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ABSTRACT

Potassium (K*) channels are present in airway smooth muscle cells, and their activation results in
hyperpolarization and relaxation. Because these effects may have therapeutic relevance to
hypersensitivity and asthma, we examined the effect of a potassium channel activator, cromakalim
(BRL 34915, CK) on the release of mediators from superfused tracheal and parenchymal strips after
passive sensitization with IgG, antibody. Both tissues were superfused with CK (2x107° M) for 30 min
and challenged with CK and antigen (Ox-HSA). Using monodispersed, partially purified, highly puri-
fied guinea pig lung mast cells, we also examined the effect of CK on mediator release from these cells
after passive sensitization with IgG; antibody (¢-OA). Guinea pig lung mast cells were purified using
enzyme digestion method, count current elutriation, and discontinuous Percoll density gradient. After
CK pretreatment, passively sensitized mast cells were challenged with varying concentration of anti-
gen (OA, immunological stimuli) or with varying concentration of calcium ionophore (Cal, non-
immunological stimuli). Histamine (Hist) release was determined by spectrophotofluorometry, and
leukotrienes (L.T) by radioimmunoassy. CK pretreatment decreased Hist by 35% and LT release by 40
% in the antigen-induced tracheal tissue after IgG. sensitization but did not decrease the contractile
response. In the antigen-induced parenchymal tissue CK decreased Hist release by 25% but poorly de-
creased LT. Both immunologic and non-immunologic stimuli caused a dose-dependent release of Hist
and LT from monodispersed, partially purified and highly purified lung mast cells.

Verification of LT release was obtained by the use of 5-lipoxygenase inhibitor, A64077 (Zileuton).
CK decreased Hist and LT release by 20% respectively in the OA-induced guinea pig lung mast cells
after IgG, sensitization. The inhibitory effects of CK on the Hist and LT release in the Ox-HSA-in-
duced airway smooth muscle tissues or in the OA-induced and Cal-induced mast cells after IgG: sensi-
tization were completely blocked by TEA and GBC.

These studies show that guinea pig lung mast cells seem to be an important contributor to LT re-
lease, and that CK (which has been known as an airway smooth muscle relaxant) can in part act to in-
hibit mediator release in the antigen-induced airway smooth muscle, and that CK may also act to in-
hibit mediator release in the OA-induced and Cal-induced highly purified mast cells. These results

suggest that Hist and LT release evoked by mast cell activation might in part be associated with K*
channel activity.

Key Words: Cromakalim, IgG, antibady, Histamine, Leukotrienes, Hypersensitivity
Abbreviations were used in this paper: CK, cromakalim; Ox-HSA, oxazolone human serum albumin;
a-Ox-HSA, anti-Ox-HSA; a-OA, anti-ovalbumin; OA, ovalbumin; PCA, passive cutaneous anaphylaxis;

Hist, histamine; LT, leukotrienes; TEA, tetraethylammonium; GBC, glibenclamide; Cal, calcium
ionophore; Ag, antigen.
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INTRODUCTION

Potassium (K*) channels are present on a varie-
ty of cell types. Several studies have provied evi-
dence of their existence on airway smooth muscle
(Cook 1988; Kannan et al., 1983; Davis et al.,, 1982;
Marthan et al,, 1989).

Potassium (K*) channel opener, cromakalim
(BRL 34915, CK) recently undergoing clinical
evaluation as a novel antihypertensive agent, has
been reported to promote the relaxation of a vari-
ous kinds of smooth muscle as a consequence of
potassium (K*) channel activation (Allen er al,
1986; Hamilton ef al., 1986; Weir and Weston, 1986;
Quast and Cook, 1988; Hollingsworth et al., 1987;
Bray et al., 1987; Hamilton and Weston, 1989). This
conclusion is based on the observation that CK
enhances K* efflux and thereby induces mem-
brane hyperpolarization toward the K* equilibri-
um potential.

Some investigators have reported that CK has
potential for relieving bronchoconstriction caused
by asthma mediators, and that CK inhibits the ex-
perimental asthma caused by the IgE antibody
and antigen system in guinea pigs (Arch e al,
1988; Nagai et al., 1991).

