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Pa s s ive  H e m a g g l u t i n a t i o n  

Mix ture  o/ a pathological blood (cirrhosis o[ the liver) with a normal blood: 

Pathological serum* incubated during 2 h at  37°C 
in contact with: 

Pathological red cells . . . . . . . . . . . . . .  - 
Normal red celIs . . . . . . . . . .  -. . . . . .  - 
Pathological platelets . . . . . . . . . . . . . .  -- 
Normal platelets . . . . . . . . . . . . . . . .  - 
Clot of the pathological plasma (without antico- 

agulant) . . . . . . . . . . . . . . . .  + + x]4 
Clot of the normal plasma (without anticoagulant) . . - 
Without any contact  . . . . . . . . . . . . . .  - 

Physiological saline incubated during 2 h a t  37°C in 
contact  with: 

Pathological clot . . . . . . .  : . . . . . .  + + 1/16 

Normal serum* incubated during 2 h at  37°C in con- 
tact  with: 

Normal red cells . . . . . . . . . . . . . . . .  - 
Pathological red cells . . . . . . . . . . . . . .  - 
Normal platelets . . . . . . . . . . . . . . . .  - 
Pathological platelets . . . .  ' . . . . . . . . . .  - 
Clot of the normM plasma (without a n t i c o a g u l a n t ) . .  - 
Clot of the pathological plasma 

(without anticoagulant) . . . . . . . . .  + + 1/~ 
Without  any contact  . . . . . . . . . . . . . .  - 

Physiological saline incubated during 2 h a t  37°C in 
contact  with:  

Normal clot . . . . . . . . . . . . . . . . . .  - 

* Sera immediately separated after clotting by the use of mechanical agitation with glass beads, incubated at 37°C with and without 
contact, and then heated, at 56°C for 30 min. All reactions are negative without heating at 56°C. 

[raction I coating the tanned red cells. This  s u b s t a n c e  ag- 
g lu t i na t e s  t hese  red  cells on ly  w h e n  i t  has  been  h e a t e d  
p rev ious ly  for  30 rain a t  56°C. 

The  i m m u n o l o g i c a l  n a t u r e  of th i s  s u b s t a n c e  is d o u b t -  
ful. E x p e r i m e n t s  h a v e  s h o w n  a t  l eas t  t w o  d i f f e r en t  
k inds  of b e h a v i o r  in  r e l a t i on  to  r a b b i t  a n t i b o d i e s  aga in s t  
h u m a n  p l a t e l e t s  : (1) t h e  r a b b i t  a n t i b o d y  is f o rmed  in t h e  
s e r u m  a n d  is n o t  l i be ra t ed  b y  t h e  i n c u b a t e d  c lo t ;  (2) i t  
does  n o t  r equ i re  h e a t i n g  a t  56°C to  p r o m o t e  h e m a g -  
g lu t i na t i on .  

The  r e l a t i on  b e t w e e n  h e m a g g l u t i n a t i o n  a n d  f ib r ino ly -  
• sis has  been  d e m o n s t r a t e d  b y  t w o  d i f f e r en t  a p p r o a c h e s :  

(a) Clots  of p a t i e n t s ,  in  w h i c h  t h e  r e a c t i o n  was  f o u n d  
s t r o n g l y  pos i t ive ,  h a v e  m a r k e d  t e n d e n c y  to  f ibr inolys is .  
Th i s  was  seen  a f t e r  i n c u b a t i o n  of  b lood,  d i l u t ed  w i t h  
equa l  v o l u m e  of phys io log ica l  sal ine,  a t  p H  7.2, u n d e r  
s ter i le  cond i t ions ,  d u r i n g  24 h a t  37°C. I n  all cases  
c o m p l e t e  lysis  has  been  obse rved .  

(b) 1 c m  ~ of  n o r m a l  b lood,  c l o t t ed  a t  37°C in t h e  
p r e s e n c e  o f  15 m g  of  pur i f ied  b o v i n e  f ibr inolys in ,  g ives  
off, a f t e r  2 h of  i n c u b a t i o n  a t  37°C, a s e r u m  c a p a b l e  also 
to  p r o m o t e  the  reac t ion .  C o m p l e t e  lysis of t h e  c lot  is ob-  
s e rved  a f t e r  24 h u n d e r  t h e  s a m e  cond i t ions .  

