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b in  add i t ion .  The  progress ive  increase  in op t ica l  dens i t y  
a t  350 n m  obse rved  d u r i n g  t h e  coagu la t ion  of h u m a n  
p l a s m a  in presence  of 0 . 4 m g  of h u m a n  f ib r inogen  
(Figure 3, cu rve  a) and  in presence  of 0.4 m g  of t h e  2, 5, 
and  30 ra in  u l t r a son ica t e s  are s h o w n  b y  F igure  3, curves  
b, c, a n d  d respect ive ly .  T he  lag phase  and  t he  slope of 
t he  curves  sugges t  t h e  p r o l o n g a t i o n  of p l a s m a  t h r o m b i n  
d o t t i n g  t ime.  

T h e  a n t i t h r o m b i n  a c t i v i t y  of increas ing  a m o u n t s  of 
t he  2 ra in  u l t r a s o n i c a t e d  f ib r inogen  is ev i den t  b y  t he  
increase  in t h r o m b i n  t i m e  shown  b y  F igure  4, cu rve  a. 
Longer  per iods  of u l t r a s o n i c a t i o n  of f ib r inogen  appea r s  
to  decrease  t he  a n t i t h r o m b i n  a c t i v i t y  of t h e  u l t r a son ica t e  
as s h o w n  b y  F igu re  4, curves  b, c, a n d  d. 

]3fief pe r iod  of u l t r a son ica t ion ,  a t  0 -4~  of pur i f ied  
h u m a n  f ib r inogen  resu l ted  in t he  loss of c l o t t ab i l i t y  of 
t he  p ro te in ,  a n d  t he  a p p e a r a n c e  of a n  a n t i c o a g u l a n t  a n d  
a n t i - t h r o m b i n  act iv i t ies .  Since t he  two m i n u t e s  u l t r a -  
son ica te  of t h e  pur i f ied  h u m a n  f ib r inogen  p roduced  no  
no t i ceab le  changes  in t he  s e d i m e n t a t i o n  ra te ,  e lectro-  

phore t i c  m o b i l i t y  and  e lu t ion  f rom DEAE-ce l lu lose  w h e n  
c o m p a r e d  w i t h  t he  pur i f ied  n a t i v e  f ibr inogen,  i t  is sug-  
ges ted  t h a t  t he  c l o t t a b i l i t y  of h u m a n  f ib r inogen  depends  
on t he  c o n f o r m a t i o n a l  s t a t u s  of t h e  p ro t e in  molecule.  

Rdsumd. Plac6e 2 ra in  sous l ' in f luence  de la  v i b r a t i o n  
u l t rason ique ,  la  f ib r inog6ne  h u m a i n e  se t r a n s f o r m e  en  
une  p ro t6 ine  qui  ne se fige pas  et  fonc t ionne  donc  c o m m e  
u n  an t i coagu lan t .  Les propr i6%s phys i co -ch imiques  de 
la pro%ine ,  apr6s  ac t ion  u l t r a son ique ,  r e s s e m b l e n t  for te-  
m e n t  aux  propr i6%s or ig inales  de la f ib r inog6ne  h u m a i n e  
en  voie  de s 6 d i m e n t a t i o n ;  m o u v e m e n t  61ectrophor6t ique 
e t  adso rp t ion  sur  la cellulose D E A E .  
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Posthypertonic Hemolysis  in a Sucrose System 

The  hemolys i s  wh ich  occurs  a f t e r  f reezing b lood appea r s  
to  be  m a i n I y  due to  t he  increase  in solute  c o n c e n t r a t i o n  
w h e n  w a t e r  sepa ra tes  o u t  as ice d u r i n g  f reezing and  to 
t h e  reverse  e v e n t  d u r i n g  thawing1 .  Studies  of p o s t h y p e r -  
ton ic  hemolys i s  m a y  the re fo re  be  of g rea t  i n t e r e s t  for 
b lood -p re se rva t i on  2 5. 

