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Comparative Effects of Caerulein, Pancreozymin 

Caerulein ,  t h e  n a t u r a l  d e c a p e p t i d e  f rom Hyla  caerulea 
skin,  induces ,  l ike p a n c r e o z y m i n ,  a n  inc rease  in  v o l u m e  
flow a n d  e n z y m a t i c  c o n t e n t  of p a n c r e a t i c  ju ice  as  s h o w n  
b y  ERSPAMER et  al.i.  

W e  showed  in a p r e v i o u s  i n v e s t i g a t i o n  ~ t h a t  caeru le in  
increases  b lood  flow t h r o u g h  t h e  p a n c r e a t i c o d u o d e n a l  
a r t e r y  a n d  t h r o u g h  i ts  b r a n c h  s u p p l y i n g  t he  pancreas .  
T h e  v a s o d i l a t i n g  effect  of cae ru le in  on  t h e  p a n c r e a t i c  
v a s c u l a r  d i s t r i c t  was  p r e s e n t  a t  doses w h i c h  s t i m u l a t e  
p a n c r e a t i c  e x t e r n a l  secre t ion  a n d  was n o t  a c c o m p a n i e d  
b y  o t h e r  i m p o r t a n t  c a r d i o v a s c u l a r  a l t e ra t ions .  Also an-  
o t h e r  p a n c r e a t i c  s t i m u l a t i n g  a g e n t  s, t h e  gas t r in - l ike  
p e n t a p e p t i d e  ICI  50,123, was  ac t ive  on  b o t h  p a n c r e a t i c  
e x t e r n a l  secre t ion  a n d  on  p a n c r e a t i c  b lood  flow, be ing  
h o w e v e r  25 t i m e s  less ac t ive  t h a n  caerule in .  

H i g h l y  pur i f ied  samples  of p a n c r e o z y m i n  a n d  secre t in  
k i n d l y  suppl ied  b y  Prof.  JORPES, p e r m i t t e d  a c o m p a r a t i v e  
i n v e s t i g a t i o n  of t he  effects  of these  2 h o r m o n e s  a n d  caeru-  
lein on  p a n c r e a t i c  v a s c u l a r  beds.  

W h i l e  t h e r e  is no  d o u b t  t h a t  sec re t in  increases  b lood  
flow to  t h e  p a n c r e a s  a-e, p a n c r e o z y m i n  was found  to  in-  
crease t h e  b lood  c o n t e n t  of t he  g land7 b u t  to  be  i nac t i ve  
w h e n  i so tope  c lea rance  t e c h n i q u e s  were  used 6. 

P a n c r e a t i c  b lood  flow of 5 beagle  dogs fas ted  o v e r n i g h t  
a n d  a n a e s t h e t i z e d  w i t h  u re thane -ch lo ra lose ,  was  meas-  
ured.  Th i s  was  accompl i shed  b y  p lac ing  a n  e l ec t romagne t i c  
f low p r o b e  a r o u n d  t h e  c a u d a l  p a n c r e a t i c o d u o d e n a l  
a r t e r y  8. I n  th i s  way  a m i x t u r e  of u n d e t e r m i n e d  p ropo r -  
t ions  of p a n c r e a t i c  a n d  d u o d e n a l  flow was measu red .  On  
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t h e  o t h e r  h a n d ,  a n e a r l y  p u r e  p a n c r e a t i c  b lood  f low was  
r eco rded  w h e n  t h e  m a i n  d u o d e n a l  b r a n c h e s  of t h e  a r t e r y  
were l iga ted  or w h e n  t h e  vessel  j u s t  before  i t s  e n t r y  i n to  
t h e  p a n c r e a s  was  big  e n o u g h  to  a l low t h e  p l a c e m e n t  of a 
f low probe .  I n  these  cases, p o s t  m o r t e m  in jec t ions  of 
i n d i a n - i n k  s t a i n ed  m a i n l y  t h e  r i g h t  p o r t i o n  of t h e  p a n c r e a s  
b u t  t h e  n e a r b y  d u o d e n u m  v e r y  s l ight ly .  W h e n  vessels  to  
t h e  p a n c r e a s  were  l igated,  i n d i a n - i n k  s t a i n ed  on ly  t h e  
d u o d e n u m .  T o t a l  f emora l  b lood  flow was  m e a s u r e d  a t  t h e  
f emora l  t r i angle .  All b lood  flows (mean  a n d  phas ic)  were  
m e a s u r e d  b y  N y c o t r o n  372 S e l ec t romagne t i c  f lowmeter ,  
a n d  b lood  pressure  b y  a S t a t h a m  P 23 D b  t r a n s d u c e r .  H e a r t  
r a t e  was  c o u n t e d  f rom t h e  t rac ings .  All p a r a m e t e r s  were 
r ecorded  s i m u l t a n e o u s l y  b y  a Honeywe l l  1508 Vis icorder .  
T h e  s u b s t a n c e s  were  a d m i n i s t e r e d  i.v. b y  r ap id  in jec t ions  
a n d  doses expressed  as ng  for  caerule in ,  as I v y  dog un i t s  
( IDU) for  p a n c r e o z y m i n  a n d  as cl inical  un i t s  (CU) for  
secret in .  

