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Fig. 2. Organ per blood ratios in the lung (L) and the small intestine (SI) of saline (O--O) or heparin (�9 O) treated rats at various in- 
tervals after the challenge of anaphylactic shock. Each point represents the mean ~ SE of 3 experiments. 

well  as in  o t h e r  o rgans  (not  inc luded  in F igure  2) of hepa-  
r in ized  and  n o n - h e p a r i n i z e d  ra ts .  These  f ind ings  m e a n  
t h a t  i n t r a v a s c u l a r  c lo t t ing  as an  et iological  fac to r  in t he  
a n a p h y l a c t i c  shock  of t he  r a t  can be excluded.  

A h igh  dose of ellagic acid, a p o t e n t  a c t i v a t o r  of Hage-  
m a n  factor ,  was  necessa ry  for even  a t r a n s i e n t  f ib r in  for- 
m a t i o n  (Figure 1) ; t he  d i s t r i bu t i on  of t he  f ib r in  fo rmed  in 
t he  1.5th m i n :  l iver  7 2 0 ,  lung  18%, smal l  i n t e s t ine  10%, 
which  was read i ly  e l imina ted  l a t e r  p r o b a b l y  b y  t he  act i -  
v a t e d  f ib r ino ly t ic  s y s t e m  3. The  a n a p h y l a c t i c  resu l t s  pre-  
sen ted  above  show t h a t  the  a n a p h y l a c t i c  a c t i v a t i o n  of 
H a g e m a n  factor ,  wh ich  we h a v e  d e m o n s t r a t e d  ear l ier  in 
t he  r a t  a , does n o t  resu l t  in f ib r in  fo rmat ion ,  a l t h o u g h  
severa l  a d d i t i o n a l  et iological  fac tors  of hypercoagu lab i l i ty ,  

such  as anox ia  and  anoxaemia ,  endo the l i a l  damage ,  pro- 
teo ly t ic  enzymes  and  a c t i v a t e d  c o m p l e m e n t  12 are also 
exist ing.  Consequent ly ,  h igh ly  p o t e n t  a n t i c o a g u l a n t  ac- 
t iv i t i e s  are p re sen t  or emerged  even  in t he  v e r y  ear ly  
phase  of a n a p h y l a c t i c  shock, p r e v e n t i n g  i n t r a v a s c u l a r  
c lot t ing,  and  on the  base  of our  p r e sen t  knowledge,  i t  m a y  
be  conc luded  t h a t  t he  s l ight ly  decreased f ib r inogen  
level  4,5, t he  a p p e a r a n c e  of f ib r inogen  d e g r a d a t i o n  pro- 
duc t s  6 a n d  t he  m a r k e d  hypocoago lab i l i t y  in t he  l a te r  
phase  of a n a p h y l a c t i c  shock3, 4 are  the  consequences  of 
t he  p r i m a r y  a c t i v a t i o n  of f ib r ino ly t ic  sys t em a, 5. 

le D. C. McKA'z, in Coagulation (Eds. S. GOTTFRIED and P. STRAND- 
JORD, 1973), p. 45. 

C o m p a r i s o n  of a Natural  Heparinoid wi th  S o d i u m  and Calc ium Heparin  for their Effect on the In- 
hibitor of Act ivated Factor X 

P. M. 5{IANNUCCI, C. DI SANTO and  F. FRANCHI 

Hemophilia and Thrombosis Ce~lre Angelo Bianchi Bonomi, Ospedale Policlinico, Via Pace 15, 1-20722 Milano (Italy), 
26 April  7976. 

Summary. The  reac t ion  be t w een  a c t i v a t e d  fac to r  X (Xa) a n d  its n a t u r a l  i nh ib i t o r  (XaI) was acce le ra ted  in v i t ro  b y  
b o t h  sod ium h e p a r i n  and  an  hepar inoid ,  wh ich  was a b o u t  3 t imes  less p o t e n t  t h a n  hepar in .  The  s. c. a d m i n i s t r a t i o n  
in h u m a n s  of 5,000 un i t s  of sod ium and  ca lc ium h e p a r i n  was fol lowed b y  t he  de t ec t ion  of a p l a s m a  a c t i v i t y  p o t e n t i a t i n g  
Xa I .  I n  the  m a j o r i t y  of subjects ,  t he  hepa r ino id  was no t  effective.  These  obse rva t ions  ind ica te  t h a t  t h e  use of hepa r in -  
oids should  n o t  be  cons idered  as an  a l t e r n a t i v e  to  h e p a r i n  in  the  p r e v e n t i o n  of t h r o m b o e m b o l i s m .  

