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ABSTRACT

Pentosan polysulphate is an heparin ahalogue which acts
via an antithrombin III (AT III) independent pathway. We
compared the effect of this drug to that of heparin and
AT III infusions in AT III deficient patients. Four
patients with AT III congenital deficiency received on
three different occasions : (i) an infusion of human AT
IITI ¢oncentrate (20 U/kg or 40 U/kg), (ii) an intramus-
cular injection of pentosan polysulphate (2 mg/kg), (iii)
a subcutaneous calcium heparin injection (100 U/kg). AT
III infusion inhibits the excessive thrombin generation
(46 % of inhibition) observed in the plasma of AT III
deficient patients during at least 12 hours, but does not
modify the factor Xa formation. On the contrary, pentosan
polysulphate has a marked effect on both thrombin (62 %
of inhibition) and factor Xa generation (57 % of inhibi-
tion) still present 8 hours after injection. Heparin
injection has the same effect, more prolonged, as pento-
san polysulphate on thrombin generation but is not so
effective on impairing factor Xa generation (27 % of
inhibition) . The marked effect of pentosan polysulphate
on thrombin and factor Xa generation in these patients
is due to its AT III independent mechanism of action.

INTRODUCTION

Patients with a congenital AT III deficiency show a
general tendency to thrombo-embolism (1). To prevent accidents,

Key words : AT III concentrate, heparin, pentosan polysulphate,
AT III deficiency.
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long term prophylaxis with antagonists of vitamin K is considered
to be at this moment the treatment of choice (2). A well control-
led oral anticoagulation will as a rule ensure a reasonable pro-
phylaxis but in some instances may be difficult or impossible.
Surgical interventions, early and late pregnancy and other coun-
ter—indications such as liver disease or intestinal malabsorption
may prevent its use. In these cases, patients can be treated

with AT III concentrate infusion and/or heparin.

Here we propose the administration of pentosan polysul-
phate (Hemoclar) as a new form of treatment. Pentosan polysul-
phate is an heparin analogue widely used in Germany and France as
an antithrombotic and antilipaemic drug. It has a weak anticoa-
gulant activity compared to heparin when measured by Activated
Partial Thromboplastin Time (A.P.T.T.) assay (3,4), but inhibits
markedly the thrombin and Xa generations by an AT III independent
mechanism (5). We tested the efficacy of this drug in AT III
deficient patients compared to AT III infusion and heparin injee-
tion (Calciparine). The only observed abnormality of haemostasis
in AT III deficient patients is an increase of thrombin genera-
tion (6,7) while the intrinsic generation of factor Xa is normal.

However to prevent thrombosis in these patients with a
high risk of thrombo-embolism, we do not just try to decrease
their excessive thrombin formation but also to act earlier in
the coagulation cascade, by impairing the factor Xa formation.
So we tested the effect of each treatment by monitoring the ap-
pearance of thrombin and activated factor X in blood samples
from the patients at regular intervals after administration of
the drugs.

MATERIAL AND METHODS

In vivo studies :

Four patients (three women, one man) with a congenital
AT III deficiency (type I), on three different occasions, re-
ceived (i) an intramuscular injection (2 mg/kg) of pentosan
polysulphate (Hemoclar, Laboratoire Clin-Midy, Paris, Prance) ;
(ii) an infusion of purified human AT III concentrate from Cen-
tre Regional de Transfusion Sanguine, Lille, France : 40 U/kg
for three of them and 20 U/kg for the last one, this amount
being his usual prophylaxis ; this patient was nevertheless in-
cluded in the protocol because the effect of AT III infusion on
factor Xa and thrombin generation was similar whatever the dose
used (40 U/kg or 20 U/kg) during the first 12 hours after injec-
tion ; (iii) a subcutaneous calcium heparin injection (100 U/kg)
(Calciparine, Laboratoire Choay, Paris, France) in three
patients only.

