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N 1953 Preston and Parker (1) re-

ported that polybrene neutralizes
heparin in vivo and in wvitro, the ratio
necessary for neutralization in vivo in the
dog being approximately 0.75 mg. of
polybrene to 1.0 mg. of heparin.

In tests using dogs’ blood a prolonga-
tion of the coagulation time occurred
upon the addition of polybrene to normal
blood in vitro (fig. 1). In a series of test
tubes containing various amounts of poly-
brene and heparin the coagulation time
of whole blood was shortest when the
two drugs exactly neutralized each other.
If either occurred in excess, coagulation
times were prolonged. Because of these
properties it was found possible to titrate
for the presence of unknown quantities
of heparin in the blood using known
amounts of polybrene. This heparin-
polybrene titration test is similar in prin-
ciple to the heparin-protamine titration
tests described by Allen and associates
(3) and by LeRoy, Halpern and Dolkart
(4). By means of this titration, circulat-
ing heparin was consistently detected in
dogs after the injection of commercial
heparin and during peptone shock. No
heparin could be detected in normal
dogs’ blood or in dogs with radiation
syndrome.  Although this method of
titration was useful in detecting circu-
lating heparin in dogs’ blood, subsequent
attempts to apply the method to patients
gave unreliable results (2).

These studies also showed that intra-
venous polybrene in dogs rapidly neutral-
ized the hypocoagulability of blood caused
by the injection of commercial heparin
and the hypocoagulability of peptone
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shock (fig. 2 and 3) but had no effect on
the coagulation defect of radiation syn-
drome. In the doses used (0.5 to 1.5 mg.
per kg.), no alteration of coagulation of
normal dogs’ blood #n vivo and no toxic
effects were observed (1).

Polybrene is a quaternary ammonium
salt having an empirical formula as fol-
lows: (C;3 Hs Bre No)x. It is a polymer,
probably linear, of N ,N ,N’N’-tetrame-
thylhexamethylene-diamine and trime-
thylene bromide (5). Its structural for-
mula and chemical name are given in
Figure 4. The drug was supplied in
ampules as a colorless solution contain-
in 15 mg. per cc.

The purpose of this paper is to report
the effect of intravenous administration
of the drug to heparinized and non-
heparinized patients.

CLINICAL STUDIES

Dosage and administration. Polybrene
was given intravenously in doses of 0.5
to 1.0 mg. per kg. to 33 patients hos-
pitalized for a variety of unrelated con-
ditions. Whole blood coagulation times
were measured by a three tube Lee and
White method before and at intervals
after the injection in 31 patients. An
effort was made to control several factors
known to affect the coagulation time of
blood using a technic previously em-
ployed by Preston and Parker (1). Sili-
cone coated syringes were used. The
coagulation time was considered to be
the longest time taken for blood to co-
agulate in any of the three tubes. The
coagulation time for normal human blood
by this method is 10 to 25 minutes. All
patients had normal blood coagulation
times prior to injections of polybrene or
heparin.

Sixteen patients received a single intra-
venous injection of 0.5 to 1.0 mg. per kg.
of polybrene. In most cases the dose was
given slowly in 10 cc. of physiologic
saline solution. Coagulation times done
at intervals up to 90 minutes after in-
jection showed no deviation from normal.
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Fig. 1. Prolongation of the coagulation time of dog’s blood by the addition of polybrene. Titrations
using the blood of four dogs, indicated by the symbols ®, °, A, and x.

Ten patients received intravenous he-
parin followed a few minutes later by
polybrene. Doses of heparin were 0.5 to
1.0 mg. per kg. and polybrene 0.4 to 1.0
mg. per kg. Blood was drawn for a sec-
ond coagulation time approximately 5
minutes after completion of the injection
of heparin. Through the needle still in
place polybrene was injected in amounts
varying from 0.4 to 1.0 mg. per kg. The
exact doses of heparin and polybrene and
the effect of the injections on the blood
coagulation times are recorded in Table I.
In most cases there was a prolongation
of the coagulation time to 60 minutes or
more following the injection of heparin.
Polybrene produced a prompt neutral-
ization of this anticoagulant effect.