In  t he  las t  few years  hepa r ino ids  h a v e  received in- 
creas ing a t t e n t i o n  for t he i r  p o t e n t i a l  app l i cab i l i t y  in  t he  
p r e v e n t i o n  and  m a n a g e m e n t  of t h r o m b o s i s  a n d  a thero-  
sclerosis. These  c o m p o u n d s  are acid mucopo lysaccha r ides  
o b t a i n e d  b y  e x t r a c t i o n  f rom a n i m a l  and  vege ta l  sources 
or  b y  s e m i s y n t h e t i c  procedures .  I nves t i ga t i ons  largely  
car r ied  ou t  in  an ima l s  h a v e  shown t h a t  t h e y  p r o t e c t  
aga ins t  e x p e r i m e n t a l  hype r l i p i dem i a  1, release c lear ing 
fac to r  in to  t he  b lood s t r e a m  2, enhance  f ibr inolys is  a-5 and  
i nh ib i t  p l a t e l e t  aggrega t ion  6-s, whereas  b lood coagu la t ion  
screening tests2,  9 are h a r d l y  affected.  However ,  smal l  
doses of h e p a r i n  (0.2-0.01 U/ml)  wh ich  are w i t h o u t  effect  

on  such  coagu la t ion  tests ,  p o t e n t i a t e  t he  n a t u r a l  i n h i b i t o r  
of a c t i v a t e d  fac to r  X1~ 12 Since th i s  is p re sen t ly  consid-  
ered a key  fac tor  in t he  d e v e l o p m e n t  of thrombosis13,  i t  
would be  of i n t e r e s t  to  k n o w  w h e t h e r  hepar ino ids  m i m i c k  
t he  effect  of min idose  h e p a r i n  a n d  enhance  t he  p l a s m a  
inh ib i t o r  ac t iv i ty .  I n  th i s  s tudy ,  we h a v e  c o m p a r e d  sod ium 
a n d  ca lc ium h e p a r i n  w i t h  a n a t u r a l  hepa r ino id  e x t r a c t e d  
f rom pig d u o d e n u m ,  b o t h  in v i t ro  a n d  fol lowing t h e i r  s.c. 
a d m i n i s t r a t i o n  in h u m a n  vo lun teers .  

Materials and melhods. The  inves t i ga t i on  was car r ied  
o u t  in  6 h e a l t h y  persons  (aged f rom 24 to  33 years)  w h o  
gave in fo rmed  consent .  The  drugs  t e s t ed  were ca lc ium 
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h e p a r i n ,  s u p p l i e d  in  a m p o u l e s  c o n t a i n i n g  25, 000 u n i t s / m l ;  
s o d i u m  h e p a r i n ,  s u p p l i e d  in  a m p o u l e s  c o n t a i n i n g  5,000 
u n i t s / m l  c o r r e s p o n d i n g  t o  50 m g / m l ;  a n d  g l u c u r o n y l -  
g l u c o s e a m i n - g l y c o n  s u l p h a t e  (3GS),  s u p p l i e d  in  v i a l s  
c o n t a i n i n g  60 l i pa se  u n i t s / m l  o f  a c t i v e  s u b s t a n c e  co r r e -  
s p o n d i n g  to  6 m g / m l .  T h e  3 d r u g s  we re  a d m i n i s t e r e d  s.c. ,  
in  a r a n d o m  o rde r ,  t o  t h e  6 v o l u n t e e r s  w i t h  a f ree  i n t e r v a l  
of  1 w e e k  b e t w e e n  e a c h  t r e a t m e n t .  V e n o u s  b l o o d  w a s  
c o l l e c t e d  in  3 . 8 %  N a  c i t r a t e  (9 p a r t s  of  b l o o d  to  1 p a r t  of  
a n t i c o a g u l a n t )  i m m e d i a t e l y  b e f o r e  t h e  a d m i n i s t r a t i o n  a n d  
t h e n  a f t e r  1, 3, 5 a n d  7 h .  P l a s m a  w a s  h a r v e s t e d  a f t e r  

