
1190 Specialia EXPERIENTIA 32/9 

Consequent ly ,  t he  d i s t r i b u t i o n  of h e x o b a r b i t a l  be t ween  
p l a s m a  and  b r a i n  t issue in t he  F D - r a t s  r e m a i n e d  un-  
a l te red ;  15 min  a f t e r  in j ec t ion  of t he  b a r b i t u r a t e ,  t he  
q u o t i e n t  l i ve r / p l a sma  was for F D - r a t s  h igher  t h a n  t h a t  
for con t ro l s  [1.26 • 0.13 (n = 7) versus  0.79 :k 0.11 
(~ _ 6), p < 0.01]. 

U n d o u b t e d l y ,  th i s  means  an  a c c u m u l a t i o n  of hexo-  
b a r b i t a l  in t he  l iver  of FD-ra t s ,  which,  however ,  is scarce- 
ly to  be expec t ed  to s h o r t e n  t he  s leeping t ime.  T he  l iver  
we igh t  a m o u n t s  on ly  to 5% of the  t o t a l  b o d y  we igh t  
(HAGEMANN ~). Therefore ,  in  F D - r a t s  t he  l iver  c a n n o t  be  
expec ted  to  t ake  up  so m u c h  more  h e x o b a r b i t a l  t h a n  in 
n o r m a l l y  fed an ima l s  t h a t  th i s  would  reduce  t he  a m o u n t  
of d rug  ava i l ab le  in t he  b ra in .  

Also 35 min  a f te r  in jec t ion ,  w h e n  t he  abso lu te  concen-  
t r a t i o n s  were sti l l  h ighe r  in  FD-ra t s ,  and  h a d  no t  fal len 
so m u c h  as in n o r m a l l y  fed animals ,  t he  q u o t i e n t s  l iver /  
p l a s m a  of t h e  e x p e r i m e n t a l  a n d  t h e  con t ro l  group,  
respect ively ,  were found  iden t ica l  [1.35 r 0.27 (n = 5) 
versus  1.38 :k 0.44 (n = 4)]. 

Discussion. The  resul t s  show t h a t  in F D - r a t s  hexo-  
b a r b i t a l  c o n c e n t r a t i o n s  in b ra in ,  l iver  a n d  p l a s m a  are 
h ighe r  t h a n  those  in t he  n o r m a l l y  fed animals ,  and  de- 
crease more  slowly. This  slowed e l imina t ion  m a y  be  ex- 
p la ined  b y  an  impa i r ed  d rug  m e t a b o l i s m  leading  to a 

reduced  b r e a k d o w n  of h e x o b a r b i t a l  in  t he  liver.  A pha r -  
macological  consequence  would be t he  pro longed  s leeping 
t ime,  as a l r eady  found  for p e n t o b a r b i t a l  b y  F6L>I and  
FOLDI-BORcS~K 1. 

To expla in  the  p ro longed  s leeping t imes  in  FD- ra t s ,  i t  
is no t  necessa ry  to  t ake  in to  accoun t  a changed  b ra in  
suscep t ib i l i ty  for h e x o b a r b i t a l .  F u r t h e r m o r e ,  in  F D - r a t s  
and  controls ,  respect ively ,  t he  same  d i s t r i bu t i on  q u o t i e n t s  
b r a i n / p l a s m a  p o i n t  to  t he  fac t  t h a t  in b o t h  groups  hexo-  
b a r b i t a l  is found  in t he  b r a i n  t i ssue  in the  same po r t ion  of 
t he  p l a s m a  concen t r a t i on .  Obv ious ly  the  b lood -b ra in  
ba r r i e r  for  h e x o b a r b i t a l ,  if i t  exis ts  a t  all (OLDENDOtlFb), 
r ema ins  in  i ts  p rev ious  s ta te .  

I n  f l avonoid  deficiency,  t he  d rug  me tabo l i z ing  sys tems  
in the  l iver  mierosomes  m a y  be d i s tu rbed .  Such d a m a g e  
would f i t  in to  a genera l  d i s t u r b a n c e  of FD-ra t s .  This  view 
is suppo r t ed  b y  our  own  o b s e r v a t i o n  t h a t  w i t h i n  2 weeks 
a f te r  t he  t r a n s p o r t  b y  car  f rom Salzgi t te r  to  Lt ibeck  
(about  300 km) 20 of 35 F D - r a t s  died while t he  same 
n u m b e r  of con t ro l  an ima l s  surv ived .  

