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A Se lec t ive  D e - H e p a r i n i z e r  Fi l ter  Made  of N e w  
Struc ture  

Hepa r in  is a wel l -known an t icoagu lan t  agent1. One of 
its ma in  uses is t he  p reven t ion  of the  t h rombogen ic  
act ion of ex t racorporea l  appa ra tu s  employed,  for example ,  
in haemodia lys i s  or card iovascuiar  surgery.  

In  b o t h  cases it is essent ia l  to contro l  hepa r in ' s  ant icoa-  
gulant  effect.  P r o t a m i n e  is a t  p resen t  t he  only  widely  
used hepar in  an tagonis t .  This an tagon i s t  is, however ,  no t  
devoid  of risks2-5. 

In  a previous  inves t iga t ion  we found t h a t  a soluble 
po lym er  conta in ing  t e r t i a ry  amino  groups is able to  
in te rac t  w i th  hepar in  ~. Here  we repor t  the  resul ts  ob ta ined  
wi th  two purpose- ta i lo red  cross-l inked polymers .  These 
p roved  able to  in te rac t  specifically w i th  hepar in  b o t h  in 
v i t ro  and  in vivo, w i thou t  any  undes i rable  effect  on blood 
compos i t ion  or func t ion :  in par t i cu la r  t h e y  do no t  al ter  
t he  blood c lo t t ing  mechan i sm v. 

Materials. The two subs tances  we used, coded as E~ 
and t?; 3, are po lymers  conta in ing  amido-  and t e r t i a ry  
amino-groups  in t he  ma in  chain  and  ca rboxyl  groups in 
the  side chain.  Their  basic formulae  are repor ted  in 
Figure  1. 

They  can be ob ta ined  in a linear, water-soluble  form 
by  po lyadd i t ion  t h rough  hyd rogen  t ransfer  of an equi- 
molecular  m ix tu r e  of as -N, N-d ime thy l e thy l ened i ami n e  
and glycine (E2) or 2 ,3- t rans-piperazine-dicarboxyl ic  acid 

C r o s s - L i n k e d  P o l y m e r s  of a P o l y - A m i d o - A m i n e  

(Ea), to 1,4-bis-acryloylpiperazine in wa te r  solut ion s. 
Crosslinked E 2 and ]E 3 sui table  for de-hepar in izer  fi l ters 
were ob ta ined  by  subs t i t u t ing  in the  po lymer iza t ion  
process,  a p a r t  of the  aminic  mo n o mer s  for e thy lene  
diamine,  which  act  as a t e t r a func t iona l  monomer .  

Methods. The hepar in -adsorb ing  capac i ty  of the  poly- 
mers  was s tudied  in vi t ro  in water ,  p l a sma  and  c i t r a ted  
blood using the  po lymer  gels in the  form of small  par t ic-  
les, ma in ly  ranging be tween  5-50 ~m ~ ,  and large par-  
ticles of a round  150-500 ~m ~ .  W a t e r  plasma,  or blood 
conta in ing  hepar in  9 a t  d i f ferent  concen t ra t ions  (c = 10, 
10 ~, 2.102 or 104 ~tg/ml), was incuba ted  or passed  t h ro u g h  
a given a m o u n t  of crossl inked po lymer  par t ic les  re ta ined  
by  a porous  d i a p h r a g m  in a plas t ic  container .  The ad- 
sorbing capac i ty  was eva lua ted  by  indi rec t  dosage of t he  
residual  hepar in  found  in the  f i l tered solutions,  by  using 
coagulat ive tes t s  based on t h r o m b i n e  t ime  (TT) I~ and 
recalcif icat ion t ime  (IRT)n. The adsorbing  capac i ty  was 
s tudied  in re la t ion to t he  size of t he  part icles,  hepar in  
concent ra t ion ,  t e m p e r a t u r e  and the  t ime  the  solutions 
were in con tac t  wi th  the  particles.  

The hepar in  adsorbing  capac i ty  f rom blood was deter-  
mined  a) in vi t ro  and  b) in vivo. a) The in v i t ro  experi-  
m e n t s  were pe r fo rmed  at  low speed by  d ropp ing  blood by  
grav i ty  t h ro u g h  a conta iner  filled of par t ic les  ac t ing  as a 

Table I. Relationship between the flow rate and the heparin-adsorbing 
capacity of E2R and EaR in water soIution 

Polymer~ Flow rate Heparin adsorbed (%) 

E2R 80 ml/min 70 

60 ml/min 80 

40 ml/min 90 

EaR 80 ml/min 80 

60 ml/min 85 

40 ml/min 90 95 

" Crosslinked by 30 moles/100 ml of ethylene diamine (based on the 
total amount of aminic monomers). 
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Table If. Partial thromboplatin time (PTT), prothrombin time (PT) and thrombin time of heparinized or nonheparinized blood samples 
filtered through crosslinked polynler E2R 

