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INSTRUCTIVE CASE REPORT

Serial immunological investigations in a patient who had
a life-threatening reaction to intravenous protamine
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Summary

Reactions to intravenous protamine include rash, urticaria, bronchospasm, hypo-
tension, and/or pulmonary artery pressure elevation. We have previously shown that
in diabetic patients receiving daily protamine-insulin injections, the presence of anti-
protamine IgE or I1gG antibodies are significant risk factors for acute, life-threatening
reactions when protamine is given intravenously. To study protamine reactions
further, we measured serum anti-protamine IgE and IgG antibody levels, in-vitro
basophil histamine release and intracutaneous skin testing to protamine serially in an
NPH-insulin dependent diabetic who had a severe, protracted anaphylactic reaction
to protamine. At the time of his protamine reaction, his serum contained 8-5 ng/ml of
anti-protamine IgE and 1-3 pg/ml of anti-protamine IgG antibody. One month
following the reaction both anti-protamine IgE and IgG increased to 16 ng/ml
(twofold rise) and 90-5 ug/ml (70-fold rise), respectively. With time, both anti-
protamine IgE and IgG antibody declined. Serial intradermal skin tests using
protamine sulphate did not discriminate between the protamine reactor and nine
normal control subjects who had no prior exposure nor any demonstrable serum IgE
antibody to protamine. In-vitro basophil histamine release to protamine sulphate was
inconclusive in discriminating between the protamine reactor and normal control
subjects. We postulate that protamine may be an incomplete or univalent antigen that
must first combine with a tissue macromolecule or possibly heparin to become a
complete multivalent antigen capable of eliciting IgE antibody-dependent mediator
release.
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Introduction

The use of intravenous protamine to reverse heparin
anti-coagulation has increased in the last decade with
the advent of cardiopulmonary bypass technology, car-
diac catheterization, haemodialysis, and phoresis. Dur-
ing this period, reports of adverse reactions associated
with intravenous protamine administration (rash, urti-
caria, bronchospasm, hypotension, and/or elevated pul-
monary artery pressure) have also increased [1-11].
The exact mechanism(s) by which protamine pro-

Correspondence: Dr N. Franklin Adkinson Jr, Johns Hopkins
University School of Medicine, The Johns Hopkins Asthma and
Allergy Center, 301 Bayview Boulevard, Baltimore, MD 21224,
US.A.

duces its adverse reactions is incompletely understood at
present. It has been suggested that protamine-induced
reactions are caused by direct, non-immunological his-
tamine release from mast cells [12], complement acti-
vation via protamine-heparin complexes [13-16] or via
protamine-anti-protamine IgG antibody interaction
[8-10], inhibition of serum carboxypeptidase [17],
thromboxane production [5,18-21], and anti-protamine
IgE antibody via type 1 immediate hypersensitivity
reactions [1,2]. It has also been suggested that protamine
can potentiate IgE-dependent basophil histamine release
through a polycationic recognition site on the cell
membrane[22]. Thereis reasonableevidence that reactions
involving an elevation of pulmonary artery pressure may
have a different mechanism than those associated with
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bronchospasm and/or hypotension without pulmonary
vasoconstruction [11,18].

Diabetic patients receiving daily subcutaneous injec-
tions of protamine-insulin preparations have a 40- to
50-fold increased risk of reactions when given protamine
intravenously [6,7). We have shown that in protamine-
insulin-dependent diabetics, the presence of anti-prota-
mine IgE or IgG antibodies is a significant risk factor for
acute protamine reactions [11]. To define the immuno-
logical mechanism underlying protamine reactions better,
we measured anti-protamine IgE and IgG serum levels,
in-vitro basophil histamine release, and intradermal skin
tests to protamine serially in an NPH insulin-dependent
diabetic who had a severe, protracted anaphylactic
reaction to intravenous protamine.

