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The  rise of t he  ~2-macroglobul in  level  is also di f f icul t  
to  expla in .  Th i s  p ro t e in  seems no t  to  be long  to t he  acu te  
p h a s e  r e a c t a n t s  ~, ~7 a n d  t h e  poss ib i l i ty  of i ts  e x t r a h e p a t i c  
syn thes i s  has  been  sugges ted  ~s, ~9. I t  is genera l ly  a s sumed  
t h a t  i t  has  more  t h a n  one biological  funct ion ,  b u t  w h e t h e r  
i t  pa r t i c ipa t e s  in  some m a n n e r  to  t he  r ecovery  processes  
a f te r  exercise or not ,  r e m a i n s  unclear .  

The  poss ib i l i ty  was  p rev ious ly  discussed t h a t  t he  
increase  of se rum t r ans f e r r i n  a f t e r  exercise and  t r a in ing ,  
w i t h  t he  c o n c o m i t t a n t  rise of p l a s m a  iron, is connec ted  
w i t h  t he  increased  i ron r e q u i r e m e n t  for t he  b io syn thes i s  
of F e - c o n t a i n i n g  p ro te ins  in  t he  exercised muscle  5. OSAKI 
et  al. ~~ showed t h a t  ceru loplasmin ,  wh ich  has  a fe r roxidase  
ac t iv i ty ,  s t rong ly  enhances  t he  i nco rpo ra t i on  of Fe  H in to  
apo t rans fe r r in2L  A n i m a l  e x p e r i m e n t s  also showed  t h a t  
an  e l eva t ion  of on ly  10% of t h e  in i t i a l  ce ru lop la smin  
level  in  t h e  b lood  s t r e a m  m a r k e d l y  increased  t he  p l a s m a  
i ron va lues  ~2. I t  can  the re fore  be  conc luded  t h a t  t he  
h igher  level  of b o t h  ce ru lop la smin  and  t r a n s f e r r i n  in  
a th l e t e s  s e rum is r e l a t ed  to t h e  increased  t u r n o v e r  of 
i ron a f te r  exercise. I n  th i s  respec t  one could t h i n k  of a n  
increased  loss of i ron f rom t he  f a t igued  muscle,  as well  
as of a n  e n h a n c e d  i ron u p t a k e  for t he  b iosyn thes i s  of 
i r on -con t a in ing  compounds .  D a t a  o b t a i n e d  in an ima l s  
b y  YOSHIMVRA et  al. ~ seem to  f a v o u r  t h e  l a t t e r  pos- 
sibi l i ty.  

The  p r e sen t  resul t s  pa r t i cu l a r l y  p o i n t  to  2 fac ts :  
repea ted ,  h e a v y  phys ica l  exercise ha s  a de f in i t e  effect  
- m a y b e  of a c u m u l a t i v e  n a t u r e  - on  t he  level  of severa l  
se rum glycoprote ins ,  v e r y  p r o b a b l y  connec t ed  w i t h  t he  
r ecovery  processes a f t e r  t he  exercise s t ress;  in  s tud ies  
conce rn ing  t h e  n o r m a l  va lues  of these  g lycopro te ins  in  

man ,  care  should  be  t a k e n  as to  t he  phys ica l  a c t i v i t y  of 
t h e  sub jec t s  on  t he  days  before e x a m i n a t i o n .  

Rdsumd. Les sport i fs  examin6s  au repos, aprgs p lus ieurs  
jours  cons6cut i fs  d ' e n t r a i n e m e n t  ou de comp6t i t i ons  o n t  
u n  n i v e a u  n e ~ t e m e n t  plus  61ev6 que le g roupe  de contr61e 
pou r  l ' e t - an t i t r yps ine ,  l ' a~-HS-glycoprot6ine ,  l 'e~-macro-  
globul ine,  la t r ans fe r r ine ,  la c6ru lop lasmine  et  le cuivre  
s6riques. La  s igni f ica t ion  b io log ique  possible  de ces fairs  
es t  discut6e.  
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Catecholamine Biosynthes is  in Vascular Tissue 

