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Inhibition of mast cell-dependent anaphylaxis by sodium salicylate
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SUMMARY

Sodium salicylate (NaSal ) is a commonly used agent with a wide pharmacological spectrum. The
objective of the present study was to investigate the effect of NaSal on anaphylaxis. NaSal (10−1
and 1 m) significantly inhibited systemic anaphylaxis induced by compound 48/80 in rats. NaSal
also significantly inhibited local anaphylaxis activated by anti-dinitrophenyl (DNP) immunoglob-
ulin E (IgE). NaSal (10−1 and 1 m) significantly inhibited histamine release from rat peritoneal
mast cells (RPMC) activated by compound 48/80 or anti-DNP IgE. Northern-blot analysis
demonstrated that a significantly reduced level of the mRNA of -histidine decarboxylase was
expressed in mast cells treated with NaSal, compared with that without NaSal. NaSal (10−2 and
10−1 m) had a significant inhibitory effect on anti-DNP IgE-induced tumour necrosis factor-a
secretion from RPMC. The level of cyclic AMP in RPMC, when NaSal (1 m) was added,
transiently and significantly increased about sixfold compared with that of basal cells. These
results suggest a possible use of NaSal in managing mast cell-dependent anaphylaxis.

INTRODUCTION reagent to study the mechanism of anaphylaxis.10 The secretory
response of mast cells can also be induced by aggregation of

Salicylate may have been the first anti-inflammatory prep-
their cell surface-specific receptors for immunoglobulin E (IgE)

aration used by modern-day humans. Salicylate is known to
by the corresponding antigen.11–13 It has been established that

have additional effects. For example, in cultured neuronal
the anti-IgE antibody induces passive cutaneous anaphylaxis

cells, salicylate protects neurotoxicity elicited by the excitatory
(PCA) reactions as a typical model for the immediate hypersen-

amino acid glutamate,1 in cultured cardiac fibroblasts, it
sitivity.14 Given the recent evidence that upon antigen stimula-

inhibits the inducible nitric oxide synthase,2 in HeLa cells, it
tion mast cells are a potential source of various cytokines,

activates human heat-shock transcription factor,3 and in
including tumour necrosis factor-a (TNF-a),15–19 it is likely

plants, it activates pathogenesis-related genes in response to
that they play a crucial role in allergic inflammation. Therefore,

infection and injury.4,5 It is now well established that the mast
modulation of TNF-a secretion by mast cells should provide

cell triggers anaphylaxis in response to allergens by releasing
us with a useful therapeutic strategy for allergic disease.

chemical mediators.6 Among the preformed and newly synthe-
In this paper, we showed that NaSal inhibited compound

sized inflammatory substances released on degranulation of
48/80-induced systemic anaphylaxis, anti-dinitrophenyl (DNP)

mast cells, histamine is the best characterized and most potent
IgE antibody-induced PCA, and histamine and TNF-a

vasoactive mediator implicated in the acute phase of immedi-
secretion from rat peritoneal mast cells (RPMC). We also

ate-type allergic reactions.7 Mast cell degranulation can be
investigated the cyclic AMP content to clarify the mechanism

elicited by a number of positively charged substances, collec-
by which the NaSal inhibited histamine release from RPMC.

tively known as the basic secretagogues of mast cells.8
Compound 48/80 and polymers of basic amino acids, such as
substance P, are some of the most potent secretagogues of MATERIALS AND METHODS
mast cells.9 Compound 48/80 is a mixture of polymers synthe-

Materialssized by condensing N-methyl-p-methoxyphenyl ethlyamine
NaSal, compound 48/80, anti-DNP IgE, DNP-human serumwith formaldehyde. Compared with the natural process, a high
albumin (HSA), substance P, metrizamide and all otherconcentration of compound 48/80 induces almost a 90% release
reagents were purchased from Sigma Chemical Co. (St. Louis,of histamine from mast cells. Thus, an appropriate amount of
MO). a-minimal essential medium (a-MEM ) was purchasedcompound 48/80 has been used as a direct and convenient
from Flow Laboratories (Irvine, CA). Fetal calf serum (FCS)
was purchased from Life Technologies Inc. (Gaithersburg,

Received 1 August 1998; revised 27 November 1998; accepted MD). The original stock of Wistar rats was purchased from
27 November 1998. The Korean Research Institute of Chemical Technology