4 2. HAGEMANN, Ratte und Maus (Walter de Gruyter, Berlii1 1960). 
5 W. H. OLDENDORF, Proc. Soc. exp. Biol. Med. 14/7, 813 (1974). 
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Summary. As visua l ized  in the  e lec t ron  microscope,  t he  p a r o t i d  g land  of t he  r a b b i t  has  a dua l  i nne rva t ion .  B o t h  
adrenerg ic  and  chol inergic  ne rves  are equa l ly  d i s t r i b u t e d  in the  p a r e n c h y m a  and  of ten  r u n  t o g e t h e r  w i t h i n  t he  same 
ne rve  bundle .  Nerve  t e r m i n a l s  are obserx/ed no t  on ly  s u b j a c e n t  to  t he  b a s e m e n t  m e m b r a n e  b u t  in te rposed  be tween  the  
l a t t e r  and  the  ac ina r  ceils, where  t h e y  es tab l i sh  a close m e m b r a n e  to m e m b r a n e  c o n t a c t  w i t h  t he  la t ter .  

The  r a b b i t  p a r o t i d  gland,  a pu re ly  serous g land  a, ,, has  
been  widely  emp loyed  in e x p e r i m e n t a l  phys io logica l  a n d  
pha rmaco log ica l  s tudies  on secre tory  responses  to  var ious  
s t imuli .  Moreover ,  t he  r a b b i t  pa ro t id  g land  has  been  ex- 
t ens ive ly  i n v e s t i g a t e d  w i t h  respec t  to  cel lular  syn thes i s  
a n d  secre t ion of s a l i va ry  g land  secre tory  p ro te ins  S, ~. 
These  f u n c t i o n a l  s tudies  h a v e  been  s u p p l e m e n t e d  b y  
r ecen t  record ings  of m o r p h o m e t r i c  d a t a  conce rn ing  t he  
secre tory  cells 7, s. 

However ,  t h e r e  is b u t  l i t t le  i n f o r m a t i o n  to be o b t a i n e d  
in t he  l i t e r a tu re  on  t he  d i s t r i b u t i o n  of a u t o n o m i c  ne rve  
e l emen t s  w i t h i n  t h i s  gland.  The  p r e s en t  p a p e r  deals  w i t h  
some e lec t ron  microscopic  f indings  on  t he  r e l a t ionsh ip  
b e t w e e n  adrenerg ic  and  chol inergic  nerves  a n d  t he  ac inar  
cells of t he  r a b b i t  pa r o t i d  gland.  

Materials and methods. Sa l iva ry  g land  t i ssue  was ob- 
t a i n e d  f rom 4 a d u l t  ma le  r a b b i t s  of a mixed  s t ra in .  The  
an ima l s  were ki l led b y  an  i.v. i n j ec t ion  of sod ium pen to -  
b a r b i t a l  (Mebumal  | ACO Drug  Ltd. ,  Sweden).  The  
pa ro t id  g lands  were r ap i d l y  removed ,  and  smal l  t i ssue  
slices were f ixed for 90 m i n  in icecold 3~o KMnO~ in 
K r e b s - R i n g e r  p h o s p h a t e  buffer  (pH 7.0). Fo l lowing  
f ixat ion,  t he  spec imens  were r insed in R inger  so lu t ion  and  
c o n t r a s t e d  en bloc for 60 m i n  in 1 ~o u r a n y l  a ce t a t e  9. The  
spec imens  were d e h y d r a t e d  in g raded  e t hano l  so lu t ions  
fol lowed b y  p r o p y i e n e  ox ide  a n d  e m b e d d e d  in  E p o n  812. 
U l t r a t h i n  sec t ions  were cu t  on a n  L K B  U l t r o t o m e ,  col- 
lec ted  on copper  gr ids ,  c o n t r a s t e d  w i t h  lead c i t r a t e  and  
e x a m i n e d  in a" Phi l ips  E M  300 e lec t ron  microscope.  