Citrated human bIood Treatment PTT PT TT Adsorbed heparin (%) 

Control 46" 15" 9" - -  

No heparin added 
filtered at 2 ml/min 45" 15" 8" -- 

control 2'50* 36" 1'35" -- 

10 lxg/ml heparin added filtered at 2 ml/min 1'20" 15" 19" 85 

filtered at 8 ml/min 1'40" 18" 42" 65 

fil ter,  b) The  ill v ivo  e x p e r i m e n t s  were  pe r fo rmed  on 
anes the t i zed  dogs. A con t a ine r  was filled w i t h  0.5 g of E~ 
(0.1-0.5 m m  ~ )  r e t a i n e d  b y  a su i t ab le  net .  Th i s  f i l ter  was  
inse r ted  in  a n  ex t r aco r po r ea l  a r t e ro -venous  c i rcu i t ;  b lood  
flow was m a i n t a i n e d  b y  W a t s o n - M a r l o w  rol l ing p u m p .  
H e p a r i n  was a d m i n i s t e r e d  reg ional ly  b y  c o n t i n u o u s  
d ropp ing  of h e p a r i n  so lu t ion  u p s t r e a m  of t he  fi l ter.  

The  inves t iga t ions  to  asses t he  possible  effects on t he  
b lood  c lo t t i ng  m e c h a n i s m  and  b lood  compos i t ion  were 
pe r fo rmed  b y  e v a l u a t i n g  ce r t a in  p a r a m e t e r s  on  p l a s m a  
or b lood samples  wh ich  h a d  been  p rev ious ly  i n c u b a t e d  or 
passed  t h r o u g h  t he  f i l ter  descr ibed.  

These  p a r a m e t e r s  were :  a) t he  degree of haemolys i s ;  
b) se ro-and  l ipo-pro te in  e lec tophore t i c  t r a c ing ;  c) in- 
ve s t i ga t i on  of b lood  c lo t t ing  fac to rs  b y  t he  dosage of 
f ib r inogen  and  b y  e v a l u a t i o n  of TT, RT,  pa r t i a l  t h r o m -  
bop l a s t i n  t i m e  (PTT) n and  p r o t h r o m b i n e  t i m e  (PT). 
P l a t e l e t s  c o u n t  was  also pe r fo rmed  accord ing  to t he  
m e t h o d  descr ibed  b y  BRECt~ER a n d  CROI~XlTE12. 

R e s u l t s .  Our  inves t iga t ion  showed t h a t :  1. B o t h  cross- 
l inked  po lymers  are capab le  of adso rb ing  hepar in ,  as 
well  a t  room t e m p e r a t u r e  and  37~ to such  an  e x t e n t  
t h a t  i t  is imposs ib le  to  w a s h  i t  out ,  a t  a n y  r a t e  in  t h e  
i n t e r v a l  of p H  b e t w e e n  6 a n d  8. 
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Fig. 2. Repeated samples of blood in a extracorporeal circuit, 
regionally perfused With beparin, working at different speed. The 
numbers indicate each heparine dosage done contemporary upstream 
(ll) and downstream (D) of the EaR inserted filter. 

2. T ime  of c o n t a c t  as a n  express ion  of flow speed 
t h r o u g h  t h e  f i l te r  is i m p o r t a n t  since the  pe rcen tage  of 
h e p a r i n  adso rbed  b y  t he  f i l te r  is in  d i rec t  re Ia t ion  to t he  
speed of f low of t h e  h e p a r i n  w a t e r  so lu t ion  as is shown  in  
T a b l e  I. 

3. Pa r t i c l e  size p lays  an  i m p o r t a n t  role in  the  percen-  
tage  va lue  of b o n d e d  hepar in .  I n  t he  case of long t i m e  
c o n t a c t  (10-15 rain) and  smal l  a m o u n t s  of po lymer ,  t he  
pe rcen t age  of h e p a r i n  c a p t u r e d  f rom a n  aqueous  so lu t ion  
b y  t he  smal l  par t ic les  was  85 -95%,  while  the  large pa r t i -  
cles c ap tu red  50 -80%,  a p p a r e n t l y  i r respec t ive  of t he  
h e p a r i n  c o n c e n t r a t i o n s  used. I n  t he  m o s t  f avourab l e  
cond i t ions  t h e  po lymers  are able  to  adsorb  up  to an  
a m o u n t  of h e p a r i n  equa l  to  t he i r  own weight .  

