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Haptoglobinuria  Fol lowing Muscular Exercise 

Muscular  exercise is accompanied  by  an increase in 
u r ina ry  prote in  excret ion.  T h o u g h  a lbumin  represents  the  
ma jo r  fract ion,  we have  been able to revea l  abou t  f i f teen 
pro te ins  of p lasma origin in ur ine  ob ta ined  af ter  phys ica l  
effort  L A m o n g  these,  our  a t t e n t i o n  has been d rawn  to  the  
haptoglobin ,  the  presence of which has been suggested by  
PATTE et  al. ~ and then  establ ished by  BERGGkRD ~ in 
normal  urine. Only the  monomer ic  f ract ion of hap tog lobin  
has  been found in normal  urine*. I n  or thos ta t ic ,  lordot ic  5 
and pa thologic  p ro te inur ia  s t he  hap tog lob in  1-1 fo rm or 
the  more  anodic  f ract ions of t ype  2-1 is found only.  As we 
can consider  exercise pro te inur ia  as an  in t e rmed ia t e  form 
be tween  normal  and pathology,  we have  inves t iga ted  
the  hap tog lob in  type  present  in ur ine a f te r  an intense 
physical  effort  (9 k m  cross-count ry  run). 

The urine is concen t ra ted  wi th in  a Visking m e m b r a n e  
s/s 2 in. unde r  reduced pressure (see 1). N o t  being able  to  
ob ta in  large ind iv idua l  volumes,  we have  had  to combine  
dif ferent  samples,  and thus  i t  is on a u r ina ry  pool (10 g% 
protein) t h a t  the  analyses were performed.  Af te r  add i t ion  
of haemoglob in  and  s ta rch  gel e lectrophoresis  wi th  the  
d iscont inuous  buffer  of POrJLIK ~, t he  hap tog lob in -haemo-  
globin complex  is coloured by  benzidine.  Hap tog lob in  2-1 
serves for comparison.  

The  F igure  shows the  pa t t e rn  af ter  s taining.  Ur ine  
possesses hap tog lob in  type  2-1, a l though  in an incomple te  
form. The  monomer ic  band  is the  mos t  coloured and there-  
fore q u a n t i t a t i v e l y  t he  mos t  i m p o r t a n t  f ract ion.  Po lymers  
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are  also present ,  a t  least  for the  anodic  first  four  bands.  
The  last  po lymers  (2 bands) ,  wi th  h igher  molecular  
weight ,  s tay absent  f rom urine.  

F r o m  this  inves t iga t ion  i t  appears  t h a t  hap tog lob in  
t y p e  2-1 is p resen t  in urine af ter  exercise in a fo rm ap- 
proaching  the  comple te  s t ruc tu re :  5 bands  on 7 are  
visible. I t  thus  seems t h a t  the  g lomeru la r  passage of th is  
g lycoprote in  is faci l i ta ted in exercise pro te inur ia  com- 
pared  to physiologic  ur ine 4 and nephro t ic  syndrome% On 
the contrary ,  th is  hap tog lobin  2-1 excre t ion  m a y  be com- 
pared  to  o r thos ta t i c  and lordot ic  p ro te inur ia  s. On the  
o the r  hand,  cerebrospinal  fluid also conta ins  the  l ighter  
po lymers  of haptoglobins  2-1 and 2-2 s. 

The  resul ts  show t h a t  the  pe rmeab i l i t y  of the  meninges  
and renal  g lomerulus  p lays  an i m p o r t a n t  p a r t  dur ing the  
t ransfer  of proteins.  The  increased g lomeru la r  pe rmeab i l i ty  
consecut ive  to muscular  exercise pe rmi t s  the  heav ie r  hap-  
toglobin  2-1 po lymers  to pass in to  t he  urine. The  average  
molecular  weight  of hap tog lob in  2-1 being abou t  220,0009. 
i t  appears  t h a t  the  g lomerular  pe rmeab i l i t y  l imi t  dur ing  
physical  effort  is s i tua ted  a round 350,000 molecu la r  
weight.  The  presence of f ibr inogen in urine, in smal l  
quazlt i ty,  corrobora tes  this assert ion (unpublished re- 
sults) lo. 