Venous blood samples were obtained (i) before (To) and
at 1 TEE 4 (Pd) ;6 (h6), 8 (T8) and 12 hours (T12) after pen-—
tosan polysulphate injection and mixed with 0.13 M trisodium
citrate at a ratio of 1 part citrate to 9 parts blood ; (ii) at
To;. T2, T4, T6, T8 and T12 after heparin injection 3 rdEnya b ey
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T2, T6 and T12 after AT III infusion ; the time of the first
samples after heparin (T2) and pentosan polysulphate (T1) injec-
tions were chosen, according to the peak effect observed in a
previous study (8). Samples were immediately centrifuged, first
at + 12°C during 10 minutes at 2500 g, and then at + 4°C during
30 minutes at 5000 g. The plasma was then stored at - 80°C in
plastic tubes until tested.

Informed consent of the patients was obtained.

In vitro. studies .:

In all the samples, the following tests were performed :
Kaolin Cephalin Clotting Time, prothrombin time, factor Xa
generation test, thrombin generation test, plasmatic AT III
determination.

The Kaolin Cephalin Clotting Time (K.C.C.T.) was carried
out using human brain cephalin as described previously (9).

Prothrombin Time (P.T.) : to 0.1 ml of test plasma were
added 0.2 ml of Neoplastin (Laboratoire Stago, France) and the
clotting times recorded.

Intrinsic generation of factor Xa in plasma : 1 vol. of
Reptilase (Laboratoire Stago, France) defibrinated (20 pl of
Reptilase/ml plasma) platelet poor plasma was added to 1 vol. of
Cephotest (cephalin plus ellagic acid, Nyegaard and Co, Oslo,
Norway) and 1 vol. of 25 mM CaCl,. The mixture was incubated at
37°C in a plastic tube. At time intervals, the amount of factor
Xa generated was determined by adding an aliquot of the incuba-
tion mixture to a solution of chromogenic substrate, S-2222
(Kabi Diagnostica, Sweden), as described previously (5). The
absorbance was recorded at 405 nm. The initial rate (AOD/minute)
was proportional to the amount of factor Xa generated.

Thrombin generation test : 1 vol. of undefibrinated
platelet poor plasma and 1 vol. of human brain cephalin diluted
in 25 mM CaCl,; were mixed in a glass test tube at 37°C. The
amount of thrombin generated was measured at intervals by adding
0.1 ml aliquots of the incubation mixture to 0.4 ml of purified
human fibrinogen (2 g/l) prepared as previously described (10).
Results were expressed in thrombin N.I.H. units using a calibra-
tion curve obtained with serial dilutions of a standard thrombin
solution.

The amount of thrombin and factor Xa generated were
quantified as following : the peak value (hx ; X = time in hours
after drug injection) of each generation curve was determined,
as well as the difference between the peak value obtained with
the blood sample taken before administration of the drug ho and
hx (figure 1). At each time (x) after injection, the mean of the
four differences (ho - hx) obtained for the four patients was
calculated. For each drug and at each time the ratio between the
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mean of these four differences and the mean of the four values
of ho was used to calculate the percentage of inhibition of
thrombin and factor Xa formation.

AT III determinations : AT IIT heparin cofactor activity
was measured with a chromogenic substrate, Chromozym TH (Labora-
toire Stago, France) according to Abildgaard (11) and AT TLL
antigen level measured by Mancini radial immunodiffusion method
using plates purchased from Behringwerke, Marburg, West Germany
(M—Partigen()). The AT III levels were expressed as a percentage
of the mean value of 15 normal plasma.

Crossed immunoelectrophoresis : crossed immunoelectropho-
resis of AT III was performed by the two dimensional immunoelec-
trophoresis technique of Laurell (12) modified by Sas (213 in
the absence or in the presence of heparin in the first electro-
phoresis (220 units heparin/ml buffer, 79 units heparin/ml
agarose) and using 2 % rabbit anti-AT III antiserum (Behring-—
werke, Marburg, West Germany) in the second electrophoresis.

