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On the adrenergic  innervat ion of the rat parot id  gland i 
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Summary. In  pa ro t id  g lands  of rats ,  some adrenerg ic  ne rves  pers i s ted  a f te r  avu l s ion  of the  super ior  cervical  gangl ion,  
while in s u b m a x i l l a r y  g lands ,  the  adrenergic  ne rves  d i s a ppe a re d  comple te ly .  

Sa l iva ry  g lands  are of ten  used as mode l  o rgans  in s tud ies  
on the  a u t o n o m i c  n e r v o u s  s y s t e m  and  on the  sec re to ry  
processes.  Of p r i m a r y  i m p o r t a n c e  in such  i nves t i ga t i ons  
is knowledge  a b o u t  the  i n n e r v a t i o n  of the  g lands .  I n  
recen t  s tud ies  dea l ing  wi th  t he  p a r a s y m p a t h e t i c  ne rve  
s u p p l y  of the  pa ro t id  g l ands  of some species, a t t e n t i o n  
was  d r awn  to the  fac t  t h a t  severance  of the  'c lassical '  
secre tory  nerve,  the  au r i cu lo - t empora l ,  leaves some  cho-  
l inergic ne rves  i n t ac t  w i th in  t he  g l ands  2 4 In  suc h  a 
s t u d y  on the  r a t  pa ro t id  gland,  it was  also found  t h a t  a 
few adrenergic  ne rves  r e m a i n e d  af te r  avu l s ion  of the  
super ior  cervical  gang l ion  5. 
In  the  p r e sen t  s t u d y ,  us ing  t he  f luorescen t  t e chn ique ,  the  
effect  on the  presence  of adrenerg ic  ne rves  in the  pa ro t id  
g land  and,  for compar i son ,  in t he  s u b m a x i l I a r y  g l and  was  
inves t iga ted ,  no t  on ly  a f te r  avu l s ion  of the  gang l ion  or 

r e m o v a l  of the  whole s y m p a t h e t i c  cervical  t r u n k  b u t  
also w h e n  suc h  an  ope ra t ion  was  c o m b i n e d  w i th  t e a r i ng  
a w a y  the  cen t ra l  s t u m p  of e i ther  the  a u r i c u l o - t e m p o r a l  
or the  facial  nerve,  or wi th  ne rve  d i ssec t ion  a long the  
e x t e rna l  caro t id  a r te ry .  
Materials and methods. 14 male  ra ts ,  5 7 m o n t h s  old, of a 
S p r a g u e - D a w l e y  s t r a in  bred  a t  the  I n s t i t u t e  of Phys io -  
logy, were used. In  e the r  a na e s the s i a ,  the  fol lowing 
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Fig. 1. Parotid glands. The control gland {a) shows numerous adrenergic 
nerves aollnd acini; ir~ the operated glands some adrenergic nerves persist 
around acmi (b) and blood vessels (c). • 175. 
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Fig. 2. Submaxillary glands. The 
control gland (a) shows an abun- 
dance of adrenergie nerves aound 
acini and granular tubules, while 
the operated gland (b) lacks adren- 
ergic nerves; the dots of intense 
fluorescence are attributed to 
mast cells, x 175. 

