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Abstract

TA-270 (4-hydroxy-1-methyl-3-octyloxy-7-sinapinoylamino-21H )-quinolinone), a novel quinolinone derivative, was designed as an
antioxidant to scavenge reactive oxygen species. Here, we investigated the effects of TA-270, in comparison with several antiasthmatic
drugs, on asthmatic responses as induced by ovalbumin in sensitized guinea pigs. When orally administered 1 h before and 3 h after the
antigen challenge, TA-270 at 10 mg/kg and higher doses significantly inhibited both immediate and late responses in airway resistance
induced by the antigen. The inhibitory effects were comparable to or superior, at least under the present experimental conditions, to those
of several clinicaly used antiasthmatic drugs. Furthermore, TA-270, in a dose-dependent manner, reduced accumulation of pulmonary
inflammatory cells, especially eosinophils, and significantly reversed the airway hyperresponsiveness to acetylcholine 24 h after the
antigen challenge. These results suggest that TA-270 may be of therapeutic use for bronchial asthma. © 2000 Elsevier Science B.V. All

rights reserved.
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1. Introduction

Bronchial asthma is an atopic disease characterized by
bronchoconstriction, an influx of inflammatory cells into
the airway, and bronchial hyperresponsiveness. Many asth-
matic patients show an immediate response that is accom-
panied by the bronchoconstriction in the airway by provo-
cation of an inhaled alergen, but the bronchoconstriction
usualy returns to the basal level within a few hours.
However, approximately 60% of patients frequently show
a late bronchoconstriction response again 4-12 h after
provocation (Booij-Noord et a., 1971). The immediate-air-
way response in association with the constriction of airway
smooth muscle cells may be mediated by several media-
tors, such as histamine and peptide leukotrienes, which are
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released from inflammatory cells, especialy mast cells
(Holgate and Kay, 1985). The late response is associated
with bronchial hyperresponsiveness to a wide variety of
stimuli (Cartier et al., 1982). Although the mechanisms
underlying the late-airway response are still poorly under-
stood, an influx of inflammatory cells, especialy
eosinophils, into the bronchial lumen has been suggested
to be one of the important events in the induction of the
late response (Barnes et al., 1998). Actually, eosinophils
and other inflammatory cells can release severa mediators
that may cause bronchoconstriction and hyperresponsive-
ness. Thus, agents that can improve these events, including
bronchial hyperresponsiveness and infiltration of
eosinophils, may be a great benefit for the therapy of
bronchial asthma.

TA-270 (4-hydroxy-1-methyl-3-octyloxy-7-sinapinoy-
lamino-2(1H )-quinolinone) was designed as one of the
antioxidants that potently scavenges reactive oxygen
species. The reactive oxygen species has been shown to be
involved in inflammatory diseases including bronchial
asthma (Barnes and Belvisi, 1993; Repine et al., 1997).
We therefore examined the effects of TA-270, in compari-
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son with authorized antiasthmatic drugs, on antigen-in-
duced immediate- and late-airway responses, accumulation
of pulmonary inflammatory cells, and airway hyperrespon-
siveness in sensitized guinea pigs.

2. Material and methods
2.1. Animals

Male Hartley guinea pigs (Kyudo, Kumamoto, Japan;
weight range 350-500 g and age range 4—6 weeks) were
housed in an air-conditioned room at 18 4+ 2°C with 55 +
10% humidity and a 12 h light—dark cycle. The animals
were given food and water ad libitum.

