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w i t h  Mil r a t  Chow pel le ts  f rom Morin i  Labora to r i e s ,  S. 
Polo  D ' E n z a ,  I t a ly .  
An ima l s  were k i l led  b y  d e c a p i t a t i o n :  one  g roup  a t  t he  
end  of t he  feeding pe r iod  (fed an imals ) ,  t h e  o t h e r  g roups  
a t  d i f fe ren t  i n t e r v a l s  t h e r e a f t e r  ( fasted an imals ) .  S t o m a c h  
a n d  d u o d e n u m  were qu ick ly  dissected,  c leaned  in dis t i l led  
wate r ,  b l o t t e d  w i t h  f i l ter  paper ,  f rozen in l iquid  n i t r ogen  
a n d  s to red  a t  - 3 0 ~  u n t i l  ana lyzed .  Tissues  were h o m o -  
genized w i t h  a P o l y t r o n  t i ssue  h o m o g e n i z e r  ( K i n e m a t i c a  
G m b h . ,  Luzern ,  Swi tzer land) .  T r y p t o p h a n  a n d  se ro ton in  
were a s sayed  f luo rome t r i ca l ly  as p rev ious ly  descr ibed  14,15. 
Results. The  changes  of 5 -HT c o n t e n t  occur r ing  in t he  
s t o m a c h  a n d  d u o d e n u m  a f t e r  feeding are shown  in t h e  
t ab le .  The  levels of 5 -HT decl ined  b y  31 a n d  40%;  respec-  
t ive ly ,  a t  t h e  end  of t h e  feeding period,  r e m a i n e d  a t  t h i s  
level  a b o u t  3 h and  h a d  r e t u r n e d  to t he  f a s t ing  levels 9 h 
a f t e r  food remova l .  I n  t h e  s t omach ,  t he  level  of t r y p t o -  
p h a n ,  t h e  5 -HT precursor ,  was  u n c h a n g e d  in fas ted  a n d  
fed rats .  On t he  con t r a ry ,  in  t h e  smal l  in tes t ine ,  t r y p t o -  
p h a n  levels rose b y  100% a t  t h e  end  of t he  feeding per iod  
a n d  r e m a i n e d  e l eva t ed  for  more  t h a n  9 h.  Th i s  increase  
m o s t  l ikely ref lects  t h e  a b s o r p t i o n  of t h e  d iges ted  pro te ins .  
Discussion. The  p r e s e n t  s t u d y  d e m o n s t r a t e s  t h a t  5 -HT 
c o n c e n t r a t i o n s  in  t h e  s t o m a c h  a n d  d u o d e n u m  are  in-  
f luenced  b y  food in take .  F a s t e d  r a t s  h a v e  h ighe r  levels of 
g a s t r o - d u o d e n a l  5 -HT t h a n  fed ra ts .  I t  is poss ible  t h a t  t h e  
decl ine  in t he  g a s t r o - d u o d e n a l  c o n t e n t  of 5 -HT fol lowing 

