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e f f luen t  d i a lyza te  f luid show t h a t  t h i s  is m a i n l y  due  to  a 
h i g h  p r o t e i n  loss i n to  t he  p e r i t o n e a l  cav i ty ,  wh ich  ob-  
v ious ly  c a n n o t  be  c o m p e n s a t e d  b y  de novo  syn thes i s .  
T h e  reason  for  t h e  h i g h  p r o t e i n  leakage  in these  smal l  
l a b o r a t o r y  an ima l s  is n o t  known .  I t  is sugges t ive  t h a t  t h e  
h i g h  m o r t a l i t y  r a t e  a f t e r  48 h of d ia lys is  w i t h  Stero-  
f u n d i n  | m a y  be  c o n n e c t e d  w i t h  t h e  h y p o p r o t e i n e m i a .  
Yet ,  48 h a f t e r  dia lysis  w i t h  Pe r i tos t e r i l  t-IK | no  an ima l s  
h a d  died, a l t h o u g h  s e r u m  p r o t e i n  was  r educed  to  a s imi la r  
degree. There fo re  t h e  p rope r t i e s  of t h e  d i a lyza t e  f luid 
seem to  be  essen t ia l  for surv iva l .  T h e  compos i t i on  of 
S t e ro fund in  | a n d  Pe r i to s t e r i l  H K  | differ  in  m a n y  re- 
spec ts  inc lud ing  c o n c e n t r a t i o n  of ca t ions  a n d  types  of 
an ions  as well  as p H - v a l u e s  a n d  osmola r i ty .  A t  p r e s e n t  i t  
is a m a t t e r  of specu la t i on  wh ich  p a r a m e t e r s  m a y  be  m o s t  
i m p o r t a n t  in  r ega rd  to  t h e  m o r t a l i t y  ra te .  

I t  c an  be  conc luded  f rom ou r  e x p e r i m e n t s  t h a t  d i a lyza te  
f luids of t he  t y p e  of Pe r i tos t e r i l  H K  | shou ld  be  used for  
c o n t i n u o u s  dia lysis  in  e x p e r i m e n t a l  s tud ies  w i t h  r a t s  a n d  

, guinea-pigs ,  a n d  t h a t  p r o t e i n  m u s t  be  rep laced  d u r i n g  
l o n g - t e r m  t r e a t m e n t  to  avo id  h y p o p r o t e i n e m i a  a n d  h e m o -  
c o n c e n t r a t i o n .  
U n d e r  these  c i rcumstances ,  t h e  m e t h o d  descr ibed  is a 
s imple,  qu i ck  a n d  cheap  t e c h n i q u e  for  p e r i t o n e a  ! d ia lys is  
in  sma l l  l a b o r a t o r y  animals .  I t  was  successful ly  used  in 
t h e  t r e a t m e n t  of e x p e r i m e n t a l  a cu t e  p a n c r e a t i t i s  in  more  
t h a n  300 r a t s  11. 
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Gastroenterol. 8, 351 (1975). 
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Summary. R a t s  fas ted  for  24 h were fed for 3 h, a f t e r  w h i c h  t i m e  food was r emoved .  Food  i n t a k e  decreased  s e ro ton in  
levels in  t h e  s t o m a c h  a n d  d u o d e n u m  b y  30 a n d  40%,  respect ive ly .  These  changes  pe rs i s t ed  for  a b o u t  3 h. Food  i n t a k e  
did  n o t  c h a n g e  t r y p t o p h a n  c o n t e n t  in  t he  s tomach ,  while,  in  t he  d u o d e n u m ,  t r y p t o p h a n  level  rose b y  100% a t  t he  end  
of t he  feeding per iod  a n d  r e m a i n e d  e l eva t ed  for a b o u t  9 h.  

