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Angio tens in  I I  g iven  a lone  showed t he  t e n d e n c y  to  
suppress  t he  ren in  levels b e n e a t h  t he  con t ro l  values,  
p h e n y l e p h r i n e  h a d  no  effect  on  t he  p l a s m a  r e n i n  con- 
cen t ra t ion .  The  increase  in p l a s m a  ren in  c o n c e n t r a t i o n  
induced  b y  i soprenal ine  was m a r k e d l y  i n h i b i t e d  b y  
s imu l t aneous  infus ion of ang io tens in  I I  or pheny lephr ine .  

F igure  2 shows a s imi lar  e x p e r i m e n t  w i t h  vasopress in  
(10.0 m U / k g  min) .  Given  alone, t he  pep t ide  h a d  no 
s ign i f ican t  effect  on p l a s m a  ren in  concen t r a t ion .  In fused  
in c o m b i n a t i o n  w i t h  i soprena l ine  (0.4 tzg/kg min) ,  i t  
p r e v e n t e d  t he  r en in  release caused  b y  t he  f l -adrenergic 
s t imula t ion .  

The  effect  of p h e n y l e p h r i n e  (60 ~zg/kg min)  on the  P A H -  
c learance  of o the rwise  u n t r e a t e d  an ima l s  was  s tud ied  
next .  Since i soprena l ine  causes  a s t rong  ant id iures is ,  i t  
was  imposs ib le  to  s t u d y  P A H - c l e a r a n c e  in  i soprenal ine-  
t r e a t e d  rats .  P A H - c l e a r a n c e  was 6.9 m l / m i n  (n ~ 4) in 
cont ro ls  and  7.2 m l / m i n  (n ~ 4) in  p h e n y l e p h r i n e  t r e a t e d  
ra t s  (not  s ignif icant) .  This  ind ica tes  t h a t  t he  vaso-  
cons t r ic to rs  do n o t  suppress  r en in  release b y  decreas ing  
rena l  p l a s m a  flow and  t h u s  t he  access of i soprena l ine  to 
i ts i n t r a r e n a l  si tes of act ion.  

F ina l ly  t he  effects of i soprena l ine  and  the  vasocon-  
s t r ic tors  on m e a n  a r te r ia l  p ressure  (MAP) and  h e a r t  r a t e  
(HR) were analyzed.  M A P  a n d  H R  before  a n d  10 min  
a f t e r  t he  s t a r t  of t he  infus ions  are given.  Ang io t ens in  I I  
(1.0 ~zg/kg min) increased M A P  f rom 104.8 to  149.3 m m H g  
(p < 0.01) and  lowered H R  f rom 460 to 315 b e a t s / m i n  
(p < 0.001). Vasopress in  (10 m U / k g  min)  increased M A P  
f rom 90.0 to 112.0 m m H g  (p < 0.01); H R  was lowered 
f rom 478 to  302 b e a t s / m i n  (p < 0.005). I soprena l ine  
g iven  a lone  increased  H R  f rom 470 to 540 (p < 0.005) 
a n d  lowered M A P  f rom 102.4 to  61.8 m m H g  (p < 0.005). 
W h e n  infused s i m u l t a n e o u s l y  ang io tens in  I I  pa r t i a l l y  
an t agon i zed  t he  effect  of i soprena l ine  on M A P  a n d  HR.  
Dur ing  t he  c o m b i n e d  infusion,  M A P  was lowered f rom 
92,0 to  72.0 m m H g  (p < 0.001); H R  rose s l igh t ly  f rom 
478.1 to  517.1 b e a t s / m i n  (n.s.). W h e n  i soprena l ine  a n d  
vasopress in  were infused s imul taneous ly ,  M A P  fell 
s l ight ly  f rom 95.9 to 88.7 m m H g  (p < 0.01) and  H R  rose 
f rom 498 to 507 (n.s.). Thus,  3 d i f fe rent  vasocons t r i c to r s  
m a r k e d l y  i n h i b i t  t he  i soprena l ine - induced  ren in  release 
a n d  i ts  vascu la r  a n d  cardiac  effects. 