food i n t a k e  m i g h t  be  due  to  t he  release of t he  a m i n e  in 
s i tu  and,  therefore ,  in to  c i rcula t ion .  Cons is ten t ly ,  Bu ld -  
r ing  a n d  Crema  16 obse rved  b o t h  in v i t r o  and  in v ivo  t h a t ,  
b y  exe r t i ng  p ressure  on  t h e  ga s t ro - in t e s t i na l  mucosa ,  
s e ro ton in  is re leased in to  t he  i n t e s t i n a l  lumen .  
On t he  o t h e r  h a n d ,  a d e g r a d a t i o n  of 5 -HT b y  t he  ac t ion  
of m o n o a m i n e  ox idase  does n o t  seem to  occur  to  a con-  
s iderab le  e x t e n t  in  t h e  g a s t r o - i n t e s t i n a l  wall, s ince we 
found  t h a t  5 -hyd roxy indo leace t i c  acid levels in  th i s  
t i ssue  were be low the  s ens i t i v i t y  of our  m e t h o d  of assay  
(10 ng /g  of t i s sue  14) b o t h  in fas ted  and  fed an imals .  The  
obse rved  changes  in t he  se ro ton in  c o n t e n t  were  n o t  as- 
soc ia ted  w i t h  changes  in t he  level  of ga s t ro - in t e s t i na l  
t r y p t o p h a n .  I n  fact ,  t h e  levels  of t r y p t o p h a n  d id  n o t  
change  a f t e r  feeding in t he  s t o m a c h ;  while,  in  t h e  duo-  
d e n u m ,  t h e y  u n d e r w e n t  changes  in t h e  oppos i te  d i rec t ion  
to  i n t e s t i n a l  5-HT. 
E x p e r i m e n t s  are  in  progress  in  our  l a b o r a t o r y  to  c lar i fy  
w h e t h e r  s e ro ton in  levels are a f fec ted  b y  gas t r ic  d i s tens ion ,  
b y  some food cons t i t uen t ,  or are  con t ro l l ed  b y  t h e  CNS 
in  a ref lex m a n n e r ;  moreover ,  to  e v a l u a t e  t he  phys io-  
logical  s igni f icance  of our  f indings .  

14 G. Curzon and A. R. Green, Br. J. Pharmac. 39, 653 (1970). 
15 J. Perez-Cruet, A. Tagliamonte, P. Tagliamonte and G. L. Gessa, 
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Summary. Var ious  p rocedures  w h i c h  reduce  or deple te  t he  ka l l ik re in  c o n t e n t  of t he  ca t ' s  s u b m a n d i b u l a r  g land  cor- 
r e s p o n d i n g l y  r educe  t h e  n u m b e r  of apica l  g ranu les  in  t he  s t r i a t ed  d u c t  cells. The  ka l l ik re in  c o n t e n t  is g rea t ly  r educed  
a f t e r  chronic  p a r a s y m p a t h e t i c  b u t  n o t  a f t e r  s y m p a t h e t i c  ne rve  sec t ion  w h i c h  suggests  t h a t  t h e  p a r a s y m p a t h e t i c  in- 
n e r v a t i o n  is r equ i red  for syn thes i s  or s torage  of th i s  enzyme.  

The  kal l ikre ins ,  or k in inogenases ,  are  widespread  enzymes  
be long ing  to  t h e  la rger  g roup  of ser ine p ro teases  a, 4. Tile 
cel lular  a n d  subce l lu la r  loca t ion  of ka l l ik re in  ha s  been  
s tud ied  in t h e  s a l i v a r y  g land  b y  severa l  g roups  of work-  
ers 5-8 since i t  m a y  h a v e  a b e a r i n g  on  i ts  phys io logica l  
s igni f icance  in th i s  o rgan  where  i ts  role h a s  been  a sub j ec t  
of m u c h  specu la t ion  a n d  d iscuss ion  9,10. W h e r e a s  all  work-  
ers agree  t h a t  ka l l ik re in  is loca ted  in sec re to ry  granules ,  
t h e  ear l ier  resu l t s  sugges ted  i ts  loca t ion  in ac ina r  g ran-  
ules 5,11. More  r e c e n t  work  sugges ts  t h a t  i t  is loca ted  in 
g ranu les  of t he  g r a n u l a r  t u b u l e s  and  s t r i a t e d  duc t s  in  
t h e  r a t  12 a n d  in s t r i a t e d  duc t s  of t h e  ca t  ~, s. T he  p r e s e n t  
e x p e r i m e n t s  w h i c h  cor re la te  t h e  ka l l ik re in  c o n t e n t  of t h e  
ca t ' s  s u b m a n d i b u l a r  g l a n d  w i t h  assoc ia ted  microscopic  
changes ,  lend s u p p o r t  to  t h e  thes i s  t h a t  ka l l ik re in  is 
local ized in sma l l  g ranu les  in  t h e  ap ica l  region of t h e  
s t r i a t ed  d u c t  cells. T h e y  also ind ica t e  t h a t  t he  s y m p a t h e t i c  
i n n e r v a t i o n  w h i c h  is m o s t  ef fec t ive  for t h e  s t i m u l a t i o n  
of ka l l ik re in  sec re t ion  13 is u n n e c e s s a r y  for  t h e  syn thes i s  
a n d  s torage  of t h i s  e n z y m e  whereas  p a r a s y m p a t h e t i c  
d e n e r v a t i o n  resu l t s  in  a l m o s t  comple t e  fa i lure  of t he  g land  
to  syn thes i ze  or to  s to re  ka l l ikre in .  
Methads. F o r  acu te  e x p e r i m e n t s  i n v o l v i n g  ne rve  s t imu-  
la t ion ,  ca t s  of 1.5-4.5 kg  a n d  of e i t he r  sex were s t a r v e d  
for  16-20 h, a n d  a n a e s t h e t i z e d  w i t h  chlora lose  (80 m g /  
kg  -1 i .v.)  a f t e r  i n d u c t i o n  w i t h  ch loroform.  T he  c h o r d a  