SODERSTR6M ~ f i rs t  exp la ined  t h e  m e c h a n i s m  of pos t -  
h y p e r t o n i c  hemolys i s  in  a n  u n f o r t u n a t e l y  r a t h e r  neg lec ted  
p a p e r  as be ing  due  to  sa l t  en t e r i ng  t h e  cell in  t h e  h y p e r -  
ton ic  p h a s e  a n d  t h e  cell t h e n  r eac t i ng  to  t h e  s u b s e q u e n t  
i so tonic  p h a s e  in a w ay  ana logous  to  a n o r m a l  cell r e ac t i ng  
to a v e r y  h y p o t o n i c  m e d i u m  a n d  des igna ted  i t  ' p a ra -  
doxica l  h y p o t o n i c  hemolys is ' .  B y  m e a s u r i n g  chlor ide 
concen t r a t i ons ,  he  also showed  t h a t  a n  u p t a k e  of sa l t  
occurs  in  a h y p e r t o n i c  m ed i um .  ZADE-OPPEN a p o i n t e d  
ou t  t h a t ,  in  v iew of t he  r ap id  passage  of w a t e r  across t h e  
cell m e m b r a n e ,  a d r i v i ng  force for riet so lu te  inf lux  will 
no t  occur  u n t i l  a ce r t a in  c o n c e n t r a t i o n  in t he  m e d i u m  
has  been  exceeded,  i.e. t h a t  wh ich  is j u s t  suf f ic ient  to  
s h r i n k  t he  cell to  a m i n i m a l  vo lume.  F u r t h e r ,  he  calcu-  
l a t ed  t h a t ,  in  o rder  to  exp la in  his  e x p e r i m e n t a l  resu l t s  on  
a basis  of t h e  SODERSTROM hypothes i s ,  i t  was  r equ i red  
t h a t  t he  solute  p e r m e a b i l i t y  should  increase  w i t h  increas-  
ing e x t e r n a l  so lute  concen t r a t i on :  I n  an  a l m o s t  s imul-  
t a n e o u s  p u b l i c a t i o n  MERYMAN 5 came  to  v e r y  nea r ly  t he  
same conclus ions  as regards  t h e  m e c h a n i s m  of pos t -  
h y p e r t o n i c  hemolys i s  a n d  t h e  increase  in  solute  per-  
meab i l i ty .  B o t h  ZADE-OPPEN ~-4 a n d  MERYMAVT 5 used  
e lec t ro ly te  m e d i a  a nd  b o t h  ~5  also n o t e d  t h a t  s imi la r  
effects were o b t a i n e d  w h e n  sucrose was used to  p roduce  
h y p e r t o n i c i t y .  A l t h o u g h  i t  h a s  tong been  k n o w n  t h a t  
p o s t h y p e r t o n i c  hemolys i s  is o b t a i n e d  a f te r  exposure  to  
h y p e r t o n i c  non-e lec t ro ly te  so lu t ions  (TAKEI 7 used glucose, 
VALmVlESO a n d  H U N ~ R  8 used sucrose),  l i t t le  is k n o w n  
a b o u t  t he  possible  d i f ference in t he  effects of e lec t ro ly tes  
and  non-e lec t ro ly tes .  Th i s  c o m m u n i c a t i o n  descr ibes  
q u a n t i t a t i v e l y  t he  effect  of sucrose  u n d e r  ce r t a in  condi-  
t ions  and  a t t e m p t s  to  c o m p a r e  th i s  effect  w i t h  t he  effect  
of NaC1 in  a s imi la r  sys tem,  so far  as such  a compar i son  
is possible.  