Case report

A 69-year-old white male with a 10-year history of
diabetes mellitus and neutral protamine Hagerdorn
(NPH) insulin use (27 units s.c. ¢ AM) underwent
cardiac catheterization to evaluate sub-sternal chest
pains. Heparin (8700 units) was given after cannulation
of the right femoral artery. Selective injections of Reno-
grafin-76 were made without difficulty. After completion
of catheterization, slow infusion of protamine sulphate
(76 mg) diluted in D5W (50 ml) was begun. After 9 ml
(14 mg of protamine sulphate) the patient developed
progressive, severe hypotension (systolic blood pressure
150-60 mmHg), associated with tachycardia (heart rate =
110), dyspnoea (respiratory rate=22), erythematous
rash, and pruritus. The patient was immediately treated
with i.v. diphenhydramine (total of 100 mg) and i.v.
epinephrine (1 mg x 7 doses). Bolus i.v. epinephrine only
temporarily corrected the hypotension and the patient
became somnolent and was incubated. He was placed
on epinephrine by a continuous infusion (2-3 mg/hr) to
maintain a systolic blood pressure greater than 90
mmHg. The patient was treated with intravenous fluids,
steroids (hydrocortisone 200 mg i.v. initially, then meth-
ylprednisolone 40 mg i.v. 6 hr), diphenhydramine (50
mg i.v. every 6 hr) and ranitidine (50 mg i.v. every 6 hr).
Over the next 40 hr, repeated attempts to wean the
patient from the epinephrine infusion were unsuccessful
because of recurrent hypotension. Approximately 48 hr
after the reaction, the patient was successfully weaned
from the epinephrine infusion. Cardiac enzymes were
compatible with a small sub-endocardial infarction
(CPK-211 U/l with 52% MB bands; normals being
0-200 and 0-5% respectively). The patient had a full
recovery and was switched from NPH to lente insulin.
The patient denied a previous history of atopy and had
a total IgE level of 135 ng/ml.

Materials and methods

Solid-phase radioimmunoassays for anti-protamine IgE
and IgG

Protamine sulphate (Eli Lily & Co., Indianapolis,
U.S.A.) was insolubilized to cyanogen bromide-acti-
vated Sepharose CL-4B beads (Pharmacia, Piscataway,
U.S.A.) as previously described [23] and IgE antibody to
protamine was measured using a standard agarose-
based radio-allergosorbent test (RAST) [23].
Anti-protamine IgG antibody was determined by
means of a modification of RAST employing ['**1] Staph
protein A [24-26]. Following a pre-absorption step to
bind all naturally occurring anti-agarose antibodies [27],
the assay was performed in a manner identical to the
RAST, except that ['*°I] Staph protein A was substituted
for ['*I] anti-human IgE. Inhibition of anti-protamine
IgE and IgG antibody binding to the protamine-agar-
ose complex was evaluated by pre-incubating sera with
increasing concentrations of soluble protamine sulphate
for 1 hr before addition to the protamine solid phase.

Standardization of the anti-protamine IgE and IgG anti-
body in the reference serum

Absolute measurement of anti-protamine IgE antibody
in the serum of the protamine reactor (described above)
was performed using the antibody depletion (immu-
noabsorption) method described by Gleich er al. [28,29).
Briefly, 300 ul of 20% (v/v) protamine-agarose complex
or agarose beads were added to 300 ul serum. The
samples were rotated orbitally overnight at 25°C fol-
lowed by a brief centrifugation (900 x g) to sediment the
sorbent. An aliquot of each supernatant was then evalu-
ated for total IgE content using a direct (non-competi-
tive) RAST described previously [23]. The assay is
sensitive to <1 ng/ml and has a mid-range coefficient of
variation of 5%. An aliquot of each supernatant was
also evaluated in the protamine RAST (described
above) using unabsorbed serum from the protamine
reactor to generate a standard curve. This was carried
out to determine the fraction of protamine IgE antibody
removed during the prior protamine-agarose or agarose
(sham) incubation. Anti-protamine IgE antibody in the
protamine reactor’s serum is equal to the total IgE
antibody in the supernatant after absorption with agar-
ose minus the total IgE in the supernatant after absorp-
tion with protamine-agarose, after correcting for the
fraction of protamine-specific IgE antibody removed
during the protamine-agarose absorption.