Results and discussion. I n  t h e  c o n n e c t i v e  t issue be tween  
t he  acini  t h r o u g h o u t  t he  pa ro t id  gland,  n u m e r o u s  un-  
m y e l i n a t e d  ne rves  are observed .  The  nerves  genera l ly  
a p p e a r  in bundles ,  each  c o n t a i n i n g  severa l  axons  com- 
p le te ly  or p a r t l y  enve loped  b y  a S c h w a n n  cell. W i t h  t he  
p r e sen t  t echn ique ,  i t  was possible to  d i s t ingu i sh  be tween  
two types  of axons  on  t he  basis  of the  a p p e a r a n c e  of the  
n e u r o n a l  vesicles w i th in  a x o n a l  var icosi t ies .  One group  of 
var icos i t ies  con ta ins  e i t he r  small ,  g r a n u l a r  vesicles (500-  
600 ~_ in d iameter ) ,  or s l igh t ly  larger  ones (1,000-1,200•) .  
These  axons  r ep re sen t  adrenerg ic  nerves .  The  o the r  group 
con ta ins  a g r a n u l a r  vesicles (500-600 A) ; these  are chol in-  
ergic nerves .  The  2 types  of axons  are o f ten  found  w i t h i n  
t he  same ne rve  bundle ,  i.e. t h e y  are enve loped  b y  t he  
same S c h w a n n  cell. 

Adrenerg ic  as well as chol inergic  var icosi t ies  are com- 
m o n l y  obse rved  s u b j a c e n t  to  t he  ac ina r  cells, s e p a r a t e d  
f rom the  l a t t e r  b y  t h e  b a s e m e n t  m e m b r a n e  only.  How-  
ever  in add i t i on  to these  e x t r a - a c i n a r  ne rve  t e rmina l s ,  
var icos i t ies  are also e n c o u n t e r e d  in te rposed  be tween  t he  
ac inar  b a s e m e n t  m e m b r a n e  and  t he  epi the l ia l  cells. These  
i n t r a - a c i n a r  ne rve  end ings  are comple te ly  free of S c h w a n n  
cell i n v e s t m e n t ,  and  c o n t a i n  e i the r  g r a n u l a r  (adrenergic)  
(Figure 1) or a g r a n u l a r  vesicles (cholinergic) (Figure 2). 
W i t h i n  c o n t a c t  areas,  t h e  a x o l e m m a  and  the  sec re to ry  
cell p l a s m a  m e m b r a n e  r u n  paral le l l  a n d  are s e p a r a t e d  
b y  a rough ly  200 ~_ wide  cleft. 

W i t h  respec t  to  d u c t  cells, t he  s i t ua t i on  appea r s  to  be 
qu i te  di f ferent ,  as no  a u t o n o m i c  n e r v e  endings  are ob- 
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se rved  inside t h e  b a s e m e n t  m e m b r a n e  of the  ep i the l ium.  
A u t o n o m i c  nerve  f ibres are also assoc ia ted  w i th  g l a n d u l a r  
vessels .  I n  t h i s  case, t h e y  are only  obse rved  in t h e  ad-  
ven t i t i a ,  w i th in  an a rea  close to t he  m u s c u l a r  media .  The  
var icos i t ies  of t hese  v a s c u l a r  ne rves  are of b o t h  adrenerg ic  
and  chol inergic  type .  

Fig. 1. Rabb i t  paro t id  gland. An adrenergic nerve  ending (A) wi th  
granular  vesicles is in terposed between an acinar  cell (AC) and 
basement  membrane  (arrow). In  per iac inar  connect ive  t issue a 
nerve bundle  is seen, the var ieosi t ies  of which eontai~l agranular  
vesicles (CH). • 31,850. 