2.2. Immediate- and late-phase airway responses in ac-
tively sensitized guinea pigs

The guinea pigs were sensitized with 1% ovabumin
aerosol for 10 min once a day for 8 consecutive days. The
aerosol was generated with an ultra-sonic nebulizer (NE-
U12, OMRON, Tokyo, Japan). One week after the last
sensitization, an antigen provocation was performed with
the inhalation of 2% ovabumin for 1 min for the immedi-
ate-phase airway response and for 5 min for the late
response. Pyrilamine maleate (10 mg/kg, i.p.), a histamine
H, receptor antagonist, was given 30 min before an oval-
bumin challenge to protect the animals from anaphylactic
shock. Methyrapone (10 mg/kg, i.p.), a cortisol synthesis
inhibitor, was given 24 and 1 h before the antigen chal-
lenge. A specific resistance in the airway (sR,,) as in-
duced by the antigen inhaation was measured with a
double-flow plethysmograph technique (Pennock et d.,
1979) using non-invasive respiratory measurements
(Pulmos-1, M.I.P.S,, Osaka, Japan). The sR,, was moni-
tored before and at the indicated time (1 min, 2, 4, 5, 6, 7,
8 and 23-24 h) after the ovalbumin challenge. In contrast
to the immediate response, which was sharp and peaked at
around 1 min, there was not an obvious peak in the late
phase as shown later (Fig. 2). Henceforth, the immediate
response was defined as an increase in sk, a 1 min and
the late response as an increase in area under the curve
(AUO) for sR,,, between 4 and 8 h after antigen challenge.

2.3. Antigen-induced infiltration of inflammatory cells into
bronchoalveolar lavage fluid

The guinea pigs sensitized with ovalbumin and treated
as described in Section 2.2 were killed with sodium pento-
barbital (50 mg/kg i.p.) 24 h after the antigen challenge.
The lungs of the animals were washed twice with 5 ml of
saline. The lavage fluid was centrifuged (1100 rpm) for 5
min, and the cell pellet was resuspended in 1 ml of saline.
The total cells were counted in a hemocytometer. The

smears were made of cell suspensions and stained with
May—Gruendward—Giemsa stain. Each cell per smear was
counted and the total population of each cell type was
calculated.

2.4. Antigen-induced airway hyperresponsiveness to
acetylcholine in actively sensitized guinea pigs

The guinea pigs were sensitized with ovalbumin and
treated as described in Section 2.2. Acetylcholine was
spontaneoudly inhaled, 22—26 h after the ovalbumin chal-
lenge, with the sequential concentration of 0.0625, 0.125,
0.25, 0.5, 1, and 2 mg/ml for 1 min until a 100% increase
in sR,, was observed as described in Section 2.2. Airway
hyperresponsiveness to acetylcholine was expressed as
PC,00ACh, a provocative concentration of acetylcholine
aerosols causing a 100% increase in the airway resistance.

2.5. Drugs and chemicals

TA-270 (4-hydroxy-1-methyl-3-octyloxy-7-sinapinoy-
lamino-2(1H )-quinolinone) (Fig. 1) was synthesized by
Dainippon Ink and Chemicals: the procedure of synthesis
will be described in detail elsewhere. Azelagtine (Isogai
and Hasegawa, 1995), pranlukast (Toda et a., 1986) and
seratrodast (Terao, 1989) were synthesized as previously
described. Other chemicals were obtained from following
sources. tranilast (Shiratori Pharmaceutical, Japan); car-
boxymethyl cellulose (Wako, Japan); ovalbumin (Grade
V), pyrilamine maleate, and metyrapone (Sigma, USA);
acetylcholine chloride (Daiichi Pharmaceutical, Japan);
May—Gruenward solution and Giemsa solution (Muto Pure
Chemical, Japan). All antiasthmatic drugs were suspended
in a 0.5% carboxymethy! cellulose solution and were given
oraly in a volume of 5 ml /kg, 1 h before and 3 h after
antigen challenge.

