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Recently, the development of low molecular weight hepa-
rin fractions and fragments (LMHF) as potential anti-
thrombotic agents has gained increased attention. How-
ever, the : : to neuwtralize the anti-
coagulant g5 may seriously exclude
them from pos sbracorporeal therapy. This
i mainly b ] s concern that the high dosage of
drugs employs in extracorporeal therapy could lead
“ious hlesding risks. hr earlier work has demon-
that immobilized heparinase can remove polydis-—
perss heparin both in vibro and in ¥Yive. To examine

am may be used as a novel approach to

rsubral iz cicoagulant effects of LMHF, different
LMHE were te wsing heparinase. In vitro data showed
Lhat both the AFTT and anti-FXa activities of the LMHF
including Fabi 2168, PR 101469, GY 214 and OV 222 were
nearly completely @liminated by heparinase in less than
20 omin.  This study suggests that an immobilized hepari-—
nase system may be an useful element for the acceplbance
af the LMHF for their use in extracorporeal therapy.

Fey words: Heparinase, low molecular weight heparin fractions
and fragments, neutralization, AFTT activity, anti-FXa activity.
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MATERIALS

Heparin, sodium salt from porcine intestinal mucosa, was
puwrchased from Hepar (Franklin, Ohio).  Eabi 2165 was a gift from
Dre Holmer and Dr. Andersson alt FEabiviteowm A8, Stockholm. ¥
101469 was generously suppl 4 by Dr. Mardiguian g the Fharmuca
3rator1g¢1 Gennevilliers, France. QY 216 and { !
indly provided by Des Ohoay at the Tnmt1$ulm o Choay,
The mean molecul ar welghts, “ﬁ@fl i vities in anti-
and APTT units me) and e ins of anti-FXa
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activity over AFTT activity for heparin and each of the LMHF are
listed in Table I.

TABLE I

Froperties of Heparin_ and LMHF

Supplier Mean Anti-FXa AFTT Anti—-FXa:
Molecular Units/mg Units/ AFTT
Weight myg Ratio
Heparin Hepar 135,500 150 150 1.0
Fabi 2165 Kabi 5, SH00 155 40 F.9
Fi 10189 Fharmuca 4,500 2 A1
CY 216 Choay 4,500 29 b9
cy 222 Choay 2,500 11 2.7

Actin Activated Cephaloplastin Reagent (for AFTT measure-
ments) was from Dade Diagonostics Inc., Aguada, Puerto Rico.
Substrate §-2222, antithrombin III, Factor Xa, antithrombin IIT,
human normal plasma and buffer (005 M Tris, 7.5 mM EDTA, pH 8.4)
for the anti-FXa measwements were obltained as a Coatest Heparin
it from HabiVitrum, Stockholm. Protamine sulfate (grade 111
from Herring) was from Sigma Chemical Company, St. Louwis, MO.
Bio~Gel A agarose (84) was obtained from Bio-Rad Laboratories,
Richmond, California. Human blood was collected in citrate (9:1,
v/v whole blood to 3.8 4 weight trisodium citrate) from paid
donors at Children’'s Hospital Medical Center Blood Bank, RBoston,
Massachusetts. All chemicals were reagent grade, and water was
twice distilled.

METHODS

Heparinase, produced by Flavobacterium heparinum (15) was
purified using batch hydroxylapatite chromatography (16). The
partially purified heparinase was used directly or was immobi-
lizred on cross—linked B % agarose beads pre—activated with cvano-
gen bromide, according to the method described previously (17).
One unit of heparinase activity was defined as the amount of en—
zyme which degrades 1 mg of heparin/h.

Assay for Activated Fartial Thromboplastin Time (AFTT)

100 y. of Activated Cephaloplastin Reagent prewarmed tg I7e0
ware incubated with 100 gl of plasma sample at 370 for & min,
followed by the addition of 100 pl of 0.02 M Callzs. After an-
other 28 sec, & platinum innoculating loop was drawn through the
misture until a clot was formed and the time was recorded. The
AFTT was compared to a standard curve prepared for 2ach of the
individual LMHF at concentrations of O ~ 0.6 units/mi. The AFTT
units were defined using the 3rd Heparin International Standard
as reference. Samples for measurements were first diluted with
pormal human plasma until the APTT lay within the linear range of
the standard curve.
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Flasma containing heparin or LMHF was prepared as described
abave., Ta 2 ml. of the heparinized plasma, 9 mh of cross—-linked 8
% beads (a 75 7 suspension in physiologic saline solution) con-
taining immobilized heparinase (145 units/ml of bheads) were
added.  The mixture was incubated at 37«0 with gentle agitation.
At time intervals of 0, 10, 20, 40, and 40 min during the incu-
bation, an aligquot of 1 mh of the mixture was withdrawn and cen-—
trifuged at 3,000 g, O°C for 3 min to remove the beads and guench
the reaction. The residual AFTT and anti-FXa activities in the
supernatant ware measuwred. The residual activity was represented
as the relative activity assuming a 100 %4 value for the initial
activity.