RESULTS

Characteristicsof the patients are summarized in table 1.

Characteristicsof the AT III deficiency of the family
1 have been published previously (14) . Five members of this
family with the same AT III level have suffered from severe
thrombo-embolic episodes ; they were not included in the study
because they had a long term prophylaxis with antagonists of
vitamin K.

TABLE 1

CHARACTERISTICS OF THE PATIENTS

)

AT III level )

*nype of AT IIIf Thrombotic

Patient _Activity:AntigeniC.I.E.: congenital | episodes

2 : “odeficiency ‘Patient Family)
Family 1 ° . ’ : ;
P.BL : 758 e O EIN : Type I s = * )
Q.M 3 S e 68 Fenas N : Type I : = ;- )

3 2 s s )
FPamilsei 2.« : 3 : )
NG, i 52 % 43 % i N i Type f $ . ;
A.G. o aae B 310 s adss N : Type I 2 + + )

* Crossed Immuno-Electrophoresis (with or without heparin) .
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Effects of each drug on prothrombin time and on K.C.C.T.

The results are summarized in table 2. In the laboratory,
the ‘hormal vallies of K.C.C.T. and P.T. are : K.C.C.T. = 62 £ 8
seconds, P.T: = 13 & 1 seconds.

TABLE 2

ERPEET OF, EACHIDRUG ON P.T. AND K.C.CzT.

Pentosan f Heparin f AT 11T ;

HOUrs. BE= = ook, Blc. T b, Ko b.r. PR, E.C.C.E.)
injection : (seconds) : (seconds) : (seconds) ;
0 s 64 = 13,4 65 13.5 61 ;

1 e S : 87 : - = : Sl )

2 2 et | SahE- R rsiesd) 18990%. 63 ;

4 g cie] 4 : 70 235 13ubot uild : e T )

6 oy s e SRR T ;

12 ¢ 480 A iase foc Ron i iBle e T8 465 g

The results are the means of the values of the patients.

After AT III injection no effect on prothrombin time
could be observed. After heparin injection no prolongation of
the prothrombin time could be observed as the thromboplastin
(Neoplastin, Laboratoire Stago, France) contained protamin. After
pentosan polysulphate injection, the prolongation of prothrombin
time 1 hour after injection was below 2 seconds. There was no
effect on K.C.C.T. after AT III infusion. After heparin injec-
tion, there was a moderate prolongation (75 sec/65 sec) of the
K.C.C.T. two hours after injection. After pentosan polysulphate
injection, there was a slightly higher prolongation of the
K.C.C.T. (87 sec/64 sec) 1 hour after injection.

Effect on thrombin and factor Xa generation tests

To illustrate the results and the method used to cal-
culate the inhibition of thrombin and factor Xa generation, the
data obtained in one patient after injection of one drug (pen-
tosan polysulphate) are shown on figure 1.
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Effect of pentosan polysulphate injection on thrombin gene-
ration (Fig.1A) and factor Xa generation (Fig.1B) in one
patient (patient N.G.) : control plasma O--< ; plasma

of the patient at To &—@® ; 71 (1 hour after injection)
v—v ; T4 (4 hours after injection) vw—v ; T8 (8
hours after injection) O—0 - ho represents the peak

value of the curve obtained with the plasma sample taken
before pentosan polysulphate fmgjection i X represents

the peak value of the curve obtained with the plasma

sample taken x hours (x = 1, 4 or 8 hours) after injection.

Effect on thrombin generation test (figure 2).