l ingua l  a n d  cerv ica l  s y m p a t h e t i c  n e r v e s  were exposed  
a n d  s t i m u l a t e d  e lec t r ica l ly  a t  10 a n d  20 Hz respec t ive ly  
a n d  sa l iva  was col lected as descr ibed  p rev ious ly  18. Fo r  
ope ra t i ve  p rocedures  w i t h  recovery ,  sod ium p e n t o b a r b i t a l  
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(30 mg kg -1 i.p.) was  given as anaes the t ic .  The chorda  
l ingual  nerve  was sect ioned and s t r ipped  under  asept ic  
condi t ions  as descr ibed by  Schachte r  e t  al. 14. S y m p a t h e t i c  
dene rva t ion  was effected in 18 expe r imen t s  b y  removing  
the  super ior  cervical  ganglion along wi th  a 2 cm st r ip  of 
t he  pregangl ionic  nerve.  In  2 o ther  expe r imen t s  a 2 cm 
s t r ip  of pregangl ionic  nerve  only  was r emoved  to  produce  
a decen t ra l iza t ion  r a the r  t h a n  a postgangl ionic  sympa-  
t k e c t o m y  of the  submand ibu la r  gland. E x p e r i m e n t s  were 
pe r fo rmed  1-49 days  la ter  on these  cats  (see figure 1). 
Fo r  duc t  l igation an incision was made  in the  my lohyo id  
muscle exposing the  submand ibu l a r  (Whar ton ' s )  duc t  
which  was l igated 5-10 m m  rost ra l  to the  po in t  where  
the  chorda  lingual nerve crosses it. The  gland was r emoved  
3-4 days  la ter  and p repa red  for e lec t ron microscopy  as 
descr ibed by  Bar ton  et  a ld excep t  t h a t  0.1 M ra the r  t h a n  
0.5 M cacodyla te  buffer  was used for f ixat ion.  Kal l ikrein 
was measured  by  its enzymat i c  hydro lys i s  of B A E e  and  
pro te in  concen t ra t ion  as prev ious ly  descr ibedL Acid 
phospha t a se  and  fi-glucuronidase were measured  accord-  
ing to  Bhoola  and  Heap  i~. 
Results.  Nerve s t imula t ion :  In  3 expe r imen t s  af ter  para-  
s y m p a t h e t i c  ne rve  s t imula t ion  tor 15, 37 and  40 min at  
10 Hz, kall ikrein concen t ra t ions  (esterase uni ts  per  uni t  
protein)  in the  gland were 108, 90 and  109% respec t ive ly  
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Fig. 1. Effects of parasympathetic 0--0 and of sympathetic �9 
nerve section on kallikrein content (esterase units/unit protein) of 
the cat's submandibular gland. Numbers in brackets are the number 
of experiments from which each mean value was plotted. Days, 
1-14 days after denervation. 