Buffer

Table Il summarizes the results of the enzymatic degradation
of heparin and LMHF with heparinase. fAs indicated by their dif-
ferent Km values, heparinase appears to exhibit completely dif-
ferent affinities for different LMHF, despite similar manufac—
tuwring procedures and even similar molecular weight distribution
for these LMHF. For instance, while both Fabi 2165 and FE 10169
display similar molecular weights, FE 10169 shows a Km value ten
times higher than that of Habi 2165, This difference in Em val-
wes may be accounted for in terms of the different molecular com-
nositions and/or chemical structures present in these compounds.
However , almost equal molar gquantities of final degradation pro-
ducts were produced by each gram of heparin and LMHF (with the
grception of FE O 10149), suggesting that the reaction mode cata-
lyred by heparinase might be similar for heparin and LMHF. The
identity in average molecular weight of the final degradation
products also reflects such a conclusion. It is not clear what
causes the discrepency between the reaction kinetics and the re-—
action mode. One seplanation would be that the initial binding
sites on heparin and LMHF for heparinase binding might not be
those involved in cleavage.

TARLE 1%

Degradation of Heparin and LMHFE by Heparinase

Average k.m Moles of Degrada- Average Molecular
Molecul ar (M)  tion Froducts/per Weioght of Degra-—
Weight gram of substrate dation Froducts

Heparin 135,500 0,09 0.4 1,060

Fabi 2165 5,000 0. 15 .94 1,040

Firoo 10169 4,500 1.00 0. 81 1,410

CY 216 4 H00 0, 60 Q.90 1,110

Yy 2, HB00 0,90 Q.22 1,090

eutralization of LMHF by Frotamine in Human Flasma
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FIG. 1

Meutralization of LMHF by protamine sulfate in human plasma.

O—@——@. ~AFTT activity. O---0---0, anti~FXa activity.
residual activity was represented as the relative activity as—
suming a 100 4 value for the initial activitvy.

"Methods!

sechion.

The

For details, see
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femoval of the anticoagulant activity of LMHF by immobilized hep-
arinase in human plasma, @—@—@, AFTT activity. Q---0Q---Qs anti-
Frua activity. The residual acitvity was represented as the rela-
tive activity assuming a 100 % value for the initial activity.
For details, see "Methods section.
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Figure 1 shows the neutralization of heparin and LMHF by
protamine. When protamine was supplemented at 0.03 mg/ml, & com—
plete neuwtralization of both AFTT and Anti~FXa activities was ob-
served for heparin. This value (i.e. the equivalent value) is in
good agreemsnt with the figure that is widely accepted and com—
monly used in clinical practice (l.e. 1 ~ 2 mg of protamine for
each 100 USF units of heparin). The prolongation in AFTT and the
increase in anti-FXa activity corresponding to the further addi-
tion of protamine beyvond the eguivalent value is a common phenom-
E710M It is believed to be related to protamine’s own anticoagu-—
lLant properties (20).

Neutralization of LMHF by protamine followed a similar pat-
tern ta that of heparin. Roth AFTT and anti-FXa activities de-—
creased with the increase in protamine concentration until they
reached a minimum, at which the protamine concentration is de-
fined as the apparent equivalent value, and then increased with
further increases in protamine concentration. However, neither
of these activities were ever completely neutralized by protamine
for any of the LMHF samnples. Even at the apparent equivalent
values, at least 40 4 of the AFTT activity still remained in
plasma for =sach of the cases (Fig. 1). The anti-FXa activity ex-—
hibited a stronger resistance to protamine neutralization than
that of the AFTT activity, and was insensitive to neutralization
over a broad range of protamine concentrations. The degree of
neutralization, as well as the apparent equivalent value varied
with the samples used for testing. These results support the
findings reported by other groups that protamine from different
sources is not an efficient antagonist to LMHF (10-132).