I n  t he  pe r iphe ra l  a u t o n o m i c  n e r v o u s  s y s t e m ,  it  is well 
e s t ab l i shed  t h a t  no ra d re na l i ne  a n d  ace ty lchol ine  are t he  
t r a n s m i t t e r  s u b s t a n c e s  of t he  s y m p a t h e t i c  a nd  pa r a -  
s y m p a t h e t i c  d iv is ions  respec t ive ly .  E m p l o y i n g  l igh t  
microscopic  e n z y m e  h i s t o c h e m i c a l  t e c h n i q u e s  as well as 
f luorescence  microscopy ,  adrenerg ic  a n d  chol inergic  
ne rves  h a v e  been  d e m o n s t r a t e d  s e p a r a t e l y  in the  r a b b i t  
pa ro t id  g l and  ~~ ~. B o t h  c a t e c h o l a m i n e  f luorescence  a nd  
cho l ines te rase  a c t i v i t y  a ppe a r  in ne rve  f ibres  t h r o u g h o u t  
t he  g l and  inc lud ing  t hose  encircl ing t he  acini.  F u r t h e r -  
more,  ne rve  f ibres  of b o t h  t y p e s  are p r e s e n t  a r o u n d  t he  
me d ia  of m u s c u l a r  blood vessels .  

E m p l o y i n g  t he  p e r m a n g a n a t e  f i x a t i o n - s t a i n i n g  t ech-  
nique,  i t  is poss ible  to i de n t i f y  s y m p a t h e t i c  as well as 
p a r a s y m p a t h e t i c  ne rve  e nd ings  a t  the  u l t r a s t r u c t u r a l  
level". F r o m  the  f ind ings  r e p o r t e d  here,  i t  is ev ident ,  w i t h  
r e spec t  to  ac inar  cells, t h a t  b o t h  adrenerg ic  a nd  chol in-  
ergic ne rve s  e s t ab l i sh  a close m e m b r a n e  to m e m b r a n e  
c o n t a c t  in t he  r a b b i t  pa ro t id  g land.  W h e r e a s  i n t r a - a c i n a r  
ne rve  e nd ings  h a v e  also been  repor t ed  in s a l i va ry  g l ands  
of some  o the r  species  ~2,~3, t he  a u t o n o m i c  ne rves  do n o t  
seem to  p e n e t r a t e  t he  ac ina r  b a s e m e n t  m e m b r a n e  in 
others14, ~5. In  these  l a t t e r  cases,  t he  t r a n s m i t t e r  s u b s t a n -  
ces m u s t  necessa r i ly  d i f fuse  over  a longer  d i s t ance  to  
reach  t he  effector  cells. The  c lass i f ica t ion  of t he  g lands  as 
serous,  s e r o m u c o u s  or m u c o u s  does no t  seem to h a v e  a n y  
bea r ing  on th i s  m a t t e r .  I t  shou ld  be s t ressed  t h a t  in t ra -  
ac inar  ne rve  t e r m i n a l s  h a v e  also been  repor t ed  in exocr ine  
g lands  of o the r  locat ion,  e.g. t he  l ac r imal  glandl% the  
exocr ine  p a n c r e a s  ~7 and  b ronch ia l  g l ands  ~s. 

T h e  p r e s e n t  f ind ings  e s t ab l i sh  t h a t  b o t h  d iv is ions  of t h e  
a u t o n o m i c  n e r v o u s  s y s t e m  are equa l ly  d i s t r i b u t e d  in t h e  
r a b b i t  pa ro t i d  gland.  I n  no d i s t i nc t  por t ion  of the  g l and  
is on ly  one or the  o the r  t y p e  of a x o n  presen t .  

The  morpho log ica l  f ind ings  are in accordance  wi th  re- 
su l t s  f r om p rev ious  phys io logica l  s tudies ,  viz. b o t h  ad ren -  
ergic a n d  chol inergic  a ge n t s  m a r k e d l y  s t i m u l a t e  f luid 
secre t ion  f rom the  r a b b i t  p a r o t i d  g l and  19. F u r t h e r m o r e ,  
t he re  is a good cor re la t ion  b e t w e e n  the  u l t r a s t r u c t u r a l  
ev idence  p r e s e n t e d  a nd  t he  l igh t  a n d  f luorescence micro-  
scopic f ind ings  m e n t i o n e d  above  10, 1L 

Fig. 2. Rabb i t  paro t id  gland. A cholinergic nerve  ending (CH) 
conta in ing  agranu la r  vesicles enveloped by  cy top lasm of ad jacent  
acinar cells {AC). • 24,850. 
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