(Taejeon, Chungnam, South Korea), and the animals wereCorrespondence: Dr H. M. Kim, Department of Oriental
maintained at the College of Pharmacy, Wonkwang University.Pharmacy, College of Pharmacy, Wonkwang University, Iksan,

Chonbuk, 570-749, South Korea. The animals were housed five to 10 per cage in a laminar air

© 1999 Blackwell Science Ltd 551



H. M. Kim & H. Y. Shin552

flow room maintained under a temperature of 22±1° and and discarded. Mast cell preparations were about 95% pure
as assessed by Toluidine blue staining. More than 97% of therelative humidity of 55±10% throughout the study.
cells were viable as judged by Trypan blue uptake.

Systemic anaphylaxis
Inhibition of histamine releaseRats were given an intraperitoneal (i.p.) injection of 8 mg/kg
Purified mast cells were resuspended in Tyrode buffer Aof the mast cell degranulator, compound 48/80. Compound
(10 m HEPES, 130 m NaCl, 5 m KCl, 1·4 m CaCl2,48/80 and NaSal were dissolved in saline and administered by
1 m MgCl2, 5·6 m glucose) containing 0·1% bovine serumi.p. injections, with each concentration of drug being given
albumin (BSA; Sigma Chemical Co.) for the treatment of10 min before the injection of compound 48/80. Mortality was
compound 48/80. Mast cell suspensions (2×105 cells/ml )monitored for 1 hr after induction of anaphylactic shock.
(reaction volume: 1 ml ) were preincubated for 10 min at 37°Blood was taken by cardiac puncture from rats 30 min after
before the addition of compound 48/80 (5 mg/ml ), and werecompound 48/80 administration in each of the experimental
also sensitized with 10 mg/ml anti-DNP IgE for 6 hr. The cellsgroups.
were preincubated with the NaSal at 37° for 10 min prior to
the treat with compound 48/80 or the challenge with DNP-PCA
HSA (1 mg/ml ). After 40 min the reaction was stopped byAn IgE-dependent cutaneous reaction was generated by sensit-
cooling the tubes in ice. The cells were separated from theizing the skin with an intradermal injection of anti-DNP IgE
released histamine by centrifugation at 400 g for 5 min at 4°.followed 48 hr later with an injection of DNP-HSA into the
Residual histamine in the cells was released by disrupting therat’s tail vein. The anti-DNP IgE and DNP-HSA were diluted
cells with perchloric acid and centrifugation at 400 g for 5 minin phosphate-buffered saline (PBS). The rats were injected
at 4°.intradermally with 0·5 mg (50 ml ) of anti-DNP IgE into each

of four dorsal skin sites that had been shaved 48 hr earlier.
Assay of histamine releaseThe sites were outlined with a water-insoluble red marker.
The inhibition percentage of histamine release was calculatedForty-eight hours later each rat received an injection of 1 mg
using the following equation:(100 ml ) of DNP-HSA in PBS containing 4% Evans blue (154)

via the tail vein. Two hundred microliters of NaSal was
administered i.p. 10 min before the challenge. Thirty minutes
after the challenge, the rats were killed and the dorsal skin % inhibition=

histamine release without NaSal

− histamine release with NaSal
histamine release without NaSal

× 100
was removed for measurement of the pigment area. The
amount of dye was then determined colorimetrically after
extraction with 1 ml of 1·0  KOH and 9 ml of a mixture of
acetone and phosphoric acid (5513) based on the method of Molecular probes
Katayama et al.20 The absorbence intensity of the extract was The -histidine decarboxylase (HDC ) probe used a 32P-lab-
measured at 620 nm in a spectrophotometer, and the amount elled, PstI-digested cDNA insert from a mouse mastocytoma
of dye was calculated from the Evans blue measuring-line. P-815 cells cDNA clone kindly provided Dr A. Ichikawa,