The concentration of anti-protamine IgG antibody in
the reactor’s serum was measured using the technique of
heterologous interpolation described previously [30,31].
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Briefly, a serum pool containing 15400 ng/ml of anti-
ragweed IgG antibody, measured using an elution tech-
nique [24], was used to generate a standard curve in a
solid-phase radioimmunoassay measuring anti-ragweed
IgG antibody [24,25]. Concurrently, multiple twofold
dilutions of the protamine reactor’s serum were ana-
lysed using the protamine-agarose solid phase. The
standard dilution curve was fitted mathematically by a
three-parameter spline function as previously described
[32], and the amount of IgG antibody directed against
protamine was interpolated from the ragweed standard
curve.

Intradermal skin testing

Intradermal injections were performed using a tech-
nique described previously [33]. Briefly, approximately
0-02 ml was injected, in duplicate, on the volar aspect of
the lower arm, raising a 3-4 mm weal. After 15 min, the
site was inspected and the longest and mid-point ortho-
gonal weal-and-flare diameters were measured and
recorded. The sum of the longest and mid-point ortho-
gonal diameters were divided by 2 and the means of the
duplicates recorded. Protamine sulphate was diluted
with sterile albumin saline with phenol (Hollister-Stier,
Spokane, U.S.A.) immediately before use. Skin testing
was also performed with histamine phosphate (0:275
mg/ml) (Center Labs, Fort Washington, New York,
U.S.A.), sterile albumin saline diluent, and rabbit
F(ab’), anti-human IgE antibody (1 ug/ml), which we
have previously shown to cause in-vive skin mast cell
degranulation in all individuals tested to date [34].

In-vitro basophil histamine release

After informed consent, basophils were obtained from
peripheral blood as previously described [35]. Briefly, 30
ml of blood were mixed with 6-:25 ml of 6% dextran and
2:5 ml of 0-1 M EDTA and allowed to sediment by
gravity for 90 min. The leucocyte-containing plasma
layer was then removed and cells were sedimented by
centrifugation (150 x g for 10 min at 4°C), washed twice
in PAG buffer (25 my PIPES, 110 M sodium chloride,
5 mM potassium chloride, 0-003% HSA, and 0:1%
D-glucose adjusted to pH 7-4 with 10 mm NaOH)
(150 xg 8 min at 4°C), and resuspended in buffer
containing 1 mm CaCl,. Basophils (5 x 10%) were chal-
lenged with varying concentrations of protamine sul-
phate in a final volume of 100 gl. In half of the tubes
deuterium oxide (D,0, 26%) was added, because D,O
has been shown to enhance release by ‘weak’ stimuli
[36]. After incubating for 45 min at 37°C the reactions
were stopped by the addition of 0-9 ml cold PAG buffer.
The tubes were then centrifuged (1000 x g for 2-5 min at

21°C) and aliquots of the cell-free supernatant were
assessed for histamine content by the automated fluoro-
metric assay of Siraganian [37]. The results were based
on the mean of duplicate determinations and were
expressed as percentage histamine release by dividing by
total cellular histamine after subtracting for sponta-
neous release of unstimulated basophils. Total cellular
histamine was obtained by lysing cells in 2% perchloric
acid.

Results

Standardization of anti-protamine IgE and IgG antibody
content in the protamine reactor’s serum

There was no absorption of IgE antibody from the
protamine reactor’s serum after incubation with the
agarose (sham) sorbent, while incubation with the pro-
tamine-agarose sorbent depleted IgE antibody binding
to the protamine-agarose complex by 82% (Fig. 1). The
supernatant after immunoabsorption with the agarose
(sham) sorbent contained 135+ 1-5 ng/ml (range) IgE
while the supernatant after immunoabsorption with the
protamine-agarose sorbent contained 122412 ng/ml
IgE (n=2, independent depletion experiments). There-
fore, the protamine reactor’s serum contained 16 ng/ml
of IgE antibody directed against protamine which was
12% of the total IgE content.

