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S e r u m  Glycoprotein Levels in Athletes  in Trainin~ 1 

I t  was p rev ious ly  r epo r t ed  t h a t  a th le tes ,  e x a m i n e d  a t  
r e s t  a f t e r  severa l  days  of phys i ca l  t r a in ing ,  h a v e  a 
s ign i f i can t ly  h ighe r  level  of t he  s e rum t o t a l  p r o t e i n - b o u n d  
hexoses  t h a n  h e a l t h y  n o n - a t h l e t e s  or a th l e t e s  a f t e r  2 -4  
days  of i n t e r r u p t i o n  of t he i r  t r a i n i n g  p r o g r a m 2 - t  The  
p r o t e i n - b o u n d  hexose  va lues  are st i l l  s ign i f i can t ly  h ighe r  
if on ly  sub jec t s  of t h e  ' t r a i n i n g '  g roup  w i t h  up  to  20% 
y-globul ins  in  t he  e l ec t rophore t i c  p a t t e r n  are t a k e n  in to  
cons idera t ion .  F u r t h e r  i nves t iga t ions  in  long-d i s t ance  
cyclists  in  t r a i n i n g  showed  a s ign i f i can t ly  h igher  level  - as 
c o m p a r e d  to n o r m a l  sub jec t s  - of t he  fol lowing i n d i v i d u a l  
g lycopro te ins :  t r a n s f e r r i n  and  a2-macroglobul in  s, ~ - a c i d  
g lycopro te in  7 a n d  ce ru lop la smin  s. 

I t  s eemed  of i n t e r e s t  to  check  these  l a t t e r  obs e r va t i ons  
in  sub jec t s  engaged  in o the r  spor t s  t h a n  cycling,  as well  
as to  e x t e n d  t he  i nves t i ga t i ons  to  o the r  s e rum glyco- 
p ro t e in s  in  t he  cond i t ions  m e n t i o n e d  above .  

2 groups  of a p p a r e n t l y  hea l thy ,  y o u n g  a d u l t  males  
were  i n v e s t i g a t e d :  The  ' con t ro l '  g roup  was fo rmed  of 
med ica l  s tuden t s ,  m o s t  of t h e m  phys ica l ly  act ive ,  exam-  
ined a f t e r  3 -4  days  w i t h o u t  no t i ceab le  phys ica l  s t ra in .  
On ly  sub jec t s  w i t h  a n o r m a l  e lec t rophore t i c  p a t t e r n  (i.e. 
~2-globulins up  to  9% a n d  y-globul ins  less t h a n  20%) 
were t a k e n  in to  cons idera t ion .  

The  group  of ' a t h l e t e s  in  t r a i n i n g '  cons i s ted  of runners ,  
rowers,  boxers  a n d  skiers, m e m b e r s  of t he  W e s t  G e r m a n  
n a t i o n a l  t eams ,  aged 18-30. T h e y  were e x a m i n e d  a f te r  
3-5 days  of i n t ense  phys i ca l  a c t i v i t y  (e i ther  90 m i n  daily,  
or 60 ra in  twice  a day).  On ly  sub jec t s  h a v i n g  h a d  no 
r ecen t  a th l e t i c  i n j u r y  or i l lness were selected.  T he  m e a n  
level  of t he  i m m u n o l o g i c a l l y  e s t i m a t e d  se rum v-G glob- 
u l in  in t h i s  g roup  was 10603= 120 rag/100 ml, wh ich  is 
to  be cons idered  as normal .  

S e r u m  copper  was d e t e r m i n e d  w i t h  t he  s u l p h o n a t e d  
b a t h o c n p r o i n  procedureS;  p r o t e i n - b o u n d  hexoses  w i t h  
t he  sulfur ic  ac id-bor ic  a c i d - t r y p t o p h a n  m e t h o d  s. The  
g lycopro te ins  ceru loplasmin ,  a2-macroglobul in  t r ans fe r r in ,  
e~-an t i t ryps in  and  e~-HS g lycopro te in  were d e t e r m i n e d  
w i t h  t he  single r ad ia l  i m m u n o d i f f u s i o n  procedure ,  on 
P a r t i g e n - P l a t e s  (Behr ingwerke ,  M a r b u r g / L a h n ) .  The  
Tab le  s u m m a r i z e s  t h e  resu l t s  o b t a i n e d  in b o t h  groups.  

The  level  of t he  t o t a l  p r o t e i n - b o u n d  hexoses  is com- 
p a r a b l e  to  t he  va lues  p rev ious ly  r epo r t ed  for a th l e t e s  in 
t r a i n i n g  ~-~ a n d  s ign i f i can t ly  d i f fe ren t  f rom t he  n o r m a l  
va lue  ( 1 1 0 - 1 2 0 m g / 1 0 0 m l ) .  Values  of t h e  i n d i v i d u a l  
g lycopro te ins  in  t he  con t ro l  g roup  agree well  w i t h  ear l ier  
p u b l i s h e d  d a t a  f rom th i s  l a b o r a t o r y  ~,s,~~ T he  signifi-  
c a n t l y  h ighe r  level  of e.~-macroglobulin, ce ru lop la smin  
and  t r a n s f e r r i n  is c o m p a r a b l e  to  s imi la r  obs e r va t i ons  in  
long-d i s tance  cyclists .  L ike  ceru loplasmin ,  s e rum copper  
is also e l eva ted  in  a th le tes ,  b u t  t he  r a t io  copper  to  cerulo- 

p l a s m i n  is no t  s ign i f i can t ly  a l tered.  H i g h e r  va lues  of 
e~-HS g lycopro te in  and  cq-an t i t ryps in  in a th l e t e s  are  for 
t he  f i rs t  t i m e  r epo r t ed  in th i s  paper .  

