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cel ls  of  r a t  b y  A T P  14. O n  t h i s  p o i n t ,  a s  wel l  a s  t h e  m e c h a -  
n i s m s  b y  w h i c h  a d e n o s i n e  p h o s p h a t e s  i n f l u e n c e  a n a p h y l -  
a x i s  as  o b s e r v e d ,  f u r t h e r  i n v e s t i g a t i o n  is b e i n g  c o n d u c t e d  
in  o u r  l a b o r a t o r y ' 5 .  

13 ]3. DIAMANT and P. G. KRf3GER, Acta physiol, scand. 77,291 (1967). 
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Effect of Adrenal ine  on the in vitro E n z y m e  Secret ion in the G u i n e a - P i g  Pancreas  

I t  is  k n o w n  in  s e v e r a l  a n i m a l  s p e c i e s  t h a t  i n j e c t i o n  o f  
a d r e n a l i n e  b r i n g s  a b o u t  a m a r k e d  i n h i b i t i o n  o f  t h e  e x o -  
c r i n e  s e c r e t i o n  of t h e  p a n c r e a s  1-~. T h e  m e c h a n i s m  of  t h i s  
e f f ec t  is  s t i l l  d e b a t e d .  H e n c e ,  t h e  i n h i b i t i o n  h a s  b e e n  
i n t e r p r e t e d  e i t h e r  a s  t h e  r e s u l t  of  a d i r e c t  a c t i o n  of  t h e  
d r u g  o n  t h e  s e c r e t o r y  cel ls  * o r  a s  t h e  c o n s e q u e n c e  of v a s o -  
c o n s t r i c t i o n  in  t h e  s p l a n c n i c  a r e a  3. 

T w o  t y p e s  of  e x o c r i n e  ce l l s  a r e  k n o w n  t o  be  p r e s e n t  in  
t h e  p a n c r e a s  : t h e  a c i n o d u c t u l a r  cel ls ,  w h i c h  s e c r e t e  w a t e r  
a n d  e l e c t r o l y t e s ,  a n d  t h e  a c i n a r  cel ls  w h i c h  a r e  r e s p o n s i b l e  
for  t h e  s e c r e t i o n  o f  d i g e s t i v e  ( p r o ) e n z y m e s .  R e c e n t l y  
HUBEL 5 h a s  p r o v i d e d  c o n v i n c i n g  e v i d e n c e ,  o b t a i n e d  b y  
in  v i t r o  e x p e r i m e n t s ,  i n d i c a t i n g  t h a t  in  t h e  r a b b i t  p a n c r e a s  
s e c r e t i o n  o f  w a t e r  a n d  e l e c t r o l y t e s  is  i n h i b i t e d  b y  a d r e -  
n a l i n e  b y  a d i r e c t  m e c h a n i s m  a c t i n g  a t  t h e  cell  level .  I n  a 
s y s t e m  of  p a n c r e a t i c  t i s s u e  s l i ces  we  h a v e  i n v e s t i g a t e d  
t h e  in  v i t r o  e f f ec t  of  a d r e n a l i n e  o n  t h e  o t h e r  t y p e  o f  
p a n c r e a s  e x o c r i n e  cel ls ,  t h e  a c i n a r  cel ls .  

I n  t i s s u e  s l ice  s y s t e m s  t h e  r a t e  of  in  v i t r o  e n z y m e  
s e c r e t i o n  is  u s u a l l y  d e t e r m i n e d  b y  a s s a y i n g  t h e  a c t i v i t y  
o f  o n e  o r  m o r e  s e c r e t o r y  e n z y m e s  r e l e a s e d  in  t h e  i n c u b a -  
t i o n  m e d i u m .  S u c h  a m e t h o d  is r a t h e r  i n s e n s i t i v e  b e c a u s e  
i t  d o e s  n o t  p e r m i t  d i s c r i m i n a t i o n  b e t w e e n  t h e  e n z y m e  
m o l e c u l e s  w h i c h  a r e  a c t u a l l y  s e c r e t e d  o v e r  t h e  t i m e  of t h e  

e x p e r i m e n t  a n d  t h o s e  w h i c h  a t  t h e  b e g i n n i n g  of  t h e  e x p e r -  
i m e n t  w e r e  a l r e a d y  s e c r e t e d  a n d  s t o r e d  w i t h i n  t h e  d u c t  
s y s t e m .  R e c e n t l y  JAMIESON a n d  PALADE 6 h a v e  d e v e l o p e d  
a m o r e  s e n s i t i v e  r a d i o c h e m i c a l  p r o c e d u r e  b a s e d  on  t h e  
d e t e r m i n a t i o n  o f  r a d i o a c t i v e  p r o t e i n s  r e l e a s e d  in  t h e  
m e d i u m  d u r i n g  a p u l s e - c h a s e  e x p e r i m e n t .  I n  o u r  w o r k  we  
h a v e  u s e d  b o t h  t h e  t r a d i t i o n a l  a n d  t h e  n e w  r a d i o c h e m i c a l  
p r o c e d u r e s  a n d  in  n e i t h e r  c a s e  we  we re  a b l e  t o  d e m o n s -  
t r a t e  a n y  e f f ec t  of  a d r e n a l i n e  o n  in  v i t r o  p a n c r e a t i c  
e n z y m e  s e c r e t i o n .  

