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were  s ign i f i can t ly  h ighe r  t h a n  for female  controls .  Af te r  
8 h,  the  va lues  were s ign i f i can t ly  d i f f e ren t  for all g roups  of 
a n i m a l s ;  t h e  h i g h e s t  were obse rved  in males ,  lower  in  
ova r i ec tomized  females  and  t he  lowes t  in  con t ro l  females.  
Af te r  24 h t he  OTC p l a s m a  levels in  all  g roups  of an ima l s  
decreased  be low 6 txg/ml, b u t  in  males  a n d  ovar i ec to -  
mized  females  t h e y  were st i l l  s ign i f i can t ly  h i g h e r  t h a n  in 
con t ro l  females.  Af t e r  48 h, OTC va lues  in  t h e  p l a s m a  
were n o t  measu rab le .  W h e n  doses of 10 a n d  50 m g / k g  
OTC were in jec ted ,  t h e  a n t i b i o t i c  could  n o t  be de t ec t ed  in 
p l a s m a  8 a n d  24 h a f t e r  t he  app l i ca t i on  respec t ive ly .  I t  is 
e v i d e n t  f rom t ab l e  2 t h a t  w i t h  t h e  dose of 10 m g / k g  t he  
c o n c e n t r a t i o n s  of t h e  an t ib io t i c  1 a n d  4 h a f t e r  the  appl i -  
ca t ion  d id  n o t  v a r y  s ign i f i can t ly  w i t h  t he  sex of t he  an i -  
mal .  W i t h  t h e  dose of 50 mg/kg ,  t h e  p l a s m a  levels in ma le  
a n d  female  r a t s  d i f fered s ign i f i can t ly  on ly  in t h e  l a t e r  
t i m e  in te rva l ,  i.e. 8 h a f t e r  i n j ec t i on  of t h e  an t ib io t i c .  
Discussion. S t u d y i n g  t he  inf luence  of sex fac tors  on  f a t t y  
l iver  i nduced  b y  t e t r acyc l ine ,  B r e n n  e t  al. ~ found  no  
s ign i f i can t  d i f ferences  in t h e  s e rum levels  of a n t i b i o t i c  
b e t w e e n  male  a n d  female  r a t s  3 h a f t e r  a n  i.p. app l i c a t i on  
(50-100 mg/kg) .  However ,  acco rd ing  to  our  resul ts ,  a t  
t h i s  ea r ly  i n t e r v a l  sex di f ferences  are  n o t  l ike ly  to be 
no t i ceab l e  since t h e y  seem to  a p p e a r  a t  a l a t e r  s tage.  The  
m e c h a n i s m  b y  wh ich  obse rved  dif ferences  in  p l a s m a  
levels of OTC occur  is unce r t a in .  T he  m e t a b o l i c  t r a n s -  
f o r m a t i o n  a n d  t h e  v o l u m e  of d i s t r i b u t i o n  seem un l ike ly  
to  be  o p e r a t i v e  in th i s  case, b u t  t he  l a t t e r  possibility can-  
n o t  be  comple t e ly  exc luded  in ova r i ee tomized  females  
wh ich  h a v e  a n  increased  a m o u n t  of f a t t y  t i s sue  s. How-  
ever,  ou r  resu l t s  i nd i ca t e  t h a t  t he  increased  r e t e n t i o n  of 

OTC in t h e  bones  of ma le  r a t s  obse rved  ear l ier  4, 6 is n o t  
necessar i ly  due  to  di f ferences  ill t h e  bone  t u r n o v e r  b u t  
could also be  a r e su l t  of increased  OTC level  in  t he  p lasma .  
Ovar i ec tomized  an ima l s  h a v e  h i g h e r  p l a s m a  levels t h a n  
controls .  T h e y  nea r ly  a p p r o a c h  those  of male  r a t s  in-  
d i ca t i ng  t h a t  a lack of o v a r i a n  sex h o r m o n e s  is p a r t l y  
respons ib le  for  the  obse rved  effect. 
However ,  i t  shou ld  be  k e p t  in  m i n d  t h a t  t h e  obse rved  
sex di f ferences  in  t h e  p l a s m a  levels of OTC m i g h t  also be  
of cl inical  impor t ance ,  w h e n  t he  an t ib io t i c  is a d m i n i s t e r e d  
p a r e n t e r a l l y  in h ighe r  doses accord ing  to b o d y  weight .  
F u r t h e r  s tud ies  are needed  to c la r i fy  t he  role of sex fac- 
to rs  in OTC me tabo l i sm,  especia l ly  in  i t s  e l imina t ion ,  
wh ich  seems to  be  of p r i m a r y  i m p o r t a n c e  for  e x p l a n a t i o n  
of p r e sen t ed  da ta .  
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Summary. U p t a k e  of 3 H - n o r a d r e n a l i n e  b y  t he  h e a r t  was s tud ied  w i t h  sect ions  of i sola ted a t r i a  o b t a i n e d  f rom h i g h  or 
lowlanders .  I n  n a t i v e  h igh landers ,  a f f in i ty  for 3 H - n o r a d r e n a l i n e  b y  h u m a n  a t r i a  is more  s ign i f ican t  t h a n  in lowlanders .  
F u r t h e r m o r e ,  t h e  Michael is  M e n t e n  c o n s t a n t  is lower  in  h i g h  a l t i t ude  n a t i v e ' s  hea r t .  