Measurement of plasma heparin (U/ml) in healthy volunteer subjects 

Drug administered 

Sample time Sodium heparin Calcimn heparin 3GS 
(h) (mean/range) (mean/range) (mean/range) 

Preheparin 0 0 0 

Postheparin 
1 0.07 0.05 0.003 

(0.04-0.09) (0.03 0.07) 0-0.03 

3 0.08 0.10 0.01 
(0.03-0.09) (0.03-0.15) 0 0.02 

5 0.06 0.09 0.004 
(0.03-0.12) (0.03 0.15) 0-0.01 

7 0.02 0.02 0.005 
(0.01-0.12) (0.01-0.03) 0 0.01 

9 0 0 0 
(0-0.01) 

3GS 
25 50 100pg/ml 

0 0.025 0.05 0.1 units/m[ 

5O 
g 

v 

40 

30 

f~ 

20(~ 0.0'25 0.()5 011 units/m[ 
2.5 5 10,ug/ml 

Sodium heparin 

Effect of sodium heparin (O) and 3GS (0) on Xa inactivation in the 
presence of excess Xa inhibitor. The following reactants were added 
in order to a test tube at 37~ 0.5 mI of test sample (prepared by 
diluting with normal PPP heparin and 3GS solutions of known con- 
centrations), 0.1 ml of normal PPP  (as a source of XaI), 0.3 ml of 
Tris maleate buffer 0.02 M pH 7.5, and 0.1 ml of stabilized bovine 
Xa. At approximatively 90 sec after addition of Xa, 0.1 nil of the 
mixture was added to a second test tube at 37~ followed by 0.1 ml 
of CaC12 0.025 M; exactly at the end of the 120 sec incubation period, 
0.2 nil of a mixture in equal volumes of human brain cephalin and 
anticoagulant-free bovine plasma were added and the residual Xa 
clotting time was then recorded. Each point of the curve represents 
the mean clotting time; the bars show the range observed in 4 ex- 
periments. 

c e n t r i f u g a t i o n  a t  2 ,500 • g for  20 m i n  a t  4 ~ s a m p l e s  
s t o r e d  a t  - 7 0  ~  a n d  t e s t e d  w i t h i n  2 weeks .  P r e l i m i n a r y  
s t u d i e s  s h o w e d  n o  d i f f e r e n c e  b e t w e e n  v a l u e s  o b t a i n e d  
w i t h  p l a s m a  a s s a y e d  i m m e d i a t e l y  a n d  a f t e r  s t o r i n g .  

T h e  h e p a r i n  a s s a y ,  w h i c h  w a s  c a r r i e d  o u t  u s i n g  a c o m -  
m e r c i a l  k i t  ( S i g m a  T e c h n i c a l  B u l l e t i n  No .  870) e x a c t l y  
as  d e s c r i b e d  b y  t h e  m a n u f a c t u r e r s ,  is b a s e d  o n  t h e  
a c c e l e r a t i n g  e f f ec t  of  t r a c e  a m o u n t s  of  h e p a r i n  (or h e p a r i n -  
l ike s u b s t a n c e s )  o n  t h e  n e u t r a l i z a t i o n  of  a c t i v a t e d  f a c t o r  
X (Xa)  b y  t h e  p l a s m a  i n h i b i t o r  t o  X a  ( X a I )  13. T h e  a s s a y  
s y s t e m  c o n s i s t s  of  a p r i m a r y  r e a c t i o n  m i x t u r e  in  w h i c h  
t h e  t e s t  p l a s m a  is  i n c u b a t e d  for  2 m i n  w i t h  X a  in  t h e  
p r e s e n c e  of  e x c e s s  X a I  ; t h e  r e s i d u a l  X a  is t h e n  m e a s u r e d  
in  a s e c o n d a r y  r e a c t i o n  m i x t u r e  a n d  t h e  q u a n t i t y  of  
n e u t r a l i z e d  X a  c o n v e r t e d  t o  h e p a r i n  c o n c e n t r a t i o n s  (in 
U / m l  of  p l a s m a )  b y  c o m p a r i s o n  w i t h  a r e f e r e n c e  d i l u t i o n  
c u r v e  p r e p a r e d  w i t h  k n o w n  c o n c e n t r a t i o n s  of  s o d i u m  
h e p a r i n .  T h e  s e n s i t i v i t y  o f  t h e  m e t h o d  is 0.01 U / m l .  