Kyoto University, Kyoto, Japan.24
Preparation of plasma and histamine determination
The blood was centrifuged at 400 g for 10 min. The plasma RNA extraction and Northern blotting
was withdrawn and the histamine content was measured by Mastocytoma P-815 cells were maintained as a suspension
the o-phthalaldehyde spectrofluorometric procedure of Shore culture in a-MEM with 10% FCS. Total RNA was isolated
et al.21 The fluorescence intensity was measured at 438 nm by the modified LiCl–urea method,25 electrophoresed in 1·2%
(excitation at 353 nm) in a spectrofluorometer. agarose–formaldehyde gels, and transferred on nylon mem-

branes by capillary action in 20×SSC (1×SSC=0·15  NaCl,
RPMC 0·015  sodium citrate, pH 7·2). Baked filters were prehy-
RPMC were isolated as previously described.22 In brief, rats bridized at 42° in a buffer containing 50% formamide, 4×SSC,
were anaesthetized by ether and injected with 20 ml of Tyrode 0·5 mg/ml sheared salmon sperm DNA, and 1×Denhardt’s
buffer B (137 m NaCl, 5·6 m glucose, 12 m NaHCO3, solution. Hybridization proceeded at 42° for 15 hr in the same
2·7 m KCl, 0·3 m NaH2PO4) containing 0·1% gelatin buffer containing 1×106 c.p.m./ml of an [a-32P]dCTP-labelled
(Sigma Chemical Co.) into the peritoneal cavity, and the probe. The filters were then washed in 2×SSC/0·1% sodium
abdomen was gently massaged for about 90 seconds. The dodecyl sulphate (SDS), 1×SSC/0·1% SDS, and 0·2×
peritoneal cavity was carefully opened, and the fluid containing SSC/0·1% SDS at 55° for 20 min, dried, and examined by
peritoneal cells was aspirated with a Pasteur pipette. autoradiography.
Thereafter, the peritoneal cells were sedimented at 150 g for
10 min at room temperature and resuspended in Tyrode buffer Assay of TNF-a secretion

TNF-a secretion was measured by a modified enzyme-linkedB. Mast cells were separated from the major components of
rat peritoneal cells, i.e. macrophages and small lymphocytes, immunosorbent assay (ELISA) as described.26 The ELISA

was sensitive to TNF concentrations in medium above 1 pg/ml.according to the method described by Yurt et al.23 In brief,
peritoneal cells suspended in 1 ml Tyrode buffer B were layered The ELISA was devised by coating 96-well plates with

6·25 ng/well of murine monoclonal antibody with specificityon 2 ml of 22·5% w/v metrizamide (density, 1·120 g/ml ) and
centrifuged at room temperature for 15 min at 400 g. The cells for murine TNF-a. Before use and between subsequent steps

in the assay, coated plates were washed twice with PBSremaining at the buffer–metrizamide interface were aspirated
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Table 1. Effect of NaSal on compound 48/80-induced systemiccontaining 0·05% Tween-20 (PBS–Tween) and twice with PBS
anaphylaxisalone. All reagents used in this assay were incubated for 1 hr

at room temperature with coated wells. For the standard
Dose Compound 48/80 Mortalitycurve, recombinant TNF-a (rTNF-a; Genzyme, Munich,

Treatment (m) (8 mg/kg) (%)Germany) was added to serum previously determined to be
negative for endogenous TNF-a. After exposure to medium, Saline – + 100
assay plates were sequentially exposed to rabbit anti-murine NaSal 10−3 + 96·7±6·7
TNF-a antibody (Genzyme), phosphatase-conjugated goat 10−2 + 90·0±10·0
anti-rabbit IgG, and p-nitrophenyl phosphate. Optical density 10−1 + 66·7±6·7*
readings were made within 10 min of addition of the substrate 1 + 46·7±6·7*

1 – 100on a Titertek Multiscan (Flow Laboratories, North Ryde,
Australia) with a 405-nm filter. Appropriate specificity controls

Groups of rats were intraperitoneally pretreated with 200 ml salinewere included.
or NaSal was given at various doses 10 min before the compound
48/80 injection (n=10 rats/group). The compound 48/80 solution wasMeasurement of cyclic AMP level
given i.p. to the group of rats. Mortality (%) within 1 hr following theThe cyclic AMP level was measured according to the method
compound 48/80 injection was represented as (no. of dead ratsof Peachell et al.27 In brief, purified mast cells were resuspended
×100)/total no. of experimental rats. Data are shown as mean±SEMin prewarmed (37°) Tyrode buffer A. Typically, an aliquot of
of three independent experiments. *P<0·05; significantly differentcells (105 cells) was added to an equivalent volume (50 ml ) of
from the saline value.