R a t e s  of n o r a d r e n a l i n e  (NA) b io syn thes i s  in hea r t ,  
spleen, vas  deferens  a n d  b r a i n  are genera l ly  r epo r t ed  to  
lie w i t h i n  t he  range,  0.1-0.3 [zg/g/h 1-~. However ,  w i t h  
the  excep t ion  of a r ecen t  s t u d y  4 f rom th i s  l abo ra to ry ,  in 
wh ich  p u l m o n a r y  a r t e r y  was used, t h e r e  are n o  repor t s  
of N A  b iosyn thes i s  in vascu la r  t issue. Y e t  i t  is va scu la r  
N A  b iosyn thes i s  t h a t  is p r e s u m a b l y  t he  t a r g e t  of t y ros ine  
h y d r o x y l a s e  inh ib i to r s  now  rece iv ing  increas ing  a t t e n t i o n  
as p o t e n t i a l l y  useful  d rugs  in t h e  t r e a t m e n t  of h u m a n  
h y p e r t e n s i o n  5. Lack  of knowledge  conce rn ing  vascu l a r  
syn thes i s  of N A  a nd  i ts  r egu la t ion  m a y  under l i e  t he  
u n e x p e c t e d  ineffec t iveness  of one such  inh ib i to r ,  a - m e t h y l  
tyros ine ,  in  essent ia l  h y p e r t e n s i o n  ~. As a p r e l i m i n a r y  to 
de ta i led  s t u d y  of t he  r e l a t i onsh ip  of s y m p a t h e t i c  t r ans -  
miss ion  and  N A  b iosyn thes i s  in  vascu la r  t issue, we exam-  
ined t he  convers ion  of t he  amino-ac id  precursor ,  tyros ine ,  
to  ca t echo l amine  in a v a r i e t y  of b lood vessels of t he  r abb i t .  
I t  was  our  goal  to  i den t i fy  a vascu la r  bed  w i t h  a cate-  
cho lamine  b iosyn thes i s  ra te .  suf f ic ient ly  h i g h  to  p e r m i t  
i ts  use as a mode l  in  our  f u t u r e  work.  

R a b b i t s  (1.5-2.5 kg) were kil led b y  cervical  f rac ture .  
Descend ing  tho rac i c  aor ta ,  r i gh t  femora l  a r te ry ,  m a i n  
p u l m o n a r y  a r te ry ,  super ior  mesen te r i c  a r t e r y  a n d  p o r t a l  
ve in  were r ap id ly  removed ,  c leared of a d h e r e n t  non-  
vascu la r  t i ssue  as far  as possible  a n d  i n c u b a t e d  for 15, 
30 or 60 m i n  in a t o t a l  of 2.5 ml  of o x y g e n a t e d  Krebs  
m e d i u m  (37 ~ c o n t a i n i n g  4 • 10 5 M  u n i f o r m l y  label led  
ty ros ine  C 14 (New E n g l a n d  Nuc lea r  Corpora t ion ;  F ina l  
specific a c t i v i t y  = 5 0 m c / m m o l e ) .  Af te r  i ncuba t ion ,  
vascu la r  segments  were removed ,  b l o t t e d  d r y  and  
i m m e d i a t e l y  f rozen on  d r y  ice. T h e y  were t h e n  weighed 

and  homogen ized  in 10% t r i ch loro-ace t ic  acid. Af te r  
c en t r i f uga t i on  of h o m o g e n a t e s  in  t h e  cold (4~ a t  
15,000 • g for 10 rain,  s u p e r n a t a n t  po r t i ons  were d e c a n t e d  
and  e i the r  ana lyzed  i m m e d i a t e l y  or f rozen for s u b s e q u e n t  
analys is  of ca techo lamine-C  14 and  endogenous  N A  b y  
m e t h o d s  descr ibed  earl ier  4. I n  p rev ious  e x p e r i m e n t s  4 i t  
was  found  t h a t  ove r  80% of t h e  r ad ioac t ive  c a t e c h o l a m i n e  
was in fac t  NA. In i t i a I  e x p e r i m e n t s  in  t h e  p re sen t  s t u d y  
showed t h a t  t he  r a t e  of t y ros ine  to  N A  convers ion  was 
n o t  cons i s t en t ly  l inear  if i n c u b a t i o n  was p ro longed  
b e y o n d  15 rain.  Accord ing ly  all s u b s e q u e n t  expe r imen t s  
i nvo lved  on ly  15 min  i n c u b a t i o n  periods.  The  Tab le  

' d o c u m e n t s  t he  ca lcu la ted  ca techo lamine-C  1~ syn thes i s  
r a t e  and  endogenous  N A  c o n t e n t  of. t he  b lood vessels 
used. I t  can  be  seen t h a t  t he  super ior  mesen te r i c  a r t e r y  
h a d  a surpr i s ing ly  h i g h  syn thes i s  r a t e  wh ich  was more  
t h a n  3 t imes  t h a t  r epo r t ed  1,a in h e a r t  or bra in ,  whi le  
r a t e s  in  p u l m o n a r y  a r t e r y  a n d  p o r t a l  ve in  fell w i t h i n  
l imi t s  p rev ious ly  repor ted .  The  rap id  N A  b iosyn thes i s  
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r a t e  of mesen te r i c  a r t e r y  was para l le led  b y  i ts  h igh  
endogenous  a m i n e  c o n t e n t  (Table).  