Some  of our  resu l t s  are  r epo r t ed  in F igures  1 a n d  2. I n  
acco rdance  w i t h  p rev ious  resul ts ,  cae ru le in  caused  a 
b lood  f low increase  t h r o u g h  t h e  p a n c r e a t i c o d u o d e n a l  
a r t e ry .  Th i s  effect  was  s a t i s f ac t o ry  dose- re la ted ,  a t  l eas t  
in  t h e  dose r ange  of 2 -30  n g / k g  i.v. used in these  exper i -  
men t s .  

Af te r  a l a t e n c y  of 20-30  sec, b lood  flow s t a r t e d  to  in-  
crease  a n d  r each ed  i ts  p e a k  effect  in  a b o u t  40-60  see 
a f t e r  t h e  in jec t ion .  E v e n  a t  t h e  h i g h e s t  dose t h e  ac t ion  
l a s t ed  no  more  t h a n  6 min.  Also p a n c r e o z y m i n  caused  a 
dose - re la ted  increase  of b lood  flow f rom 0.1-1.5 I D U .  T h e  
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Fig. 1. Effects of graded i.v. doses of caerulein, pancreozymin, and 
seeretin on pancreaticuduodenal (PD.A) and on total femoral blood 
flow (F.A.). 
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Fig. 2. % variations of pancreaticoduodenal blood flow and vascular 
resistance against increasing doses of caerulein, panereozymin and 
seeretin. 
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responses  were  s imi la r  to  those  of caeru le in  w i t h  respec t  
to  l a tency ,  p e a k  effect,  d u r a t i o n  of ac t ion ,  a n d  absence  of 
t a c k y p h y l a x i s .  

Secre t in  in  t h e  r a n g e  of 0 .08-0.8  CU b e h a v e d  s imi la r ly  
e x c e p t  for  a f l a t t e r  dose- response  curve .  B o t h  caeru le in  
a n d  p a n c r e o z y m i n  were  t e s t ed  on  t h e  nea r ly  pu re  pan -  
c rea t i c  b lood flow. I n  t h i s  case too, t h e  pep t ides  showed  
even  more  p r o n o u n c e d  v a s o d i l a t i n g  ac t ion .  Ne i t he r  caeru-  
lein no r  p a n c r e o z y m i n  a n d  secre t in  modi f ied  a r t e r i a l  
b lood  pressure ,  h e a r t  r a t e  or  t o t a l  f emora l  flow- in t h e  
r a n g e  of doses  a c t i v e  on  p a n c r e a t i c  b lood  flow. 