H u m a n  red cells were w a s h e d  in a buf fe red  isotonic  
NaC1 solut ion.  To a n  isotonic  cell suspens ion  (0.25 ml) 
f i rs t  a h y p e r t o n i c  so lu t ion  (1 mt) was  a d d e d  and  then ,  

a f t e r  a ce r t a in  t i m e  in te rva l ,  a large v o l u m e  (20 ml) of 
i sotonic  solut ion.  Hemolys i s  was  e s t i m a t e d  as t h e  per -  
cen tage  of H b  l ibe ra t ed  in to  t he  med ium.  The  p rocedure  
is g iven  in de ta i l  e lsewhere  a. W h e n  sucrose was used to  
v a r y  t he  ton ic i ty ,  the  e lec t ro ly te  c o n c e n t r a t i o n  was k e p t  
c o n s t a n t  a t  t he  isotonic  level. 
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Fig. I. Posthypertonic hemoglobin liberation after varying times of 
hypertonieity. Touicities were varied with sucrose (filled circles) or 
with sodium chloride (open circles). The inset is intended as a short 
description of the sucrose experiment. NaC1 was used at the same 
osmolalities. 
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F igure  1 shows Zhe re l a t ion  be t w een  hemolys i s  w h e n  
t he  t i m e  of h y p e r t o n i c i t y  was var ied .  The  shape  of t he  
cu rve  is v e r y  s imi la r  to  t h a t  o b t a i n e d  in a NaCl - sys tem 3 
The  degree of hemolys i s  was, however ,  s l igh t ly  less t h a n  
t h a t  ob t a ined  w h e n  t he  h igh  osmola l i ty  was p roduced  b y  
NaC1 in s t ead  of sucrose, as can  be  seen in F igure  1 w i t h  
a h y p e r t o n i c  exposure  t i m e  ( t l E T )  of 2 min.  

I n  a n o t h e r  e x p e r i m e n t  t he  H E T  was k e p t  c o n s t a n t  a t  
2 ra in  whi le  t he  degree of h y p e r t o n i c i t y  was var ied.  The  
cond i t ions  were chosen  so t h a t  t he  increases  a n d  decreases  
in  t on i c i t y  were m a d e  equa l  on  an  osmola l  basis.  Osmo- 
lal i t ies were ca lcu la ted  w i t h  t he  osmot ic  coefficients  g iven  
b y  HARNED and  O}VEN 9. I n t e r a c t i o n s  b e t w e e n  d i f fe ren t  
solutes  were neglected.  F igure  2, a shows t h a t ,  us ing  an  
osmola l i ty  scale, t he  effects  of NaC1 and  sucrose are v e r y  
s imi la r  a n d  differ  on ly  a t  t he  h ighes t  c o n c e n t r a t i o n s  used. 

ac t iv i t i es  were ca lcu la ted  w i t h  use of t h e  a c t i v i t y l l  a n d  
m e a n  ionic a c t i v i t y  9 coefficients,  respect ively .  The  resu l t  
is shown in F igure  2, b. The  prev ious  s imi la r i ty  now dis- 
appears ,  sucrose g iv ing  less hemolys i s  t h a n  NaC1 a t  t he  
same  concen t r a t ion .  I t  mus t ,  however ,  be po in t ed  ou t  
t h a t  t he  decreases  in osmola l i ty  a f te r  t he  h y p e r t o n i c  
phases  are  la rger  for NaC1 t h a n  for sucrose of equa l  
h y p e r t o n i c  a c t i v i t y  in  F igu re  2, b. A cor rec t ion  due  to 
t h i s  difference would  the re fore  aga in  decrease  t he  dif-  
ferences in  resu l t s  on  t he  a c t i v i t y  scale. W i t h  r ega rd  to 
t he  po in t s  2 and  4 a b o v e  i t  appears ,  however ,  i ncor rec t  
to  m a k e  a compar i son  e i the r  on  t he  osmola l  or t h e  a c t i v i t y  
scale. The  s imi l a r i t y  in resu l t s  on  t h e  osmola l  scale a n d  
t he  possible  s imi la r i ty  on  t he  a c t i v i t y  scale a p p e a r  ve ry  
in te res t ing ,  b u t  m a y  be on ly  co inc identa l .  T h a t  pos t -  
h y p e r t o n i c  hemolys i s  is so easily o b t a i n e d  w i t h  a non-  
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Fig. 2. Posthypertonic hemoglobin liberation after varying hypertonie concentrations. The hemolysis, which occurs during 2 rain at 
the highest (> 40sm) hypertonic concentrations (less than 7%) is also shown in a). In a) hypertonic concentrations are given in osmo- 
lalities; at any concentration, increase and decrease of hypertonieity are similar for NaC1 and sucrose. In b) hypertonic concentrations are 
given in activity. The actual decrease in osmolality after HET at any particular hypertonic concentration is larger for NaC1 than for 
sucrose at the same activity. 