The pharmacology of CK has recently been re-
viewed (Hamilton and Weston, 1989; Cook, 1990).
Asthma is among the potential therapeutic targets
for CK (Willisams ef al.,, 1990). Small and Foster
(1988) suggested that the hyperresponsiveness of
airway in asthma might represent altered gating
characteristic of membrane K* channels. The gen-
eration of action potentials in human airway mus-
cle requires reduction of K* channel activity
(Marthan et al., 1989). An increased discharge of
spontaneous action potential has been reported to
occur during asthmatic episodes (Akasaka et al.,
1975). In that event, K* channel openers such as
CK could restore responsiveness to normal and
are worthy of further investigation.

Mast cells have specific receptors towards IgE
and IgG: antibodies. Either multivalent antigen or
divalent anti-IgE antibody cross-linkages with IgE
on the cell membrane evokes the release of Hist
from the cell (Ishizaka, 1972). Attempts to deter-
mine how mast cell secretion may be regulated in-

cluded the identification of several receptors and
Na*-, K* and Ca?*-specific ionic channels (Eleno
et al., 1988). It is well known that Ca** plays an im-
portant role as a second messenger during cell
activation (Rasmusen and Goodman, 1977).

However, the role of K* channel in Hist release
from mast cells is still unclear, excepting Hist re-
lease by 6-tridecylresorcylic acid (TRA) from
mast cells might be associated with K* channel
activity (Takei ef al.,, 1993).

As it is already reported that effects of CK on
hyperpolarization and relaxation may have thera-
peutic relevence to asthma and hypersensitivity,
the present study aims to determine the effect of a
K* channel opener, CK, on the release of media-
tors from isolated superfused tracheal and paren-
chymal strips after passive sensitization with IgG,
antibody. Using purified mast cells we also exam-
ined the effect of CK on mediator release from
these cells after passive sensitization with 2-OA
antibody.

METHOD

Animals

Hartley albino female guinea pigs, weighing
about 250~350g were used. Animals were main-
tained in the Research Animal Care of Yonsei
University.

Immunologic techniques

Preparation of hapten-protein conjugates, im-
munization procedures for development of guinea
pig IgG: antibody, antibody separation techniques
with affinity-column chromatography, and quan-
titation of serum antibody titiers by PCA have
been comprehensively described in previous
articles (Ro et dl., 1992).

Sensitization of pulmonary tissue and mediator
release and contraction

Guinea pigs were passively sensitized for specif-
ic antigen (Ox-HSA) challenge. Passively sensi-
tized animals received intravenous injections of
Ab-rich serum 1 day before being killed for study.
Passive sensitization was achieved by admini-
stration of 0.5 ml/kg of serum rich in IgG: Ab di-
rected against Ox-HSA (a-Ox IgGs; PCA titer,
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2560). These “standard” doses of the anti-hapten
IgG serums were selected on the basis of prelimi-
nary experiments in which they were found to
sensitize the guinea pig trachea for similar magni-
tudes of contractions induced by a maximally ef-
fective concentration (0.1 mg/ml of Ox-HSA). In
all cases, the doses of sera administered were opti-
mal for contraction and mediator release. Doses
of serum higher than these levels did not elicit
further contraction or mediator release (Graziano
et al., 1984; Undem er al., 1985a).

Tracheas were trimmed of excess tissue and cut
in a spiral fashion (Constantine, 1965). A paren-
chyma (3x3X5mm) was obtained from the right
lower lobe of the same animals. Both tissue strips
were suspended in air-filled, water-jacketed tissue
chambers and superfused (Fishleder and Buckner,
1984) with a Krebs bicarbonate solution of the
following composition {millimolar): NaCl, 118;
KCl, 4.7; CaCl,, 2.5; MgCl,, 0.5; NaH,PO,, 1; NaHCO,,
25; and glucose, 11. The solution was gassed with a
mixture of oxygen (95%) and carbon dioxide (5%)
and pumped from a heated (37.5°C) reservior
through tygon tubing to a water-jacketed, coiled,
glass tube (heat exchanger) with a Gilson Mini-
plus II peristaltic pump (Gilson Medical Elec-
tronics, Middleton, Wis). From the heat exchang-
er, the physiologic salt solution superfused the tis-
sues at a rate of 1.5 ml/min. The tracheal spirals
and parenchymal strips were maintained at initial
tensions of 5g and 1g, respectively, for 90 min
equilibration period before Ag challenge. Changes
in tension were recorded via force transducers
(FT-03) on Grass model SD or 79B polygraphs
(Grass Instruments, Quincy, Mass). Histologic ex-
amination of selected trachea demonstrated that
the epithelium was 95% intact with these proce-
dures.