Conclusions. In  t he  course  of f ib r ino lys i s  of t h e  clot ,  
wh ich  is an  espec ia l ly  r ap id  p rocess  in  l iver  c i r rhosis ,  
t h i s  clot  l ibera tes  a s u b s t a n c e  wh ich  i s  capable ,  a f t e r  
h e a t i n g  of 30 min  a t  56°C, t o  r eac t  w i t h  t a n n e d  e r y t h r o -  
cy tes  c o a t e d  w i t h  a p l a s m a t i c  s u b s t a n c e  f o u n d  in 
f r ac t ion  I. I t  is p r o b a b l e  t h a t  th i s  p h e n o m e n o n  is n o t  
l imi ted  to  l iver  c i r rhosis ,  b u t  can  be  found  also in o t h e r  
s y n d r o m e s  a s soc ia t ed  w i t h  f ibr inolys is .  I t  is be l i eved  
th is  is an  e x a c e r b a t i o n  of a n o r m a l  phys io log ica l  process .  

We wish to thank Drs. E. C. LOOMIS of Detroit and J. P. SOULIER 
of Paris for the preparations of bovine fibrinolysin and for their 
advice. 

J, DAUGSET, Y. BERGEROT-BLONDEL, 
a n d  A. PARAF 

National  Centre of Blood Trans]usion,  Paris ,  March  
15, 1956, 

Rdsumd 

Au cours  de la f ibr inolyse ,  pa r t i cu l iCremen t  prCcoce au 
cours  des  c i r rhoses  du foie, le cai t lo t  libCre une  s u b s t a n c e  
capab le  apr~s chauf fage  de 30 m i n  ~ 56°C de  rCagir avec  

des  h6mat i e s  r ecouve r t e s  d ' u n e  s u b s t a n c e  p l a s m a t i q u e  
p r6sen te  dans  la f r ac t ion  t .  

I1 es t  p r o b a b l e  que  le ph6nomCne  n ' e s t  pas  l imit6 aux 
seules  c i r rhoses  hCpat iques ,  mais  s ' 6 t e n d  £ d ' a u t r e s  syn-  
d r o m e s  hCmorrag iques  ( f ibr inoly t iques)  e t  qu ' i l  s ' ag i ra i t  
de l ' exagCra t ion  d ' u n  p rocessus  phys io log ique  normal .  

A D i a l y z a b l e  F a c t o r  f r o m  P l a s m a  Responsible  
for t h e  " V i s c o u s  M e t a m o r p h o s i s "  o f  t h e  Blood 

P l a t e l e t s .  I t s  R o l e  i n  C l o t  R e t r a c t i o n  and 
Haemostas i s*  

D u r i n g  coagu la t ion  of n o r ma l  b lood,  t h e  t h r o m b o -  
c y t e s  u n d e r g o  a series of morpho log ica l  c h a n g e s  which  
lead  f ina l ly  to  t he i r  t o t a l  d i s in t eg ra t i on .  This  -pheno- 
m e n o n  is gene ra l ly  cal led  " v i s c o u s  m e t a m o r p h o s i s "  of 
t h e  p la te te t s ,  a n d  i ts  m o s t  eas i ly  o b s e r v e d  m a n i f e s t a t i o n  
cons i s t s  in a g g l u t i n a t i o n  a n d  c l u m p i n g  of t h e s e  cells. 
Since i t  is k n o w n  t h a t  in m o s t  cases  t h r o m b u s  fo rma t ion  
in v e n o u s  t h r o m b o s i s  s t a r t s  o u t  f rom a g g l u t i n a t e d  and 
fused p l a t e l e t s  a d h e r i n g  to  t h e  wall  of a b lood  vessel, 
a t t e n t i o n  in r e c e n t  yea r s  has  been  focused  on t h e  factors  
i n v o l v e d  in t he  t h r o m b o c y t e  a g g l u t i n a t i o n  1. A new 
d ia lyzab le  f ac to r  was  d i scovered  in t h e  course  of the  
fol lowing e x p e r i m e n t s .  

Some a u t h o r s  stil l  be l ieve  clumping of t h e  t h r o m b o -  
cy tes  to  be a s e c o n d a r y  p h e n o m e n o n  due  to  t h e  con- 
ve r s ion  of smal l  a m o u n t s  of f ib r inogen  to  f ibr in  or pro- 
f ib r in  ~, in sp i t e  of t h e  fac t  t h a t  p l a t e l e t s  in afibrino- 
g e n a e mi c  p l a s m a  agg lu t i na t e  n o r m a l l y  3, a n d  t h a t  elec- 

* Supported by grants from the Swiss National Foundation for 
Scientific Research and the F. Hoffmann-La Roche Foundation. 