People  b o r n  a n d  res id ing  p e r m a n e n t l y  above  3 500 m h a v e  
a d i f fe ren t  c i r cu l a to ry  p a t t e r n  f rom lowlanders .  P u l m o -  
n a r y  h y p e r t e n s i o n  a n d  r i g h t  v e n t r i c u l a r  h y p e r t r o p h y  
were descr ibed  p rev ious ly  1. More recent ly ,  r educ t i on  in 
reg iona l  b lood  flow a n d  in ca rd iac  o u t p u t  were r epo r t ed  ~-5. 
Decrease  in local b lood s u p p l y  was a c c o m p a n i e d  b y  a n  
increase  oxygen  a r t e r i o v e n o u s  di f ference in  such  a way  
t h a t  local oxygen  c o n s u m p t i o n  was m a i n t a i n e d .  How-  
ever,  t h e r e  is a n  excep t ion :  r e d u c t i o n  in c o r o n a r y  b lood 
flow was  n o t  c o m p e n s a t e d  b y  a para l le l  decrease  of 
oxygen  c o n t e n t  in  t h e  b lood of" t he  c o r o n a r y  sinus,  so 
t h a t  oxygen  c o n s u m p t i o n  re l a t ed  to h e a r t  we igh t  was 
r educed  in h i g h  a l t i t ude  r e s iden t s  6. 
These  resu l t s  m a y  be  r e l a t ed  to changes  in t he  nor-  
ad rene rg ie  ne rvous  sys tem.  S tudies  car r ied  ou t  on  r a t s  
a r t i f i ca l ly  m a i n t a i n e d  in  cond i t ions  of h i g h  a l t i t ude  h a v e  
d e m o n s t r a t e d  t h a t  t h e  level  of ca rd iac  n o r a d r e n a l i n e  de-  
creased d u r i n g  t he  per iod  of a c c l i m a t i z a t i o n  7-9 a n d  sub-  
s e q u e n t l y  r e t u r n e d  to  i t s  n o r m a l  ra te ,  p r o b a b l y  fol lowing 
decreased  use of t he  t r a n s m i t t e r .  This  was  para l le l  to  a 
s l igh t  decrease  of t he  t u r n - o v e r  found  in h y p o b a r i c  
h y p o x i a  1~, Which m a y  be  due  e i the r  to  modi f i ca t ions  of 
b io syn thes i s  or to  changes  in  t he  i n a c t i v a t i o n  of nor -  

adrena l ine .  This  p a p e r  r epor t s  t he  di f ferences  in  nor -  
a d r e n a l i n e  u p t a k e  m a i n  rou t e  of i n a c t i v a t i o n  of t h e  t r a n s -  
mi t t e r ,  s tud ied  on  sect ions  of h u m a n  a t r i a  col lected a t  
h igh  a l t i t ude  or low a l t i t ude  in  A n d e a n  or E u r o p e a n  
popula t ions .  

1 A. Rotta, A. Canepa, A. Hurtado, T. Velasquez and R. Chavez, 
J. appl. Physiol. 9, 328 (1956). 

2 Y. Bidart, L. Drouet and J. Durand, J. Physiol. 70, 333 (1975}. 
3 J. Durand and J. P. Martineaud, Ciba Found. Symposium on 

High Altitude Physiology 1971, p. 159. 
4 J. Durand, J. P. Marc-Vergnes, J. Coudert, M. C. Blayo and J. J. 

Pocidalo. XXVI int. Congr. Physiol. Sci. Krogh Centenary 
Symposium, Srinagar, 12-16 October 1974. 

5 M. Zelter, J. Mensch-Dechene, G. Antezana, J. Coudert and A. 
Loekart, IX ann. Meet Eur. Soe. clin. Invest., Rotterdam, 
24-26 April 1975. 