I sop rena l ine  releases r en in  b y  an  ac t ion  on i n t r a r e n a l  
sites 4. The  suppress ive  effect  on  ren in  release of angio-  
t ens in  is also due to an  i n t r a r e n a l  ac t ion  5. T he  observa-  
t ions  r epor t ed  m a y  be  exp la ined  b y  the  a s s u m p t i o n  t h a t  
i soprena l ine  causes an  i n t r a r e n a l  vasod i l a t a t ion ,  e.g. in  

t he  ba ro r ecep to r  area,  a n d  t h u s  s t i m u l a t e s  r en in  release. 
The  va socons t r i c t o r s  a n t a g o n i z e  t h e  i soprena l ine - induced  
vasod i l a t i on  in a s imi la r  way  as t h e y  i n h i b i t  i ts  effect  on  
sys temic  b lood pressure .  T h u s  t h e y  a t t e n u a t e  the  s t imu lus  
for t h e  ba ro reeep to r s  a n d  i n h i b i t  r en in  release.  

The  suppress ion  of t he  i soprena l ine - induced  ren in  
release b y  t he  vasocons t r i c to r s  s t rong ly  resembles  t he i r  
i n h i b i t o r y  effect  on  r en in  release caused  b y  furosemideg.  
A s imi la r  m e c h a n i s m  was p roposed  to expla in  t h i s  phe-  
n o m e n o n .  

Accord ing  to t h e  h y p o t h e s i s  of GANONG 1~ i soprena l ine  
causes  renin  release b y  a d i rec t  sec re tomotor i c  s t imula -  
t ion  of the  ren in- re leas ing  cells. NOLLY et  al. u,  however ,  
could  on ly  obse rve  a w e a k  s t i m u l a t i o n  of r en in  release 
w h e n  t h e y  added  ca t echo lamines  to  a n  i n c u b a t e  of r a t  
k i d n e y  slices. Ao i  e t  al. ~ r epo r t ed  a s t rong  s t imu la t i on ,  
b u t  t h e y  h a d  to  use v e r y  h igh  c o n c e n t r a t i o n s  of epinep-  
h r ine  or no rep inephr ine .  I n  case of a sec re tomotor ic  
m e c h n i s m  of t he  i soprena l ine - induced  ren in  release,  
w h i c h  is sti l l  u n p r o v e d ,  t h e  effect  of t h e  vasocons t r i c to r s  
m u s t  be  due to a d i rec t  i n h i b i t o r y  ac t ion  on t h e  ren in-  
secre t ing  cells. On t he  molecu la r  aspects  of th i s  act ion,  
we can  on ly  speculate .  

Summary.  The  vasocons t r i c to r s  ang io t ens in  II ,  vaso-  
press in  and  t h e  ~ - s y m p a t h o m i m e t i c  p h e n y l e p h r i n e  
s ign i f i can t ly  i n h i b i t  t he  ren in  release caused  b y  t he  fl- 
s y m p a t h o m i m e t i c  isoprenal ine.  The  m e c h a n i s m  of the  
i n h i b i t i o n  is discussed.  
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S c a n n i n g  E lec tron  M i c r o s c o p e  O b s e r v a t i o n s  of the Canal icu l i  in the  Rat  P inea l  Gland 

Several  a u t h o r s  h a v e  descr ibed  large in te rce l lu la r  and  
per icap i l la ry  spaces in  t he  r a t  p inea l  g l and  1-s. I n  these  
spaces  the re  are po la r  t e r m i n a l s  of t he  p inea l  cells, in te r -  
s t i t ia l  cells w i t h  t he i r  processes,  adrenerg ic  ne rve  endings,  
capil laries,  col lagenous f ibres a n d  an  amorphous ,  weak ly  
osmiophi le  subs tance ,  