Methods. M a l e  a l b i n o  g u i n e a - p i g s  (gif t  of  S i g u r t ~  D r u g  
Co., Mi l an ,  I t a l y )  w e i g h i n g  ~ 600 g w e r e  s t a r v e d  for  18 -20  h .  
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Effect of adrenaline on the rate of secretion of pancreas tissue slices incubated in vitro 

A B 

Treatment  TCA-insoluble dpm % of controls co-amylase (rag maltose/5 min % of controls 
in medium (%) at 30~ protein) 

I None 4.6 (3.6-5.9) 100 8.8 (7.3-11.0) 100 

Adrenaline 3 tiM 5.8 (4.2-7.5) 125 7.2 (6.7-7.7) 72 
Adrenaline 30 t i m  4.6 (2.7-6.5) 100 8.5 (7.0-10.2) 98 
Adrenaline 300 tiM 4.4 (2.4-6.4) 94 9.0 (6.4-11.6) 102 

II Caerulein 13.1 (9.2-18.2) 285 14.3 (9.8-17.1) 162 
Caer. + Adr. 3 t i m  10.8 (10.7-11.0) 237 13.1 (9.0-17.3) 149 
Caer. + Adr. 30 tiM 9.4 (8.4-10.5) 210 14.1 (10.0-18.2) 160 
Caer. + Adr. 300 tiM 10.8 (9.9-11.7) 237 11.4 (8.5-14.4) 130 

III Carbamoylcholine 11.1 (8.2-16.5) 241 10,8 (8.1-13.6) 123 
Carb. -F Adr. 3 tiM 11.1 (8.7-14.5) 241 13,7 (9.5-16.5) 155 
Carb. + Adr. 30 tiM 13.3 (9.6-18.9) 289 10.6 (8.6-13.7) 121 
Carb. + Adr. 300 tiM 12.9 (9.6-18.9) 280 10.6 (8.6-13.7) 121 

Slices were first labeled for 5 min with 14C-L-leucine, then chased for 80 min in a non-radioactive medium and finally reincubated for 20 min 
in the latter containing various concentrations of adrenaline, alone (I) or in the presence of either caerulein (II) or carbamoylcholine (III). 
In A) the rate of secretion is estimated by the amount  of radioactive protein recovered in the medium, expressed as percentage of radioac- 
tive proteins present in slices + medium ; in B) by the activity of the secretory enzyme c~-amylase recovered in the medium, expressed as mg 
of maltose formed in 5 min of incubation at 30~ per mg of slice protein. Values given are averages of 2 t o  6 experiments. Ranges are in 
parentheses. 



15.1. 1972 Specialia 51 

P a n c r e a s  t i ssue  slices, p r e p a r e d  as in  7 were pulse  
labe l led  a t  37~ in 5 ml  of K r e b s - R i n g e r  b i c a r b o n a t e  
so lu t ion  c o n t a i n i n g  glucose a n d  a comple te  se t  of a m i n o  
acids w i t h  14C-L-leucine (0.08 mdVI; 5 /zC/lzmole) as a 
t racer .  Af te r  5 m i n  of l abe l l ing  t he  slices were washed  
w i t h  warm,  n o n - r a d i o a c t i v e  i n c u b a t i o n  m e d i u m  con ta in -  
ing a n  excess of 12C-L-leucine (2 m M ,  chase  med ium)  a n d  
r e i n c u b a t e d  in t h e  l a t t e r  for 80 rain.  Th i s  t i m e  of chase  
i n c u b a t i o n  is suf f icen t  for label led  secre tory  p ro t e in s  to  
be  t r a n s p o r t e d  f rom t h e i r  s i te  of syn thes i s  in  t he  endo-  
p la smic  r e t i c u l u m  to  zymogen  granules  a t  t he  cell apex  6. 
The  slices were t h e n  w a s h e d  aga in  a n d  t r an s f e r r ed  to new 
i n c u b a t i o n  f lasks  w i t h  f resh m e d i u m  c o n t a i n i n g  t h e  drugs  
whose  effect  on  secre t ion  h a d  to be inves t iga ted .  Concen- 
t r a t i o n s  used were as follows: ad rena l ine  3, 30 a n d  300 
tzM; ca rbamoy lcho l ine ,  100 [zM; eaerulein,  0.003 ~zM; 
panc reozymin ,  12 C r i c k - H a r p e r - R a p e r  Uni t s /ml .  I n c u b a -  
t i on  was c o n t i n u e d  for 20 a d d i t i o n a l  m i n ;  m e d i a  were 
t h e n  d e c a n t e d  a n d  cen t r i fuged  a t  h i g h  speed to  r e m o v e  
a n y  par t i c les  a n d  cell d e b r i s ;  slices were washed  and  
homogen ized  in 2 ml  of d is t i l led  water .  

