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GUEST a n d  CELANDER 16 o b s e r v e d  a n  increase  of p l a s m a  
f ibr ino ly t ic  a c t i v i t y  a n d  a decrease  of f ib r inogen  a n d  
p l a sminogen  level  a f t e r  a n  i n j e c t i o n  of pur i f ied  u r o k i n a s e  
p r e p a r a t i o n .  

Accord ing  to  ou r  obse rva t ions ,  t h e  level  of p l a s m i n o g e n  
and  f ib r inogen  in  v e n o u s  r ena l  b lood  was  lower  t h a n  in 
pe r iphe ra l  blood.  W e  sugges t  t h a t  a n  excess of p l a s m i n o -  
gen, p l a s m i n o g e n  p r o a c t i v a t o r ,  f i b r inogen  a n d  F a c t o r  
v i i i  in  b lood  p l a s m a  of i n t o x i c a t e d  dogs is t he  r e su l t  of 
the  dep le t ion  of u r o k i n a s e  sec re t ion  r a t e  caused  b y  k i d n e y  
damage .  

An i m p o r t a n t  role of u r o k i n a s e  sec re t ion  m a y  be  sug-  
ges ted  for  t he  m a i n t e n a n c e  of f ib r ino ly t i c  b a l a n c e  in t h e  

o rgan i sm.  Th i s  enzyme ,  supp l i ed  b y  t he  k i d n e y  to  t h e  
genera l  c i rcu la t ion ,  wou ld  c o n t i n u o u s l y  a c t i v a t e  plas-  
m i n o g e n  i n to  p lasmin .  S u b s e q u e n t l y ,  p l a s m i n  would  
d iges t  f i b r inogen  a n d  o t h e r  f ac to r s  sens i t ive  to  i ts  ac t ion ,  
e . g . A . H . G .  A r a p i d  i n a c t i v a t i o n  of u r o k i n a s e  a n d  p l a s m i n  
in t h e  b lood  s t r e a m  m i g h t  also occur.  

I t  is no t  exc luded  t h a t  t h e  decrease  of a n t i p l a s m i n  ac t i -  
v i t y  in  e x p e r i m e n t a l  k i d n e y  d a m a g e  is a c o m p e n s a t o r y  
p h e n o m e n o n .  

I t  m a y  be  a s s u m e d  t h a t  h y p e r c o a g u l a b i l i t y  a n d  h y p e r -  
f ib r inogenemia ,  found  in va r i ous  r e n a l  diseases  b y  seve ra l  
a u t h o r s  z7-2°, a re  r e l a t ed  to  t he  d e p l e t i o n  of u r o k i n a s e  
sec re t ion  ra te .  
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Fig. 4. Influence of HgCI~ intoxication upon some clotting and 
fibrinolytie factors of peripheral blood in dogs. White colunms: 
values before experiments. Black columns: values after experiments. 
Values under columns correspond to the number of determinations. 

Rdsumd. Au cours  de la necrose  e x p 6 r i m e n t a l e  des 
t u b u l e s  r6nales  du  chien,  l ' a c t iv i t6  f i b r i no ly t i que  du  s ang  
v e i n e u x  r6na l  e t  p~r iph~r ique  se d i m i n u e  p r o g r e s s i v e m e n t  

mesu re  q u ' a u g m e n t e  le t a u x  du  f ibr inogSne,  du  plas-  
minog~ne  et  du  F a c t e u r  V I I I .  
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PRO EXPERIMENTIS 

Separation of Catalase and Other Red Cell 
Enzymes from Hemoglobin by Gel Filtration 

R e c e n t  work  in t h i s  l a b o r a t o r y  ha s  c o n c e n t r a t e d  on  t he  
i so la t ion  o5 ca ta l a se  f rom smal l  a m o u n t s  of h u m a n  blood.  
I t  was  found  t h a t  gel f i l t r a t i o n  t h r o u g h  d e x t r a n  gel 
( S e p h a d e x  G-100) p rov ides  a n  exce l l en t  m e a n s  to  ac- 
Complish in one  s t ep  t he  s e p a r a t i o n  of ca t a l a se  f rom the  
bu lk  of t h e  p r o t e i n s  p r e s en t  in  a c o n c e n t r a t e d  h e m o l y s a t e  
of h u m a n  e r y t h r o c y t e s .  Since i t  was  o b s e r v e d  t h a t  in  ad-  
d i t ion  to  ca ta l a se  also o t h e r  e n z y m e s  can  easi ly  be  sepa-  
ra ted ,  i t  seems t h a t  t h i s  p rocedu re  is of p a r t i c u l a r  va lue  
as a n  in i t i a l  s tep  in t h e  p r e p a r a t i o n  of c e r t a i n  r ed  cell 
enzymes.  