opera t ions  were pe r fo rmed  on the  r igh t  side under  a 
dissect ing microscope:  avulsion of the  superior  cervical  
ganglion (4 ra ts) ;  r emoval  of the  cervical  s y m p a t h e t i c  
t r u n k  (2 rats) ; avulsion of the  ganglion and pull ing away  
the  cent ra l  s t u m p  of the  aur iculo- tempora l  nerve  (2 rats) ; 
avulsion of the  ganglion and pull ing away  the  cent ra l  
s t u m p  of the  facial nerve (2 rats) ;  and avulsion of the  
ganglion and dissect ion along the  ex te rna l  carot id  a r t e ry  
to  abou t  the  level where  the  ascending pha ryngea l  a r t e ry  
branches  off (4 rats). 7-10 days  later, the  ra ts  were killed 
by  inha la t ion  of ether ,  and the  paro t id  and  the  submaxi l -  
lary  glands on b o t h  sides were carefully dissected out,  the  
left glands serving as controls,  and processed for the  
f luorescent  t echn ique  for the  visual izat ion of adrenergic  
nerves6,7; the  pieces of t issue were sect ioned serially. To 
the  ra t s  in the  last  exper imenta l  group, DL-d ihyd ro x y -  
phenylser ine  (DL-DOPS,  H/issle, Sweden),  a subs tance  
which  is conver t ed  into noradrenal ine ,  was given (40 
mg/kg  i.v.) 1 h before the  animals  were killed. This sub- 
s tance  was used to increase the  neurona l  noradrena l ine  
fluorescence in order  to find remaining  adrenergic  nerve  
te rmina ls  af ter  denerva t ion .  
Resul ts  and discussion.  In  ag reemen t  wi th  earlier invest i -  
gat ions  s,9, the  secre tory  acini and blood vessels were, 
under  normal  condit ions,  well supplied wi th  adrenergic  
nerves  in b o t h  the  paro t id  and the  submaxi l l a ry  gland 
which  is shown in the  figures 1 a and 2a; also found by  
Fu j iwara  et  al. 8, granular  tubules  of the  submaxi l lar ies  
were adrenergical ly  innerva ted .  No adrenergic  ganglia 
were seen. Af te r  avulsion of the  superior  cervical  ganglion, 
it  is ev iden t  f rom the  figures (1 b, e) t h a t  nerves,  a l though  
great ly  reduced in number ,  still pers is ted  in the  paro t id  
gland a round  blood vessels and some sca t te red  acini. In  
contras t ,  the  adrenergic  nerves of the  submaxi l l a ry  gland 
d isappeared  comple te ly  (figure 2b), an observa t ion  in 
accordance wi th  t h a t  of Fuj iwara  et  al.S; in th is  connec-  
t ion  it should be men t ioned  t h a t  also the  opera ted  s u b -  
maxi l la ry  glands of the  animals  t r ea ted  wi th  D L - D O P S  
lacked adrenergic  nerves.  
The presen t  results  show t h a t  no t  all the  synapses  be tween  
the  pre- and postgangl ionic  s y m p a t h e t i c  neurones  of the  
pa ro t id  gland are located in the  superior  ganglion, as 
seems to be the  case for the  submaxi l l a ry  glands. Ne i ther  
does the  re lay seem to occur in any  o the r  pa r t  of the  sym-  
pa the t i c  cervical  t r u n k  proximal  to t he  ganglion, since, 
when avulsion of the  ganglion was combined  wi th  removal  

of the  whole t runk ,  adrenergic  nerves  were still left in the  
paro t id  gland. One possibi l i ty  is t h a t  some ganglion cells 
are located per iphera l  to  the  superior  ganglion and thus  
escape the  surgical procedure ;  the  re lay is, however,  no t  
on t h a t  p a r t  of the  ex te rna l  carot id  a r t e ry  which is below 
the  po in t  where  abou t  the  ascending pha ryngea l  a r t e ry  
takes  off, since nerves  were left  in the  gland af ter  dissec- 
t ion along the  carot id  a r t e ry  to t h a t  level. As to the  course 
of the  remain ing  adrenergic  neurones,  th is  is a p p a r e n t l y  
not  via the  aur icu lo- tempora l  or the  facial nerve,  because 
when  the  cent ra l  s t u m p  of e i ther  of these nerves was to rn  
away  toge the r  wi th  the  super ior  cervical  ganglion, no 
fu r ther  reduc t ion  in the  n u mb er  of adrenergic  nerves  
seemed to occur. 
I t  appears  f rom the  p resen t  results  t h a t  when unde r t ak ing  
s tudies  on the  ra t  pa ro t id  gland af ter  removal  of the  su- 
perior cervical  ganglion a t t en t i on  should be paid to  the  
fact  t h a t  some adrenergic  nerves  pers is t  in the gland. In  
the  dog 's  pa ro t id  gland, a few adrenergic  nerves were also 
found to remain  af ter  gangl ionec tomy 1~ while in th is  
gland of the  r abb i t  all nerves  d i sappeared  4, 11. 
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