Resu l t s  and  d i scuss ion .  T h e  F i g u r e  s h o w s  t h e  in  v i t r o  
e f f ec t  o n  t h e  h e p a r i n  a s s a y  of  v a r i o u s  c o n c e n t r a t i o n s  of  
3GS  c o m p a r e d  w i t h  s o d i u m  h e p a r i n  e x a m i n e d  in  t h e  s a m e  
e x p e r i m e n t a l  c o n d i t i o n s .  T h e  r e a c t i o n  b e t w e e n  X a  a n d  i t s  
p l a s m a  i n h i b i t o r  w a s  a c c e l e r a t e d  b y  t r a c e  a m o u n t s  of  
s o d i u m  h e p a r i n ;  3 G S  w a s  a lso  e f f ec t ive ,  a n d  0.03 l i pa s e  
u n i t s  g a v e  t h e  s a m e  p r o l o n g a t i o n  of  t h e  c l o t t i n g  t i m e  as  
0.1 u n i t  of  h e p a r i n .  H o w e v e r ,  s i nce  1 u n i t  of  3GS cor re -  
s p o n d s  t o  100 F g o f  a c t i v e  s u b s t a n c e  a n d  1 u n i t  of  h e p a r i n  
to  10 ixg, 3GS a p p e a r s  t o  be  a b o u t  3 t i m e s  less  p o t e n t  on  
a w e i g h t  bas i s .  

T h e  s.c.  a d m i n i s t r a t i o n  in  h u m a n s  of 5 ,000  u n i t s  (50 
mg)  of  s o d i u m  a n d  c a l c i u m  h e p a r i n  w a s  c o n s i s t e n t l y  fol- 
l o w e d  b y  t h e  d e t e c t i o n  of  a p l a s m a  a c t i v i t y  p o t e n t i a t i n g  
X a I  ( T a b l e ) .  T h e  p e a k  a c t i v i t y  w a s  o b s e r v e d  b e t w e e n  
1 a n d  3 h a f t e r  i n j e c t i o n ,  a n d  m e a s u r a b l e  a m o u n t s  we re  
d e t e c t a b l e  u n t i l  t h e  7 t h ;  t h e s e  r e s u l t s  a r e  s i m i l a r  to  t h o s e  
r e p o r t e d  b y  g i N ,  WESSLER a n d  BUTLER la. T h e r e  w a s  no  
s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  s o d i u m  a n d  c a l c i u m  h e p a x i n  
b o t h  w i t h  r e s p e c t  t o  t h e  l eve l s  a c h i e v e d  in  p l a s m a  a n d  
t h e i r  d u r a t i o n .  I n  t h e  m a j o r i t y  of  c a s e s  3GS  a d m i n i s t e r e d  
a t  t h e  m a n u f a c t u r e r - s u g g e s t e d  d o s a g e  for  t h e r a p e u t i c  u se  
(180 l i pa se  u n i t s ,  18 mg)  w a s  n o t  f o l l owed  b y  t h e  a p p e a r -  
a n c e  o f  a p l a s m a  a c t i v i t y  p o t e n t i a t i n g  t h e  i n h i b i t o r ;  
h o w e v e r ,  a w e a k  a c t i v i t y  (0 .01 -0 .03  U / m l ) ,  c lose  t o  t h e  
l i m i t  o f  s e n s i t i v i t y  of  t h e  m e t h o d ,  w a s  o c c a s i o n a l l y  s h o w n  
in  a s m a l l  n u m b e r  of  s a m p l e s .  
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At  the  dosage of 5,000 uni ts  given every  8 h af ter  ma jor  
surgery,  hepar in  is known  to  p r even t  deep vein th rom-  
bosis and  p u l m o n a r y  embol i sm t4. The po t en t i a t i ng  effect  
on X a  inhibi tor  shown by  the  hepar inoid  in the  in v i t ro  
sys t em was lower t h a n  t h a t  d isplayed by  sod ium and 
calcium heparin .  Hence,  the  absence of a measurable  ef- 
fect  in p lasma  af ter  its admin i s t r a t ion  in h u m a n s  at  the  
h ighes t  dosage sugges ted  for the rapeu t i c  use by  the  manu-  
fac tures  (18 mg) is no t  surprizing.  On the  basis of our in 

vi t ro  studies,  the  admin i s t e red  dose should be 8 t imes  
higher  in order  to  achieve the  same effect  of 5,000 units  of 
hepar in .  These f indings indicate  t h a t  the  use of hepar inoids  
can h a r d l y  be considered as an a l t e rna t ive  to hepar in  in 
t h e  p reven t ion  and t r e a t m e n t  of t h romboembo l i sm.  