1 Throughout this paper agglutination is understood in the sense 
of describing the first manifestation of viscous metamorphosis, thus 
excluding nonspeeific aggregation or serological reaction of intact 
ceils with antiptatelet antibodies. 

~- K. AelTZ, Erg. inn. Med. 61, 54 (1942). - K. LENGG~NHAGER, 
IYeitere Fortschritte in der Bhdgerinnu~*gslehre { Georg Thieme, Stutt- 
gart, 1949), p. 7 and 177. 

3 B. ALEXANDER, R. GOLDSTEIN, L. RICH, A. G. LE BOLLOCH, 
L. K, DIAMOND, and W. BORGES, Blood 9, 843 (1954). 
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t ron  m i c ro scopy  4 and  s ta in ing  m e t h o d s  d i sp rove  the  
presence  of  f ibr in  in t h e  agglu t ina tes .  We  h a v e  been  able  
to show s t h a t  a " s e r u m "  r ich in p r o t h r o m b i n  ob ta ined  b y  
recalc i f iea t ion  f rom a p la te le t - f ree  p l a sma  and  con ta in -  
ing no de t ec t ab l e  a m o u n t s  of  f ib r inogen  agg lu t ina te s  
added  t h r o m b o c y t e s  comp le t e ly  in a few minu tes .  On  the  
o ther  hand,  no rma l  se rum ob t a ined  f rom spon t aneous ly  
c lo t ted  fresh blood has lost  this  p l a t e l e t -des t roy ing  pro-  
pe r ty ;  th is  suggests  t h a t  one  of t he  responsible  factors  
is consumed  dur ing  c lo t t ing  in t h e  presence  of pla~telets. 
Serum f rom pa t i en t s  wi th  h a e m o p h i l i a  A or haemoph i l i a  
B, l ack ing  an t i haemoph i l i c  fac to r  or  Chr i s tmas  factor ,  
respec t ive ly ,  p r o v e d  ful ly  ac t ive  in ou r  agg lu t ina t i on  
tes t  ~. This  d i sp roves  t h e  e x p l a n a t i o n  offered by  BERG- 
SAGEL ~ t h a t  t h e  c o m b i n a t i o n  of  Chr i s tmas  factor ,  ant i -  
haemophi l i c  g lobul in  and  ca lc ium is responsib le  for  
p la te le t  agg lu t ina t ion .  The  pa tho log ica l  sera ~dth pro-  
nounced  p l a t e l e t -des t roy ing  ac t i v i t y ,  i.e. f rom cases of 
haemoph i l i a  A and  B and of t h rombopen i a ,  and the  
se rum f rom p la te le t - f ree  p l a sma  h a v e  one p r o p e r t y  in 
common,  this  being the i r  h igh  con ten t s  of p ro th rombin .  
Our work  seemed  there fore  in a g r e e m e n t  w i t h  t he  ob- 
se rva t ions  by  WRIGHT a n d  ~V[INOT s who found as ea r ly  
as 1917 t h a t  " s e r o z y m e "  can  cause viscous  m e t a m o r -  
phosis of t h e  pla te le ts .  However ,  in our  expe r imen t s  in-  
cuba t ion  of washed  p la te le t s  w i t h  p r o t h r o m b i n  and  
ca lc ium did  n o t  cause  agg lu t ina t ion  of t he  cells. (P la te -  
lets were  ob t a ined  b y  c e n t r i l u g a t i o n  f rom c i t r a t ed  bo-  
v ine  blood,  wash ing  5 t imes  in NaCl -c i t r a t e  solut ion,  
and suspend ing  in physio logica l  saline). The  same  nega-  
t ive  resu l t  was found wi th  t issue th rombop la s t in ,  Ca, 
and p ro th romb in ,  or  when  an e q u i v a l e n t  a m o u n t  of 
t h r o m b i n  was added  to  washed  pla te le ts .  Pur i f ied  pre-  
pa ra t ions  of p r o t h r o m b i n  or  t h r o m b i n  alone are  there-  
fore no t  responsib le  for p l a t e l e t  agg lu t ina t ion ;  presence  
or absence  of a w e t t a b l e  sur face  is t h e r e b y  w i t h o u t  in- 
fluence. 