As s t a r t i n g  ma te r i a l ,  s amples  of h i g h l y  c o n c e n t r a t e d  
h e m o l y s a t e  were p r e p a r e d  as follows: Blood  c o n t a i n i n g  
10% v / v  A.C.D.-so lu t ion  1 was  cen t r i fuged ,  t h e  s e d i m e n t  
r e suspended  a n d  w a s h e d  3 t i m e s  in a n  equa l  v o l u m e  of 
0-95% NaCl-so lu t ion .  T he  p a c k e d  red cells were t h e n  
lysed in t h e  s ame  v o l u m e  of dis t i l led  wate r .  I n  o rder  to  
COmplete hemolys is ,  t h e  m a t e r i a l  was  f rozen a n d  t h a w e d  
th ree  t imes .  R e m o v a l  of a n y  p a r t i c u l a t e  m a t t e r  ( s t roma)  
Was accompl i shed  b y  f i l t r a t i on  in t he  fol lowing m a n n e r :  

A layer  (1 cm) of d r y  'Hyf lo - supe l -ce l '  p o w d e r  t was  
p laced  on  a G-3 s in t e r ed  glass funne l  ( d =  3.5 cm). Af te r  a '  
smal l  a m o u n t  of d is t i l led  w a t e r  h a d  b e e n  sucked  t h r o u g h ,  
t he  h e m o l y s a t e  (20 ml)  was  a d d e d  on  t op  of t he  layer• 
S l ight  v a c u u m  was app l i ed  u n t i l  t h e  w a t e r  h a d  pas sed  
t he  funne l  a n d  h e m o l y s a t e  was t h e n  col lec ted  s e p a r a t e l y  
b y  ef f ic ient  suc t ion  w i t h  a n  oil p u m p .  Usua l ly  12-15 ml  
po r t i ons  of h e m o l y s a t e  cou ld  be  o b t a i n e d  before  t he  f i l te r  
was  b locked.  

F o r  t h e  gel f i l t r a t i on  of th i s  m a t e r i a l  a co lumn ,  2.0 cm 
in d i a m e t e r  a n d  52 cm in  he igh t ,  was  used.  T h e  c o l u m n  
was p a c k e d  a t  r oom t e m p e r a t u r e  w i t h  S e p h a d e x  G-100 
acco rd ing  to  FLODIN a a n d  e q u i l i b r a t e d  in  t h e  co ld - room 
w i t h  t h e  sa l t  so lu t ion  to  be  used. T h e  s a m p l e  was  app l i ed  
b y  s lowly p i p e t t i n g  t he  des i red  v o l u m e  (3-15 ml) o n t o  t he  
t o p  of t he  co lumn.  E l a t i o n  was  accompl i shed  b y  a 0 .1% 

1 Solutio Anticoagulans; U.S.P. 14th Revision (1950), p. 550. 
2 A filter aid product from diatomaceous sediment, of Johns- 

Manville Corp., New York. 
a p. FLODIN, J. Chromatography 5, 103 (1961). 
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NaC1 so lu t ion  c o n t a i n i n g  0 .75% ch lo ro fo rm f rom a reser-  
vo i r  c o n n e c t e d  to  t h e  c o l u m n  b y  f lexible  t u b i n g  such  t h a t  
t h e  level  of t h e  s tock  so lu t ion  was  a few c e n t i m e t e r s  a b o v e  
t h e  t o p  of t h e  gel co lumn.  T h e  f low r a t e  was  app rox i -  
m a t e l y  40 m l  p e r  h.  I n  t h e  e f f luen t  f r ac t ions  ca t a l a se  ac-  
t i v i t y  4, h e m o g l o b i n  s a n d  p r o t e i n  b y  t h e  F o l i n - L o w r y  
colour  e were d e t e r m i n e d .  I n  some e x p e r i m e n t s  l a c t a t e  de-  
hydrogenaseV,  aldolaseS a n d  p y r u v a t e  k inase  9 a c t i v i t y  
were  m e a s u r e d  in  add i t ion .  F i g u r e  1 d e m o n s t r a t e s  a n  elu-  
t i on  p a t t e r n  o b t a i n e d  f r o m  3 m l  of h e m o l y s a t e ;  F i g u r e  2 
shows a p a t t e r n  o b t a i n e d  f rom 15 ml  of h e m o l y s a t e  on  t h e  
same  co lumn.  I t  is e v i d e n t  t h a t  ca t a l a se  a n d  t h e  o t h e r  en-  
zymes  m e a s u r e d  can  be  s e p a r a t e d  to  a h i g h  degree  f rom 
h e m o g l o b i n  a n d  o t h e r  p r o t e i n s  b y  gel f i l t r a t i o n  o n  S e p h a -  
dex  G-100. I n  o u r  h a n d s ,  t h i s  p r o c e d u r e  also p r o v e d  to  be  
useful  in  t h e  i so la t ion  of c a t a l a s e  ac t ive  m a t e r i a l  f r om 
b lood  of ' a c a t a l a t i c '  ind iv idua l s ,  as  well  as in  t h e  p r e p a r a -  
t i on  of h e m o g l o b i n  so lu t ions  v i r t u a l l y  free of ca ta l a se  z0. 
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Fig. 1. Gel filtration of 3 ml of hemolysate on Sephadex G-10O (see 
text) ; o - - o  eatalase (cat.) as milli-equivalents of perborate used in 
5 min per ml; e - - e  lactate dehydrogenase (LDH) as international 
enzyme units per ml; ~ - - ~  aldolase (ald.) as international enzyme 
units per 10 ml; ©--© pyruvate ldnase (PK) as international en- 
zyme units per 10 ml; v - - a  hemoglobin (hb.) as mg per ml; . . . .  
Folin-Lowry colour (F.-L.) as optical density at 750 nm'(l = 1 cm) in 

