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The Inhibit ing E f f e c t  of  H i g h  P l a s m a  Concen-  
trat ions  on B l o o d  C o a g u l a t i o n .  Observat ions  
d u r i n g  t h e  T r e a t m e n t  w i t h  D i c o u m a r i n  D e r i -  

v a t i v e s  and in Other Condit ions  

The recent invest igat ions of TOCANTINS el aL z on the 
actual  plasma concentrat ion in the clott ing mixtures  
have shown tha t :  (1) the usual dilution curves of normal 
plasma mixed with thromboplast in  and calcium (one- 
stage Quick's method) only refer to the original plasma 
concentrat ion but  not  to the final concentrat ion in the 
mix ture ;  (2) for a mathemat ica l  evaluat ion of the com- 
plete curve at  all plasma dilutions; i.e. also a t  high 
concentrations,  a formula is needed which corresponds to 
the parabolic and not  to the hyperbolic course; (3) in 
hemophiliacs the parabolic course is very  evident,  
whereas in asbestos plasmas the curve wilI approach a 
hyperbolic course; (4) in hemophiliacs the response to 
thromboplas t in  is different from the response in normal 
subjects. 

The observations of TOCANTINS have been carried out 
with a par t icular  technique, which is necessary for the 
s tudy of hemophil ic  plasmas. For  the invest igat ion of 
other  physiopathological  conditions, and in order to 
establish some parallels with the usual tests (one-stage 
method),  we tried to unify the exper imental  conditions, 
to characterize the influence of high plasma concentra- 
t ions on the blood coagulation, and to make i t  possible 
to apply this method currently. 
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Fig. 1.--Clotting times of a mixture containing: 0.25 ml plasma at 
various dilutions, 0.025 ml calcium chloride 0"2 M, 0"025 ml thrombo- 
plastin. Actual plasma concentrations are given (see details in the 
paper). A: normal values; B, C, D, E: subjects treated with dicou- 
marin derivatives (Tromexan); IS', G, H: other conditions (liver 

diseases). 

Methods. Oxalated plasma is used as in the one-stage 
method s. The determinat ions are carried out  by mixing 
plasma, thromboplas t in  and calcium chloride according 
to the following schema:  

(a) Determinat ions according to Quick's original 
method:  0.1 ml plasma + 0.1 ml high act ive thrombo-  
plastin + 0.1 ml 0.02 M calcium chloride, at  37°C. Nor- 
mal values : 10.5--11.5 ~. 

(b) Determinat ions  wi th  concentra ted  plasma:  0.25 ml 
undiluted and diluted plasma (50%, 25% and 12.5% 

in saline) q- 0.05 of a mixture  containing 0.2 M calcium 
chloride and high active thromboplast in  in equal parts. 

The graphic representation of the values obtained by 
the la t ter  procedure is made on a logari thmic chart.  The 
diluting effect of the oxalate and of the calcium and 
thromboplast in  has been calculated. In the normal 
cases the final plasma concentrat ion in the mixture  is 
about  70% for the non-diluted plasma and of 35 %, 
17-5 %, 8.725% for the diluted plasma. In  the clott ing 
mixture  of the original Quick's method,  the actual con- 
centrat ion of the non-diluted plasma is about  26--28 % 
under  normal conditions (Fig. 1). 
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Fig. 2.--Comparison of the usual prothrombin time with the pro- 
thrombin time at high plasma concentration. 

As in the original one-stage method the variat ions of 
the hematocr i t  are not  considered. The comparison of 
the usual method  with the high concentrat ions method 
has been done wi thout  considering such variations,  in 
order to obtain a s tandardizat ion of the methods. 

For  the numerical  evaluat ion of the correlations be- 
tween the two methods, we suggest the comparison of 
the c lot t ing times obtained with non-diluted plasma at 
the actual concentrat ions of 26 and 70 % and the con- 
nection of the values in a logari thmic chart  (Fig. 2). 