I n  conclusion,  all t h e  agents ,  caerule in ,  p a n c r e o z y m i n ,  
secre t in  a n d  ICI  50,123, k n o w n  to  s t i m u l a t e  p a n c r e a t i c  
e x t e r n a l  secre t ion,  are  able  to  increase  a r te r ia l  b lood in- 
flow to  t he  g land  b y  r educ ing  local ly va scu l a r  res is tances .  
Th i s  m a y  be  due  to  a f u n c t i o n a l  h y p e r a e m i a  in t h e  
a c t i v a t e d  gland.  

However ,  a c o m p a r i s o n  be tween  ou r  d a t a  on  b lood f low 
w i t h  those  of ERSPAMER et  al. ~ on  t h e  v o l u m e  of p a n -  
c rea t ic  secre t ion  shows t h a t  p a n c r e o z y m i n  a n d  caerule in ,  
ove r  a wide  r ange  of doses, f r om the  t h r e s h o l d  one  up-  

wards ,  p ro d u ce  b o t h  a n  increase  in sec re to ry  r a t e  a n d  in 
a r te r ia l  b lood  inflow to  t h e  g l a n d ;  secret in ,  on  t h e  con-  
t r a ry ,  increases  sec re t ion  a t  doses b y  fa r  lower  t h a n  t hose  
ac t ive  on  b lood flow. Therefore ,  s ec re t in  s t i m u l a t i o n  of 
p a n c r e a t i c  secre t ion  m a y  occur  i n d e p e n d e n t l y  of a corre-  
s p o n d i n g  increase  in b lood flow to  t h e  g land.  

Riassunto. I .a  reg i s t raz ione  del ftusso e m a t i c o  d e w a r -  
t e r i a  p a n c r e a t i c o d u o d e n a l e  c au d a l e  con  f luss ime t ro  elet-  
t r o m a g n e t i c o  h a  messo  in e v i d e n z a  u n a  p o t e n t e  az ione  
v a s o d i l a t a t r i c e  del la  cerute ina ,  de l la  p a n c r e o z i m i n a  e del la  
secre t ina ,  a l ivello del pancreas ,  in a s senza  di modi f ica-  
zioni del ia  press ione  ar te r iosa ,  del la  f r e q u e n z a  ca rd i aca  e 
del flusso ema t i co  femorale .  
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Decrease of Norepinephrine in Brain and Heart of Vitamin E Deficient Rats 

I n  ra ts ,  v i t a m i n  E is requ i red  for t he  n o r m a l  deve lop-  
m e n t  of t h e  foe tus  a n d  t he  n o r m a l  f u n c t i o n  of t i s sues  such  
as  tes t is ,  muscle ,  h y p o p h y s i s  a n d  t h y r o i d  as  well as t h e  
c e n t r a l  n e r v o u s  s y s t e m  ~-s. V i t a m i n  E ha s  a n t i o x i d a t i v e  
p rope r t i e s  e,7 a n d  m i g h t  t h u s  be  i nvo lved  in t he  syn thes i s  
a n d / o r  c a t a b o l i s m  of no rep ineph r ine .  A l t h o u g h  norep ine-  
p h r i n e  is h igh ly  sens i t ive  to  oxygen ,  i ts  f o r m a t i o n  inc ludes  
2 m i x e d - f u n c t i o n  ox ida t ions ,  i.e. t h e  h y d r o x y l a t i o n  of 
t y r o s i n e  s a n d  of d o p a m i n e %  

I n  t h e  p r e s e n t  s tudy ,  t h e  level  of n o r e p i n e p h r i n e  a n d  
t he  a c t i v i t y  of t y ro s ine  h y d r o x y l a s e  a n d  dopamine- f l -  
h y d r o x y l a s e  was  m e a s u r e d  in t he  b r a i n s  a n d  h e a r t s  of 
v i t a m i n  E def ic ien t  ra ts .  

