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Resin-Treated Blood and Plasma.*!
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In the course of studies on the anticoagu-
lant activity of heparin it was noticed that
this drug failed to prolong the clotting time
of recalcified, oxalated or resin-treated blood
and plasma. In view of the possible import-
ance of this phenomenon as a source of error
in the evaluation of the anticoagulant activity
of heparin, it was decided to investigate the
matter further.

Materials and methods. A) Collection of
blood and plasma in various anticoagulants.
Blood was collected from healthy donors in
Silicone-coated glass syringes through Arquad
2-Ct coated needles. It was transferred to

* Supported by grant-in-aid from the American
Heart Assn.

1 The authors wish to express their appreciation
to Dr. Peter Bernfeld and to Mr. Mordecai Berko-
witz, Cancer Research Unit, Tufts College Medical
School, for repeating and confirming some of the
results reported.

! Dicoco-dimethyl-ammonium chloride; available
from Armour Co., Chicago, IIl.

Silicone-coated test tubes and -made incoagu-
lable by the addition of one of the following
reagents: (a) sodium or potassium oxalate,
0.1 M; (b) sodium citrate, 0.2 M; (c) Se-
questrene-Na»$ 1% in 0.7% NaCl, all in the
volume of one ml to 9 ml of blood. In other
experiments, whole blood was decalcified by
passage through a column of cation-exchange
resin (2.5 g of resin to 10 ml of blood) with
the technic described by one of wus(1).
Dowex-50{ and IR-1007 in the sodium cycle
were used in this work. In all cases plasma
was separated by centrifugation of the whole
blood at 2000 rpm for 10 minutes. B) Addi-
tion of heparin. Saline solution containing
various amounts of heparin was added, in the

§ Disodium ethylendiamine-tetracetate-dihydrate;
available from Alrose Chemical Co., Providence,
R. L

| Available from Dow <Chemical Co., Midland,
Mich. }

1 Available from Rohm and Haas Co., Philadelphia,
Pa.,
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TABLE I. Clotting Time of Recalcified Plasma, in Presence of Various Amounts of Heparin
Sodium (Average Values of Several Experiments), [Plasma was obtained by centrifugation
from blood made incoagulable by various technics. ]

Anticoagulant Sodium  Sodium
originallyused oxalate, eitrate, Sequestrene- Native
(final cone.) 01M 02M Nay, 0.1% Dowex-50° IR-100 plasma*
Heparin, y/ml p Clotting times (min.) ~
0 3.5 4 4.5 3 3.5 4
1 3.5 14 12.5 3.5 4.5 15.5
2 4 26 29 3.5 4 26
3 4 62 58 4 5.5 56
4 4.5 . © 7 6 o
5 5.5 o 0 8.5 8.5 o0
10 7 o o 12 115 —
20 12.5 — — 17 19 —
30 o0 — — oo 0

* No recalcifying agent added.

volume of 0.1 ml for every 0.9 ml of blood
or plasma. C) Determination of clotting
time of recalcified blood and plasma. Blood
or plasma made incoagulable by the technics
described under A), with or without the ad-
dition of heparin, were transferred to glass
test tubes in water bath at 37°C and recalci-
fied with 1/10 volume 0.2 M CaCl,. The test
tubes were then tilted every 30 seconds for
10 minutes and every minute thereafter, until
they could be inverted without escape of con-
tent. D) Determination of prothrombin time
was carried out by the one-stage method of
Quick, using dehydrated human brain throm-
boplastin.

Results. Heparin and clotting time of recal-
cified blood and plasma collected in various
anticoagulants. Table 1 shows that as much
as 5 vy of heparin sodium per ml failed to
prolong very significantly the clotting time
after recalcification of plasma from blood
made incoagulable by addition of sodium or
potassium oxalate or by passage through
cation-exchange resins. This result was in
sharp contrast with that obtained with native,
citrate or Sequestrene-Na, treated plasma.
In the latter case, the clotting time after
recalcification was normally retarded by the
addition of heparin. The effect of oxalate and
resins was not modified by changing the con-
centration of CaCly; used to recalcify the
mixture, although all clotting times were uni-
formly delayed when the concentration of
CaCl, was over 0.02 M in the final mixture.
Essentially similar results were obtained when
whole blood instead of plasma, dog and rabbit

blood or plasma were used in similar experi-
ments.

