granules  of PC, as e s t i m a t e d  visual ly ,  r e m a i n e d  qu i te  
u n c h a n g e d  fol lowing g lucagon  t r e a t m e n t .  

One dose of insu l in  also increased  s ign i f ican t ly  (p < 
0.01) t he  c o u n t  of PC granules ;  i.e. f rom 12.1 ~: 0.2 to  
13.0 • 0.1 (Figures 1 and  2) 1 h a f te r  admin i s t r a t i on ,  
whereas  t he  size of t he  granules  r e m a i n e d  u n c h a n g e d .  

Discussion. The  p re sen t  resu l t s  showed  t h a t  g lucagon  
and  insul in  were able  to  increase  t h e  n u m b e r  of sec re to ry  
granules  of PC, w h i c h  obv ious ly  ind ica tes  t h a t  t he  secre- 
t ion  of cy top l a smic  granules  f rom PC is inh ib i t ed .  Gluca-  
gon p lays  an  i m p o r t a n t  role as a s t ress  h o r m o n e  a n d  
regula tes  e.g. t he  c o n c e n t r a t i o n  of glucose of t he  s e rum v, s 
Glucagon  is also able  to  i n h i b i t  t he  secre t ion of gas t r i n  o, 
hydroch lo r i c  acid 10,n, t he  exocr ine  secre t ion  of t h e  
panc reas  12, a n d  t h a t  of va r ious  p ro te ins  f rom the  s a l i va ry  
g lands  13. The  above  and  t he  p r e sen t  obse rva t i ons  sugges t  
the  ac t ive  role of g lucagon  in t h e  r egu la t ion  of digest ion.  
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Fig. 1. The effect of glucagon and insulin on the number  of secretory 
granules of PC of the mouse duodenmn (means and SEM). The 
counting was made from 600 paneth cells derived equally from 6 
different animals in each group. 100 ~zg of glueagon or 4 IU of 
insulin per mouse was administrated I b before the samples were 
taken. 
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Fig. 2. Distribution of PC as a function of the nmnber  of granules. 
The mean values of the granule counts are nlarked with dotted lines. 

T h e  p r e s e n t  r e s u l t s  s h o w e d  t h a t  t h e  e f f ec t  of  g l u c a g o n  o n  
P C  of  t h e  m o u s e  w a s  q u i t e  s i m i l a r  to  t h a t  of  f a s t i n g  *. 
P r o l o n g e d  f a s t i n g  i n d u c e s  h y p o g l y c a e m i a ,  w h i c h  is  
f o l l owed  b y  a n  i n c r e a s e  of  s e r u m  glucagon14,15.  T h e  
i n h i b i t o r y  e f f ec t  of  f a s t i n g  o n  t h e  s e c r e t i o n  of  t h e  P C  
g r a n u l e s  m a y  t h e r e f o r e  be  m e d i a t e d  t h r o u g h  t h e  a c t i o n  
of  g l u c a g o n .  T h e  s a m e  w o u l d  a l so  be  v a l i d  for  t h e  m e c h -  
a n i s m  of  t h e  e f f ec t  o f  i n s u l i n  o n  PC.  I n s u l i n  i n c r e a s e s  
s e r u m  g l u c a g o n  ~6 a n d  t h e  p r e s e n t  o b s e r v a t i o n s  s h o w e d  
t h a t  i n s u l i n  s l i g h t l y  i n h i b i t e d  t h e  s e c r e t i o n  of  P C ;  
h o w e v e r ,  t h i s  e f f ec t  w a s  n o t  so  s t r o n g  as  t h e  e f f ec t  o f  
g l u c a g o n .  