After equilibration, all tissues were superfused
with buffer or CK (2x10°® M) for 30 min and
challenged with Ox-HSA or with CK and Ox-HSA
dissolved in the superfusion solution. Superfusate
samples were collected at the base of the tissue
chamber, and each collection tube contained an
appropriate amount of gelatin to make 0.1% of the
collection period. Superfusate samples were col-
lected for a 2 min period before (spontaneous re-
lease) and continuously from the beginning of
challenge with Ox-HSA. Hist and LT were not
found in spontaneous release samples. During Ag

challenge, consecutive time intervals of super-
fusate collection were for 5 min, with additional
5 min collection intervals as needed. The maxi-
mum duration for Ag challenge and superfusate
collection was 30 min. After collection, the
superfusate samples were placed in an ice bath
and stored at 4°C until samples were analyzed for
Hist and LT (see below). In experiments using
TEA (8 mM) and GBC (1 #M), both tissues pre-
pared as described above were first superfused
for 20 min before CK pretreatment.

At the end of Ag challenge, trachea and paren-
chyma were superfused with carbachol, 10 M
and barium chloride, 107 M, respectively, to elicit
the maximum contractile response from each tis-
sue. Responses to Ox-HSA were expressed as a
percentage of the maximum contractile response
in each tissue. Ox-HSA did not cause contraction
of tissue taken from unsensitized animals.

At the end of each experiment, the trachea and
parenchyma were weighed and placed in 3 ml of
04 N perchloric acid, and the tubes were placed
in a boiling water bath for 15 min before
homogenization. After centrifugation, the super-
natant was analyzed for Hist content. There were
no statistical differences in total Hist content be-
tween tissues in any of the experimental groups
and, for 60 tissues, averaged 13.5+0.4 and 27.3+0.
9 ug/gm of wet weight, respectively.

Guinea pig lung mast cell preparations

Guinea pig lung mast cells were isolated and
purified using techniques smilar to the method
previously reported (Undem et al., 1985b). Briefly
described here, lungs obtained from 8 to 10
unsensitized guinea pigs were each perfused with
50 ml of the modified Tyrode buffer consisting of
(millimolar): NaCl, 137; NaH:PO,, 0.36; KCl, 2.6;
CaCl,, 1; MgCl,, 0.5; NaHCO:;, 119; glucose, 5.5; gel-
atin, 1g/L, pH 7.4. After removing large airways
and blood vessels, the lungs were minced with a
Mcllwain tissue chopper. Pooled tissue was treat-
ed three times with 125 U/g tissue and 5 U/g tis-
sue of collagenase and elastase, respectively.
Times (min) of each consecutive exposure of lung
fragments to the enzymes were 20, 20 and 30,
respectively. Freed cells were separated from
residual tissue by filtration through mesh and
Nytex mesh (100#m). The resulting cell popula-
tion was washed and designed “monodispersed”.
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For further mast cell purification, cell suspen-
sions (total of 4.0 % 10°) obtained after the enzyme
digestion were layered over gradients consisting
of 10 ml of Percoll (density, 1.045g/ml), and cen-
trifuges at 1400 rpm for 20 min. Pelleted cells
(containing mast cells) were resuspended in modi-
fied Tyrode buffer and fractionated by count cur-
rent elutriation (Undem ef al., 1986). Cell fraction-
ation was accomplished by decreasing rotor
speed. At each rotor speed, 90 ml of cell suspen-
sion were collected and designated by number.
Fraction 6 (collected at 2590 rpm) consistently
contained the largest percentage of mast cells and
designed “partially purified mast cell” (3.0~4.0%
107 cells). Fraction 6 was used alone for further
purification utilizing a discontinuous Percoll den-
sity gradient (consisting of densities 1.06, 1.07,
1.08, 1.09, and 1.10 g/ml). This gradient was centri-
fuged at 1400 rpm for 20 min (3.5 107 cells/gradi-
ent). The cell band obtained between the 1.09 and
1.10g/ml densities contained the highest purity
and number (10—20X% 10") of mast cells. This gra-
dient band was removed, washed with modified
Tyrode buffer and designated the “highly purity”
mast cell preparation. Mast cell counts were ob-
tained using alcian blue staining and cell viability
was determined using trypan blue exclusion
(Undem ez al.,, 1985b). Cell viability was consist-
ently greater than 98%. The Purity range of
Monodispersed, partially purified, and highly
purified mast cells was 2~3%, 40~50%, and 90~
97%, respectively.