Discussion. In the graphs some of the results are pre- 
sented which have been obtained in normal  subjects, in 
subjects t reated with dicoumarin derivat ives and in 
subjects suffering from various diseases, especially liver 
diseases, and, in one case, myeloma. The left portion 
of the curve shows a course which is similar to the 
course observed in the convent ional  curve of the one- 
stage method.  The differences between the various plas- 
mas are not  very marked.  The r ight  port ion of the curve, 
on the contrary,  shows a very characterist ic behaviour,  
because the differences between the various plasmas are 
very marked x. In some cases of severe l iver diseases we 
observed values higher than 300" (determinations on 
concentrated plasma), al though the clott ing t ime of the 
diluted plasma was not  very much prolonged. The dilu- 
tion probably  eliminates the influence of inhibiting 
substances (ant i thromboplast in substances, according to 
TOCANTINS et el.2). I t  is probable, however, tha t  the 
inhibit ion is due, in some cases, to the presence of pro- 
tein ant icoagulant  substances, and generally to a dys- 
proteinaemic condition, as i t  has been shown in numerous 
physiopathological  observations. As similar results can 
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be o b s e r v e d  also in  some  s u b j e c t s  t r e a t e d  w i t h  d i c o u m a r i n  
d e r i v a t i v e s ,  i t  is n o t  y e t  poss ib le  to  e s t a b l i s h  t h e  v a l u e  
of s u c h  a n  i n t e r p r e t a t i o n .  

P. DE NICOLA 

Department of Medicine, University of Pavia, No- 
vember 15, 1951. 

Z u s a m m e n / a s s u n g  

D e r  Einflul3 h o h e r  P l a s m a k o n z e n t r a t i o n e n  a u f  die 
B l u t g e r i n n u n g  w u r d e  wfi.hrend de r  B e h a n d l u n g  m i t  
D i k u m a r i n d e r i v a t e n  u n d  bei  a n d e r e n  K r a n k h e i t s z u s t A n -  
den  u n t e r s u c h t .  E i n e  e in f ache  M e t h o d e  zu r  k l i n i s c h e n  
A u s w e r t u n g  so lche r  E r g e b n i s s e  w i rd  v o r g e s c h l a g e n .  Es  
wi rd  die M 6 g l i c h k e i t  b e s p r o c h e n ,  d u r c h  solche  M e t h o d e n  
z i r k u l i e r e n d e  A n t i k o a g u l a n t i e n  zu  b e s t i m m e n .  

R e s e a r c h  on  the  P r o l i f e r a t i o n  A c t i v i t y  of  
E r y t h r o b l a s t s  at  L o w  A t m o s p h e r i c  P r e s s u r e  

I t  is n o w  a n  e s t a b l i s h e d  f ac t  t h a t  w h e n  l i v ing  u n d e r  
c o n d i t i o n s  of low a t m o s p h e r i c  p r e s su re  a n i m a l s  (as wel l  
as h u m a n  be ings)  show a n  inc rease  in e r y t h r o c y t e s  a n d  
h a e m o g l o b i n  (BERT x, VIAULT 2, BARCROFT a, SEYFARTH 4, 
~[ONGE et al. 5, WOLFER 6, HURTADO 7, HEILMEYER el~ al. s, 
KRUPSKY a n d  ALMASYg~ TALBOTT a n d  DILL TM, HURTADO 
et al. I~, FARBER 12, VERZ~R Is, ROBLES and GONZALES t4, 
GRAND JEAN 1~, IV[ERINO 16, LAWRENCEI~'), T h e  gene r a l  as-  
s u m p t i o n  is t h a t  t h i s  h y p e r g l o b u l i a  is due  to  t h e  en-  
h a n c e d  e r y t h r o b l a s t i c  a c t i v i t y  of t h e  bone  m a r r o w ,  r a t h e r  
t h a n  to  a dec rea sed  h e m o c a t h e r e s i s .  Such  a n  a s s u m p t i o n  
is s u p p o r t e d  b y  t h e  f i n d i n g  of a p e r i p h e r a l  r e t i cu locy tos i s  
(SEYFARTH 4, WOLFER 6' BARCROFT 18, HEILMEYER et al. s, 
KRUI'SKY a n d  ALMASY s) and ,  e v e n  more ,  of a m e d u l l a r y  
e r y t h r o b l a s t o s i s  ( SCHACKE a n d  M c D u P P E  x°, REISSMANN 2°) 
F r o m  t h e s e  f i n d i n g s  m o s t  a u t h o r s  i n f e r  t h a t  h y p o x i a  
m a y  ac t  as a s t i m u l a n t  of e r y t h r opo i e s i s .  A c c o r d i n g  to  
such  a concep t ,  p o l y g l o b u l i a  w o u l d  b e  t h e  u l t i m a t e  
cond i t ion  b r o u g h t  a b o u t  b y  t h e  fo l lowing  g r a d u a l  s t ages  : 
h y p o x i a  of t h e  s u r r o u n d i n g  a t m o s p h e r e  - ~  h y p o x e m i a  
(per iphera l )  -->- m e d u l l a r y  h y p o x i a  --~ e r y t h r o p o i e s i s  
e n h a n c e d  b y  h y p o x i a  --~ po lyg lobu l i a .  