4. B o t h  cross l inked po lymers  also ac t  as good hepa r in  
adsorbers  in  blood. The  resul t s  o b t a i n e d  w i t h  ]?;eR in 
v i t ro  and  in v ivo  are r epo r t ed  in t h e  Tab le  I I  a n d  in F igure  
2, respect ively .  The  f i l ters  used in t he  two sets  of exper i -  
m e n t  were d i f fe ren t  in  size, n u m b e r  and  d i s t r i bu t i on  of 
t he  par t ic les  of t he  po lymer .  Hence  t h e  eff iciency in v ivo  
seems to  be r a t h e r  h igher .  S imi la r  resu l t s  were ob t a ined  
w i t h  t h e  p o l y m e r  EaR. 

5. N e i t h e r  of t h e  cross l inked po lymers  in  t he  cond i t ions  
we used ha s  a n y  h a e m o l y t i c  ac t ion  on  RBC,  no r  do t h e y  
a l te r  RT,  PT,  PTT,  T T  or f ib r inogen  con ten t .  These  
resul t s  were also obse rved  in a n  e x p e r i m e n t  of b lood  
f i l t r a t i on  a t  t he  low speed of 2 ml  pe r  m in  (Table  II) .  

6. Ne i t he r  of t he  po lymers  a p p a r e n t l y  in te r fere  w i t h  t he  
macromolecu le s  n o r m a l l y  p r e sen t  in  t he  blood. I n  fact ,  
e l ec t rophore t i c  t r ac ings  m a d e  on  a sample  of i ml  of 
s e rum t h a t  h a d  been  in c o n t a c t  w i t h  100 m g  of t he  poly-  
mers  did  no t  show ally mod i f i ca t i on  e i the r  in t he  abso lu te  
or t he  r e l a t ive  va lue  of t he  f r ac t ion  i n v e s t i g a t e d  (albu- 
mine ,  ~i, ~2, /5, a n d  7 g lobul ine  and  c~ a n d  /3 l ipoprote in) .  

7. P l a t e l e t s  c o u n t  was  n o t  a f fec ted  b y  the  po lymers  
u n d e r  t he  fol lowing 2 e x p e r i m e n t a l  cond i t ions  A) a f te r  
f i l t r a t ion  of f resh h u m a n  blood w i t h  added  E D T A  a n d  B) 
a f t e r  f i l t r a t i on  of pure  h u m a n  b lood  j u s t  w i t h d r a w n  f rom 
the  vein.  

C o n c l u s i o n s .  I n  conclus ion  t h e  po lymers  p roved  to be  
se lect ive  h e p a r i n  adsorbers ,  devo id  of any  undes i rab le  
effect  on  t he  blood, a t  l eas t  in  the  f lowing cond i t ions  we 
used. T h e i r  biological  effects  a n d  phys ica l  and  chemica l  
p rope r t i e s  lead us to  v isual ize  t h e i r  be ing  used to  m a k e  
molecu la r  f i l ters  capab le  of de -hepar in iz ing  blood. Appl i -  
ca t ion  of t he  f i l ter  in  cl inical  a p p a r a t u s  can  p r o b a b l y  be  
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envisaged,  p rov ided  t h a t  the  technological  and  physical  sono emoiit ici  e non  in terfer iscono con i fa t tor i  della 
p rob lems  are p roper ly  solved ~3. coagulazione.  

Riassunto. Due pol imer i  re t icolat i  di nuova  sintesi,  
con tenen t i  gruppi  amminic i  terziari ,  sono in grado di 
assorbire  s e l e t t i vamen te  epar ina  dal  sangue. Essi  non 
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The in vitro Effects of Several Progestogens,  Estrogens and Non-Steroidal Compounds with Estro- 
genic Activity on Adenosine Diphosphate Induced Guinea-Pig Platelet Aggregation 

The increased use of oral con t racep t ives  appears  to be 
associa ted wi th  a s ta t i s t ica l ly  s ignif icant  increase in the  
incidence of t r omboembo l i c  disease 1, 2. Because p la te le ts  
occupy a cent ra l  role in t h r o m b u s  fo rmat ion  3, m a n y  
inves t iga tors  have  d i rec ted  the i r  a t t en t i on  towards  the  
in vivo effects of oral con t racep t ive  s teroids on various 
aspects  of p la te le t  behav ior  3 (e. g. p la te le t  aggregat ion,  
adhesion and e lec t rophore t ic  mobili ty)�9 For  example,  
A D P - i n d u c e d  aggregat ion  of blood pla te le ts  is increased 
af ter  1 week t r e a t m e n t  wi th  estrogens alone 4 bu t  only  
af ter  t r e a t m e n t  for 4 or more  mens t rua i  cycles wi th  
combina t ion  oral con t racep t ives  5,6. Al though  invest iga-  
tors  have  repor ted  t h a t  proges t ins  p roduced  no change in 
p la te le t  aggregationS, 7, a recen t  long t e r m  s t u d y  showed 
t h a t  a f ter  2 years  t r e a t m e n t  wi th  ch lo rmadinone  ace ta te  
aggregat ion  was s ignif icant ly  acce le ra tedS  

The p resen t  s t u d y  is the  f i rs t  repor t  on the  in vi t ro  
effect  of s teroids wi th  estrogenic and proges tonic  ac t iv i ty  
on p la te le t  aggregat ion.  