Mediator release from mast cell

Guinea pig lung mast cells obtained after en-
zyme digestion (monodispersed), after fractiona-
tion by elutriation (partially purified), and after
the discontinuous Percoll density gradient centrif-
ugation (highly purified) were passively sensitized
with a-OA serum (1 ml/10° cells) in a shaking
water bath (60 min at 37°C). After this incubation
period, the cells were wahed twice, resuspended
in modified Tyrode buffer containing CaCl. and
MgCl, and treated (15 min, 37°C) with varying
concentrations of OA (0.01, 0.1, 1.0mg/ml) or
(0.01, 0.1 mg/ml). Polystyrene tubes were used for
all cell incubations, and unless stated otherwise,
each tube contained 2.5 x 10° mast cells suspended
in 1 ml of Tyrode buffer. The mediator release re-
action was terminated by placing the tubes in an

ice bath. Supernatants obtained after centrifuga-
tion were taken for determination of Hist and LT.
In experiments utilizing A64077 and CK, celis pre-
pared as described above were first incubated for
60 min at 37°C with 104l of 107° M A64077, 1044
of 2x107* M CK, or vehicle prior to incubation
with OA or Cal for 15 min at 37°C. In experiments
using GBC (10 uM), mast cells were first incubated
for 20 min before CK pretreatment.

Histamine assay

Hist was analyzed by the automated fluoromet-
ric method (with dialyzer) described by Sira-
ganian (1974). The sensitivity of the assay is ap-
proximately 5ng/ml of Hist. The amount of Hist
in each superfusate sample was expressed as a
percentage of the total tissue Hist content remain-
ing after the proceeding collection period. Total
Hist content of each cell suspension was deter-
mined after treating cell pellets with 0.4% Trition
X, expressed as a percentage of the total Hist con-
tent and corrected for spontaneous release, which
ranged from 2 to 4% as determined in paired sam-
ple not challenged with OA.

LT Radioimmunoassay (RIA)

The LT content of each superfusate sample or
cell supernatants was determined by RIA as de-
scribed previously (Aharony et al., 1983). The LT
antibody (#332) was diluted in buffered saline
(5 mM MES, HEPES adjusted to pH 74 with 1 N
NaOH) containing 0.1% gelatin. Each assay tube
contained 100 of supernatant, antibody (50 21 of
a 1:1000 dilution), and 50 of *H-LTD: (2500 to
3000 cpm) in buffered saline. Incubations were for
2 h at 4°C and the reaction was terminated by
addition of 0.5ml dextran coated charcoal
(200 mg charcoal and 20 mg dextran mixed with
100 ml buffered saline). After 5 min incubation
the mixture was centrifuged at 3000 rpm at 4°C
and 04 ml of the supernatant was added to
Aquasol (NEN Research Products) for counting
by liquid scintillation spectrometry (Packard,
Model 3225). Standard curves were constructed in
the presence of Ag using LTD. The detection
limit of the assay is 0.045 pmol LTD,. LT release
is expressed as pmol/10° cells.

Drugs

The following substances were used: histamine
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free base, oxazolone, human serum albumin, MES,
HEPES, ovalbumin (fraction V), complement
Freund’s Adjuvant, incomplement Freund’s Ad-
juvant, Guinea pig albumin, collagenase (type 1),
elastase (type I, porcine pancreatic), calcium
ionophore (A23187), alcian blue, trypane blue,
glibenclamide, tetraethylammonium (Sigma Che-
mical Co., St. Louis, MO); CK (Smithkline Bee-
cham Pharmaceuticals, West Sussex, UK); carba-
myl choline chloride (Aldrich Chemical, Inc., Mil-
waukee, Wis); barium chloride (JT Baker chemi-
cal Co., Phillipsburg, NY); gelatin (Difco Labora-
tories, Ditrotit, MI); Percoll (Pharmacia Fine
Chemicals AB, Uppsala, Sweden); Triton X
(Research Products International, EIK Grove, IL);
A64077 (Zileuton), leukotriene antibody for RIA
(Stuart Pharmaceuticals, Division of ICI Ameri-
cas, Inc, Wilmington, Del): *H-LTD. (specific
activity, 39 Ci/mmol, New England nuclear, Bos-
ton, Mass). @-Ox-HSA, @-OA (prepared by our lab-
oratory). A64077 was dissolved in DMSO, CK was
dissolved in 70% ethanol and diluted in buffer for
use.