Accord ing  to  our  concep t  of  clot-retraction, mate r i a l  in 
the  p l a t e l e t s - - a n d  in no case f ib r in - - i s  t h e  re t r ac t i l e  
substance,  t h e  f ibr in  p l ay ing  the  c o m p l e t e l y  pass ive  role  
of be ing  d r a w n  t o g e t h e r  by  t h e  r e t r a c t i n g  "pseudo-  
p o d i a " - m a t e r i a l  of  t he  t h r o m b o c y t e s .  Send ing  ou t  of  
pseudopodia  by  the  p la te le t s  is cons idered  to  be  t he  
first sign of v iscous  me tamorphos i s ,  and  the re fo re  t h e  
abi l i ty  of a t h r o m b o c y t e - c o n t a i n i n g  f ibr in  c lot  t o  r e t r a c t  
was t a k e n  as a c r i te r ion  for t he  presence  of a s y s t e m  
capable  of p roduc ing  viscous  m e t a m o r p h o s i s  of t he  
p la te le ts  in t he  f ibr in  ne twork .  

Such  m i n i m u m  sys tems  for c lo t - r e t r ac t ion  h a v e  been  
descr ibed by  severa l  au thors .  BUDTZ-OLSEN 9 found t h a t  
in a sy s t em of f ibr inogen,  p r o t h r o m b i n ,  CaC12 and  p la te -  
lets r e t r a c t i o n  occurs ;  accord ing  to  ~ELLICOTT and  CON- 
LEY ~° t h r o m b i n ,  f ibr inogen,  p ta te le t s  and  s e r u m  a l b u m i n  
are a n o t h e r  e x a m p l e  for such  a m i n i m u m  sys tem.  Work -  
ing w i t h  t h e  r e t r a c t i o n  t e s t  descr ibed  b y  FoNIo  n ,  and  
with  ma te r i a l  of bov ine  origin, we found  t h a t  ne i the r  

4 R. Jf)RGENS and H. BRAUNSTEINER, Schwciz. med, Wschr. 80, 
1388 (1950). 

s E. F. LOSC~ER, Schweiz. reed. Wschr. 85, 912 (1955). 
6 E. F. LOSCnER, V. Europ. Hiimatologenkougr. Freiburg i.Br. 

1955 (in press). 
: D. E. BERGSaOEL, V. Europ. H~imatologeukongr. Freiburg i.Br. 

1955 (in press). 
s j .  H. "WRm~T and G. R. MINOT, J. exper. Med. 26, 395 (1917). 
l} O. E. BUDTZ-OLsEbr, Clot retraction (Blackwell Scientific Publi- 

cations, Oxford, 1951), p. 56. 
10 Ca. E. ELLICOT and E. L, CONLI~Y, Bull. John Hopkins Hosp. 

ss, 321 (1951). 
n A. FoNm and J. HE~CSELER, Schweiz. Z. allg. Path. Bakt. 15, 

598 (1952). 

sy s t em led to  re t rac t i l e  c lo ts  as long as t h e  c o m p o n e n t s  
used were pu re  enough.  (F ib r inogen  was p r epa red  ac- 
co rd ing  to  WARS, GUEST, and  SEEGERSX~; p r o t h r o m b i n  
was  adsorbed  on  B a S O  4 and  r e p r e c i p i t a t e d  a f te r  e lu t ion .  
Ace tone -p rec ip i t a t ed  lung t h r o m b o p l a s t i n ,  A r m o u r  
crys t ,  bov ine  a lbumin ,  t h r o m b i n  "'Roche", and  tho r -  
ough ly  washed p la te le t s  were  used.) I t  was found,  
however ,  t h a t  a sy s t em consis t ing  of a d i a lyza t e  f rom 
c i t r a t ed  or  o x a l a t e d  bov ine  p l a sma  or  s e r u m  (0.3 ml), 
washed  bov ine  p la te le t s  (0.2 ml),  b o v i n e  f ib r inogen  
(0.4 ml, 0 .6% in NaC1) and coagu la ted  b y  add i t i on  of 
0.1 ml  of a 0 .1% solu t ion  of t h r o m b i n  " R o c h e " ,  was 
a lways  capab le  of r e t r ac t i ng  no rma l ly  to  one - th i rd  of t h e  
or iginal  l eng th  of t h e  clot .  (In t e rms  of f luid expressed  
th is  cor responds  to  well  o v e r  90% the  or iginal  v o l u m e  
of t h e  u n r e t r a c t e d  clot.)  I t  can  be  shown t h a t  t he  dia-  
lyzab le  subs t ance  13 is a l imi t ing  fac tor  w i th  respec t  to  
comple t enes s  of re t rac t ion ,  t h a t  is, t he  l eng ths  oLthe ful ly  
r e t r a c t e d  clots depend  upon  its concen t ra t ion .  This  
s t r ong ly  suggests  t h a t  t he  d ia lyzable  fac to r  and the  
t h r o m b o c y t e s  are  l inked  t oge the r  by  some s to ich iomet r ic  
re la t ionship .  