14 V. V. !'~AKKAR, T .  P. CORRIOAN a n d  D.  P. FOSSARD, L a n c e t  2, 
45 (1975). 

Effects of Stress  and Adrenocor t i co troph in  A d m i n i s t r a t i o n  on P l a s m a  Cort icos terone  Levels  at 
Different S tages  of P r e g n a n c y  in the Mouse  

SUSAN 1Vi. BARLOW, A. A. QUu165 D. V. RAJARATNAM and F. M. SULLIVAN 

Department o/ Pharmacology, Guy's Hospital Medical School, London, SE1 9RT (England), 5 April 1976. 

Summary. Stress or admin i s t r a t ion  of ACTH to p regnan t  mice gave rise to much  higher  p lasma cor t icosterone levels 
in the  second half  of p r egnancy  t h a n  in the  f i rs t  half, suggest ing t h a t  there  m a y  be increased adrenal  sens i t iv i ty  to  
ACTH or decreased me tabo l i sm of cor t icos terone dur ing  the  second half  of pregnancy .  

In  the  mouse,  res t ing p lasma cor t icos terone levels in- 
crease marked ly  dur ing the  second half  of pregnancy,  
reaching levels of a round 140 ag /100  ml by  day  16, t h a t  
is 60 t imes  the  res t ing level found in the  n o n - p r e g n a n t  
mouseL Acute  or chronic stress dur ing this  per iod of 
p r egnancy  results  in fu r ther  large increases, individual  
p la sma  cor t icosterone levels ranging f rom 500 to  900 Fg/  
100 ml 1 h af ter  the  s t a r t  of s tress 2. These large increases 
in p lasma cor t icos terone ievels could be due to the  release 
of more  ad renocor t i co t roph in  (ACTH) in response to 
stress,  or an increase in the  sens i t iv i ty  of the  adrenal  
glands to  circulat ing ACTH, or a reduct ion  in the  ra te  of 
me tabo l i sm of cort icosterone,  dur ing the  second half  of 
p regnancy .  I t  is not  possible to measure  adrenal  cortico- 

s ter0ne secret ion ra tes  accura te ly  in an animal  as small  as 
the  mouse  and so an indirect  app roach  was ad o p t ed  to 
inves t iga te  the  possible cause(s) of the  h igh  p lasma 
cor t icosterone levels following stress dur ing the  second 
half  of pregnancy,  and  to ascer ta in  on which  day  around 
mid -p regnancy  the  cor t icos terone  response to stress be- 
gins to increase. 

In  the  first  series of expe r imen t s  mice were sub jec ted  
to res t ra in t  s tress by  immobil iz ing t h e m  according to the  
me t h o d  of 1RENAUD a, on one of days  8, 10, 12, 14 or 16 of 
p regnancy  (day of f inding of vaginal  plug des ignated  
day  1). Non-p regnan t  controls  were similarly res t ra ined.  
Af ter  1 h of res t ra in t  s tress blood samples  were taken  
f rom the  re t ro-orb i ta l  sinus under  brief e ther  anaes thes ia  
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Fig. 1. Plasma corticosterone levels in control (white colunms) and stressed (black colmnns) mice during different stages of pregnancy. The 
number of mice studied is shown in parentheses. Means ~- SEM. The non-pregnant control level was 2.3 ~g/ml. 

Fig. 2. Increase in plasma corticosterone levels following injection of 40 nlIU (white columns), 160 mIU (stippled columns), or 640 mIU (black 
colunms) of ACTH during different stages of pregnancy in mice with endogenous corticosterone levels suppressed to 7-10 ~tg/100 ml plasma 
(except day 16, 43 tag/100 ml plasma). The nmnber of mice studied is shown in parentheses. Means ~ SEM. 