Statistics

Statistical analysis was performed by Student’s t-

test.
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RESULTS

Effect of CK on IgGi-mediated pulmonary
responses

In order to confirm whether CK itself has the
mediator releasing effect on hypersensitivity reac-
tion, unsensitized pulmonary tissues were chal-
lenged by Ox-HSA, 0.1 mg/ml, after varying con-
centration of CK pretreatment. The results show
that CK did not have effect on the mediators re-
lease (not shown data). The optimal concentration
of CK in the reduction of mediator release in the
sensitized tissues was 2X 107° M. Therefore, all ex-
periments were performed with 2X107° M of CK.
Our previous findings (Ro et al, 1991), exposure

Table 1. Response of the CK (2x 10 M) of superfused guinea pig trachea and parenchyma to Ox-HSA 107" mg/ml

after passive sensitization with IgG; antibody®

. . 1
Tissues N Maxm'lum Total-Histamine(%) Leukotruﬁnes
contraction(%) (pmole/g tissue)

Tracheal strip

Control 7 83+t24 13.8+0.87 726£62

CK 7 78 £4.7 8.8+0.67** 426 +25*
TEA+CK 4 81+6.2 11.8+1.90 855198
GBC+CK 4 79+5.6 15.0+£2.00 814+106
Parenchymal strip

Control 7 68+5.1 7.6+0.50 514+81

CK 7 61£60 5.7+029* 391+52
TEA+CK 4 55+£72 7.8+0.66 60575
GBC+CK 4 61£58 8.5+0.56 63056

@Animals were passively sensitized by i.v. injection of IgG, antibody (e-Ox-HSA) 1 days before each experiment.
Tracheal and parenchymal tissues were isolated and challenged with Ox-HSA.
* Values represent total histamine found in all superfusate after Ox-HSA challenge expressed as a persentage of the

total tissue histamine content.

"Values represent total leukotrienes found in superfusate of g tissue after Ox-HSA challenge.
*A value that is statistically different (p<0.05) from the value obtained after CK preteratment.

**P<0.01
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to Ag (Ox-HSA, 0.1 mg/ml), resulted in tracheal
and parenchymal contraction and mediator (Hist
and LT) release after guinea pigs were sensitized
with IgG; antibody. Therefore, we examined the
effects of CK on the mediator release in the air-
way smooth muscle by exposure of Ox-HSA after
passively IgG. sensitization.

CK pretreatment decreased Hist release by 35%
and LT release by 40% in the Ag (Ox-HSA)-in-
duced tracheal tissues after passively sensitization
with IgG, antibody, but did not decrease the con-

Tracheal Strips

800 7
N H wout CK
F B w/ CK
2 600
o
2 B
£
2 4007
o
Q
f=
2
g 2001
=
3
0! : / .
§ min 5 min 5 min 5 min 5min Total
207
g
]
£
E
[}
]
T 10
]
2
ol

5 min 5 min 5 min § min 5 min Total

Fig. 1. Time course for Hist and LT contents in pres-
ence and absence of CK (2x10™° M) after chal-
lenge with Ox-HSA, 0.1 mg/ml in superfused
guinea pig tracheal strips. Animals were pas-
sively sensitized with IgG, antibody (e-Ox-HSA)
1 day before killed for study, and then tracheal
tissues were isolated, superfused with Ox-HSA
(0.1 mg/ml) after CK or vehicle pretreatment
for 30 min. Solid bars represent vehicle pre-
treatment and the hatched bars represent CK
pretreatment. Vertical lines represent the mean
+SEM of 7 experiments. The data are summa-
rized in Table 1.

tractile responses (Fig. 1, Table 1). In the paren-
chyma CK decreased Hist release by 25% but
poorly decreased LT (Fig. 2, Table 1).