Clotting time of recalcified plasma collected
by wvarious technics from patients receiving
keparin. 'The phenomenon described was
studied in plasma and blood collected from
patients receiving intravenous heparin. Doses
of one mg/kilo weight were being adminis-
tered for therapeutic purposes. Blood was
collected 10 minutes after the injection of the
full dose of the drug (to allow maximum
anticoagulant effect) and made incoagulable
by any of the technics described in A). It
was again noticed that, on recalcification,
samples containing sodium oxalate or passed
through cation-exchange resins would clot

NA-OXALATE
.LOM 02 M
© ®

NATIVE

NA-OXALATE NA-OXALATE
.005 M

.008 M

CLOTTING TIME, minutes
o
I

— T T T - I 1

30 HEPARIN

. §/ml.
FIG. 1. Relationship of heparin concentration to
clotting time of native or recalcified plasma (made
incoagulable by addition of various concentrations
of calecium oxalate). Plasma was recalcified with
concentrations of CaCl, equimolecular to that of
the sodium oxalate used as anticoagulant,
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TABLE II. Prothrombin Times (One Stage) of
Samples of Oxalated and Citrated Plasma in Pres-
ence of Heparin (Avg 2 Exp.).

Heparin sodium  4/ml 0 1 5 10

Aunticoagulant
in plasma

Sodium oxalate 01M
7 citrate .02 M

Prothrombin time (see.)

13.0 145 19.0 254
12,5 135 15.0 195

much faster than samples collected in sodium
citrate or Sequestrene-Nas.

Quantitative aspects of the sodium oxalate-
keparin antagonism. As indicated in Fig. 1,
the anticoagulant activity of heparin became
more pronounced as the concentration of
sodium oxalate was decreased below the op-
timum level.

Prothrombin time of plasma from blood
made incoagulable with various techmics, in
the presence of heparin. Blood was collected
from healthy donors as described and made
incoagulable by the addition of sodium citrate
0.02 M or sodium oxalate 0.01 M. Various
amounts of heparin were added and the pro-
thrombin time determined by the one-stage
method. A similar trend was noticed for
both citrated and oxalated plasmas (a behav-
ior completely opposed to the conduct ob-
served for whole blood and plasma clotting
time), although the prothrombin time of the
citrated sample was uniformly shorter (Table
I1).

Discussion. The most significant finding
of this work is that the anticoagulant activity
of heparin was limited when the drug was
added to blood or plasma which had been
made incoagulable by decalcification with ad-
dition of sodium oxalate or passage through
cation-exchange resins. The phenomenon was
consistently observed and clearly reproducible
when sodium oxalate was the anticoagulant
used. When cation-exchange resins were
used, however, we often observed that ex-
cellency of technic in venipuncture and the
speed with which the blood was passed
through the resin would change somewhat the
values obtained; the anticoagulant effect of
heparin becoming more pronounced if blood
was collected with trauma to the tissue and
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was not promptly passed through the resin,
The phenomenon was not related to changes
in the pH of the plasma due to the various
technics of decalcification, since direct meas-
urements of the pH showed that this remained
relatively constant.

There is obviously a relationship between
mechanism of decalcification and anticoagu-
lant activity of heparin. The mechanism
through which sodium oxalate causes inco-
agulability of blood is apparently different
from that of sodium citrate (and according
to our experience, Sequestrene-Nas)(2,3).
The heparin-resistance of oxalated blood (di-
rectly proportional to the concentration of
oxalate used) when compared to the heparin-
sensitivity of citrated and Sequestrene-Nas
treated blood could be related to the dif-
ferent mechanism of decalcification of these
anticoagulants. One wonders whether the
presence of calcium, combined or free, is
necessary to the anticoagulant activity of
heparin, or whether oxalate can directly in-
hibit the activity of the anticoagulant.

Whatever the explanation of these findings,
it should be emphasized that not cation-
exchange resin or sodium oxalate treated but
only native, sodium citrate or Sequestrene-
Na, treated blood and plasma are suitable
for studies of the anticoagulant activity of
heparin in vitro.

Summary. Plasma decalcified with sodium
oxalate or passage through cation-exchange
resins is relatively resistant to the anticoagu-
lant effect of heparin on recalcification.
Native plasma, and sodium citrate or Seques-
trene-Na, tested plasma react normally to
heparin. The latter plasmas only should be
used when testing the anticoagulant effect of
heparin in vitro.
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