prewarmed buffer containing the drug in an Eppendorf tube.
The reaction was allowed to proceed for discrete time intervals,

Table 2. Time-dependent effect of NaSal on compound 48/80-inducedterminated by the addition of ice-cold acidified ethanol (0·9 ml
anaphylaxisof 86% ethanol/1  HCl, 9951) with brief vigorous vortexing

and then snap frozen in liquid nitrogen. The sample was later Mortality (%)
thawed and vortexed, then the debris was sedimented in a Compound 48/80
centrifuge (400 g at 4°, for 5 min), and an aliquot (0·9 ml ) of Treatment (8 mg/kg) 5 min after 10 min after
the supernatant was removed and evaporated to dryness under
a reduced pressure. The dried sample was reconstituted in assay Saline + 100 100

NaSal + 46·7±6·7* 60·0±10·0*buffer (150–200 ml ) and stored frozen. The cyclic AMP level
– 0 0was determined by enzyme immunoassay, using a commercial

kit (Amersham International plc, Buckinghamshire, UK).
Groups of rats (n=10 rats/group) were pretreated i.p. with 200 ml

saline or 1 m NaSal was given 5 min or 10 min after the compoundStatistical analysis
48/80 injection. The compound 48/80 solution was given i.p. to theThe data were expressed as mean±SEM. Student’s t-test was
group of rats. Mortality (%) within 1 hr following the compoundused to make a statistical comparison between the groups.
48/80 injection was represented as (no. of dead rats×100)/total no.Results with P<0·05 were considered statistically significant.
of experimental rats. Data are shown as mean±SEM of three indepen-
dent experiments. *P<0·05; significantly different from the saline

RESULTS value.

Effect of NaSal on compound 48/80-induced systemic
anaphylaxis trations ranging from 10−3 to 101 m, was given 10 min before

the compound 48/80 injection (n=10 rats per group). WhileTo assess the contribution of NaSal in anaphylaxis, we first
serum levels of histamine were markedly elevated after theused the in vivo model of systemic anaphylaxis. We used
compound 48/80 injection in all groups of rats, the rats injectedcompound 48/80 (8 mg/kg) as a systemic fatal anaphylaxis
with NaSal (10−1 and 1 m) showed a significant reductioninducer. After the injection of compound 48/80 the rats were
in plasma histamine levels (Fig. 1). The actual concentrationmonitored for 1 hr, after which the mortality rate was deter-
of histamine in control plasma was 0·21±0·18 ng/ml.mined. As shown in Table 1, i.p. injection of saline plus

compound 48/80 as a control induced fatal shock in 100% of
rats. When rats were pretreated with NaSal at concentrations Effect of NaSal on anti-DNP IgE-induced PCA
ranging from 10−3 to 101 m for 10 min, the mortality caused

Another way to test anaphylactic reactions is to induce PCA.by compound 48/80 was reduced in a dose-dependent fashion
As described in the experimental procedures, local extrava-(n=10 rats per group). Especially, NaSal significantly inhibited
sation is induced by a local injection of anti-DNP IgE followedcompound 48/80-induced anaphylaxis with the concentrations
by an antigenic challenge. As shown in Table 3, the i.p.of 10−1 and 1 m. When NaSal was administered 5 min or
administration of NaSal (10−1 and 1 m) showed a marked10 min after compound 48/80 injection (n=10 rats per group),
inhibitory effect in PCA.the mortality increased in a time-dependent fashion (Table 2).

Effect of NaSal on compound 48/80-induced plasma histamine Effect of NaSal on compound 48/80-induced or anti-DNP
IgE-induced histamine release from RPMCrelease

The ability of NaSal to influence compound 48/80-induced The inhibitory effects of NaSal on compound 48/80-induced
or anti-DNP IgE-induced histamine release from RPMCplasma histamine release was investigated. NaSal, at concen-
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Figure 1. Effect of NaSal on compound 48/80-induced plasma hista- Figure 2. Effect of NaSal on compound 48/80-induced or IgE-
mine release. Groups of rats were pretreated i.p. with 200 ml NaSal. mediated histamine release from RPMC. RPMC (2×105 cells/ml )
NaSal was given at various doses 10 min before i.p. compound 48/80 were preincubated with the drug at 37° for 10 min prior to the
injection (n=10 rats/group). The data represent the mean±SEM of incubation with compound 48/80 (#) or challenge with DNP-HSA
three independent experiments. *P<0·05; significantly different from ($) (n=3 rats/group). The data represent the mean±SEM of three
the saline value. independent experiments. *P<0·05; significantly different from the

saline value.