The  same  sys t em w i t h o u t  f ibr inogen should  cause 
v iscous  m e t a m o r p h o s i s  of t he  p la te le t s  and  this  was  
indeed  the  case. I t  can  be  shown t h a t  r e t r ac t i on  begins  
on ly  a f te r  v iscous  m e t a m o r p h o s i s  has  t a k e n  place.  B y  
us ing  a m o r e  c o n c e n t r a t e d  suspension of  t h o r o u g h l y  
washed  i n t a c t  p la te le ts ,  a m u c h  more  d i rec t  p roof  for  our  
v i e w  can  be of fe red :  a few minu t e s  a f t e r  add i t ion  of  dia-  
l yza t e  and  t h r o m b i n  a t  37 ° C the  p la te le t s  formed a f ragi le  
coagu lum,  which,  ca re fu l ly  de t ached  f rom the  walls of 
t he  t es t  tube,  r e t r ac t ed  r a p i d l y  to  a smal l  knob.  This  
occur red  in a sys tem c o m p l e t e l y  free of even  t races  of 
I ibr inogen.  The  solut ion expressed  f rom this  r e t r ac t ed  
p la te le t -c lo t  added  to  a smal l  a m o u n t  of f ibr inogen 
c lo t t ed  the  l a t t e r  due to t he  presence  of t h rombin .  This  
c lot  showed no re t rac t ion  wha t soeve r ,  a l t hough  i t  m u s t  
h a v e  been  r ich in serotonin .  R e t r a c t i o n  also d id  n o t  
occur  when  the  d ia lyza te  in  our  m i n i m u m  s y s t e m  was  
r ep laced  by  the  same  v o l u m e  of a so lu t ion  of 100 r a g %  
se ro ton in  in NaC1. Th is  resu l t  is in obv ious  c o n t r a s t  t o  
t he  f indings by  FENICHEL and  SEEGERS 14. W e  bel ieve,  
therefore ,  t h a t  a viscous p ro t e in  c o n t a i n e d  in t h e  t h r o m -  
bocytes ,  fo rmer ly  cal led b y  us p ro t e in  ' . 'S", and  no t  t he  
f ibr in  is t he  re t rac t i l e  m a t e r i a l  in t h r o m b o c y t e - c o n t a i n -  
ing f ibrin clots. 

The  impl ica t ions  of a d ia lyzab le  and  t h e r m o s t a b l e  
fac tor  (30 rain a t  100°C) in p l a s m a  which  t oge the r  w i t h  
t h r o m b i n  x5 causes t h e  v i scous  m e t a m o r p h o s i s  of p la te le t s  
a re  ev iden t :  i t  obv ious ly  is p a r t  of t h e  s y s t e m  which is 
essent ia l  in t h e  m e c h a n i s m  of haemos tas i s  in add i t ion  to  
t he  I ibr inogen-f ibr in  sys tem.  I t  m a y  offer  in p a r t  an  ex-  
p l ana t ion  for cases descr ibed  of b leed ing  tendenc ies  in 
spi te  of a c o m p l e t e l y  i n t a c t  c lo t t i ng  sys tem,  which  up 
to  now h a v e  been  ascr ibed  to  defec t ive  t h r o m b o c y t e s  (i.e. 
t h r o m b a s t h e n i a  GLANZMANN). I t  m a y  be noted  t h a t  in 
these  condi t ions  r e t r a c t i o n  is indeed  somet imes  absent .  

The  exis tence  of a se l f -conta ined  sys t em responsible  
for haemos tas i s  b y  c l u m p i n g  of the  p la te le ts  fol lowed by  

xg A. G. WARE, M. M. GUEST, and W. H. SEEOEXS, Arch. Bio- 
chem. Biophys. I3, ~81 (1947). 