AT III infusion : as we reported before (6), the plasma
of the AT III deficient patients generated nearly twice as much
thrombin than normal plasma. AT TII infusion inhibited the exces-
sive thrombin generation (46 % of iphibition at T2). This inhds
bition was still effective at T12 (18 ¢ of inhibition). The
maximum inhibition was the same for the three patients infused
with 40 U/kg AT III as for the patient infused with 20 U/kg AT
ELTw

Heparin injection (only in three subjects) : heparin
injection was followed by an inhibition of thrombin formation
(71 % of inhibition at T2) that remained important at T8 (42 %)
but has subsided at T12.

Pentosan polysulphate injection : after pentosan poly-=
sulphate injection, the inhibition of thrombin generation was
62 % .at T1, it persisted until T8 (15 %) but there was no more
effect at 712,
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Using a non parametric test of Kruskal and Wallis, no
significative difference was found concerning the maximum effect
of the three drugs.

ho - hy »
ho *
*
- #*
60- r " * ¥
®
,. e
2 s & .
=} 5 1
3540 ‘- X &l F
-Z:E R ‘ -
& 3
20- ¥
|
*
*
1 4 6 8 .12
HOURS AFTER INJECTION g
FIG: 2
Effect on thrombin generation test (mean values of the 4
patients) : the columns indicate the percentage of inhi-
bition (ho - hx) /ho of thrombin formation after : =T
pentosan polysulphate injection ; = heparin injec-
tion ; sssm AT III infusion. ¥ limit values.

Effect on factor Xa generation test (figure 3)

Before injection, the plasma of the patients generated
the same amount of factor Xa as normal plasma did (normal sub-
jects, n = 13, ho = 0.198 * 0.094 ; patients before injection,
n =4, T1 plasmatic samples; ho = 0.221 & QL0159 &

The effect of the drugs on factor Xa generation are shown
on figure 3.

AT TIITI infusion : no effect of AT III infusion on factor
Xa generation test could be observed.

Heparin injection (only in three subjects) : two hours
after injection there was a moderate inhibition of factor Xa
generation (27 %) at T2 and this effect was negligible after T4.
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Pentosan polysulphate injectionit the inhibition of
factor Xa formation (57 %) was as important as the inhibition of
thrombin formation and was still significant at T6 42 %) S at
T8 (20 %) the results are just at the limit of sensitivity of

the test.

Using a non parametric test of Kruskal and Wallis, the
maximum effects of the three drugs were significantly different
(0.01 < p < 0.025). Because of the small number of patients, a
paired comparison petween drugs could not be done.

1 ngths
ho

*

INHIBITION 9
L (o))
T b
*
SN

N
o
|

»
¥
*

s L

HOURS AFTER INJECTION

FIG. 3
Effect on factor Xa generation test (mean values of
the 4 patients) : the columns indicate the percentage

of inhibition (ho - hx) /ho of factor Xa formation
after : === pentosan polysulphate injection ;
—= heparin injection ; wmmm AT III infusion.
# limit values.

AT III level

After heparin and pentosan polysulphate injection,
there was no change in AT IIT level, while there was oftcolrse
Shinciease of AT III level (table 3) after AT III infusion.
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TABLE 3
PLASMATIC AT III LEVEL AFTER AT III CONCENTRATE INFUSION

Plasmatic AT I11 level (%) ;

at I'x Jlx=ctime dn hours. after infusion))

(
(
(

AR T ‘Number of

. : g )

infusion U/kg ' patients ‘ s . 2 ; o x T 2 s ;
40 : 3 e e e bl L AR R S o ;

20 : 1 SR DRSS DT AR B T T 65 a4 68 }

The results obtained after infusion of 40 U/kg AT III are the
means of the values of the three subjects.

DISCUSSION

Patients with congenital AT III deficiency suffer of re-
current thromboembolism. Acute thrombo-embolic episodes are
treated by heparin and AT III concentrate infusion (15).

In the prevention of thrombosis, treatment with oral an-
ticoagulant 1is highly effective (2) but is not always suitable
(pregnancy, intestinal malabsorption, surgery...). In these
circumstances, it could be theoretically interesting to use pen-
tosan polysulphate ; this drug, as heparin, inhibits the forma-
tion of factor Xa and thrombin but exerts its effect by an AT III
independent mechanism and appeared to be in vitro, in the absence
of AT III, about twice as potent as heparin when compared on a
weight basis (5).