One patient was given 50 mg. of heparin
(0.62 mg. per kg.) 20 minutes after a
similar dose of polybrene. The antico-
agulant action of heparin was blocked,
and coagulation times 30 and 180 minutes
later were within normal limits.

Four patients were given concentrated

aqueous heparin® subcutaneously in doses
of 4 mg. per kg. This dose is sufficient to
prolong blood coagulation time for ap-
proximately 16 hours in normal individ-
uals. Figure 5 shows the result of adminis-
tration of polybrene to 2 of these patients
several hours after receiving the aqueous
heparin and at a time when their coagu-
lation times were prolonged. Elevated
coagulation times were also returned
promptly to normal in the other two
patients but a repeated dose of polybrene
was required in each one in order to main-
tain coagulation at normal levels until
the effect of the heparin had worn off.

Four patients in the series of 33 re-
ceived two or more injections of poly-
brene.

Toxic effects. Three of the earlier
patients injected with polybrene com-
plained of pain in the back or neck after
completion of the injection (one patient

sConcentrated aqueous heparin (Abbott) contained
10,000 units per cc. Heparin used elsewhere in these ex-
periments contained 1000 units per cc.



140

Coaéulation time —minutes

o~
o

O
)

s
o

W
@)

no
o

S)

QUARTERLY BULLETIN, N.U.M.S.

Dod*| Dog™2

g
L /
Hp bl

T T T 1

5 2 b 00 Wy o

Time in minutes

Fig. 2. Neutralization by heparin of polybrene. The dogs received 1 mg. per kg. of heparin intra-
venously at H and 0.75 mg. per kg. of polybrene at P.
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Fig. 3. Effect of 15 mg. of polybrene injected intravenously in a dog in peptone shock. The shock
was nduced by 15 cc. of 10 per cent bactoprotone. The coagulation defect was immediately neutral-
1zed but no effect on the blood pressure occurred.



TABLE I

EFFECT OF POLYBRENE ON THE HYPOCOAGULABILITY OF BLOOD PRODUCED
BY HEPARIN INJECTED INTRAVENOUSLY

Heparin followed by Polybrene, mg. per kg.

0.5 followed 0.6 followed 0.7 followed 0.8 followed 1.0 followed 1.0 followed 1.0 followed
by 0.4—one by 0.6—one by 0.5—one by 0.7—one by 0.6—one by 0.7—aver. by 1.0—one
patient patient patient patient patient 4 patients patient
Lee and White Coagulation times in minutes
Before Heparin 18 I 10 19 19 13 10
2-5 minutes
after Heparin 71 130 65 101 125 83 30*
5-10 minutes
after Polybrene 21 16 13 34 11 10
30 minutes
after Polybrene 14 11 18 11 35

*This coagulation time was made 2 minutes after the intravenous injection of 1.0 mg. per kg. of heparin. In other patients the coagulation
time was determined 4-5 minutes after the injection.
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Fig. 4. “Polybrene” (1,56-dimethyl-1, 5-d dia-
zaundecamethylene polymethobromide.)

received 0.5 mg. per kg. and two 0.7 mg.
kg.). In two patients the pain was
severe, but in all it was of short duration
and subsided spontaneously. One of these
patients complained of a flushing sensa-
tion, and another complained of a metallic
taste in her mouth. In one patient who
complained of severe back pain, blood
pressure recordings were made at 5 min-
ute intervals for 20 minutes after injec-
tion. No change in pressure was noted.

For subsequent patients the doses of
polybrene was diluted with 0.9 per cent
saline solution to a volume of 10 to 15 ce.
Three to five minutes were taken for the
injection. With these precautions no
toxic effects were observed even though

QUARTERLY BULLETIN, N.U.M.S.

larger doses of polybrene were used, ex-
cept for one anaphylactic reaction.

This patient received three doses of
polybrene of 1.0, 0.7 and 0.35 mg. per kg.
Times between doses were 30 weeks be-
tween the first and second and 5 weeks
between the second and third. The third
injection was discontinued when the
patient suddenly developed nausea, chest
pain, severe spasms of coughing, and gen-
eralized erythema interpreted as a mild
anaphylactic reaction. The symptoms
subsided within 4 minutes.