Some  fac ts ,  h o w e v e r ,  s eem to  be  i n c o n s i s t e n t  w i t h  s u c h  
an a s s u m p t i o n .  
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F i r s t  of all, ROSIN a n d  RACttM1LEWITZ 1 h a v e  n o t e d  
t h a t  in  b o n e  m a r r o w  c u l t u r e s  i n  vi tro t h e  m i t o t i c  i n d e x  
dec rea se s  as  t h e  0 2  t e n s i o n  decreases .  U n d e r  s i m i l a r  
c o n d i t i o n s ,  MAGNUSSEN ~ o b s e r v e d  a dec rease  in  e ry-  
t h r o e y t e  f o r m a t i o n .  BULLOUGIt s, as  well  as ASTALDI et 
al. 4 n o t i c e d  t h a t  u n d e r  a n o x a e m i c  cond i t i ons ,  t h e  cells 
do  n o t  e n t e r  mi tos i s ,  a l t h o u g h  t h e  mi toses ,  w h i c h  a re  
a l r e a d y  u n d e r  way ,  c o n t i n u e  to  cy tod ie res i s .  GRANT a n d  
ROOT s h a v e  o b s e r v e d  a n o r m a l  02 s a t u r a t i o n  of m e d u l -  
l a r y  b l o o d  in s o m e  cases of e n h a n c e d  e ry th ropo i e s i s .  
VANNOTTI a n d  MARKWALDER 6 as wel l  as  VERZ/~-R 7, re-  
p o r t e d  t h a t  p o l y g l o b u l i a  u n d e r  low a t m o s p h e r i c  pres-  
su re  is p r e c e d e d  b y  a n  incease  in  e r y t h r o c y t c  d e s t r u c -  
t i on ,  a n d  c o n s e q u e n t l y  a s s u m e d  t h a t  t h e  s t i m u l u s  
t o w a r d  e r y t h r o p o i e s i s  m a y  b e  d u e  t o  t h e  p r o d u c t s  of 
e r y t h r o c a t h e r e s i s ,  r a t h e r  t h a n  to  a n  0,2 dec rease  a t  t h e  
m a r r o w  level .  F ina l ly ,  REISBMANN s s h o w e d  t h a t  po ly-  
g lobu l i a  occurs  n o t  o n l y  in  t h e  a n i m a l  u n d e r  low a t m o s -  
p h e r i c  p ressu re ,  b u t  a lso in  a n  a n i m a l  u n d e r  n o r m a l  
a t m o s p h e r i c  p r e s su re  w h e n  i t  is p a r a b i o t i c a l l y  c o n n e c t e d  
t h r o u g h  a t i s s u l a r  e a r - t a i l  a n a s t o m o s i s  w i t h  t h e  a n i m a l  
u n d e r  low a t m o s p h e r i c  p ressure .  T h i s  p h e n o m e n o n  is 
e x p l a i n e d  b y  REISSMANN a s s u m i n g  t h a t  e r y t h r o - s t i m u -  
l a t i n g  s u b s t a n c e s  ( e r y t h r o p o i e t i n s )  a re  f o r m e d  in t h e  
a n i m a l  u n d e r  low p re s su re  as a c o n s e q u e n c e  of h y p o x i a ,  
a n d  t h a t  s u c h  s u b s t a n c e s  pass  t h r o u g h  t h e  a n a s t o m o s i s  
t o  t h e  o t h e r  a n i m a l .  