H i g h  c o n c e n t r a t i o n s  of s e ro ton in  (5-HT) are p r e s e n t  in  
t he  g a s t r o - i n t e s t i n a l  t r a c t  of a l l  v e r t e b r a t e s .  Th i s  a m i n e  
is m a i n l y  local ized in t i le  en t e roc t l romaf f in  cell s y s t e m  of 
t he  m u c o s a  1, 3, a l t h o u g h  smal l  c o n c e n t r a t i o n s  h a v e  been  
found  also in t he  i n t r a m u r a l  n e r v o u s  s y s t e m  of t he  gas t ro-  
i n t e s t i n a l  t r a c t  ~, 4. I t  h a s  been  sugges ted  t h a t  5 -HT has  a 
s t i m u l a t i n g  ac t ion  on  ga s t ro - in t e s t i na l  m o t i l i t y  and,  
therefore ,  t h a t  t h i s  m o n o a m i n e  m i g h t  f u n c t i o n  in t h e  
m o d u l a t i o n  of t he  pe r i s t a l t i c  ref lexS-L Modi f ica t ions  in  
t h e  level  of th i s  m o n o a m i n e  h a v e  been  o b t a i n e d  w i t h  t h e  
use of d ie ts  free f rom,  or l ack ing  in, t r y p t o p h a n S ,  9, b y  
mod i fy ing  t he  n o r m a l  i n t e s t i n a l  f lora 10,11, or  b y  admin i s -  
t e r i n g  d rugs  ac t ing  on m o n o a m i n e  m e t a b o l i s m  12,13. 
Th i s  r e p o r t  shows t h a t  ga s t ro - in t e s t i na l  5 -HT c o n t e n t  
undergoes  changes  assoc ia ted  w i t h  f a s t ing  a n d  sa t i a t ion .  
Materials and methods. E x p e r i m e n t s  were car r ied  ou t  w i t h  
ma le  W i s t a r  ra ts ,  in i t i a l ly  we igh ing  150-180 g. The  r a t s  
were housed  3 pe r  cage in w i r e - b o t t o m  cages a t  a r oom 
t e m p e r a t u r e  of 24~ w i t h  reversed  l i g h t - d a r k  cycle:  
l igh ts  on  f rom 22.00 to 10.00. T h e y  h a d  access to  w a t e r  ad  
l i b i t u m  b u t  were t r a i n e d  to  cons um e  t h e i r  n o r m a l  food 

i n t a k e  in a pe r iod  of 3 h : food was p r e sen t ed  ad  l i b i t u m  a t  
11.00 and  r e m o v e d  a t  14.00. E x p e r i m e n t s  were car r ied  
o u t  a f t e r  3 weeks of t r a in ing .  A t  t h i s  t ime,  e ach  r a t  a te  a n  
ave rage  of 18.6 -4- 0.5 g of t h e  d ie t  pe r  day.  R a t s  were  fed 
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Changes in gastro-intestinal serotonin and tryptophan levels associated with fasting and satiation 

Duration of fasting time interval after Stomach Duodenum 
last meal, h Tryptophan (~xg/g) Serotonin ~zg/g) Tryptophan ( Ixg/g)  Serotonin (~xg/g) 

24 7.35 :t= 0.18 1.31 -t: 0.18" 12.42 q- 0.24* 4.33 :~ 0.12" 
9 7.39 :L 0.29 1.25 -4- 0.31" 18.21 • 0.29* 4.74 4- 0.18" 
3 7.41 ~ 0.26 0.91 :t: 0.24 24.23 ~ 0.21 3.08 • 0.15 
0 7.02 • 0.15 0.86 • 0.10 23.91 -E 0.07 2.97 • 0.09 

(at the end of feeding period) 

Each point is the average =~: SE of 16 animals. Animals fasted 24 h were allowed to eat for 3 h after which time food was removed (zero time). 
The duration of fasting (h) reported indicates the intervals between food removal and death. * p ~ 0.01 compared to the value for 0 h of 
fasting. 
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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 .  
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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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