These  d a t a  focus a t t e n t i o n  on  t he  u n e x p e c t e d l y  h i g h  
c a t e c h o l a m i n e  b i o s y n t h e t i c  c a p a c i t y  of t he  super ior  

Catecholamine-C 14 biosynthesis and noradrenaline content of vascular 
tissue 

Tissue Catecholamine-C 14 Endogenous 
synthesis ~ noradrenaline 
(ng/g per h ~_ S.E.1~I.) (~g/g :~ S.E.M.) 

Aorta 67.5 4- 7.3 (10) b 0.51 4- 0.12 (4) b 
Femoral artery 106.1 4- 26.2 (6) 0.64 4- 0.14 (3) 
Pulmonary artery 208.5 4- 14.7 (6) 0.52 4- 0.10 (4) 
Mesenteric artery 629.8 4- 55.3 (7) 2.02 4- 0.24 (3) 
Portal vein 261.9 4- 39.6 (7) 0.72 4- 0.16 (4) 

mesen te r i c  a r te ry .  I n  addi t ion ,  our  resu l t s  p o i n t  to  t h e  
p o t e n t i a l  va lue  of th i s  b lood  vessel  for f u r t h e r  s t u d y  of 
adrenerg ic  t r a n s m i t t e r  b io syn thes i s  in  va scu l a r  t i s sue  6. 

Zusammen/assung. Die U m w a n d l u n g  y o n  Tyros in  in 
K a t e e h o l a m i n  wurde  in v e r s c h i e d e n e n  Blu tgef~ssen  u n t e r -  
sucht .  Die X a t e c h o l a m i n - B i o s y n t h e s e  erfolgte  a m  schnel l-  
s ten  in der  Ar t e r i a  mesen t e r i c a  sup. (0,6 ~.g/g/h), was  
z e h n m a l  h 6 h e r  l iegt  als d ie jenige  in der  A o r t a  oder  in  der  
Ar t e r i a  pu lmonal i s .  
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T h e  Effect  of T h e o p h y l l i n e  on  the  A c t i o n s  of P a n c r e o z y m i n  and Secre t in  

I n  r ecen t  years ,  cyclic A M P  has  been  imp l i ca t ed  as a n  
in t r ace l lu l a r  m e d i a t o r  of h o r m o n a l  ac t ion  1. A d m i n i s t r a -  
t ion  of t heophy l l ine ,  a m e t h y l  x a n t h i n e  wh ich  inh ib i t s  t he  
b r e a k d o w n  of cyclic A M P  2, has  been  shown  to  a u g m e n t  
or mimic  t he  ac t ion  of severa l  h o r m o n e s  3-5. T he  pos- 
s ib i l i ty  t h a t  t he  h o r m o n e s  of t he  C-.I. t r a c t  exe r t  t h e i r  
ac t ions  b y  m e a n s  of th i s  cyclic AlX{P m e c h a n i s m  has  
rece ived  scan t  a t t e n t i o n .  I t  was r epo r t ed  in 1968 6 
t h a t  t h e o p h y l l i n e  e n h a n c e d  t he  ac t ion  of h i s to log  on  
gas t r ic  secre t ion  in man ,  b u t  t i le m e c h a n i s m  invo lved  was 
no t  explored.  CASE e t  al. 7 in  1969, us ing  a n  i so la ted  per-  
fused ca t  pancreas ,  d e m o n s t r a t e d  t h a t  a flow of p a n c r e a t i c  
juice w h i c h  c o n t a i n e d  enzymes ,  could be  s t i m u l a t e d  b y  
t he  i n t r o d u c t i o n  of N 6- 2 ' - O - d i bu t y r y l - adenos i ne  3' 5'- 
m o n o p h o s p h a t e  ( d i b u t y r y l  cyclic AMP) a n d  theophy l I ine  
in to  t h e i r  per fusa te .  Th i s  g roup  s t a t e s  t h a t  a l t h o u g h  
d i b u t y r y l  cyclic A M P  a n d  t h e o p h y l l i n e  can  mimic  the  
ac t ion  of sec re t in  on  t he  flow ra te  of p a n c r e a t i c  juice, 
these  agen ts  do no t  mimic  t he  effects of panc reozymin .  
T h e y  a t t r i b u t e d  t he  a p p a r e n t  s t i m u l a t i o n  of p a n c r e a t i c  
enzymes  to  a w a s h o u t  p h e n o m e n o n  seconda ry  to t he  
increased  flow of juice.  