In order to confirm whether the inhibition of
the mediator release in the Ag-induced pulmo-
nary tissues after sensitization was evoked by CK
pretreatment, we examined whether CK effect
was blocked by using TEA which was known as a
non-specific antagonist of K* channels, and GBC
which acted as antagonist of ATP-sensitive K*
channels. The inhibitory effects of CK on the Hist

Parenchymal Strips
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Fig. 2. Time course for Hist and LT contents in pres-
ence and absence of CK (2x 107 M) after chal-
lenge with Ox-HSA, 0.1 mg/ml in superfused
guinea pig lung parenchymal strips. Animals
were passively sensitized with IgG: antibody (a-
Ox-HSA) 1 day before killed for study, and then
parenchymal tissues (3X3x5mm) were isolat-
ed, superfused with Ox-HSA (0.1 mg/ml) after
CK or vehicle pretreatment for 30 min. Solid
bars represent vehicle pretreatment and the
hatched bars represent CK pretreatment. Verti-
cal lines represent the mean=SEM of 7 experi-
ments. The data are summarized in Table 1.
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and LT release in the tracheal and parenchymal
tissues were completely blocked by TEA and
GBC (Table 1).

Antigen provoked Hist and LT release from mast
cells

Monodispersed, partially purified, and highly
purified mast cells were passively sensitized with
a-OA antibody, treated with varying concentra-
tions of the Ag for 15 min and both Hist and LT
release measured. Data obtained from these ex-
periments are shown in Table 2. OA-induced re-
lease of LT as well as Hist was obtained in dose
dependent fashion from all types of mast cells
(data in Figure not shown). Peak of Hist release
(approx 25~30%, both preparations; 40%, highly
purifed) and LT release (10~12 pmole/10° cells,
both preparations; 32~35 pmole/10° cells, highly
purified) were obtained utilizing OA concentra-
tions between 0.1 to 1.0 mg/ml. However, in the
highly purified mast cells Hist and LT release
were significantly increased, compared to mo-

nodispersed mast cells (Table 2). For all prepara-
tions, it was demonstrated that mediator release
was the result of an immunologic reaction since it
did not occur in the absence of the passive anti-
body sensitization step (data not shown).

As we have previously described (Ro et al.,
1991). Hist release was completed between 5 and
10 min after challenge. In contrast to the Hist re-
lease profile, LT release was not detectable for the
first 5 min after Ag challenge. A slow release of
LT was noted and it appeared to peak at approx.
60 min.

Influence of CK on the antigen provoked Hist and
LT release from mast cells

The effect of CK on the mediator release in the
Ag-induced pulmonary mast cells after passive
sensitization has been examined. Hist and Lt re-
lease (both approx. 20%) by CK pretreatment only
decreased by highly purified mast cells after pas-
sive sensitization (Table 2). It has also been exam-
ined whether the inhibition of the mediator re-

Table 2. Hist and LT release from passively sensitized (anti-OA antibody) guinea pig lung mast cells evoked by
varying concentrations of OA in the presence and absence of CK (2x 107 M)®

Ab Ag Total Hist (%) LT (pmole/10° cells)
Cells
(ml/10° cells)  (mg/mi) Control cK Control CK
monodispersed a-OA OA
cells 0.01 10.1+1.8 9.0+0.82 1.68+0.67 1.27+0.55
0.1 275+1.6 24.9+1.62 10.09+1.01 8.75£0.99
1.0 267121 250+1.01 10.05+1.83 8.54x1.45
partially purified a-OA OA
cells 0.01 13.6+0.74 13.0+0.62 1.92+0.75 1.16£0.79
0.1 29.5+2.30 270+£1.90 12.13£1.30 10.88+2.14
1.0 29.3+1.50 29.0£1.30 11.91£147 9.21+1.48
highly a-0OA OA
purified cells 0.01 18.5+£2.1% 11.9+1.3* 20.19+4.13% 13.04£1.11*
0.1 325+25 22.7+1.8* 35.01+£6.73% 25.26+1.87*
1.0 442132 309+26 3247+845% 23.35+1.31*

@Guinea pig lung mast cells were isolated and purified by digestion, count current elutriation, and discontinuous
Percoll density gradient method. Mast cell (0.25X 10° cells) were passively sensitized by 2-OA antibody and chal-

lenged by varying concentrations of OA.

*A value that is statistically different (p<0.05) from the value obtained with the highly purified mast cell in the

absence of CK pretretment.