6 P .R .  Motet, Ciba Found. Symposium on High Altitude Phy- 
siology 1971, p. 131. 

7 J .N.  Davis and A. Carlsson, J. Neurochem. 21, 783 (1973). 
8 D.A. Hurwitz, S. M. Robinson and I. Barofsky, Psyehopharma- 

eologia (Berl.) 79, 26 (1971). 
9 M. Stupfel, J. Roffi, C. r. Soe. Biol. 155, 237 (1961). 
10 M. Prioux-Guyonneau, J. 'Durand, J. R. Rapin and Y. Cohen, 

Experientia 32, 1024 (1976). 



740 Specialia EXI'ERIENTIA 33]6 

Material and methods. 1 .7 -aH-noradrena l ine  (7.2 C/mmole)  
was  o b t a i n e d  f rom ti le  R a d i o c h e m i c a l  Cen te r  A m e r s h a m ,  
E n g l a n d ,  1 -noradrena i ine  was f rom Calb iochem.  F rag -  
m e n t s  of r i g h t  a t r i a  were  col lected d u r i n g  su rge ry  
(congeni ta l  a t r i a l  s ep t a l  defect)  f r om per sons  of 20-50 
yea r s  old, a t  low or a t  h i g h  a l t i tude .  T h e  su rge ry  was 
p e r f o r m e d  a t  h i g h  a l t i t u d e  (La Paz ,  Bol iv ia ,  3,800 m) or 
a t  low a l t i t u d e  (Paris ,  300 m).  I n  b o t h  cases, t he se  pa -  
t i e n t s  who  h a d  n o  h i s t o r y  of conges t ive  h e a r t  fa i lure  
(i.e. m y o c a r d i a l  c a t e c h o l a m i n e s  level  does n o t  change)  
were g iven  t h e  same  med ica l  t r e a t m e n t  p r io r  to  surgery .  
P r e m e d i c a t i o n  inc luded  cura r i z ing  agen t s  or  m o r p h i n e  
de r iva t ives .  A f t e r  coliectiorL, t h e  h e a r t  t i s sue  was  p laced  
in  cooled Mac I lwa in  fluid.  T he  0.5 m m  a t r i a  sec t ions  
were o b t a i n e d  b y  m e a n s  of a t i s sue  shcer  a n d  i n c u b a t e d  
a t  37~ in  3.5 ml  o x y g e n a t e d  Mac I lwair t  f luid i n  t h e  
p resence  of 1 -3H-noradrena l ine .  I n c u b a t i o n  was  per-  
fo rmed  in  t h e  p re sence  of 1 n g  n o r a d r e n a l i n e  for  2, 5, 10, 
15 a n d  20 min,  I n  a n o t h e r  series of tes ts ,  t h e s e c t i o n s  were  
i n c u b a t e d  for  10 m i n  in t h e  p resence  of inc reas ing  
a m o u n t s  of n o r a d r e n a l i n e  (10, 20, 50, 100 a n d  200 ng  
pe r  ml  of s u p e r n a t a n t ) .  Af t e r  i ncuba t i on ,  t h e  sect ions  
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Fig. 1. Time-course of 3H-noradrenaline uptake in human atrium 
sections. The tissue was incubated in 10 ml of Mac Ilwain with 1 
ng/ml of ~H-NA. @--@ lowlanders atria. �9 highlanders atria. 
Each point represents the mean ~c SEM from 5-7 determinations. 
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Fig. 2. ~H-noradrenaline uptake in atria from lowlanders or high- 
landers, plotted according to Lineweaver and Burk. The incubation 
time was 10 rain. Each point is the mean of 5 determinations. The 
line was calculated by linear regression analysis, correlation co- 
efficient = 0.96. Velocity (V) = uptake of ~H-noradrenaline ng/g 
10 ran. Substrate concentration S ~ ng/ml *H-noradrenaline. 