Table 3. Effect of NaSal on the 48-hr PCA in rats

Dose Amount of dye
Treatment (m) (mg/site)

Saline – 7·176±1·212
NaSal 10−3 6·545±0·512

10−2 5·367±1·153
10−1 3·992±0·625*
1 2·686±0·073*

The drug was administered i.p. 1 hr prior to the challenge with
antigen. Each amount of dye represents the means ± SEM of three
independent experiments. *P<0·05; significantly different from the
saline value.

HDC

b-actin

321

Figure 3. Effect of NaSal on HDC mRNA level in mastocytoma P-815
cells. Cells were incubated in the absence ( lane 1) or presence ( lanefollowing a 1-min preincubation are shown in Fig. 2. NaSal
2) of 100 n substance P 100 nm, or in the presence of substance Pinhibited compound 48/80- induced or anti-DNP IgE-induced
plus 1 m NaSal for 6 hr ( lane 3) at 37°. The cells were harvestedhistamine release from RPMC in a dose-dependent fashion.
and washed, and then total RNA was prepared, and HDC mRNAEspecially, NaSal significantly inhibited the compound
was analysed by Northern hybridization as described in the Materials

48/80-induced or IgE-mediated histamine release at the concen-
and Methods. The b-actin probe was used to verify that an equal

trations of 10−1 and 1 mm. amount of total RNA (20 mg) was loaded in each lane.

Effect of NaSal on substance P-induced HDC mRNA
the amino acid sequence of HDC in mastocytoma P-815 cells

expression
is 2·7 kilobases. NaSal inhibited the increase in substance
P-induced accumulation of HDC mRNA on incubation forSubstance P appears to induce histamine release by interacting

with the same site as compound 48/80.28 NaSal (10−1 and 6 hr. We did not detect the compound 48/80-induced accumu-
lation of HDC mRNA in RPMC.1 m) also significantly inhibited substance P-induced hista-

mine release from RPMC (data not shown). HDC catalyzes
the formation of histamine from its precursor, histidine, in a

Effect of NaSal on anti-DNP IgE-induced TNF-a secretion
single step. Mastocytoma P-815 cells are the proper cell type

from RPMC
for elucidating the mechanism underlying histamine formation
in mast cells, because they synthesize HDC in response to We next examined whether NaSal could also regulate TNF-a

secretion by a RPMC. NaSal inhibited anti-DNP IgE-inducedvarious stimuli.24 Data in Fig. 3 show the Northern blot
analysis. As shown in a previous study,24 the mRNA encoding TNF-a secretion from RPMC at concentrations ranging from

© 1999 Blackwell Science Ltd, Immunology, 96, 551–556
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10−3 to 10−1 m (Table 4). Only concentrations ranging ies have shown that compound 48/80 and other polybasic
compounds are able, apparently directly, to activatebetween 10−2 and 10−1 inhibited TNF-a secretion significantly.
G-proteins.29,30 The evidence indicates that the protein is
G inhibitory-like and that the activation is inhibited by benzal-

Effect of NaSal on cyclic AMP level of RPMC konium chloride.31 Tasaka et al. reported that compound
48/80 increased the permeability of the lipid bilayer membraneFinally, we investigated the cyclic AMP content to clarify the
by causing a perturbation of the membrane.32 This resultmechanism by which NaSal inhibits histamine release from
indicates that the permeability increase of the cell membraneRPMC. When RPMC were incubated with 1 m NaSal, the
may be an essential trigger for the release of the mediatorcyclic AMP content significantly increased. It peaked 1 min
from mast cells. In this sense, anti-allergic agents having aafter the NaSal was added, then decreased to basal value
membrane-stabilizing action may be desirable. NaSal mightabout 3 min later (Fig. 4).
act on the lipid bilayer membrane affecting the prevention of
the perturbation being induced by compound 48/80. The