Experimental  methods. Blood was collected f rom female 
Syr ian R a n d o m  st ra in  guinea-pigs and the  p la te le t  r ich 
p lasma  (PRP)  was ob ta ined  as previous ly  descr ibed g, 10. 
P R P  was di luted to the  desired p la te le t  n u m b e r  wi th  
modif ied  Tyrodes  solut ion (Ca++, Mg++-free) p H  7.4 
[composi t ion per  l i tre : 9.0 g NaC1, 0.2 g KC1, 1.0 g dextrose,  
0.05 g NaH2PO 4 and 1.45 g T r i s ~ .  

All tes t  compounds  were p repa red  as 30 mdVI aqueous 
dispers ions by  homogeniz ing  in modif ied  Tyrodes  solut ion 
and  s tored at  0-5 ~ 

P la te le t  aggregat ion  was followed at  37 ~ by  employ ing  
a modi f ica t ion  of t he  t u rb idomet r i c  m e t h o d  of BORN ~2 as 
prev ious ly  descr ibed g, 10,13,14 Bo th  ' sample '  and 'refer- 
ence '  cuve t t e s  in the  B e c k m a n  DBG s p e c t r o p h o t o m e t e r  
con ta ined  P R P  (0.4-0.6 ml) di luted wi th  modif ied Tyrodes  

Effect of several drugs on ADP-induced platelet aggregation 

Drug Effect of ADP-induced aggregation 

Norethindrone + 
Medroxyprogesterone Acetate + 
Estrone + 
Ethinyl Estradiol + 
Mestranol + 
Diethyl Stilbestrol _ b 
Hexestrol 

Stimulation of aggregation. 
b Inhibition of aggregation. Incubation conditions and concentrations 
as described in experimental methods. 

to a to ta l  volume of 2.25 ml and  the  recorder  was arbi- 
t rar i ly  set  a t  100% t ransmiss ion.  The tes t  compounds  
were p re incuba ted  for 10 rain by  adding  0.25 ml  of the  
aqueous dispers ion to  the  ' sample '  cuve t t e  and 0.25 ml  
of modif ied Tyrodes  to the  ' reference '  cuve t t e  to compen-  
sate  for volume changes.  The final  vo lume in each cuve t t e  
was 2.5 ml  wi th  a final p la te le t  concen t ra t ion  of 150,000 
p la te le t s /cu /mm.  Addi t ion  of the  tes t  co mp o u n d  (final 
concen t ra t ion  of 3 • 10-a M) caused an ins t an taneous  drop 
in the  % t ransmiss ion.  At  the  end of the  p re incuba t ion  
per iod 0.25 ml  of 1 • 10 5 2VI A D P  (final concen t ra t ion  of 
9 . 1 •  -7 2/~ r) was added  to the  ' sample '  cuve t te  and 
0.25 ml  of modif ied  Tyrodes  to  the  'reference! cuve t te  and 
changes  in l ight  t r ansmiss ion  were moni tored .  Appropr i a t e  
controls  were ob ta ined  be measur ing  the  degree of p la te le t  
aggregat ion caused by  a s imilar  concen t ra t ion  of A D P  in 
the  absence of any  added  tes t  compound .  Aggregat ion  is 
def ined as the  change in the  % t ransmiss ion  af ter  the  
init ial  i n s t an t aneous  drop  in l ight  t r ansmiss ion  due to 
p la te le t  swelling or f rom the  t ime  of A D P  addi t ion  when  
swell ing did not  occur. 

Results and discussion. Because all the  drugs used in 
th is  s t u d y  were v i r tua l ly  wa te r  insoluble and because mos t  
of the  organic solvents  ill which  these  c o m p o u n d s  are 
soluble have  an effect  on p la te le t  swelling and  aggregat ion 
induced by  ADP,  aqueous  dispersions of the  var ious  drugs 
were used. The use of dispers ions in the  p resen t  s t u d y  is 
no t  unique.  For  example  the  effect  of insoluble agents  
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