*A value that is statistically different (p<0.05) from the value obtained with the highly purified mast cell in the

presence of CK pretreatment.
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lease in the Ag-induced pulmonary mast cells
after sensitization was evoked by CK pretreat-
ment. The inhibitory effects of CK on the Hist
and Lt release in the OA-induced pulmonary

Inhibitory effect of CK and A64077 on the media-
tor release from highly purified mast cells

mast cells after passive sensitization were com- In order to verify LT release from isolated guin-
pletely blocked by GBC (data not shown). ea pig lung mast cells, the 5 lipoxygenase enzyme
40 1 80 -
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Fig. 3. Hist and LT release from passively sensitized (2-OA antibody) highly purified lung mast cells evoked by vary-
ing concentrations of OA or Cal. Guinea pig lung mast cells were isolated and purified by enzyme digestion,
count current elutriation, and continuous Percoll density gradient method. Mast cell (0.25 % 10° cells) were pas-
sively snesitized by a-OA antibody and challenged by varying concentrations of OA or Cal after A64077 (107
M) or CK (2x107° M) pretreatment. Solid bars represent vehicle, the hatched bars represent A64077, and dot
bars represent CK pretreatment. Vertical lines represent the mean+SEM of 7 experiments. The data are sum-
marized in Table 3.

Table 3. Hist and LT from passively sensitized (anti-OA antibody) highly purified lung mast cells evoked by varying
concentrations of OA and Cal in the presence and absence of A64077 or CK®

Ab Total Histamine (%) Leukotrienes (pmole/10° cellsl)
(1g/ml) N
(mg/ml) control  A64077 CK control  A64077 CK
a-0OA OA
0.1 7 305425  245+53  207+1.8%  32.1+43  21£21"™* 204+23*
1.0 7 402+32  325+39  254+21* 307154 35+£29™* 175+37*
@-0OA Cal
001 7 28405 52+3.7 1.2+04 19+0.1 0™*  09+03*
0.1 7 602+68  574+45 382+62% 2514127 3.0+36"* 102+842

@Guinea pig lung mast cells were isolated and purified by digestion, count currente elutriation, and discontinous
Percoll density gradient method. Mast cells (0.25X% 10° cells) were passively sensitized by anti-OA antibody and
challenged by varying concentration of OA after A64077 (10~° M) or CK (2 X 10~° M) pretreatment.

*A value that is statistically different (p<0.05) from the value obatined with the highly purified mast cell in the
presence of CK pretreatment.

***A value that is statistically different (p<0.001) from the value obtained with the highly purified mast cell in the
presence of A64077 pretreatment.
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inhibtor A64077 was utilized. In these experi-
ments, both immunologic (OA) and non-immuno-
logic (Cal) stimuli were utilized. Figure 3 illus-
trates the a dose dependent release of Hist and LT
can be obtained with the Cal. In further experi-
ments, we examined whether A64077 and CK
could alter Hist release using Cal as well as OA
as the secretagogue. Figure 3 (lower panel) dem-
onstrates that A64077 had no appreciable effects
on Hist release from highly purified lung mast
cells using either secretagogue, but CK signifi-
cantly decreased Hist release using either secreta-
gogue. The effect of A64077 and CK on LT release
from gunea pig lung mast cells after challenge
with OA or Cal is shown in Figure 3 upper panel.
When mast cells were challenged with OA or Cal
after incubation for 1 h with A64077, no LT re-
lease was observed. But, after incubation of mast
cells for 1 h with CK, LT release (20~25%) was
significantly decreased. In previous experiments
it was determined that the LT standard curve was
not affected by the presence of A64077 or CK
alone. The data in Figure 3 were described in
Table 3.

DISCUSSION

Recently, much attention has been paid to air-
way smooth muscle relaxation and the bron-
chodilating activity of K channel openers in
vitro and in vivo (Allen er al, 1986; Arch et al,
1988; Nielsen-Kudsk et al., 1989; Nagai et al., 1991).
In the unsensitized and sensitized guinea pig tra-
chea, CK is a relaxant agent with the pharma-
cological profile of a K* channel opener (Hamil-
ton and Weston, 1989; Cortijo, et al. 1992). This
pharmacological property suggests the possible
therapeutic potential of K* channel openers in
the treatment of hypersensitivity and bronchial
asthma (Cook, 1988; Baird, 1988).