I n  o u r  op in ion ,  al l  t h e  fo rego ing  f ac t s  a rc  m a r k e d l y  
i n c o n s i s t e n t  w i t h  t h e  a s s u m p t i o n  t h a t  h y p o x i a  m a y  b y  
i t se l f  b e  ab le  d i r ec t l y  to  s t i m u l a t e  e r y t h r o p o i e s i s ,  as 

m o s t  h a e m a t o l o g i s t s  t h i n k .  C o n s e q u e n t l y  we fe l t  t h a t  
t h e  p r o b l e m  was  w o r t h  e x a m i n i n g  f rom v a r i o u s  s t a n d -  
po in t s ,  a n d  t h i s  p a p e r  is a r e p o r t  on  t h e  f u n c t i o n a l  ac-  
t i v i t y  s h o w n  b y  b o n e  m a r r o w  s u r v i v i n g  u n d e r  low 
a t m o s p h e r i c  p re s su re ,  w i t h  spec ia l  r e f e rence  to  t h e  prol i -  
f e r a t i on  a c t i v i t y  of e r y t h r o b l a s t s  of h u m a n  b o n e  m a r r o w .  

T h e  A s t a l d i - M a u r i  s t a t h m o k i n e t i c  t e s t  h a s  b e e n  used  
to  d e t e r m i n e  t h e  a m o u n t  of  p ro l i f e r a t i on .  S u c h  a t e s t  
cons i s t s  in  t r a n s p l a n t i n g  b o n e  m a r r o w  f r a g m e n t s  to  a 
p l a s m a  c u l t u r e  c o n t a i n i n g  o p t i m u m  c o n c e n t r a t i o n  of 
co lch ic ine .  O w i n g  t o  t h e  s t a t h m o k i n e t i c  e f fec t  of col- 
ch ic ine ,  al l  t h e  cells e n t e r i n g  mi tos i s  a re  a r r e s t e d  in  
t h e  p r e - m e t a p h a s e ,  w h e r e b y  t h e  a m o u n t  of p r o l i f e r a t i o n  
a c t i v i t y  c a n  be  i n f e r r ed  f r o m  t h e  n u m b e r  of mi tos i s  oc- 
c u r r i n g  in  a g i v e n  p e r i o d  of t i m e  ( s t a t h m o k i n e t i c  index) .  

T h i s  r e s e a r c h  h a s  b e e n  c a r r i e d  o u t  on  t h e  b o n e  m a r r o w  
( f rom t h e  s t e r n u m )  of 10 s u b j e c t s  s u f f e r i n g  f r o m  se- 
c o n d a r y  a n a e m i a ,  in  o r d e r  to  o b t a i n  a m a r r o w  r i ch  in  
e r y t h r o b l a s t s .  T h e  c u l t u r e  m e d i u m  was  c o m p o s e d  as 
fo l lows:  1.4 c m  3 p l a s m a  t a k e n  f r o m  t h e  m a r r o w  d o n o r  
h i m s e l f  ( th is  p l a s m a  h a d  b e e n  o b t a i n e d  as  f lu id  b y  t h e  
a d d i t i o n  of 10 A.U.  of h e p a r i n  p e r  c u b i c  c e n t i m e t e r  
b lood)  ; 0.2 c m  ~ of 1/50 000 co lch ic ine  in  T y r o d e  s o l u t i o n ;  
0.4 c m  n of 1/500 p r o t a m i n  s u l p h a t e .  P r o t a m i n ,  w h i c h  
n e u t r a l i z e s  %he h e p a r i n ,  m a k i n g  poss ib le  t h e  c o a g u l a t i o n  
of p l a s m a  (AsTALDI a n d  FRANKO, 1950), h a d  b e e n  u sed  
to  c o a g u l a t e  t h e  c u l t u r e  m e d i u m ,  a n d  s h o u l d  t h e r e f o r e  
be  a d d e d  j u s t  be fore  t r a n s p l a n t i n g .  

B y  u s i n g  a p a r t i c u l a r  c u l t u r e  a p p a r a t u s ,  t h e  b o n e  
m a r r o w  of e a c h  s u b j e c t  h a s  b e e n  e x p l a n t e d  u n d e r  t h e  
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