Af te r  a p a r e n c h y m a l  pe r fus ion  of a r a t  p inea l  gland,  
QUAY s observed  t h a t  i ts  cana l i cu la r  sys t em shows a 
24-hour  r h y t h m .  Accord ing  to  t he  same au thor ,  t h i s  
s y s t e m  of channe l s  m a y  be  s ign i f ican t  for t r a n s p o r t  
ac t iv i t ies  be twee n  p inea locy tes  and  capil laries.  The  
r h y t h m i c  changes  of t he  p inea l  p a r e n c h y m a l  channe l s  
would  be  regu la ted  p a r t l y  b y  t h e  release of 5 -hydroxy-  
t r y p t a m i n e  a n d  p a r t l y  b y  ca lc ium ions. 
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The p resen t  s t u d y  describes the  pineal  p a r e n c h y m a t o u s  
canal icular  sys t em under  t he  scanning electron micro-  
scope. 

Mater ia l  and  method. The pineal  glands of adul t  male  
Wis t a r  ra t s  weighing 200-250 g are p repa red  at  09.00 h, 
pref ixed  by  immers ion  in a mix tu re  conta in ing  2% 
g lu ta ra ldehyde  and  1 ~o formol  buffered wi th  cacodyla te  
buffer  (pH 7.4). Af ter  be ing briefly r insed in the  same 
buffer,  the  glands  are pos t f ixed  in 1% OsO4, cut  in half  
wi th  a razor blade,  d e h y d r a t e d  and dr ied by  the  cri t ical  
po in t  me thod .  Fol lowing gold metal l izat ion,  the  speci- 
mens  are examined  in the  Cambridge  Stereoscan $4-10 
scanning electron microscope at  10 kV 10. 

Results.  The intercel lular  spaces in the  r a t  pineal  gland 
can be up to  100 ~m long, wi th  a d iamete r  of 1 to 20 ~xm 
(Figure 1). The pineal  and  inters t i t ia l  cells cons t i tu te  
the  pineal  channel  wails. Wi th in  the  canalicular  spaces 
ex t end  the  pineal  and  in ters t i t ia l  cell processes, adrenergic  
nerve  endings  and a var iable  q u a n t i t y  of collagenous 

fibres. The per icapi l lary  spaces communica t e  largely 
wi th  the  g land ' s  p a r e n c h y m a t o u s  canal icular  sys tem.  

U n d e r  the  scanning electron microscope,  the  d imensions  
of the  in t rap inea l  canaliculi  are comparab le  to t he  di- 
mens ions  men t ioned  above. We not ice  the i r  large three-  
d imensional  ramificat ions,  creat ing a ver i table  in t ra-  
g landular  labyr in th .  However ,  the re  is a lways a pr incipal  
canaliculus t h a t  produces  a secondary  and  t e r t i a ry  
b ranch ing  (Figure 2). 

The inter ior  of the  pineal  channels  shows a grea t  
q u a n t i t y  of d i f ferent  ramif ied extensions .  They  form a 

10 We wish to thank Mr. FAKAN (ISREC, Lausanne) for allowing us 
the use of the critical point apparatus, Mr. BAUER (Socidt6 d'Assis- 
tance technique pour produits Nestl6, S.A.; La Tour-de-Peilz) for 
the employment of the scanning electron microscope, Mr. FRYDER 
and Mr. P.-A. ]V[ILLIQUET for their helpful technical assistance. 

Fig. 1. Pineal canaliculi under light 
microscope. Some pinealoeytc 
processes, interstitial cells, and 
collagenous fibre bundles call be 
seen in their lnnlina. The arrows 
indicate small parenchymal chan- 
ilels. 

Fig. 2. Scanning electron micro- 
scope view of pineal canaliculi. 
Note their abundant ramifications, 
the presence of various cellular 
processes within, and the existence 
of snlall channels in the pineal 
parenchyme (arrows). 
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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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