Since many possible mechanisms, including
allergic responses, are believed to be involved in
the onset and development of bronchial asthma,
the present study attempted to evaluate the ef-
fects of a new class of K™ channel opener, CK, on
allergic reactions. From the results of this study, it
appears that CK is effective on allergic Hist and
LT release in the tracheal tissues taken from pas-

sively sensitization (Fig. 1, Table 1), but, in the
parenchymal strips, CK is poorly effective on
allergic LT release (Fig. 2, Table 1). The latter
results may suggest that certain inhibitory action
in parenchymal tissue level may be partially in-
volved in CK-induced inhibition of LT release.
The data on allergic reaction by CK have not
been reported yet. The inhibition of Hist and LT
release elicited by CK was suppressed by TEA
(8 mM) and GBC (10 #M) (Table 1). GBC is potent
blocker of ATP-sensitive K* channels in the air-
way smooth muscle. This type of ion channel is
suppressed by increased intracellular concentra-
tion of ATP (Nielsen-Kudsk er al., 1990). The pres-
ent results therefore suggest that the inhibitory ef-
fects of mediator release in the airway smooth
muscle produced by CK may involve activation
of a GBC sensitive K* channel. These data are in
agreement with other recent finding that there
may be open Kurr present in smooth muscle cell
membrane (Nielsen-Kudsk et al., 1990; Black JL et
al., 1990).

Allen et al (1986) reported that the inhibition of
spontaneous tone elicited by CK was suppressed
by procaine (5mM) but remained unaffected in
the presence of TEA (8 mM). But, we found that
the inhibtion of mediator release elicited by CK
was suppressed by TEA. Therefore, the present
results support that the inhibitory effects of medi-
ator release in the airway smooth muscle evoked
by CK may be involved by selective and non-se-
lective K* channel activity.

It is still contraversal if LT is released from the
isolated and purified guinea pig lung mast cells.
We report that LT is released from guinea pig
mast cells (Table 2). These results are in agree-
ment with Doran et al. (1993, submitted article).
Confirmation of LT was obtained by utilizing the
5-lipoxygenase inhibitor A64077 (Fig. 3, Table 3).
A64077 has been shown to be a potent, and selec-
tive inhibitor of the 5-lipoxygenase enzyme (Car-
ter et al., 1991). And it has also been shown in a
number of studies to be effective in reduction of
LT synthesis in humans following oral admi-
nistration (Bell et al., 1992). A64077 has also been
demonstrated to be important in the treatment of
diseases such as inflammatory bowel disease,
asthma and rheumatoid arthritis (Collawn et al.,
1992). In our present study, the Ag-induced re-
lease of LT bioactivity by lung mast cells was in-
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dependent of cell purity (Table 2). These data and
our current work would strongly suggest that the
LT are derived from mast cells rather than other
contaminating cell types.

Because LT as well as Hist can be released from
guinea pig mast cells, we examined that influence
of CK on mediator release from isolated guinea
pig mast cells. In the present study, it appears that
CK is effective on allergic Hist and LT release
only in highly purified mast cells using OA (im-
munologic stimuli) and Cal (non-immunologic
stimuli) as the secretagogues, and the inhibition of
mediator release evoked by CK is blocked by
GBC. Nagai ef al., (1992) reported that none of the
K* channel openers including CK were effective
on allergic Hist release. The reason that they did
not observe CK effects on the allergic Hist release
seems to be that they used monodispersed mast
cells instead of highly purified mast cell. In our
present results, we did not observe the inhibition
of mediator release by CK in the monodispersed
and partially purified mast cells, too. Therefore, it
could be possible that Hist release-inhibiting ma-
terial and LT-producing lung cell other than the
mast cells, might be in the crude lung prepara-
tions.

It is well known that certain cellular events
which occur during allergic reactions are Ca**-de-
pendent phenomena (Middleton, 1980). Some in-
vestigators have demonstrated that allergic medi-
ator release are Ca**-dependent reactions (Richie
et al., 1984; Rossi et al., 1982; Nagai, 1987). As Ca**-
dependent cellular responses usually cross link to
K* movement, it is possible that reactions (mem-
brane phospholipids break down, membrane en-
zyme activity, Ca’" entry etc.) are in part modified
by K* channel openers. At present, however, fur-
ther experiments may be necessary to clarify the
biochemical responses in cellular event modified
by K* channel opener, CK.

These results show that guinea pig lung mast
cells seem to be an important contributor to LT
release, and that CK can in part act to inhibit me-
diator release in the Ag-induced airway smooth
muscle, and that CK may act to inhibit mediator
release in the OA-induced and Cal-induced high-
ly purified mast cells. these results suggest that
Hist and LT release evoked by mast cell
activation might in part be associated with K*
channel activity.
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