of the  con t ra l a t e ra l  uns t imu la t ed  gland.  This is in accord 
wi th  previous  findings~, 13 t h a t  p a r a s y m p a t h e t i c  nerve  
s t imula t ion ,  par t i cu la r ly  a t  10 Hz  or less, has  l i t t le  effect  
on the  kall ikrein co n t en t  of t he  gland despi te  a copious 
secret ion of saliva which conta ins  some kallikrein. Af ter  
p a r a s y m p a t h e t i c  nerve  s t imula t ion ,  in con t r a s t  to  sym-  
p a t h e t i c  nerve  s t imula t ion ,  the  apical  granules in t he  
s t r i a ted  duc t  ceils were unaf fec ted  in n u m b e r  and  appear -  
rance,  b u t  the  acinar  granules  were largely deple ted  or 
clearly mobil ized for secret ion into the  lumen.  
In  5 expe r imen t s  the  s y m p a t h e t i c  nerve  was s t imula ted  
for periods of 10-30 rain a t  20 Hz  (see 'me thods ' ) .  In  
these  exper iments ,  in con t r a s t  to  p a r a s y m p a t h e t i c  nerve  
s t imula t ion ,  the re  was a reduc t ion  in the  kall ikrein co n t en t  
to 5 -39% of the  contro l  g lands  (mean 16%). In  these  
ins tances  there  was also a ma rk ed  decrease in apical  
granules of the  s t r ia ted  ducts .  The mi tochondr ia ,  usual ly  
conf ined to the  basal  and  cent ra l  regions of the  cell, were  
now more dispersed in the  cell. The  acinar  cell granules  
were  indis t inguishable  in n u m b e r  and  appearance  f rom 
those  in the  contro l  gland. Ef fec ts  on demilune  cell 
granules  were too var iable  to p e rmi t  def ini te  conclusions 
to be d rawn  f rom s t imula t ion  of e i ther  s y m p a t h e t i c  or 
p a r a s y m p a t h e t i c  nerves.  
Dene rva t i on :  P a r a s y m p a t h e t i c  dene rva t ion  marked ly  re- 
duced  the  kall ikrein concen t ra t ion  and  c o n t e n t  of the  
s u b man d i b u l a r  gland and resul ted  in t he  d i sappearance  
of t he  small  granules  in the  apical  pos i t ion  of s t r i a ted  
duc t  cells. Figure  i shows the  rat io of the  kall ikrein 
co n t en t  of the  dene rva t ed  to  t he  contro l  g lands  a t  per iods  
of 1-14 days  af ter  denerva t ion .  I t  shows t h a t  a f ter  an 
init ial  increase on the  f irs t  day  af ter  denerva t ion ,  the  
kall ikrein c o n t e n t  falls to  abou t  20% in 7 days  and  to  
abou t  8% af ter  2 weeks. There  was  no fu r the r  decrease 
even  7 weeks a f te r  nerve  section. In  con t r a s t  to  kallikrein,  
the  lysosomal  enzymes,  acid p h o s p h a t a s e  and  fl-glucur- 
onidase increased abou t  2fold a f te r  2 weeks of dener-  
r a t i on .  This  is cons i s t en t  wi th  the  increase in lysosomal  
enzymes  which  occurs in dene rva t ed  s t r i a ted  muscle1% 
2 weeks af ter  p a r a s y m p a t h e t i c  dene rva t ion  the  apical  
granules  in t he  s t r i a ted  cell duc t s  have  d isappeared .  The 
cell has  also undergone  o the r  degenera t ive  changes  and  
a large por t ion  of the  cell is devoid  of its organelles and  
is filled wi th  fine granular  mater ia l .  

14 M. Schachter, S. Barton and E. Karpinski, Experientia 29, 1498 
(1973). 

15 K.D. Bhoola and P. F. Heap, J. Physiol., Loud. 210, 421 (1970). 
16 M.S. Pollack and J. W. C. Bird, Am. J. Physiol. 215, 716 (1968). 