Rdsumd. L'u r ine  recueill ie apr&s effor t  phys ique  intense 
con t ien t  l ' hap tog lob ine  de type  2-1 sous une for in t  proche 
de sa s t ruc tu re  complete .  Les c inq  bandes les plus ano- 
d iques  sont  vis ibles  dans l ' u r ine  d 'effor t ,  quoiqu'~t un t a u x  
inf~rieur ~ celui d ' u n  sdrum normal .  
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Electrophoretic pattern of haptoglobiu 2-1 in urine after physical 
exercise, a: Serum haptoglobin 2-1, as control b: Urine. 
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Effects of Anoxia  on Excitabil i ty,  Refractoriness,  
and Contractil ity in Isolated Rabbit Atria 

Introduction. The effects of anoxia  on isolated ra t  a t r ia  x 
Purk in je  and papi l l a ry  fibers z,8 h a v e  been shown to in- 
clude decrease in ampl i tude  and dura t ion  of the  act ion 
potent ia l ,  p ro longa t ion  of conduc t ion  t ime  and decreased 
ampl i tude  of cont rac t ion .  BURN and  HUKOVIC a h a v e  re- 
por ted  t h a t  anoxia  faci l i ta tes  the  d e v e l o p m e n t  of fibril-  
Iat ion and hence i t  is said to increase ' exc i tab i l i ty ' .  

The  following exper iments  were  designed t o  s tudy  
d i rec t ly  t he  effects of anoxia  on diastol ic  exci tabi l i ty ,  re- 

f ractor iness  and con t rac t i l i ty  in isolated r abb i t  a tr ia .  The  
results  show t h a t  changes  in ne i ther  exc i t ab i l i ty  nor  re- 
fractoriness can  account  for increased suscept ib i l i ty  to  
fibril lation. 

I j .  L. WEBB and P. P. HOLLANDER, Circ. Res. 4, 332 (1956). 
l~ VV'. T R A U T W E I N ,  U .  GOTTSTEIN,  and J. DUDEL, Pfliigers Archly. 

ges.Physiol. 260, 40 (1954). 
a ~¢V. TRAUTW.EIN and J. DUDEL, Pflfigers Archly. ges. Physiol. 2#a, 

23 (1956). 
* J. H. BURN and S. HvKovlc, Brit. J. Pharmacol. 15, 67 (1960). 



15. I. 1964 Brevi comunicazioni - Brief Reports 

Effect of anoxia on excitability and contractility in the isolated rabbit atrium (mean i SD for four experiments) 
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ARP TRP Diastolic % change in Tension 
threshold excitability 

msec % of control msec % of control [zamps mg % of control 

C°ntr°la 119 4- 9 147 4- 20 - 70 =]= 20 - 1185 - 
An°xiab 171 =[= 27 +44 210 :J= 46 +43 100 =]= 40 --30 20 --98 
P°St'anoxiaa 120 4- 10 - 167 :[: 31 +14 90 4- 40 --22 1097 -- 8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  o . . . . . . .  

a Perfusion gas 95% oxygen-5% carbon dioxide, b Perfusion gas 95% nitrogen-5% carbon dioxide. 

Methods. R a b b i t  lef t  a t r ia  were isolated and prepared  
for s t imula t ion  and recording  as p rev ious ly  descr ibed 5 In  
four exper iments  a 95% n i t rogen-5% carbon d ioxide  mix-  
ture was subs t i tu ted  for the  usual  oxygen-ca rbon  dioxide  
Used to aerate the Locke  perfusion fluid and tissue cham-  
ber. The a t r ium was s t imula ted  a t  90/min (630 msec 

~l~ le! and perfusion fluid was changed  a t  a ra te  of 5 
~lmln. After  control,  s t r eng th - in te rva l  studies,  used to 

de te rmine  the re f rac to ry  period,  t he  n i t rogen  mix tu r e  was 
Introduced and cont rac t i le  responses were recorded and  
measurements  were made  on diastol ic  exc i tab i l i ty  eve ry  
few seconds. 12 rain af ter  the  in t roduc t ion  of ni trogen,  
s t rength- in terval  de te rmina t ions  were repeated.  Oxygen  
was r eadmi t t ed  as the  perfusion gas and  30 rain la ter  the  
post  anoxia  de te rmina t ions  were made.  

Results. Subs t i tu t ion  of n i t rogen for oxygen  in t he  per-  
fusion gas led to an i m m e d i a t e  loss of con t rac t i l i ty  bu t  
diastolic exc i tab i l i ty  was unal tered.  The  da t a  in the  Table  
were obta ined  f rom s t r e n g t h - i n t e r v a l  de te rmina t ions  
Which were made  dur ing  perfusion wi th  oxygena t ed  
LOcke solut ion and 12 min  af te r  n i t rogen  was in t roduced.  
Wi th  , exc i t ab i l i ty  was decreased and absolute  (ARp)ni t r°g  en 

and to t a l  re f rac tory  periods (TRP)  were pro- 
longed. S t reng th - in te rva l  de te rmina t ions  repea ted  30 rain 
after re - in t roduct ion  of oxygen  showed comple te  r ecovery  
of A R p  bu t  on ly  par t ia l  r ecovery  of T R P  and diastol ic  
exci tabi l i ty.  