DISCUSSION NaSal-administered rats are protected from IgE-mediated
allergic reaction. It is conceivable that NaSal inhibits the initialThe present study showed that NaSal treatment profoundly
phase of immediate-type allergic reactions, probably throughaffected compound 48/80-induced systemic anaphylaxis and
interference with the mast cell/histamine system.anti-DNP IgE-induced PCA. There is absolutely no doubt

In this study, the compound 48/80-induced or anti-DNPthat stimulation of mast cells with compound 48/80 or anti-
IgE-induced histamine release from RPMC was significantlyDNP IgE initiates the activation of a signal-transduction
inhibited by NaSal at the concentrations of 10−1 and 1 m.pathway, which leads to histamine release. Some recent stud-
We have demonstrated that NaSal suppressed substance
P-induced accumulation of HDC mRNA. The mechanism byTable 4. Effect of NaSal on anti-DNP IgE-induced TNF-a secretion
which the NaSal suppression results in increased HDC genein RPMCqc
transcription is of interest. In previous studies, it was reported
that substance P could specifically bind to murine mast cellsNaSal (m) TNF-a secretion
to trigger release of histamine.33,34 NaSal may work as an(pg 1×106 cells)
antagonist in receptor interaction. This is supported by pre-

None (Saine) 6·5±0·9 vious reports that benzalkonium chloride and other selective
None (Anti-DNP IgE plus DNP-HSA) 99·0±5·6 antagonists inhibit the histamine release incurred by compound
10−3 79·0±3·5 48/80 and basic neuropeptides such as substance P.28,35 TNF-a
10−2 47·7±3·8* is a multifunctional cytokine that has a pro-inflammatory role.
10−1 41·2±2·7* Our data showed that NaSal inhibited anti-DNP IgE-induced

TNF-a secretion from mast cells. NaSal inhibited TNF-a
RPMC (1×106 cells) were sensitized with anti-DNP IgE (2 mg/ml )

secretion at lower concentrations than those needed for thefor 16 hr and incubated for 10 min with various concentrations of
inhibition of degranulation, suggesting the differential regu-NaSal before the challenge with DPN-HSA (0·2 mg/ml ) for 4 hr. The
lation of the degranulation process and of TNF-a secretion indata represent the mean±SEM of three independent experiments.
mast cells. The effect of NaSal on mast cell cytokine secretion*P<0·05; significantly different from the saline value.
in vivo and the relative importance of mast cells as a source
of TNF-a during inflammatory and immune responses are
important areas for future studies. The release of histamine is
known to be depressed by an increase in the intracellular cyclic
AMP content due to the activation of adenylate cyclase or
inhibition of cyclic AMP phosphodiesterase.36 The intracellu-
lar cyclic AMP content of the mast cells, when incubated with
NaSal (1 mm), increased about sixfold in comparison with
that of basal cells. Our results, however, must be confirmed
by further studies because cyclic AMP levels returned to basal
values after 3 min of incubation, even though inhibition of
histamine release appeared after 10 min of incubation. In
addition, inhibition of phospholipase A2 has been shown to
suppress histamine release from activated mast cells,37 suggest-
ing that NaSal may reduce histamine release by inhibiting
phospholipase A2. It is tempting to speculate that phospho-
lipase A2 may also modulate anaphylaxis, but more study is
needed to confirm this hypothesis.

Our results demonstrated that NaSal inhibited the mast
cell-dependent anaphylaxis in vivo and in an in vitro murineIncubation time (min)
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model. To our knowledge, this is the first report of suchFigure 4. Time–course of increase in the cAMP level of RPMC caused
selective inhibition of immediate-type allergic reactions byby NaSal. RPMC (105 cells/ml ) were pretreated with NaSal (#) or
NaSal. However, it may be necessary to study further thenot ($) at 37° (n=3 rats/group). The data represent the mean±SEM
relevance of these findings with respect to the previous reportof three independent experiments. *P<0·05; significantly different

from the saline value. on the clinical responses and mediator-release profiles of an
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are preferentially increased relative to secretory granule proteinaspirin-sensitive man with systemic mast cell disease during
mRNA in mouse bone marrow-derived mast cells that havedesensitization.38
undergone IgE-mediated activation and degranulation. J Immunol
146, 1527.
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