P r o t e i n  r a d i o a c t i v i t y  was d e t e r m i n e d  in t i ssue  homo-  
gena tes  a n d  m e d i a  as p rev ious ly  descr ibed  v. P r o t e i n  was 
assayed  accord ing  to LOWRY et  al. s a n d  e -amylase  a c t i v i t y  
acco rd ing  to  BERNFELD9. 

Materials. All chemica l s  were reagen t -grade .  Carba-  
moy lcho l ine  a n d  caeru le in  were a gif t  of F a r m i t a l i a  L a b s  
for Bas ic  Res., Milan,  I t a l y ;  p a n c r e o z y m i n  (1800 Crick- 
H a r p e r - R a p e r  Un i t s /mg)  was a gif t  of Prof.  E. JORPES, t he  
K a r o l i n s k a  I n s t i t u t e ,  S tockholm,  Sweden.  Adrena l ine  was 
p u r c h a s e d  f rom B D H ,  Poole,  Eng land ,  a n d  14C-L-leucine 
(S.A. 250 mC:  miVI) f rom N E N ,  Langen ,  Ge rmany .  

Results and discussion. The  resu l t s  a re  s u m m a r i z e d  in 
t he  Table .  I t  is e v i d e n t  t h a t  t he  r ad iochemica l  m e t h o d  is 
m u c h  more  sens i t ive  t h a n  t he  a s say  of e -amylase ,  a 
sec re to ry  enzyme,  in  de t ec t i ng  changes  in t h e  r a t e  of 
e n z y m e  secret ion.  Thus ,  in a g r e e m e n t  w i t h  p rev ious  d a t a  ~, 7 
we obse rved  t h a t  i n c u b a t i o n  of panc rea s  slices in  t he  
presence  of e i the r  c a r b a m o y l c h o l i n e  or caerule in  resul t s  
in  a large increase  of pe rcen t age  of pulse  label led  p ro te ins  
recovered  in t he  m e d i u m  (-4-141 and  + 1 8 5 % ,  respec t ive ly)  
whi le  w i t h  t h e  e -amylase  assay  on ly  a m u c h  smal le r  in- 
crease could be  de tec ted .  Analogous ,  b u t  less reproduc ib le  
resu l t s  were found  us ing  p a n c r e o z y m i n  as a segre tagogue  
(not  shown  in t h e  Table) .  However ,  w h e n  t he  effect  of 
va r ious  c o n c e n t r a t i o n s  of ad rena l ine  on  e n z y m e  secre t ion 
was inves t iga ted ,  b y  n e i t h e r  m e t h o d  we could de t ec t  a 
s ign i f i can t  change  of t he  low, basa l  secre t ion r a t e  of 
u n s t i m u l a t e d  cells (Table,  I) as well as of the  h igh  secre t ion  
ra t e s  el ic i ted b y  t h e  segretagogues,  i.e., c a r b a m o y l -  
chol ine  a n d  caeru le in  (Table,  I I  and  I I I ) .  

I n  d i f fe ren t  sec re to ry  cells, t h e  concen t r a t i ons  of adre-  
na l ine  t h a t  we used h a v e  been  found  capab le  of inf luenc-  
ing in  v i t ro  t he  secre t ion  r a t e  e i the r  b y  exe r t ing  a n  inh ib i -  
t i on  (for i n s t ance  in p a n c r e a t i c  ac ino -duc tu l a r  5 and  in islet  
fl-cells 10) or a s t i m u l a t i o n  (for i n s t ance  in s a l iva ry  ac ina r  
cells11,12). F u r t h e r m o r e ,  t h e  doses of ad rena l ine  effect ive  
in v ivo  in i n h i b i t i n g  t he  p a n c r e a t i c  exocr ine  secre t ion  are 
such  t h a t  t he  c o n c e n t r a t i o n  of t he  d rug  a t  t he  level  of t he  

effector  o rgans  should  be  a t  t he  m o s t  of t h e  o rder  of t he  
lowest  used in  our  in  v i t ro  s tudies .  Therefore ,  t he  lack of 
a n y  de t ec t ab l e  effect  of ad rena l ine  on  p a n c r e a t i c  e n z y m e  
secre t ion  in v i t ro  s t rong ly  suggests  t h a t  the  obse rved  
changes  in v ivo  are effected a t  a level  o the r  t h a n  t he  
ac ina r  cells. 