Fig. 2. Left, normal submandibular 
gland showing numerot~s small 
secretory granules in the apical 
regions of several striated duct 
cells. Right, ligated gland 3 days 
after  duct ligation showing ab- 
sence of apical granules and pro- 
minence of mitoehondria longi- 
tudinally arranged in this region. 
L, Lumen; bar, 1 [Lm. 
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Sympa the t i c  de l lervat ion  (postgallglionic; see 'methods ' )  
a f ter  causing a t r ans i to ry  decrease had no signif icant  
effect on kal l ikrein concen t ra t ion  in the  submandibu la r  
gland. Figure  1 shows t h a t  a l though there  was an  increase 
af ter  1 day,  followed by  a decrease af ter  2-4 days,  i t  
r e tu rned  to  normal  and remained  there  1 week af ter  
gangl ionectomy.  This  t e m p o r a r y  reduct ion  ill kal l ikrein 
con ten t  did no t  occur in 2 cats af ter  preganglionic sym- 
pa thec tomy.  2 weeks af ter  pre-  and postganglionic  sym- 
p a t h e c t o m y  there  was no change in the  number  and 
appearance  of the  apical  granules of the  s t r ia ted  ducts,  
ill the  concent ra t ion  of acid phospha tase  and /% glucur- 
onidase, nor  in the  weight  of the  gland. Also, there  were 
no gross microscopic changes in the  acinar  or demilune 
cells. 
D u c t  l igat iol l :  L iga t ion  of the  submandibu la r  duc t  for 
3-4 days  caused a marked  decrease in kallikreill  con ten t  
of the  gland. In  2 such exper iments  the  kal l ikrein con- 
cen t ra t ion  (esterase units  per  uni t  protein) fell to 3 and 
4% of the  col l t ra la teral  control  gland. Also, there  was a 
comple te  disappearance of the  apical  granules in the  
s t r ia ted  ducts  and character is t ic  dispersion and longi- 
tudinal  a r rangement  of mi tochondr ia  (figure 2). The  larger 
secretory granules of the  acinar  ceils showed some de- 
genera t ive  features bu t  these were v e r y  minor  compared  
wi th  the  a lmos t  complete  disappearance of the  apical  
granules f rom the  s t r ia ted duc t  cells. Changes in appear-  
ance of demilune cell granules were no t  no tewor thy .  
Discussion. 2 main  conclusions m a y  be der ived f rom these 
exper iments  in the  ca t :  a) The synthesis  or  s torage of 
kal l ikrein depends on an in tac t  pa ra sympa the t i c  inner- 
vat ion.  I t  is now well established t h a t  sympa the t i c  nerve  
s t imula t ion  ra ther  t h a n  pa ra sympa the t i c  s t rongly  mobi-  
lizes the  secretion df kall ikrein ill sal iva 7, ,, la. In  contrast ,  
however ,  our  results clearly demons t ra te  t h a t  katl ikrein 
disappears  a lmost  comple te ly  f rom the  gland af ter  1-2 
weeks wi th  pa ra sympa the t i c  denerva t ion  bu t  t h a t  wi th  

sympa the t i c  denerva t ion  the  kal l ikrein concent ra t ion  is 
normal  a t  this  t ime  and remains  so af terwards  (figure 1). 
I t  mus t  be concluded,  therefore,  t h a t  the  pa ra sympa the t i c  
nerve  exerts  some t rophic  or o ther  act ion on the  gland 
cells. We also noted  t h a t  there  was a substant ia l  a t rophy  
of the  gland af ter  p a r a s y m p a t h e c t o m y  bu t  no t  af ter  
sympa thec tomy .  F igure  1 shows t h a t  2-4 days af ter  
postganglionic  s y m p a t h e c t o m y  there  is a t e m p o r a r y  re- 
duct ion  in the  kall ikrein con ten t  of the  gland which then  
re turns  to normal.  This  t e m p o r a r y  reduct ion  is perhaps  
due to 'degenera t ion  secret ion '  17 since i t  did not  occur 
af ter  preganglioll ic s y m p a t h e c t o m y  which does no t  resul t  
ill degenera t ion  of the  postganglionic  axons,  b) Our results 
suppor t  the  v iew 7, s t h a t  kal l ikrein is located in the  stri- 
a ted  duc t  cells of the  ca t ' s  submandibu la r  gland. They  
show t h a t  there  is always a marked  decrease in the  number  
of apical secretory granules ill these cells when there  is 
a deplet ion of kallikreiI1 i r respect ive of whe ther  i t  is as 
a resul t  of duc t  obstruct ion,  pa ra sympa the t i c  denervat ion ,  
or sympa the t i c  nerve  s t imulat ion.  
These studies do no t  establish the  physiological  role of 
sa l ivary  kall ikrein bu t  since t h e y  indicate  t h a t  i t  is 
secreted into the  ducts  ra ther  t h a n  into the  inters t i t ia l  
fluid and circulation,  t h e y  lend no suppor t  to the  v iew 
t h a t  this enzyme is the  regula tor  of funct ional  hype raemia  
in the  gland 10. The presence in the  submandibu la r  gland 
of known act ive  macromolecules  like ka!likrein, renin, 
nerve  growth  factor,  and of a new one like s ialotonin 18, 
suggests t h a t  the  physiological  significance of the  sa l ivary  
glands m a y  ex tend  beyond  those  re la t ive ly  simple func- 
t ions which are general ly assigned to them.  