13 H. HAETERT [Ktin.Wsehr. 32, 139 (1954)J mentions also a factor 
responsible for retraction which could not be obtained by methods of 
protein- fractionation. 

la R. L. FEmCHEL and W. H. SEEGERS, Amer. J. Physiol. 181, 
19 (1955). 

lS Until now only thrombin "Roche" has been used in our work. 
The possibility of a contamination of this product by other factors 
has to be considered, and work in this direction is in progress. 
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v a s o c o n s t r i c t i o n  due  to  s u b s e q u e n t l y  l i b e r a t e d  se ro ton i i l  
f r o m  t h e  p l a t e l e t s  is of i n t e r e s t  a lso  f r o m  a p h y l o g e n e t i c  
s t a n d p o i n t ,  s ince i t  is well  k n o w n  t h a t  m o r e  p r i m i t i v e  
an ima l s ,  as for  i n s t a n c e  c e r t a i n  c r a b s  ~", h a v e  o n l y  t h i s  
h a e m o s t a t i c  m e c h a n i s m .  I t  seems,  t he re fo re ,  t h a t  t h e  
f i b r i nogen - f i b r in  s y s t e m  is a ~u r t he r  s t ep  in  t h e  d e v e l o p -  
m e n t  of haemos t a s i s ,  w h e r e b y  t h e  o lde r  s y s t e m  h a s  k e p t  
i t s  ful l  i m p o r t a n c e .  

F ina l ly ,  i t  m a y  b e  a d d e d  t h a t  t h e  new  f a c t o r  s h o u l d  
also be  cons ide red  in  f u r t h e r  s t ud i e s  on  t h e  m e c h a n i s m  
a n d  p r e v e n t i o n  of t h r o m b u s  f o r m a t i o n .  

E .  F. L/JSCHER 

Physiologisches Institut der Universitiit, "Hallerianum" 
Bern, February 9, 1956. 

Zusammen/assung 

Die  v i sk6se  M e t a m o r p h o s e  de r  B l u t p l ~ t t c h e n  i s t  ein 
y o n  de r  F i b r i n b i l d u n g  u n a b h A n g i g e r  Prozess ,  de r  d u r c h  
T h r o m b i n  u n d  e i n e n  t h e r m o s t a b i l e n ,  d i a l y s i e r b a r e n  
F a k t o r  au s  P l a s m a  o d e r  S e r u m  a n s g e l 6 s t  wird .  D as  u n t e r  
d ie sen  B e d i n g u n g e n  a u s  d e n  z e r f a t l e n d e n  Pl~Lttchen aus -  
t r e t e n d e  M a t e r i a l  k o n t r a h i e r t  s ich  s p o n t a n .  Dies  e rk l / i r t  
die G e r i n n s e l r e t r a k t i o n ,  bei  de r  d e m  F i b r i n  fo lg l ich  e ine  
v611ig pas s ive  l~olle z u k o m m t .  

16 L. LOEB in: J. ALEXANDER, ed. Colloid Chemistry: Theoretical 
and applied, Vol. 2 (Chemical Catalog Company, New York), p. 487. 

Z u m  V o r k o m m e n  n e u r a m i n s / i u r e h a l t i g e r  

G l y k o p r o t e i d e  

KLENK 1 k o n n t e  e r s t m a l i g  1941 Neuramins~ iu re  in  
F o r m  i h r e r  s t a b i l e n  M e t h o x y l v e r b i n d u n g  aus  Gang l io -  
s i den  isol ieren.  W X h r c n d  die  N c u r a m i n s A u r e  zunAchs t  
n u r  a ls  c h a r a k t e r i s t i s c h e r  B e s t a n d t e i I  v o n  L i p o i d e n  an -  
g e s e h e n  w u r d e ,  g e l a n g  KLENK u n d  LAUENSTEIN 2 i m  
J a h r e  1 9 5 2 - d i e  I s o l i e r u n g  d e r  M e t h o x y n e u r a m i n s / i u r e  
a u c h  aus  G l y k o p r o t e i d e n  u n d  zwar  aus  S u b m a x i l l a r i s -  
m u c i n  u n d  H a r n m u c i n .  Wi e  wi r  8 v o r  k u r z e m  m i t t e i l t e n ,  
k o m m t  N e u r a m i n s / i u r e  a u c h  im B l u t s e r u m  des  M e n s c h e n  
vor .  E s  g e l a n g  uns  d ie  I s o l i e r u n g  k r i s t a l l i s i e r t e r  a n a l y s e n -  
r e i n e r  MethoxyneuraminsPmre a u s  menschlichem Serum*.  
U n s e r e  B e f u n d e  w u r d e n  i n z w i s e h e n  d u r c h  die  A r b e i t e n  
MOIl C. CHATAGNON u n d  P. CtIATAGNON 5 best~i t igt .  Die  
N e u r a m i n s ~ u r e  i s t  i m  S e r u m  n a c h  u n s e r e n  U n t e r -  
s u c h u n g e n  6 n i c h t  a n  Lipoide ,  s o n d e r n  a n  G l y k o p r o t e i d e  
g e b u n d e n .  N a c h  WINZLER 7 d a r g e s t e l l t e  G l y k o p r o t e i d e  
e n t h i e l t e n  n a c h  u n s e r e n  U n t e r s u c h u n g e i l  8 %  N e u r a m i n -  
s~ture s. I n  p a t h o l o g i s c h e n  S e r e n  I a n d e n  w i r  d e u t l i c h e  