Two possible  si tes of ac t ion  can  be envisaged.  I n j e c t i o n  
of ad rena l ine  is k n o w n  to  p roduce  in  severa l  a n i m a l  
species a va socons t r i c t i on  in t he  panc rea s  1-~. Th i s  could 
reduce  t he  access of secre tory  cells to  segre tagogues  as 
well  as oxygen  a n d  metabo l i t e s .  I t  is well  k n o w n  t h a t  t he  
supp ly  of a m i n o  acids is r a t e - l im i t i ng  for t he  syn thes i s  of 
panc rea t i c  secre tory  enzymes  13,1~; a n d  t h a t  t h e i r  syn-  
thesis,  i n t r ace l lu l a r  t r a n s p o r t  and  release are all  energy-  
r equ i r ing  processes  ~, 15 Hence  vasocons t r i c t i on  m i g h t  be  
respons ib le  of t he  in  v ivo  i n h i b i t i o n  of secret ion.  The  
poss ib i l i ty  t h a t  in  t he  panc reas  t he  exocr ine  secre t ion  is 
in f luenced  b y  a n  adrenerg ic  m e c h a n i s m  regu la t i ng  t he  
b lood  supp ly  to  t he  o rgan  is also sugges ted  b y  t he  f ind ing  
t h a t  adrenerg ic  f ibers  are d i s t r i bu t ed  v i r t u a l l y  exclus ive ly  
to b lood vessels and  islets, as d e m o n s t r a t e d  b y  h is to logica l  
and  h i s tochemica l  s tudies  le, 17. 

On the  o t h e r  h a n d  t he  in v ivo  effects  could also depend,  
a t  leas t  in  pa r t ,  on  t h e  i n h i b i t i o n  of t he  ac ino -duc tu l a r  
cells 5. This  would  cause  t he  (pro)enzymes  re leased to t he  
d u c t  s y s t e m  to  be  d ra ined  v e r y  s lowly to  the  gu t  as a 
consequence  of t he  impa i r ed  secre t ion  of wa te r  a n d  electro-  
lytes.  

Riassunto. I n  un  s i s t ema  di f e t t e  di panc rea s  di cav ia  
i n c u b a t e  in  v i t ro  l ' a d r e n a l i n a  n o n  modi f ica  l 'a t t ivi t~,  
secre tor ia  delle cellule ac inar i  n6 in condiz ioni  basa l i  n6 in 
r i spos t a  a f a rmac i  segre tagoghi  (ceruleina e ca rbamoi l -  
colina).  S e m b r a  qu ind i  p robab i l e  che  l ' in ib iz ione  della 
secrezione p a n c r e a t i c a  esocr ina  p r o d o t t a  in  v ivo  da l la  
iniezione di a d r e n a l i n a  sia d o v u t a  ad  u n  meccan i smo  
ind i re t to ,  qua le  la vasocos t r iz ione  p a n c r e a t i c a  e(o) l ' ini-  
b iz ione  del la  secrezione di a cqua  ed e le t t ro l i t i  a livello 
delle cellule ac ino-du t tu la r i .  
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Tes tos t erone  Induced Alterat ions  in Hi s tamine  M e t a b o l i s m  in Mice 

The  u r i n a r y  h i s t a m i n e  c o n t e n t  in  mice  can  be  assayed  
on a s e g m e n t  of i so la ted  gu inea-p ig  i leum. On assay ing  
t he  exc re t ion  of free h i s t amine ,  i t  was  revea led  t h a t  pro-  
found  changes  in t h e  h i s t a m i n e  m e t a b o l i s m  occurred  
d u r i n g  p r e g n a n c y  in mice  1. 

Tes tos te rone  has  been  r epo r t ed  to reduce  t he  excre t ion  
of free h i s t a m i n e  w h e n  g iven  to  c a s t r a t e d  female  r a t s  2-4. 
I n  t he  p r e sen t  s tudy ,  t he  effect  of t e s to s t e rone  on  t he  
u r i n a r y  excre t ion  of free h i s t a m i n e  a n d  me tabo l i t e s  was 
i nves t i ga t ed  in n o r m a l  female  mice. 