P r e v i o u s  s t u d i e s  h a v e  s h o w n  t h a t  t h e  s ize  o f  P C  
g r a n u l e s  h a s  i n c r e a s e d  f o l l o w i n g  v a g o t o m y ,  s y m p a t h e c t o -  
m y ,  o r  t h e  t r e a t m e n t  of  t h e  m i c e  w i t h  T ra sy lo l |  2, 5. T h e  
s ize  of  P C  g r a n u l e s  w a s  a lso  s h o w n  to  i n c r e a s e  w i t h  t h e  
age  of m i c e  ~7, is. T h e  p r e s e n t  o b s e r v a t i o n s  s u g g e s t e d  t h a t  
g l u c a g o n  or  i n s u l i n g  d id  n o t  h a v e  a n y  a p p a r e n t  e f f ec t  o n  
t h e  s ize  of  P C  g r a n u l e s .  G l u c a g o n  is a n  i m p o r t a n t  c a t a b o l i c  
h o r m o n e  a n d  m a r k e d l y  i n h i b i t s  t h e  p r o t e i n  s y n t h e s i s  o f  
h e p a t o c y t e s  ~9. I t  a l so  e x e r t s  a m a r k e d  e f f ec t  on  t h e  
c a r b o h y d r a t e ,  l ip id  a n d  p r o t e i n  m e t a b o l i s m  of  l i ve r  cel ls  ~9, 
a n d  m a y  t h e r e f o r e  e x e r t  i t s  a c t i o n  o n  P C  t h r o u g h  m e t a -  
bo l ic  e f fec t s .  

Summary.  T h e  e f f e c t  of  g l u c a g o n  a n d  i n s u l i n  o n  t h e  
p a n e t h  cei ls  (PC) o f  t h e  d u o d e n u m  of  t h e  m o u s e  w a s  
i n v e s t i g a t e d  u s i n g  l i g h t  m i c r o s c o p y .  B o t h  g l u c a g o n  a n d  
i n s u l i n  were  a b l e  to  i n c r e a s e  s i g n i f i c a n t l y  t h e  n u m b e r  o f  
t h e  s e c r e t o r y  g r a n u l e s  of  PC.  T h i s  p o s s i b l y  m e a n s  t h a t  
t h e s e  h o r m o n e s  a re  c a p a b l e  of  i n h i b i t i n g  t h e  s e c r e t i o n  of  
PC.  
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R o l e  of  S i a l i c  A c i d  in  the  M a i n t e n a n c e  of  Ce l l  S u r f a c e  R i g i d i t y  

R e c e n t l y ,  a b u n d a n t  i n f o r m a t i o n  h a s  b e e n  a c c u m u l a t e d  
w i t h  r e s p e c t  to  t h e  f u n c t i o n  of  t h e  s ia l ic  a c i d s  a t  cel l  
s u r f a c e  1. I t  is n o w  wel l  k n o w n  t h a t  s ia l ic  a c i d s  f o r m  a n  
i n t e g r a l  c o m p o n e n t  of  t h e  c a r b o h y d r a t e  p r o s t h e t i c  
g r o u p s  of g l y c o p r o t e i n s  2 4 a n d  of  a c i d  m u c i n s  2 of  t h e  cell  
s u r f a c e .  I t  h a s  b e e n  p o s t u l a t e d  t h a t  t h e  p r i m a r y  f u n c t i o n  
of t h e  s ia l ic  a c id  m o l e c u l e  is to  c o n f e r  s t r u c t u r a l  r i g i d i t y  
o n  g l y c o p r o t e i n s  5 of  cel l  m e m b r a n e s .  WEISS ~ h a s  s h o w n  
r e m o v a l  of  s ia l ic  a c i d  r e s i d u e s  f r o m  t h e  s u r f a c e s  of  s a r -  
c o m a  37 cells  i n c r e a s e s  t h e  o v e r a l l  c e l l u l a r  d e f o r m a b i l i t y .  
T h e  i n c r e a s e  in  t h e  d e f o r m a b i l i t y  m a y  v e r y  wel l  be  
e x p l a i n e d  as  t h e  loss  of  r i g i d i t y  of  t h e  cell  m e m b r a n e  in  
a b s e n c e  of s ia l ic  ac id .  H o w e v e r ,  no  a t t e m p t  h a s  b e e n  

m a d e  so  f a r  t o  d e m o n s t r a t e  t h e  loss  of  t h e  r i g i d i t y  of  t h e  
cell  m e m b r a n e  in  a b s e n c e  of  s ia l ic  a c id  a n d  t h e  s u b s e q u e n t  
f a t e  of  t h e s e  cells.  

T h e  p r e s e n c e  of  s ia l ic  a c i d  in  t h e  cell  m e m b r a n e  o f  a 
l a rge  f ree  l i v i n g  p r o t o z o a ,  Amoeba, h a s  r e c e n t l y  b e e n  
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