• Contracti le responses were a lmos t  comple te ly  abol ished 
in the presence of ni trogen.  Dur ing  the  re la t ive  re f rac tory  
period (RRP)  a cont rac t ion  was no t  seen following an ef- 
fective electr ical  s t imulus,  bu t  the  p h e n o m e n a  of post  
systolic po ten t i a t ion  were  f requent ly  observed.  Post  
anoxia, there  was r ecovery  of con t rac t i l i ty  t h roughou t  
the  cycle b u t  t he  m a x i m u m  developed tension in the  la ter  
port ion of the  cycle (350-630 msec) was s l ight ly less t h a n  
control (Table). 

Discussion. Simi la r  to the  observa t ions  of WEBB and 
~'~0LLANDER 1 and TRAUTWEIN and  DUDEL a to ta l  substi-  
tut ion of n i t rogen for oxygen  in the  perfusion fluid led to 
a rapid loss of  cont rac t i l i ty .  

t~revious repor ts  h a v e  shown t h a t  anoxia  in i t ia l ly  
shortens the  dura t ion  of the  act ion po ten t i a l  and even-  
tually decreases the  ra te  of depolar iza t ion  and res t ing 
t~eO~ mbrane  po ten t ia l  ~-8. These changes would be expec ted  

produce a shor ten ing  in  the  re f rac to ry  per iod and al- 
~r:atlon of exci tabi l i ty .  However ,  these s tudies  and the  
v e s e n t  results  indica te  t h a t  under  anoxic  condi t ions  
there was no corre la t ion be tween  the  changes in the  dura-  
tion of the  act ion po ten t i a l  and the  re f rac tory  period. 
towB:r~ has repor ted  t h a t  there  is an  increased p ropens i ty  

f ibri l lat ion under  condi t ions  of anoxia* and in the  
tPib~!~eyace of ace ty lchol ine  e. He  has  suggested t h a t  since 

ondi t ions  shor ten  the  dura t ion  of the  act ion poten-  
t ,  ~aere m a y  be a re la t ion be tween  factors which shor ten  

ac t ion  po ten t ia l  and the  d e v e l o p m e n t  of f ibri l lat ion.  The  
in te rp re ta t ion  of these results was based on the  assump-  
t ion t h a t  shor ten ing  of the  act ion po ten t i a l  was associa ted 
wi th  shor ten ing  of the  re f rac tory  per iodL However ,  as 
shown herein, th is  does no t  ob ta in  in the  case of anoxia  
where the  effects on the  re f rac tory  per iod were opposi te  
to those repor ted  for the  act ion potent ia l .  The  s i tua t ion  
wi th  acety lchol ine  is apparen t ly  d i f ferent  since b o t h  ac- 
t ion po ten t ia l  dura t ion  and the  re f rac to ry  pe r iod  are  
shor tened  s. A l though  a t endency  toward  f ibr i l la t ion has  
been noted  wi th  s t reng th- in te rva l  de te rmina t ions  under  
acetylchol ine  in the  dog a t r i um in situ 9, lo and in the  iso- 
la ted rabb i t  a t r i a  (unpublished observat ions) ,  conf i rming  
the  obse rva t ion  of BURN ~, no such t endency  was noted  in 
t he  present  exper iments  under  anoxia .  

The  t endency  toward  f ibri l lat ion as measured  in the 
anoxic  hea r t  by  BURN ~ m a y  be re la ted to the  cond i t ions  
employed  and could be due to changes in the  ra te  of 
depolar iza t ion  of the  membrane  or  to the  d e v e l o p m e n t  of 
ectopic  pacemakers  ~. In  any  event ,  i t  is un l ike ly  t h a t  t h e y  
are  re la ted to changes in the  re f rac tory  per iod or  dias tol ic  
exc i tab i l i ty  11 

Zusammen/assung. An der  isolierten Kan inchenhe rzvo r -  
k a m m e r  ve ru r sach t  Sauers tof fmangel  Ve rminde rung  der  
diastol ischen Erregbarkei t ,  Verlt~ngerung der  refrakt t i ren  
Phase  sowie Herabse t zung  der  Kont rak t ions f~h igke i t .  
Herzmuske t f l immern  wurde  w~ihrend dieser  Anoxie  n ich t  
beobachte t .  Sauers tof fzufuhr  ff ihrte  zu einer  vollst~Ln- 
d igen  Aufhebung  der  Anoxieauswi rkung  auf  die absolute  
Refrakt i i rper iode,  zu einer  tei lweisen Aufhebung  dieser  
Auswirkungen  auf  die Daue r  der  refrakt i t ren Gesamt-  
pause,  die diastol ische Er regba rke i t  und das K o n t r a k -  
t ionsverm6gen.  
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