were r insed  w i t h  a cold buf fe r  for  a few seconds,  d r ied  on  
f i l te r  p a p e r  a n d  weighed.  T h e y  were t h e n  h o m o g e n i z e d  in  
0.4 N perch lor ic  acid c o n t a i n i n g  0 .5% E D T A  a n d  0 .5% 
sod ium metab i su l f i t e .  N o r a d r e n a l i n e  was  i so la ted  b y  ad -  
so rp t i on  on  a l u m i n a  accord ing  to  A n t o n  a n d  Sayre  n .  
N o r a d r e n a l i n e  was e lu ted  w i t h  8 ml  of 0.4 N I-IC10~. A n  
a l i quo t  was  t a k e n  for  d e t e r m i n a t i o n  of 3H-norad rena l ine  
b y  l iquid  sc in t i l l a t ion  coun t ing .  The  re s t  was  used  for 
f luo r ime t r i c  d e t e r m i n a t i o n  of noradrenal ine1% R e c o v e r y  
of n o r a d r e n a l i n e  was 79 + 3%.  
Results and discussion. Figure  1 shows t he  k ine t ics  of 
n o r a d r e n a l i n e  u p t a k e  b y  sec t ions  of h u m a n  a t r i a .  U p t a k e  
of 3H-norad rena l ine  a t  a dose  of 1 n g / m l  was  l inea r  u p  to  
20 miu  w h e n  t h e  a t r i u m  f r a g m e n t  came  f rom a low 
a l t i t u d e  res iden t .  I n  n a t i v e  h igh l ande r s ,  a f f in i ty  for 
3H-norad reua l ine  was  more  s ign i f i can t  t i t an  in  low- 
landers ,  b u t  t h e r e  was no  l i n e a r i t y  a f t e r  10 min .  Nor-  
a d r e n a l i n e  level  va r i ed  c o n s i d e r a b l y  d e p e n d i n g  on  t he  
p a t i e n t ' s  cond i t ions  a n d  t r e a t m e n t s .  However ,  t h e  ave r -  
age a m o u n t s  obse rved  of n o r a d r e n a l i n e  were 0.95 ~tg/g =~ 
0.15 in lowlande r s  a n d  1.20 :L 0.20 in  n a t i v e  h igh l ande r s .  
A l t h o u g h  these  v a r i a t i o n s  were  n o t  s t a t i s t i ca l ly  signifi-  
can t ,  t h e y  h a v e  a n  i nd i ca t i ve  value .  B o t h  in lowlanders  
a n d  in n a t i v e  h igh lande r s ,  n o r a d r e n a l i n e  u p t a k e  follows 
Michae l i s -Menten  k ine t ics  (figure 2). The  Km a n d  Vmax 
were d e t e r m i n e d :  (a t  low a l t i tude ,  K m =  0.23 Fmoles a n d  
Vmax = 100 ng /g  m i n ;  a t  h i g h  a l t i t ude ,  Km = 0.13 a n d  
Vm&x = 80). 
The  re su l t s  showed  t h a t  t h e r e  are  di f ferences  b e t w e e n  
af f in i t ies  for n o r a d r e n a l i n e  u p t a k e  b y  a t r i a  f rom persons  
a t  h i g h  or low a l t i tude .  Us ing  a 1 n g / m l  dose of ~H-nor-  
a d r e n a l i n e  a m i n e  f i xa t i on  t akes  p lace  a t  n e u r o n e  level  
a n d  cor re la tes  w i t h  I v e r s e n ' s  up t ake .  N e u r o n a l  u p t a k e  
was found  to  follow Michae l i s -Men ten  kinet ics ,  a l t h o u g h  
t h e  a f f in i ty  is more  s ign i f i can t  for  t he  u p t a k e  s i tes  of t h e  
n a t i v e  h igh lande r s .  A t  low a l t i tude ,  t h e  va lues  of K ~  a n d  
Vmax were of t h e  s ame  order  of m a g n i t u d e  as t hose  found  
in r a t s  us ing  a pe r fus ion  t e c h n i q u e  of t he  i so la ted  h e a r t  
accord ing  to  I ve r s en  e t  a133, a n d  those  found  in m a n  
a f t e r  i n c u b a t i o n  of t i s sue  sect ions  1~. I n  spi te  of t h e  in  
v i t r o  cond i t ions ,  t h e  e n d o g e n o u s  n o r a d r e n a l i n e  c o n t e n t  
of t he  a t r i a  was  close to  t h e  one  p rev ious ly  r e p o r t e d  is, ~6 
T h e  q u a n t i t a t i v e  d i f ference  obse rved  b e t w e e n  n o r a d r e n a -  
l ine  u p t a k e  in lowlanders  a n d  h i g h l a n d e r s  is r e l a t ed  to t he  
more  s ign i f i can t  a f f in i ty  found  a t  h i g h  a l t i tude .  Th i s  
r e su l t  m a y  be  due  to  a more  eff ic ient  u p t a k e  of nor -  
a d r e n a l i n e  b y  t he  a x o n  m e m b r a n e  p u m p ,  w h i c h  reduces  
c a t e c h o l a m i n e  was t age  a n d  secondar i ly  induces  t h e  s l ight  

i n c r e a s e  of endogenous  no rad rena l i ne .  T h i s  ac t ion  shou ld  
be  para l le l  to  t h e  decreased  oxygen  d e m a n d  of t h e  h e a r t  
cells, a n d  t he  decrease  of n o r a d r e n a l i n e  t u r n - o v e r  ra te .  
However ,  one m a y  ask  w h a t  is t he  t r i ggen ing  f ac to r :  is i t  
t h e  func t i on  of t h e  m e m b r a n o u s  p u m p  for no rad rena l ine ,  
t he  decrease  of t h e  n o r a d r e n a l i n e  t u r n - o v e r  ra te ,  or  t h e  
decrease  of oxygen  c o n s u m p t i o n  ? 
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