E x p e r i m e n t a l l y  t he  degree of hemolys i s  in  one s y s t e m  
var ies  w i t h  a) t he  degree of hype r ton i c i t y ,  as seen in  
F igure  2 (see also references ~ and  3), b) t he  H E T ,  as 
seen in F igure  1 (see also references  2 and  3) a n d  c) w i t h  
t he  degree of r educ t i on  of t o n i c i t y  a f t e r  t he  h y p e r t o n i c  
phase2,  4,1~ On t he  basis  of our  p re sen t  concep t  of t he  
m e c h a n i s m  of p o s t h y p e r t o n i c  hemolys i s  t he  degree of 
hemolys is  will v a r y  w i t h  t he  fol lowing factors :  1. The  
t i m e  du r ing  wh ich  solute  m a y  diffuse in to  t he  cell w h e n  
th i s  t i m e  is less t h a n  necessa ry  to r each  a (part ial)  
equi l ib r ium.  2. The  difference in solute  a c t i v i t y  b e t w e e n  
cell ex te r io r  and  inter ior .  3. T he  degree of increase  in 
solute  p e r m e a b i l i t y  of t he  cell wal l  in  t he  h y p e r t o n i c  
phase .  ( W h e t h e r  t he  p e r m e a b i l i t y  increase  is i r revers ible ,  
as a s sumed  b y  MERYMANS, Or reverses  to  n o r m a l  for t h e  
ceils wh ich  do no t  hemolyze  a f te r  r e t u r n  to i sotonic i ty ,  
r e m a i n s  to  be  shown.)  4. T he  decrease  in ex t e rna l  osmo- 
la l i ty  a f te r  t he  h y p e r t o n i c  phase.  On ly  p o i n t  4 above  
s t a t e s  t h a t  t h e  basis  for compar i son  should  be  m a d e  on  
a n  osmola l  scale. There  is, as yet ,  no  i n f o r m a t i o n  a b o u t  
p o i n t  3 wh ich  is l ikely also to  v a r y  w i t h  osmolal i ty .  How-  
ever, t he  solute  inf lux  m u s t  be re la ted  r a t h e r  to  t h e  
ac t i v i t y  of t he  solute  t h a n  to  t he  osmola l i ty  of t he  solu- 
t ion.  The  e x p e r i m e n t  shown  in F igure  2, a was  the re fore  
reca lcu la ted  on  t he  a c t i v i t y  scale;  sucrose a n d  sa l t  

e lectrolyte ,  however ,  is a n  i n t e r e s t i ng  obse rva t i on  which  
is qu i t e  in  accord  w i t h  t h e  p re sen t  concep t  of t he  mecha-  
n i sm of p o s t h y p e r t o n i c  hemolys i s  a n d  will he lp  to rule  
ou t  a n y  specific sa l t  effects as be ing  of f u n d a m e n t a l  
impor t ance ,  c o n t r a r y  to  LOVELOCK'S 1 s t a t e m e n t  t h a t  th i s  
t y p e  of hemolys i s  is due  to  t he  ' lyo t rop ic  p roper t i e s  of 
sa l t  so lu t ions ' .  

Zusammen/assung. Die osmot i sche  H~imolyse is t  n a c h  
I n k u b a t i o n  der  E r y t h r o z y t e n  in h y p e r o s m o l a r e n  L6sun-  
gen yon  Saccharose  n n d  NaC1 n a h e z u  ident i sch .  
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