Following one intravenous injection, a
small amount of polybrene was inad-
vertently allowed to escape outside a
cubital vein. There were pain and redness
which persisted for 48 hours. This was
expected since the solution used was
alkaline in reaction.

Thrombocytes were counted in 10 pa-
tients. In 7 there was a decrease in cir-
culating thrombocytes to about 50 per
cent of pre-injection levels, apparent 5 to
30 minutes after the injection of poly-
brene. Thirty to 60 minutes after the
injection the thrombocyte counts re-
turned to normal. In 3 patients, one who
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Fig. 5. Effect of polybrene following the subcutaneous injection of concentrated heparin.

The

solid line is a control experiment showing the prolongation of coagulation time following the injec-
tion of 400 mg. of heparin (average 6 patients.) The broken line shows the effect of injection of 400
mg. of heparin followed by the intravenous injection of 50 mg. of polybrene at X (average 2 patients).
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received 0.5 mg. per kg. and two 0.7 mg.
per kg., no significant change in throm-
bocyte counts were noted.

Observations of blood pressure, pulse,
and numbers of erythrocytes and leuco-
cytes were made and urinalyses were run
before and during the first 24 hours after
the injection of polybrene in most of
these patients. No abnormalities attrib-
utable to polybrene were observed.

DiscussioN

Antiheparin agents are useful clinically
to reverse the anticoagulant effect should
bleeding occur or surgical intervention be-
come necessary in a heparinized patient.
In addition, there are a variety of con-
ditions characterized by abnormal bleed-
ing in which therapy with antiheparin
agents have been reported to be effec-
tive (4, 6, 7, 8). These include selected
cases of post partum hemorrhage, menor-
rhagia, acute and chronic leukemia, irrad-
iation hemorrhage, primary and second-
ary thrombocytopenic purpura, and
others. Some of these patients have had
prolonged coagulation times and positive
protamine titration tests which Allen has
interpreted as being the result of a
heparinoid disturbance in the clotting
mechanism (6).

Of particular interest to surgeons is the
profuse ooze from wounds or mucous
membranes which may occur in patients
in shock, or during surgical operations in
association with blood transfusion reac-
tions. A circulating anticoagulant neu-
tralizable with antiheparin drugs is the
responsible mechanism in some of these
patients, whereas increased fibrinolysis
may be the chief mechanism in others
(8, 9). Toluidine blue has been used suc-
cessfully as treatment in the former group
of patients by Friesen (8), and human
fibrinogen intravenously has been recom-
mended by Coon and Hodgson (9) for
the latter.

The antiheparin effect of polybrene is
similar in most respects to that of pro-
tamine sulfate and toluidine blue. Poly-
brene is more potent than either. It is
stable and may be stored for long periods
of time. The recommended dose for clin-
ical use is 0.5 to 0.7 mg. per kg. It
neutralizes heparin in the ratio of ap-
proximately 0.7 mg. of polybrene to 1
mg. of heparin. One dose of polybrene
is sufficient to neutralize a dose of intra-
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venously injected heparin. The neutral-
ization effect wears off in several hours
and therefore two or three doses of 0.5
mg. per kg. may be necessary to neutral-
ize subcutaneously administered or depot
heparin. Polybrene appears to be a satis-
factory antiheparin drug for clinical use.

SUMMARY

1. A new antiheparin drug, polybrene,
was administered to 33 hospitalized pa-
tients with normal clotting mechanism.

2. No effect on the coagulability of
blood, pulse, blood pressure, erythocyte,
count, leucocyte count or urinalyses was
noted.

3. A transient decrease in circulating
thrombocytes occurred in 7 of 10 patients
studied.

4. Polybrene promptly neutralized the
anticoagulant effect of heparin.

5. Polybrene is a suitable antiheparin
drug for clinical use. The recommended
dose is 0.5 to 0.7 mg. per kg. It must be
given intravenously, slowly and in dilute
solution to prevent toxic effects.
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