Heterologous interpolation from a calibrated ragweed
IgG antibody standard curve indicated that the highest
serum titre from the protamine reactor had 21:7+1:6
pug/ml (range) of IgG antibody directed against prota-
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Fig. 1. Absorption of IgE antibodies from the protamine
reactor’s serum after incubation with the agarose (sham)
sorbent and after incubation with the protamine-agarose
sorbent. Interpolation from a standard curve (generated using
unabsorbed serum from the protamine reactor) indicated that
the protamine-agarose sorbent depleted IgE antibody to pro-
tamine by 82%.
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Fig. 2. Serial anti-protamine IgE (B) and IgG (W) antibody
levels in the serum of the protamine reactor. At the time of the
reaction, the patient’s serum contained 85 ng/ml of anti-
protamine IgE and 1-3 ug/ml of anti-protamine IgG antibody.
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Fig. 3. Specific inhibition of anti-protamine IgE (O) and 1gG
(m) antibody binding to the protamine-agarose solid phase.
Protamine did not inhibit binding of ragweed IgE antibody to
a ragweed sorbent (@).

mine (n=2). Protamine and ragweed curves were paral-
lel as reflected by an inter-dilutional coefficient of varia-
tion of only 12% (data not shown).

Serial protamine IgE and IgG antibody levels

Serum anti-protamine IgE and IgG antibody levels in
the protamine reactor are shown in Fig. 2. Serum
obtained the day of the reaction contained 8-5 ng/ml of
anti-protamine IgE and 1-3 ug/ml anti-protamine IgG
antibody. One month after his severe protracted reac-
tion, both anti-protamine IgE and IgG antibody levels
were increased (16 ng/ml (twofold rise) and 90-5 pg/ml
(70-fold rise), respectively). This was followed by a
subsequent decline in both anti-protamine IgE and I1gG

antibody levels (Fig. 2). As noted above, the patient was
switched from NPH insulin to lente insulin after his
reaction.

Pre-incubation with increasing amounts of soluble
protamine caused a dose-dependent inhibition of both
anti-protamine IgE and IgG antibody binding to the
protamine-agarose solid phase (Fig. 3). The specificity
of the inhibition was confirmed by the inability of
soluble protamine (up to 1-4 mg/ml) to inhibit the direct
binding of ragweed-specific IgE antibody to a ragweed-
agarose sorbent (mean inhibition=0%; n=4),

Serial intracutaneous skin tests

Intradermal skin responses to protamine sulphate 1, 2, 3
and 9 months following the reaction were not signifi-
cantly different in the protamine reactor compared to
nine control subjects. The control subjects had no prior
exposure to protamine, no risk factor for protamine
antibody production, and no anti-protamine IgE anti-
body as measured by RAST (Table 1). All control
subjects had a weal-and-flare response at 1000 pg/ml
and four of nine had skin reactions at 100 ug/ml. Both
histamine phosphate and F(ab’), anti-human IgE anti-
body produced weal-and-flare reactions in the prota-
mine reactor.

Basophil histamine release to protamine sulphate

Washed leucocytes from the protamine reactor and an
unexposed control were incubated with increasing con-
centrations of protamine (0-1-1000 pg/ml) 1 and 9
months after the protamine reaction. One month after
the protamine reaction, when the reactor’s serum con-
tained 16 ng/ml of anti-protamine IgE antibody, the
protamine reactor’s basophils released 2-5% of total
cellular histamine when incubated with 0-1 pg/ml of
protamine sulphate. Increasing concentrations of prota-
mine sulphate caused a slight increase in the percentage
histamine released. Deuterium oxide (26%) co-incu-
bated with protamine sulphate had a variable effect on
the basophil histamine release. An unexposed control
subject’s basophils released no histamine until incubated
with =100 pg/ml of protamine sulphate. Co-incubation
with D,O did not significantly affect histamine release
(Fig. 4a). Nine months after the protamine reaction,
when the reactor’s serum contained 2 ng/ml of anti-
protamine IgE antibody, the protamine reactor’s baso-
phils released 6% of total cellular histamine when incu-
bated with 0-1 ug/ml of protamine sulphate. Increasing
concentrations of protamine sulphate caused a slight,
dose-dependent increase in the percentage histamine
released. Co-incubation with D,O enhanced the percent-
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Table 1. Intradermal skin testing of protamine reactor and normal subjects
Protamine reactor (months after
reaction) Normal subjects
Skin-test reagent = ——
(ug/ml) 1 2 3 9 1 2 3 4 5 6 7 8 9
Protamine sulphate
1 0 0 0 0 0 0 0 0 0 0 0 0 0
10 6/0 0 0 0 0 0 0 0 0 0 0 0 0
100 8:5/15 0 0 5/0 0 0 +/— 88 0 0/15  0/7 0/5 0