Removal of Anticoagulant Activity of LMHF by Heparinase in Human
Flasma

-~

Figure 2 shows the removal of the anticoagulant activity of
heparin and LMHF by heparinase. In all cases including that with
normal heparin, more than 80 4L of both APTT and anti-FXa activ-
ities were abolished in less than 20 min. After 20 min, a nearly
complete removal of both activities was noted. The residual ac-—
tivities dropped to a level of less than 7 %4 of their initial
values, and remained unchanged thereafter. Since heparinase was
present in a large excess over the level required for complete
removal , the kinetics of removal, or in other words, the rate of
removal was almost identical for each of the cases despite the
different Em values for these LMHF. Since the final degradation
products produced by a complete heparinase digestion were re-—
ported to possess trace anticoagulant activities (4,10,14), the
small amount of AFTT and anti-FXa activities (47 %) remaining in
each of the samples aftter the heparinase digestion of LMHF was
believed to be attributed to those of the degradation products.

During the past decade, the development of LMHF as new anti-
thrombotic agents or heparin substitutes has gained increased at—
tention. These comppounds are characterized with a poor ability
to prolong the plasma clotting time and a strong potential to in-
hibit coagulation Factor Xa (6-9). The potent anti-FXa activity
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provides the drugs with their antithrombotic properties, whereas
the low APTT activity is believed to significantly reduce the
blesding risks normally associated with conventional heparin
therapy (1, 6-9). In addition, the low platelet binding of these
agents also enables a reduced tendency of causing thromboocyto-
penia (21).  Moreover, the LMHF exhibit a longer in vivo half-
Tite than that of heparin, which may provide them with another
benificial featuwre to permit a low dosage in the prophylactic
npses of the antithrombotic agents (21).

Frotamine has long been used in conjunction with heparin
therapy as & heparin antagonist (22-25). A dosage of 1.5 mg of
nrotamine suldate generally is used in clinical practice to neu-
tralize 100 USF units of heparin (22). Frotamine binds heparin
chemically and displaces it from its binding site on the anti-
thrombin molecules, rendering heparin’s anticoagulant effects in-
eftfactive =Y. The binding was suggested to require & mini-
muin of 14 saccharide units (11, Since LMHF (MW 2,500 - 5,000
cdaltons?) prepared by depolymerization of normal heparin were com—
pmqnd of B - 14 saccharide units, they displayed a very weak af-

finity +mr protamine. Several groups have reported the lack of

bath in A 3 efficiency for protamine in neutral -
izing the antlroagulant effects of LMHF (10-12).  Owr in vitro
rmfl‘t% Ar e Lmnsxwtent with these findings. When protamine sul-

at a dosage most efficient for neutrali-
tlun (1.@. the apparent eguivalent value), more thanm 40 % of
the AFTT and &0 % of the anti-FXa activities still remained un-
neutralized for all the LMHF, These values are slightly higher
than those reporited by others with the ensplovment of protaming
chloride, rather than protamine sulfate, as the neutralizing
agent (10,11).  The lack of interaction with protamineg, as well
as the absence of a proper antagonist to LMHF might exclude the
LMHF from some major potential therapeutic applications such as
in EHmeCquDF eal therapy, because of the concern of the bleeding
v assoclated with these mplications where a high dose of
antic Daﬂﬂldﬁtw are yeacpaired.

4

Freviouwsly we have suggested an approach which wouwld slimi-
mate blesding problems associated with extracorporeal heparin
fhwrnpv (1%),.  This approach consists of placing & blood filter

comtaining immobilized heparinase abt the effluent of the extra-
corporeal device., The filter would convert heparin residing in
the estracorporeal device to small saccharides with minimal anti-
coagulant activity before the blood returned to the patient.
Freliminary data showed thabt such a filter was capable of re—
moving wp to 20 Y% of heparin in a single pass ftor in vi andd
viveo uses (13,17).  Normal heparin is polydisperse with a molecu
lar weight range from 3,000 to 40,000 daltons (26), and per ze
contains a certain fractlun af low molacul ar wethf Epeciﬁﬂ.
SZince heparinase has besn shown to degrade this polvdisperse hep-
arin indiscriminately to small fragments with an averngm molecu-
lar weight of 1,0 daltons (14), it is interesting to examine

Ieihmr the above device is capable of neatralizing LMHFn The in
data confirm this feasibility. LMHF were degraded by hep~
arinase in buffer in a fashion similar to that of heparin, al-—
though the kinetics of degradation were somewhat different; this
is presumably b e of differences in the chemical natuwre of
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