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Physiological concentrations of zinc inhibit the release of
histamine from human basophils and lung mast cells

G. MARONE, M. COLUMBO, A. DE PAULIS, R. CIRILLO, R. GIUGLIANO and M. CONDORELLI
University of Naples, II School of Medicine, Department of Medicine, Via S. Pansini 5, 80131 Naples, Italy.

Abstract

We have previously shown that physiological concen-
trations of zine (~7 x 107¢ M) inhibit the release of his-
tamine from human basophil leukocytes (Marone et al.,
J. Pharmacol. Exp. Ther. 217: 292, 1981). In these experi-
ments we compared the effect of zinc chloride on the release
of chemical mediators from human basophils and mast cells
isolated from human lung. Preincubation (5 min, 37°C) of
human basophils and lung mast cells with zinc chloride
(1079-3 x 1075 M) caused dose-related inhibition of his-
tamine and peptide leukotriene C4 (LTC,) release induced by
anti-IgE. Increase Ca?* concentrations (0.3 to 6 m}/) in the
extracellular medium completely reversed the inhibitory effect
of zinc on anti-IgE-mediated histamine secretion. Zinc chloride
was a competitive antagonist of the action of Ca* in histamine
secretion induced by anti-IgE with a dissociation constant (Kd)
of about 10-5 M in both the basophil and mast cell systems.
Thus physiolegical concentrations of zinc inhibit the release of
histamine from human basophils and lung mast cells, presum-
ably by blocking Ca?* uptake induced by anti-IgE activation.

Introduction

Human leukocytes [1] and rat mast cells
[2] contain high concentrations (2 mcg/109 cells)
of granule-associated zinc. Hogberg and Uvnés
first showed that zinc prevented histamine release
from rat peritoneal mast cells [3]. We have
previously shown that physiological concentra-
tions of zinc (~7 x 10~ ¢ M) inhibited the release
of histamine from human basophil leukocytes.
We also found that zinc was a competitive
antagonist of the action of Ca?* in histamine
secretion induced by antigen and anti-IgE with
a dissociation constant (Kd) of about 107° M
[4]. These results suggested that the effect
of zinc on histamine release from human baso-
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phils might be related to the blockade of Ca?*
uptake.

The activation of IgE on human basophils
and mast cells leads to a complex sequence
of biochemical events causing mediator release.
In vitro studies have described some of the
biochemical mechanisms of the release process,
which include, in addition to preformed
mediators such as histamine, de novo synthesized
mediators such as ‘Slow Reacting Substance
of Anaphylaxis’ (SRS-A). SRS-A includes a
series of metabolically-related products of arachi-
donic acid metabolism: peptide leukotrienes Cs
(LTC?, D* (LTD%, and E* (LTE® [5]. These
sulfido leukotrienes possess several biological
properties suggesting that they participate in
many aspects of inflammatory reactions [6]. Re-
cent studies indicate that IgE-binding on human
basophils and mast cells purified from human
lung results in the de novo synthesis of immunore-
active and biologically active LTC4[7, 8].

Although immunological activation of
human basophils and lung mast cells leads to
release of both histamine and LTC,, there are
several differences in the mechanisms behind
transduction of the cross-linking signal. For
example, activation of histamine H,-receptor
on human basophils inhibits histamine release,
while mast cells are unresponsive to H,-agonists
[9]. Furthermore, histamine release from mast
cells is enhanced by adenosine, whereas basophil
histamine release is markedly inhibited [10].
In summary, although human lung mast cells
resemble human basophils in several respects,
it is becoming clear that there are differences
as regards the pharmacological control of medi-
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ator release from these inflammatory cells.

Based on these observations, we studied
the effects of zinc chloride on IgE-mediated
histamine and LTC, release from human baso-
phils and lung mast cells.

Materials and methods
Reagents

Zinc chloride, Pipes were purchased from Sigma
Chemical Co. (St. Louis, MO). Rabbit anti-human IgE
(anti-IgE) was generously provided by Dr. T. Ishizaka,
The Johns Hopkins University (Baltimore, MD). Rabbit
anti-LTC, and LTC, were kindly donated by Dr. Rokach
(Merck-Frosst, Canada).

Buffers

The Pipes buffers used in these experiments were
made up of 25 mM Pipes, pH 7.4, 110 mM NaCl, 5
mM KCI. This mixture is referred to as P; PC contained,
1.0 mM CaCl; in addition to P [10].

Preparation of peripheral blood leukocytes (containing baso-
phils)

Venous blood was obtained from normal volunteers
who had given informed consent. Leukocytes (containing
basophils) were isolated by dextran sedimentation as pre-
viously described [10].

Preparation of dispersed lung cells (containing mast cells)

Mast cells were purified from human lung tissue
obtained from thoracotomy specimens from patients under-
going surgery for lung cancer. Mast cells were isolated
as described elsewhere [11]. The preparation used in the
present experiments contained approximately 3-35% mast
cells.

Histamine release assay and radioimmunoassay of LTC,

In all experiments 0.4 ml of the cell suspensions
were placed in Falcon 12 x 75 mm polyethylene tubes and
warmed to 37°C; 0.2 ml of the prewarmed (37°C) releasing
stimulus was added and incubation was continued at 37°C
for 45 min. After centrifugation (1000 x g, 22°C, 5 min),
the cell free supernatants were assayed for histamine by
an automated fluorometric technique [4, 10]. Immunoreac-
tive LTC, was measured as described previously [12], using
dextran-coated charcoal for separation.