the eluate. 
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Fig. 2. Gel filtration of 15 ml of hemolysate on Sephadex G-100 (see 
text) o - - o  catalase (cat.) as milli-equivalents of perborate used in 
5 min per ml; hemoglobin (hb.) as mg per ml. Broken lines indicate 
the catalase and hemoglobin peaks as they were found in the experi- 
ment represented in Figure 1. I t  is to be noted that the positions of 
the leading edges of the catalase peaks and of the hemoglobin peaks 

respectively are nearly the same in the two experiments. 
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A u t o m a t i s c h e s  A u f t r a g e n  y o n  

P a p i e r c h r o m a t o g r a m m e n  

S u b s t a n z g e m i s c h e ,  d e r e n  K o m p o n e n t e n  s ich  in  i h r e n  
l~ f -Wer ten  wenig  v o n e i n a n d e r  un t e r s che i den ,  lassen  s ich  
p a p i e r c h r o m a t o g r a p h i s c h  n u r  d a n n  s a u b e r  t r e n n e n ,  w e n n  
es gel ingt ,  den  S t a r t f l e c k  k l e in  zu h a l t e n .  I s t  m a n  ge- 
zwungen ,  gr6ssere  IAisungsmengen  a u f z u t r a g e n ,  so k a n n  
dieser  A r b e i t s g a n g  ~ussers t  l angwier ig  se in ;  i n s b e s o n d e r e  
d a n n ,  w e n n  die zu f r a k t i o n i e r e n d e n  V e r b i n d u n g e n  ke ine  
E r w ~ r m u n g  v e r t r a g e n .  Dies w i e d e r u m  k a n n  b e i m  Ar-  
b e i t e n  m i t  r a d i o ~ k t i v e n  P r ~ p a r a t e n  b e s o n d e r e  Vors i ch t s -  
m a s s n a h m e n  n o t w e n d i g  m a c h e n ,  die die V o r b e r e i t u n g  
de r  C h r o m a t o g r a m m e  zus/ i tz l ich e r schweren .  

W i r  s ind  se i t  e in iger  Ze i t  dazu  i ibergegangen ,  al le  
P a p i e r c h r o m a t o g r a m m e  a u t o m a t i s c h  au f zu t r agen .  D a z u  
b e d i e n e n  w i t  u n s  e ines  Daue r in fus ionsge r~ t e s  ( T y p  
~ U n i t a  I~ de r  F i r m a  A p p a r a t e b a u  B.  B r a u n ,  Melsungen ,  

D e u t s c h l a n d ) ,  de s sen  H a l t e r a h m e n  sechs  I n j e k t i o n s -  
s p r i t z e n  a u f z u n e h m e n  v e r m a g  (vgl. F igur ) .  Be i  d ie sem 
A p p a r a t  1/isst s ich  die  V o r s c h u b g e s c h w i n d i g k e i t  d e r  Spr i t -  
z e n k o l b e n  in  24 S t u f e n  so var i i e ren ,  dass  be i  V e r w e n d u n g  
y o n  5 c m s - P i p e t t e n  s t f ind l i ch  M e n g e n  zwischen  7,5 m m s  
u n d  30 c m  8 a b g e g e b e n  werden .  

Auf  d e n  zu r  Be fe s t i gung  de r  K a n t i l e n  a n g e s e t z t e n  
K o n u s  wi rd  jewei ls  e in  P V C - S c h l a u c h  au fgeschoben ,  de r  
d ie  V e r b i n d u n g  zur  e igen t l i chen  A u f t r a g e p i p e t t e ,  e inem 
zu e iner  fe inen  Spi tze  ausgezogenen  G l a s r S h r c h e n  (Fas-  
s u n g s v e r m 6 g e n  e t w a  250 m m  s) he r s t e l l t .  Au f  diese Weise  
i s t  es m6gl ich ,  d u t c h  W a h l  v e r s c h i e d e n  l anger  Sch l~uche  
sechs  w a a g e r e c h t  ausge leg te  P a p i e r c h r o m a t o g r a m m e  
gleichzei t ig  zu versorgen .  D a m i t  die C h r o m a t o g r a p h i e -  
b 6 g e n  n i c h t  d u r c h  K a p i l l a r k r ~ f t e  u n k o n t r o l l i e r b a r e  
F l f i s s igke i t smengen  aus  d e n  P i p e t t e n  h e r a u s s a u g e n  k6n -  
hen ,  erwies  es s ich  als e r forder l ich ,  die S p r i t z e n  einschl iess-  
l ich  de r  Ve rb indungssch l&uche  u n d  d e r  K a p i l l a r e n  luf t -  