1 E. KLENK, Z. physiol. Chem. Zfl8, 50 (1941). 
2 E. KLENK und K. LAUENSTEIN, Z. physiol. Chem, 291, 147 

(1952). 
a p. B 6 ~ ,  ST. DAUBER und L. BAUMEISTER, Klin. Wschr. 3Z, 

289 (1954). 
a p. B6H~ und L. BAUMRISTER, Klin. "Wschr. 32, 611 (1954); 

Z. physiol. Chem. 3o0, 153 (t955}. 
5 C. CHATAGNON und P. CHATAGNON, C. r. Sue. biol. 148, 1226 

(1954). 
6 p. B/JHM und ST. DAUBER, Vortrag auf der 60. Tagung der Ge- 

sellschaft ftir Inhere Medizin, Mfinchen, 25.-29. April 1954. 
H. E. ~,VEIMER, J. W. MEHL und R. J. WINZLER, J. biol. Chem. 

18a, 561 (1950). 
s p. BriM, Vortrag auf der 7. Tagung der Deutschen Gesellschaft 

ftir PhysioIogische Chemic, Kiel, 20.-22. September 1954. 

E r h 6 h u n g e n  des  Neuramins /~uresp iege l s  ~, d e r  be i  nor -  
m a l e n  V e r s u c h s p e r s o n e n  zwi schen  40 u n d  65 r a g %  liegt.  

Mi t  Hi l fe  de r  f r i ihe r  s m i t g e t e i l t e n  N e u r a m i n s ~ u r e -  
b e s t i m m u n g s m e t h o d e  k o n n t e n  wi r  be i  15 v o n  u n s  u n t e r -  
s u c h t e n  T i e r a r t e n  i m  B l u t s e r u m  N e u r a m i n s £ u r e  in  
e t w a  g le icher  G r 6 s s e n o r d n u n g  wie  b e i m  M e n s c h e n  n a c h -  
weisen .  Die  W e r t e  s c h w a n k t e n  zwi schen  30,3 u n d  105,1 
m g % .  

Bei  d e r  U n t e r s u c h u n g  y o n  E i w e i s s f r a k t i o n e n  m i t  e i n e m  
R e i n h e i t s g r a d  y o n  f iber  9 5 %  (die S u b s t a n z e n  w u r d e n  
uns  l i ebenswi i rd ige rwe i se  y o n  H e r r n  P r o f e s s o r  Dr .  H.  E. 
SC~ULTZE, B e h r i n g w e r k e ,  zu r  V e r f i i g u n g  geste l l t )  fan-  
d e n  wi r  d e n  h 6 c h s t e n  N e u r a m i n s / ~ u r e g e h a l t  i m  ~ l -n ieder -  
m o l e k u l a r e n  S~iureprote in ,  das  9 , 1 4 %  N e u r a m i n s / i u r e  
e i l th ie l t .  A b g e s e h e n  r u m  A l b u m i n  w u r d e  in  j e d e r  y o n  
uns  u n t e r s u c h t e n  E i w e i s s f r a k t i o n  des  S e r u m s  N e u r a n f i n -  
s~ture g e f u n d e n .  0 b e r  d e n  N e u r a m i n s ~ t u r e g e h a l t  des  
t r i b r i n o g e n s  bzw.  F i b r i n s  h a b e n  wi r  b e r e i t s  b e r i e h t e t %  
H&moglobi i l  c n t h ~ l t  N e u r a m i n s / i u r e  h 6 c h s t e n s  in  Spu-  
ren .  D a  da s  H & m o g l o b i n  d u t c h  se ine  r o t e  F a r b e  die 
N e u r a m i n s / ~ u r e b e s t i m m u n g  u n m 6 g l i c h  m a c h t ,  w u r d e  es 
n a c h  B6HM u n d  BAUiVIEISTER 1° g e s p a l t e n  u n d  d ie  Me- 
t h o x y n e u r a m i n s R i l r e  isol ier t .  H i e r b e i  w u r d e n  so ger inge  
M e n g e n  e r h a l t e n ,  dass  sie n i c h t  s i che r  d e m  H / i m o g l o b i n  
z u g e s p r o c h e n  w e r d e n  k 6 n n e n .  Sie e n t s t a m m e n  m6g-  
l i cherweise  S p u r e n  y o n  S e r u m ,  die u n s e r e m  A u s g a n g s -  
p r o d u k t  a n g e h a f t e t  h a b e n  k 6 n n t e n .  