17 N. Emmelin and U. Trendelenburg, Ergebn. Physiol. 66, 147 
(1972). 

18 S. Barton, "E. Karpinski, C. Moriwaki and M. Sehachter, J. 
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Summary. Locus t  ocellar re t inal  cells are innerva ted  by  giant  second order  cells, 2 m m  long, which show discrete zones 
of in tegra t ion  along thei r  course, including a major  zone in the  axonal  length  of the  neuron.  The  complex  synapt ic  
a r rangements  which exis t  be tween  higher-order  afferent  and efferent  cells and these second order cells along their  
course suggests t h a t  t ransmission takes  place by  the  electrotolliC spread of slow potent ials .  The  size and accessibil i ty of 
these visual  in terneurons  offers a unique prepara t ion  for examin ing  mechanisms of graded synapt ic  transmission.  

The  locust, Schistocerca gregaria,  possesses 3 ocelli, 2 lat-  
eral and 1 median,  each consist ing of around 1000 visual  
cells lying benea th  a c o m m o n  cut icular  lens. Ind iv idua l  
ocelli  are innerva ted  by  7 g iant  interneurons,  10 ixm in 
d iameter ,  and a number  of smaller  ceils whose axons run 
ou t  f rom the  bra in  in an ocellar nerve  app rox ima te ly  
2 m m  long. 4 of the  giant  in terneurons  innerva te  bo th  the  
median  and 1 la teral  ocellus. The in terneurons  are of the  
classical anne l id /a r thropod form wit l l  ana tomica l ly  uni- 
polar  cell bodies, lying wi th in  the  brain, whose neuri tes  
give rise to a T or  a Y shaped axon t e rmina t ing  in den- 
dr i t ic  arborisat ions.  In  the  inver teb ra te  nervous  sys tem 
the  in tegra t ion  of in format ion  in electrotonic  form is 
general ly  considered to be confined to the  dendri t ic  
regions of the  cell, the  axon t r ansmi t t ing  informat ion  

f rom poin t  to poin t  usual ly  by  means  of act ion potent ials .  
Al though  present ing a convent iona l  appearance  in Golgi 
and cobal t  s ta ined mater ia l  1, serial th in  sections and 
semi- th in  sections show t h a t  the  synapt ic  organisat ion of 
these large in terneurons  is unusual.  3 major  zones of 
in tegra t ion  can be identif ied along, their  length,  one of 
which comprises a major  section of the  axonal  region of 
each fibre. Longi tud ina l  sections th rough  the  ocellar 
t rac t s  show t h a t  t h e y  resemble e longated neuropi lar  
areas ra ther  t han  fibre t racts .  
The first  in tegra t ion  zone, wi th in  the  ocellus, consists of 
an extens ive  ne twork  of dendri tes  onto which the  visual  
ceils are h ighly  convergent .  The giant  fibres are no t  
equ iva len t  in this region, those l inking the  ocelli synapse 
wi th  t he  upper  regions of the  descending visual  cell axons, 