1000 9-5/36 7/10 10/19 5/0 10/14 7/23 0/18 10/14 0/22 8/32 9/26 7/15 8/15
Histamine phosphate (275) 12/46 10-5/35 11/32 8/23 13/30 12/50 8/24 11/42 12/38 12/45 10/50 12/48 9/25
F(ab’); anti-human IgE (1) n.d. 9/26 10-5/31 9/21 nd. nd. nd nd nd. nd. n.d. - IR T [
PBS-HSA 0 0 0 0 0 0 0 0 0 0 0 0 0

Skin tests recorded as weal/flare (mm).

PBS-HSA, phosphate-buffered saline with phenol and human serum albumin.
All normal subjects had negative in-vitro immunoassays for protamine IgE antibody.

(a)

Reactor with 16 ng/ml serum protamine IgE
and 90-5 pg/ml serum protamine IgG
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Fig. 4. Basophil histamine release to protamine and anti-IgE in
the protamine reactor (O, M) and a non-exposed control (O,
®), (a) | and (b) 9 months after reaction. Net histamine release
in buffer is shown as open symbols; net release in 26% D,O is
shown as closed symbols.

age histamine released. A second unexposed control
subject’s basophils released 3% of total cellular hista-
mine when incubated with 0-1 pg/ml of protamine
sulphate. Only when incubated with =30 ug/ml of
protamine sulphate did the unexposed control’s baso-
phils increase the percentage histamine released. Co-
incubation with DO enhanced the ability of protamine
to release histamine from the unexposed control sub-
jects’s basophils only at concentrations of protamine
sulphate =10 pg/ml (Fig. 4b). Both the protamine
reactor’s and the unexposed control subject’s basophils
released histamine when incubated with anti-IgE (01
ug/ml) (Fig. 4).

Discussion

The mechanism(s) by which protamine causes its
adverse reactions are not completely understood,
although it appears likely that more than one mecha-
nism may be involved. Protamine has been shown to
complex with heparin and activate complement in vitro
[13] and in vive [14-16,18)]. Studies have shown that
diabetic patients receiving daily protamine-insulin injec-
tions have a 40-50-fold increased risk for acute reac-
tions when given intravenous protamine [6,7] and we
have previously shown that in this same high risk
population the presence of anti-protamine IgE or IgG
antibodies was a significant risk factor for acute prota-
mine reactions [11]. These studies suggest that in prota-
mine-insulin dependent diabetics, antibody-mediated
mechanisms are involved in acute reactions to intra-
venous protamine.

Anti-protamine IgG antibody may cause protamine
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reactions by activating complement and generating the
anaphylatoxins C3a, C4a, and C5a [8-11]. The genera-
tion of anaphylatoxins and an increase in plasma
thromboxane levels have been associated with pulmon-
ary vasoconstriction which may occur following prota-
mine administration [5,18,38]. Although usually mild
and self-limited, acute pulmonary artery hypertension,
when severe, may lead to right ventricular failure,
diminished left ventricular output, and systemic hypo-
tension. Anti-protamine IgE antibody fixed to mast cells
and/or basophil via high affinity IgE receptors may
cause mast cell and/or basophil mediator release after
interaction with protamine. Furthermore, protamine
may potentiate IgE antibody-dependent mediator
release from human basophils [22].