I t  could  be  a s s u m e d  t h a t  a th l e t e s  in  t r a i n i n g  h a v e  a 
level  of se rum p r o t e i n - b o u n d  hexoses  20-25 rag/100 ml  
h ighe r  t h a n  t h a t  of con t ro l  subjectsS,  5,~. I f  t he  hexose  
c o n t e n t  of t h e  ana lysed  g lycopro te ins  is ca lcu la ted  f rom 
the  d a t a  ava i l ab le  in  t he  l i t e r a tu re  ~x-~, t h e n  a b o u t  
7 m g  hexoses /100 ml  of t he  a b o v e - m e n t i o n e d  di f ference 
are accoun ted  for b y  t he  h igher  level  of t he  g lycopro te ins  
in  t h e  sera  of a th le tes .  

I t  was p rev ious ly  r epo r t ed  t h a t  t h e  increased  cq-acid 
g lycopro te in  level  also accoun t s  for  a b o u t  5 m g  of 
p r o t e i n - b o u n d  hexose/100 ml  more  in a th l e t e s  in  t r a i n i n g  L 
Thus ,  the  6 d e t e r m i n e d  g lycopro te ins  could be  respons ib le  
for s o m e w h a t  more  t h a n  t he  ha l f  of t he  'p lus '  20-25 m g  
bound-hexoses  in  a th le tes .  

The  biological  s ignif icance of these  f ind ings  is no t  ye t  
clear. Severa l  fac ts  could never the les s  be  discussed.  The  
physio logica l  func t ions  of t h e  c%-HS g lycopro te in  are no t  
k n o w n ;  besides,  i ts  e l eva ted  va lue  in a th l e t e s  needs  more  
conf i rmat ion .  

~ l - an t i t r yps in  is k n o w n  to b e h a v e  as an  i n h i b i t o r  of 
severa l  p ro teo ly t i c  enzymes  n, and  i t  could  be  specu la ted  
w h e t h e r  i ts  h ighe r  level  cont ro l s  a poss ible  e n h a n c e d  
p ro teo ly t i c  a c t i v i t y  in  t he  se rum a f t e r  exercise. I n  fact ,  
such  an  e n h a n c e d  a c t i v i t y  in  a th l e t e s  was found  for t he  
a m i n o  ac id -a ry lpep t idases  ~5. E x p e r i m e n t a l  ev idence  is 
l ack ing  conce rn ing  changes  of o t h e r  p ro te in -  a n d  pep t ide-  
d e g r a d a t i n g  enzymes  in serum, in cond i t ions  of exercise. 
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Serum glycoprotein and copper levels in control subjects and in athletes in training. The number of subjects is given in parentheses 

mg/100 mI Control group Athletes Significance of 
the difference 
(Students t-test) 

Protein-bound hexoses 
cq-antitrypsin 222 ~ 31.4 (15) 
ct2-HS-glycoprotein 50.5 • 7 (19) 
ct2-maeroglobulin 214 i 35.5 (11) 
Transferrin 225 =L 27.8 (11) 
Ceruloplasmin 31 ~= 1.7 (10) 
Copper ~zg/100 m1 92 i 9.2 (16) 

135 i 7.1 (14) 
275 ~ 36.8 (12) p<0.001 

57.8 ~ 5.35 (10) p<0.01 
295 :~ 39.3 (14) /5<0.001 
263 :~= 31.7 (14) p<o.01 

41 ! 4.6 (18) /5<0.001 
117 ~ 6.4 (18) p<0.001 
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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.  

G. HARALAMBIE ~4 and  J. KEUL 

Medizinische Universitiitshlinik und Lehrstv{hl /~tr Kreis- 
lau//orschung, D-78 Freiburg/Breisgau (Germany), 6 March 
1970. 

lg M. WERNER, Clin. chim. Acta 25, 299 (1969). 
17 R. CROCKSON, C. PAYNE, A. RATCLIFF and J. SOOTHILL, Clin. 

chim. Aeta 14, 435 (1966). 
18 j .  PRUNIER, A. BEARN and H. CLEVE, Proe. Soc. exp. Biol. Med. 

115, 1005 (1964). 
19 H. CLEVE arid G. STROHMEYER, Klin. Wschr. 45, 1051 (1967). 
29 S. OSAKI, D. JOHNSON and E. FRIEI)EN, J. biol. Chem. 241, 2746 

(1966). 
91 S. OSAKI and D. JOHNSON, J. biol. Chem. 244, 5757 (1969). 
22 H. RAGHN, S. NAcH% G. LEE, C. BISHOP and G. CARTWRIG~Z, Am. 

J. Physiol. 217, 1320 (1969). 
23 H. YOSHIMURA, T. YAMADA, SH. KIMURA and A. OTSUKA, Abstr. 

Papers. Intern. Congr. Sport Sci. (Tokyo, 1964), p. 127. 
~a Dozeriten-Stipendiat der Alexander-von-Humboldt-Stiftung. 

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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