I m  U r i n  g e s u n d e r  V e r s u e h s p e r s o n e n  k o n n t e i l  w i r  m i t  
u n s e r e r  M e t h o d e  k e i n e  N e u r a m i n s ~ u r e  I lachweisen .  I m  
e iweissha l t ige i l  U r i n  j e d o c h  f a n d e n  wir,  wie  a u c h  C. CHA- 
TAGNON u n d  P. CHATAGNON 11, N e u r a m i n s i i u r e .  Der  
N e u r a m i n s / i u r e g e h a l t  b e t r u g  bis  5,9 m g % .  

I m  L i q u o r  g e s u n d e r  V e r s u c h s p e r s o n e n  f a n d e n  w i r  zwi- 
s e h e n  0 , I4  u n d  0,42 m g %  N e u r a m i n s / i u r e .  Be i  P a t i e n t e n  
t a g e n  d ie  "Werte z i lm Tei l  w e s e n t l i c h  h 6 h e r ;  d e n  h 6 c h s t e n  
\ ¥ e r t v o n  12,2 r a g %  h a l l e  e in  P a t i e n t  m i t  e ine r  Men ingo-  
k o k k e n m e n i n g i t i s .  I m  Asci tes ,  i m  P l e u r a p u n k t a t  u n d  in 
0 d e m f l f i s s i g k e i t  l iess s ich  ebenfa l l s  N e u r a m i n s / i u r e  in 
w e c h s e l n d e n  M e n g e n  n a c h w e i s e n ;  de r  N e u r a m i n s i i u r e -  
sp iegel  lag  j e d o e h  i m m e r  t i e fe r  als  de r  des  e n t s p r e c h e n :  
d e n  Se rums .  I m  Spe iche t  f a n d e n  wi r  e i n e n  N e u r a m i n -  
sXuregeha l t  y o n  4,4 b is  8,2 m g % .  Aus  m e t h o d i s c h e n  
G r t i n d e n  liess s ich  n i e h t  in j e d e m  Spe i che l  N e u r a m i n -  
sAure b e s t i m m e i l ,  da  die F a r b e  n i c h t  i m m e r  c h a r a k t e -  
r i s t i s eh  war .  GY6RGY u n d  M i t a r b e i t e r  ~2 g e l a n g  es ers t -  
reals,  aus  F r a u e n m i l c h  N e u r a m i n s ~ u r e  zu isol ieren.  In  
F r a u e n m i l e h  f a n d e n  w i r  r e l a t i v  h o h e  N e u r a m i n s ~ u r e -  
w e r t e  (33 ,8 -146  r a g % ) ,  w/ ih re i ld  wi r  in  K u h m i t c h  
(Motkere imi lch)  n u r  e t w a  13 mg°/o f a n d e n .  

l J b e r  die k l i n i s c h e n  U n t e r s u c h u n g s e r g e b n i s s e  ber ich-  
t e n  wir  aus f i i h r l i ch  a n  a n d e r e r  Stelle.  

P.  BOHM u n d  L. BAUMEISTER 

Medizinische Universitiitsklinik Bonn, den 2. Januar 
1956. 

Summary  

T h e  r e su l t s  a re  r e p o r t e d  of i n v e s t i g a t i o n s  on  the  
c o n t e n t  of n e u r a m i n i c  ac id  in  s e r u m  of 15 an ima l  
species,  p u r e  s e r u m  p r o t e i n  f r ac t ions ,  f ib r in ,  haemo-  
g lobin ,  u r ine ,  l iquor ,  s a l i v a  a n d  mi lk .  
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