The  purpose  of t he  p r e s e n t  s t u d y  was to  d e t e r m i n e  
w h e t h e r  t h e  a d m i n i s t r a t i o n  of t h e o p h y l l i n e  could a u g m e n t  
t he  flow ra te ,  a n d  e n z y m e  o u t p u t  of p a n c r e a t i c  juice 
secre ted  in response  to  exogenous  secre t in  and  pancreozy-  
rain.  Because  of t he  k n o w n  peps in  s t i m u l a t o r y  ac t ion  of 
s ec re t inS  t h i s  p a r a m e t e r  was  also mon i to red .  

Materials and methods. E x p e r i m e n t s  were pe r fo rmed  
on un fed  cats ,  a n a e s t h e t i z e d  w i t h  chlora lose  (80 mg/kg ,  
i.v.). S p l a n c h n i c  ne rves  were cu t  ex t r ape r i t onea l ly ,  and  
t h e  vagus  ne rves  sec t ioned  in t he  neck.  T he  p a n c r e a t i c  
d u e t  was  c a n n u l a t e d  as i t  passed  t h r o u g h  t h e  d u o d e n a l  
wall, a n d  t h e  py lo rus  was l igated.  Gas t r ic  secre t ions  were 
col lected b y  m e a n s  of a r u b b e r  t u b e  inse r t ed  t h r o u g h  an  
oesophagea l  incis ion in  t h e  neck.  

I so smo la r  glycine (pH 6.4) was  used as a gas t r i c  
w a s h o u t  f luid a n d  t h e  peps in  c o n t e n t  of t he  w a s h o u t  was 
d e t e r m i n e d  b y  t h e  m e t h o d  of ANsoN 9, t h e  o u t p u t  of 
peps in  be ing  expressed  as m g  of ty ros ine /15  rain.  Tile 
v o l u m e  and  p r o t e i n  o u t p u t  of p a n c r e a t i c  ju ice  were 

m e a s u r e d  in 15 m i n  periods,  p r o t e i n  o u t p u t  be ing  de ter -  
m i n e d  s p e c t r o p h o t o m e t r i c a l l y  a s suming  a s t a n d a r d  of 
O.D. 1.8 = 10 m g  free p r o t e i n / m l  of p a n c r e a t i c  juice. 

Secre t in  (SN) a n d  P a n c r e o z y m i n  (PZ) were o b t a i n e d  
f rom G I H  L a b o r a t o r y  Sweden  (Secre t in  b a t c h  No. 16931; 
P a n e r e o z y m i n  b a t c h  No. 26841). These  h o r m o n e s  were  
a d m i n i s t e r e d  as c o n s t a n t  i.v. infus ions  ill doses of: P Z : 2 4  
Crick H a r p e r  R a p e r  U / k g / h ;  S N : l l . 6  cl inical  U/h ,  
i r respec t ive  of b o d y  weight .  I n fus ion  of b o t h  h o r m o n e s  
c o n t i n u e d  for t he  d u r a t i o n  of t he  expe r imen t .  ~vYhen t he  
flow ra te  a n d  p ro t e in  o u t p u t  of p a n c r e a t i c  juice h a d  
r eached  re la t ive ly  c o n s t a n t  levels (2-2.5 ml /15  rain,  1.0 - 
1.5 mg  p r o t e i n / 1 5 m i n ) ,  t h e o p h y l l i n e  (Schwarz  Biore-  
search  Inc.) was a d m i n i s t e r e d  as a c o n s t a n t  i.v. in fus ion  
(6 m g / k g  over  20 rain). 

Results and discussion. In fus ion  of t h e o p h y l l i n e  resu l ted  
in a s ign i f ican t  increase  in p a n c r e a t i c  p ro t e in  o u t p u t  
(p < 0 001), wh ich  was no t  a c c o m p a n i e d  b y  a s ign i f ican t  
a u g m e n t a t i o n  of flow r a t e  (p > 0.05) (Figure  1). The  l a t t e r  
resu l t  appea r s  to  disagree w i t h  t he  o b s e r v a t i o n s  of CASE 
et al. 7 who  r epo r t ed  t h a t  t h e i r  i so la ted  p a n c r e a s  p r epa ra -  
t ion  wh ich  p roduced  no basa l  secret ion,  could be  s t imu-  
la ted  to secrete  b y  a d m i n i s t r a t i o n  of d i b u t y r y l  cyclic 
A M P  a n d  theophyl l ine .  A possible  e x p l a n a t i o n  for our  
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