Table 1
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Results

We have previously shown that zinc caused
dose-related inhibition of anti-IgE-induced his-
tamine release from human basophils [4]. This
inhibition was observed at a zinc concentration
ofabout3 x 107° M and wasmaximalat 10”5 M.
Similar concentrations of zinc chloride also
inhibited de novo synthesis of LTC, from human
basophils challenged with anti-IgE (data not
shown). In this range of concentrations zinc
had no effect on cell viability and caused no
spontaneous histamine release.

We therefore investigated the effect of zinc
on IgE-mediated histamine and LTC, release
from human lung mast cells. Table I shows
that zinc induced dose-related inhibition of
histamine release and de novo synthesis of LTC,
by human lung mast cells.

We have previously shown that zinc
inhibited IgE-mediated release of histamine com-
peting with Ca?* for the same binding site
(i.e., Ca?™ channel) activated by these stimuli
[4]. We therefore investigated the interaction
between Ca2* and zinc on histamine release
from human lung mast cells. Figure 1 shows
the inhibition of anti-IgE-induced histamine
release at various Ca?™ concentrations (from
0.1 to 6 mAM); increasing the concentrations
of zinc shifted the dose-response curves to the
right.

The parallel shift of the dose-response curves
suggested that zinc might act as a competitive
inhibitor of Ca*2. We therefore carried out
experiments to measure the affinity constant
of the Ca?*-receptor interaction.

Assuming that calcium (C) and zinc (Z)
compete for a receptor site and that the ion-
receptor (R) interaction is freely reversible, one
can write the following equations:

Effects of zinc chloride on anti-IgE-induced histamine and LTC, release from human

lung mast cells.?

Exp. 1 Exp. 2 Exp. 3

LTC, Histamine LTC, Histamine LTC, Histamine
Zinc chloride, M
0 68 4?2 121 56 48 38
3x107° 41 38 76 41 24 18
1075 12 8 6 16 9 2
3x 1075 0 1 0 0 0 0

2Anti-IgE final concentration (3 mecg/ml). Cells were preincubated with zinc
chloride for 10 min before anti-IgE addition. Values are expressed as LTC, ng-
equivalents/106 mast cells and percent histamine release. Each value is the mean of

duplicate determinations.
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Z+ R=Z — R complex
C+ R=C— R complex

where the Z-receptor (Z-R) complex inhibits
histamine release and the calcium receptor (C—R)
complex promotes histamine release. At equili-
brium, it can be shown [13] that (X —1)= K4
where K, is the dissociation constant of the zinc-
receptor complex and X is the ratio of the calcium
concentrations in the presence and absence of
zinc required to produce the same effect. Plotting
the logarithm of (X — 1) against the logarithm
concentrations (a ‘Schild plot’) gives, in the
case of a competitive inhibitor, a straight line
with a slope of 1 and an intercept on the
abscissa corresponding to —log Kg.
Experiments such as that shown in Figure
1 were used to construct Schild plots from
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Figure 1

Effects of varying concentrations of Ca2* alone (@), and
in combination with zinc (00 2 X 107% M; A 4 x 107% M;
O 1x107% M; V 2x107% M) on anti-IgE-induced his-
tamine release from human lung mast cells. The cells were
preincubated 10 min with zincand Ca?*. Anti-IgE (3 mcg/ml)
was then added and the cells incubated for 30 min.

which it was found that the K4 of the zinc-
receptor complex was (mean + S E.M.) 1.2 + 0.3
x 1075 M (N = 3). The slopes were not signifi-
cantly different from 1 (data not shown).

Discussion

Zinc is present in plasma at a concentra-
tion of 7 x 10~ ®M [14], enough to cause approxi-
mately 40% inhibition of anti-IgE-induced his-
tamine and LTC, release from human basophils
and lung mast cells.

The precise mechanism by which zinc in-
hibits the immunological release of chemical
mediators from human basophils and mast cells
isnot clear. Previous reports from our laboratory
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indicate that zinc is a competitive antagonist
of the Ca2*-dependent IgE-mediated histamine
release from human basophils [4]. The present
results indicate that zinc is also a competitive
antagonist of anti-IgE-induced histamine release
from human mast cells with a dissociation
constant of about 10™° M, similar to that in
the basophil system. This suggests that zinc
acts on the IgE-activated phase of the release
process, present in both basophils and lung
mast cells.

The plasma level of zinc in man is approxi-
mately 1 mcg/ml (~7 X 1076 M) [14] and this
concentration would be expected to inhibit medi-
ator release from human basophils and mast
cells. Thus, zinc may play a homeostatic role
in the mechanism which in vivo controls the
release of inflammatory mediators. Additional
evidence suggests that zinc modulates several
aspects of inflammation including serotonin
release from platelets [15], macrophage and
neutrophil phagocytosis [16], lymphocyte pro-
liferation [17], and immune hemolysis [18].

Zinc has been used in humans for the
treatment of a variety of diseases with little
or no side effects [19]. Our results indicate
that zinc inhibits IgE-mediated release of his-
tamine and LTC, from human basophils and
lung mast cells. Whether this can be manipulated
therapeutically is not known and merits further
investigations.
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