The patient described in this report had been receiv-
ing neutral protamine Hagerdorn (NPH) insulin for 10
years before receiving intravenous protamine. He denied
any adverse effects (induration, pruritus, rash, urticaria
or systemic reactions) associated with his daily subcuta-
neous NPH insulin injections. Slow intravenous admin-
istration of protamine nevertheless provoked profound,
life-threatening hypotension which required intensive
therapy for almost 48 hr. Although atypical, such pro-
tracted hypotension has been reported after protamine
administration in the past [39].

At the time of his protamine reaction, the patient’s
serum contained 8:5 ng/ml of anti-protamine IgE anti-
body and 1:3 ug/ml of anti-protamine IgG antibody.
One month following his protracted protamine reaction,
anti-protamine IgE antibody was increased twofold
while anti-protamine IgG antibody increased 70-fold
(Fig. 2). This boost in antibody levels is typical when
patients are re-exposed to antigens to which they have
previously been sensitized.

Skin testing with protamine was essentially negative
in this patient since weal-and-flare responses were only
observed at concentrations which produced non-specific
skin reactions in normal controls. Yet, the reactor’s skin
mast cells were able to respond to IgE-dependent sti-
muli, as shown by the positive skin-test response to anti-
IgE. It is theoretically possible that the profound reac-
tion to protamine caused a prolonged state of antigen-
specific desensitization. However, there is no evidence in
the literature to support this, and we believe it to be
highly unlikely. Although the literature contains reports
of patients with protamine reactions who had positive
protamine skin tests, two of these reports [2,9] do not
provide information on the concentrations of protamine
used for skin tests, and a third report [40] employed
concentrations of protamine that we have shown cause
false-positive, irritative reactions in the skin. Lakin et al.
[8] reported a protamine reactor with a positive skin test

to protamine at 0-001 pg/ml, which should be a non-
irritative concentration. A recent study found that
results of protamine skin testing were not useful in
predicting subsequent protamine reactions [41].

In-vitro basophil histamine release studies with prota-
mine were inconclusive. Both 1 and 9 months after his
protamine reaction, the reactor’s basophils released
more histamine when incubated with protamine than
did basophils from unexposed controls (Fig. 4),
although this difference was not great. Protamine, at
concentration =30 ug/ml, produced histamine release
from basophils from unexposed controls, which suggests
that at these higher concentrations (not reached in in-
vive administration), histamine release is caused by a
non-immunological mechanism.

The presence of anti-protamine IgE antibody in this
patient’s serum at the time of intravenous protamine
exposure, and the boost in anti-protamine IgE levels 1
month following the exposure, along with the increased
risk of protamine reactions in protamine-insulin depen-
dent diabetic patients who have anti-protamine IgE
antibodies [11] supports the concept that protamine is
both immunogenic and antigenic. However, the negative
protamine skin test results, along with the equivocal in-
vitro basophil-histamine release to protamine and the
fact that subcutaneous injections of protamine-insulin
produced no adverse reactions in this patient, suggests
that protamine is non-antigenic. At this time, we cannot
fully explain this discrepancy. One possibility is that
protamine itself may be an incomplete or univalent
antigen. Protamine may first have to interact with a
tissue macromolecule or possibly heparin to become a
complete or multivalent antigen capable of eliciting IgE-
dependent mediator release. Experiments in sheep and
pigs have shown that administration of intravenous
protamine alone does not produce haemodynamic
changes whereas protamine administered after heparin
anti-coagulation induces pulmonary vasoconstriction
[21,42-44]. Another possibility is that the increased risk
for acute protamine reactions in protamine-insulin
dependent diabetics is due to complement fixing anti-
protamine IgG antibody, and that the presence of anti-
protamine IgE antibody is an epiphenomena. Unfortu-
nately, complement activation was not measured during
this patient’s severe protamine reaction. Further studies
will be needed to delineate the mechanism(s) involved in
protamine reactions better.
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