F e m a l e  a lb ino  r a t s  f rom a closed r a n d o m i z e d  c o h m y  
(s tock Fii lI insdorf) ,  4 weeks  of age, were  fed a d ie t  con-  
t a i n i n g  no  v i t a m i n  E 10, ad  l ib i tum.  Con t ro l  a n i m a l s  ( E + )  
were  g iven  pe r  s t o m a c h  t u b e  1 m g  DL-=-tocopherol  a c e t a t e  
d i sso lved  in 0.2 ml  of ol ive oil free of pe rox ides  a n d  
v i t a m i n  E once  weekly.  V i t a m i n  E de f i c i en t  r a t s  (E-- )  
rece ived  ol ive oil l ack ing  tocophero l .  A l t e r  13 a n d  17 
weeks t he  a n i m a l s  of g roup  E - -  were  a l m o s t  dep le t ed  of 
v i t a m i n  E since 92 ± 4 %  of these  a n i m a l s  showed  
d ia lu r ic  ac id - induced  hemolys i s  zo, z:t whe rea s  e r y t h r o c y t e s  
of con t ro l s  r e m a i n e d  unaf fec ted .  

I n  t he  b r a i n s  a n d  h e a r t s  of t he  r a t  g r o u p  E - - ,  t h e  
n o r e p i n e p h r i n e  level  dec reased  s lowly to a b o u t  75% of 
t h a t  of con t ro l s  in  17 weeks (p < 0,01) a n d  25 weeks 
( <  0.001) respec t ive ly .  Th i s  e t fec t  seems to  be  due  to 
v i t a m i n  E def ic iency  only,  s ince t h e  decrease  of norep ine-  
p h r i n e  was  c o m p l e t e l y  r eve r sed  b y  s u b s e q u e n t  a d m i n i s -  
t r a t i o n  of DL-e- tocopherol  for  a b o u t  2 m o n t h s  (Figure) .  

T h e  d r o p  of n o r e p i n e p h r i n e  in b r a i n  a n d  h e a r t  seems to  
be  r e l a t ive ly  specific since in t h e  g roup  E - -  t he  we igh t  
cu rve  (Figure) ,  t he  su rv iva l  r a t e  (no s p o n t a n e o u s  dea ths )  
as well  as t he  we t  we igh t  of t h e  o rgans  (p > 0.05 of E - -  
as  c o m p a r e d  to  E + )  were t he  s ame  as  in cont ro ls .  

T h e  r e p o r t e d  e x p e r i m e n t  was  pe r fo rmed  f rom F e b r u a r y  
to  A u g u s t  1967. I t  was  r e p e a t e d  twice  w i t h  co r r e spond ing  
resul ts ,  i.e. f r om May  to  D e c e m b e r  1967 a n d  f rom 
S e p t e m b e r  1967 to  J a n u a r y  1968. I n  consequence ,  t h e  

d rop  of n o r e p i n e p h r i n e  c a n n o t  be  r e l a t ed  to  seasona l  
va r i a t ions .  

T h e  decrease  of n o r e p i n e p h r i n e  in t h e  b r a i n s  a n d  h e a r t s  
of t h e  E - -  g roup  was  n o t  ref lec ted  b y  a n y  c h a n g e  in t h e  
a c t i v i t y  of t y ros ine  h y d r o x y l a s e  in  t h e  b r a i n  nor  of 
d o p ami n e - f l - h y d ro x y l a s e  in the  h e a r t  (Table),  e n z y m e s  
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Level of norepincphrine in the brains and hearts as well as body 
weight ill vitamin 1'; deficient rats. Norepinephrine was measured 
spectrophotofhmrinwtrically~L By internal standards i t  was excluded 
that the assay of norepinephrine was affected in E---. l,'ach txfint 
represents mean ~: S.F. of 3 determinations. The arrow indicates 
t h e  replacement of diet 1 ¢- by E+. The mean body weight ± S.E. 
was calculated from 70 rats (0 time) down to 9 rats (23 weeks). 