So, we studied the effect of pentosan polysulphate injec-
tion in 4 patients with AT III congenital deficiency (type I)
and compared it to the effects of AT III concentrate infusion
and heparin injection. The amount of injected drugs was chosen
according to the usual prophylactic posology used for example in
surgery (16,17). It is well known that the plasma of the AT III
deficient patients generates more thrombin than normal plasma
(6,7). We found in this study that the intrinsic generation of
factor Xa is normal in these patients. This is probably due to
the fact that factor Xa when bound to phospholipids in the
presence of factor V is protected from inhibition by AT III (18,
19) and we can speculate that it must be the same for factor IXa
when bound to phospholipid.

In patients with a high risk of thrombosis it could be
of interest to try with a prophylactic treatment, not only to
bring back to normal their excessive generation of thrombin but
also to act earlier in the coagulation cascade. It is the reason
why we decided to estimate the effects of the three drugs by
monitoring thrombin and factor Xa generation.AT III infusion
inhibits the excessive thrombin generation (46 $ inhibition at
T2 after injection and still 18 % inhibition at T12), but does
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not modify the factor Xa formation ; on the contrary, pentosan
polysulphate has a marked effect on both thrombin (62 % inhibi-
tion) and factor Xa generation (57 % inhibition) still present
at T8. Heparin injection has the same effect as pentosan poly-
sulphate on thrombin generation (71 % inhibition) but is not so
effective on impairing factor Xa generation (27 % inhibition) .
The more important effect of pentosan polysulphate compared to
heparin in inhibiting factor Xa formation in AT IIT deficient
plasma is in good agreement with the result obtained imvitro-in
previous studies (5) but the effect on thrombin generation test
is more prolonged after heparin than after pentosan polysulphate
injection. The AT 1II infusion has no effect on the K.C:EiT..
After heparin and pentosan polysulphate injection there is a
slight prolongation ok the Rl L Tewhll the results were similar
in the patients of both studied families despite slightly difEe~
rent levels of AT III.

The most appropriate prophylactic treatment in AT IIT
congenital deficiency when oral anticoagulation is not suitable,
is still discussed. The use of heparin does not look logical
because it needs the presence of AT III to be quite effective ;
moreover heparin decreases the level of plasmatic AT ITL (20}
even when given subcutaneously (21). This is the reason why some
physicians prefer the combination of subcutaneous heparin and
AT III concentrates (22) . However in our study, heparin alone, at
the doses used, has a more prolonged effect on the inhibition of
thrombin formation. Moreover since this work was completed,
Coutant and coll. (23) and Van Putten and coll. (24) have repor-
ted that heparin is rapidly and partially inactivated during
blood sampling unless anti-platelets agents are added to the
anticoagulant solution. Therefore the ability of heparin in in-
hibiting IIa and Xa generation reported in this paper is probably
underestimated both in extent and duration. Other authors prefer
to use AT IIT concentrates alone (25) i these infusions of AT III
concentrates result in a potential risk of transmitting hepatitis
to patients (26). Moreover our results indicate that infusion of
AT III concentrates does not inhibit factor Xa formation, while
pentosan polysulphate does. Theoretically, in all patients, pre-
vention of thrombin formation is a more logical prophylactic
measure than thrombin scavenging (27) ; therefore pentosan poly=
sulphate treatment looks like a logical and effective alternative
for preventing thrombosis in AT III deficient patients. However
there is as yet no study of the effect of pentosan polysulphate
during pregnancy that would allow to assert its innocuity for
the foetus. Further studies are necessary to establish the thera-
peutic range, i.e. to determine what dosesgive adequate thrombo-
sis prevention without causing bleeding complications.
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