2.6. Satistical analysis

The results are expressed as the means + S.E. unless
otherwise specified. When data involved three or more
groups, Dunnett’s multiple test was used. Student’s t-test
was used for analyzing the difference between two groups.
A significant difference was accepted when P < 0.05.
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Fig. 1. Structure of TA-270 (4-hydroxy-1-methyl-3-octyloxy-7-
sinapinoylamino-2(1H )-quinolinone).
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3. Results

3.1. Immediate- and late-phase-airway responses in con-
Scious guinea pigs

When actively sensitized guinea pigs were challenged
with ovalbumin, biphasic airway responses were observed.
Thus, the first phase (immediate phase) occurring at around
1 min after the antigen challenge showed a remarkable
increase in a specific resistance in the airway (sR,, ). The
sR,, rather rapidly declined amost to the basa level
about 2 h after the antigen challenge. Four hours or later,
however, the sR,, again gradualy increased, although the
maximal response was less than that in the immediate
phase (Fig. 2). We examined the effect of TA-270 on the
biphasic airway responses. In this experiment, TA-270 (50
mg/kg p.o.) was administered 1 h before and 3 h after the
ovalbumin challenge. As shown in Fig. 2, TA-270 clearly
inhibited both immediate and |ate responses.

In Fig. 3, we examined the dose—response effects of
TA-270 on the immediate- and late-airway responses and
compared these effects with those obtained by severa
other antiasthmatic drugs. TA-270 was effective even at 10
mg/kg in inhibiting both immediate and late responses,
and the effective dose was comparable with that of seratro-
dast, a thromboxane A, receptor antagonist. All other
antiasthmatic drugs including tranilast (a mast cell stabi-
lizer), azelastine (an H, histamine receptor antagonist),
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Fig. 2. Time course of the increase in airway resistance (sR,,) induced
by ovalbumin. TA-270 (50 mg/kg p.o.) and its vehicle were adminis-
tered orally 1 h before and 3 h after an ovalbumin challenge. The results
are expressed as the means+ S.E. of the percent increase in sk, over the
baseline control from eight animals.
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Fig. 3. The effect of TA-270 and other antiasthmatic drugs on the
immediate-airway response (A) and late-airway response (B). The imme-
diate response is expressed as a percentage increase in airway resistance
(sR,,) over the baseline at 1 min after the ovalbumin challenge. The late
response is expressed as a percentage increase in the area under the curve
of sR,, between 4 and 8 h &fter the antigen challenge. TA-270, other
drugs and their vehicle were administered both 1 h before and 3 h after
the ovalbumin challenge. The results are expressed as the means+ SE.
from eight animals. “P < 0.05, * * P < 0.01, significantly different from
the vehicle by Dunnett’s multiple test. #P < 0.05, significantly different
from the vehicle by Student’s t-test.

and pranlukast (a peptide leukotriene receptor antagonist)
were also effective at appropriate doses against both imme-
diate and late responses; however, the inhibition pattern
was not always identical for both responses. For example,
azelastine significantly and greatly inhibited the immediate
response, while it only slightly (the effect was not statisti-
caly significant) inhibited the late response (Fig. 3).

3.2. Antigen-induced infiltration of inflammatory cells into
bronchoalveolar lavage fluid

Ovalbumin inhalation clearly induced infiltration of
several inflammatory cells including macrophages, neu-
trophils and eosinophils into bronchoalveolar lavage fluid
24 h dfter the antigen challenge (Table 1). We next
examined the effect of TA-270, in comparison with other
antiasthmatic drugs, on the antigen-induced infiltration of
the inflammatory cells in bronchoalveolar lavage fluid.
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Table 1
Effect of TA-270 and other antiasthmatic drugs on infiltration of inflammatory cells into bronchoalveolar lavage fluid

Drug Dose (mg,/kg) Cell number (x 10° cells)
Tota cells Macrophages Neutrophils Eosinophils Lymphocytes
Sdine inhaation - 256+ 2.7 91+20 6.7+ 17 75420 24410
Antigen challenge
Vehicle - 86.0 + 13.6 2474+ 6.9 248+ 8.8 328+6.3 3.7+06
TA-270 10 64.5 + 10.0 127+ 20 26.5+10.0 215+27 38+08
20 5214+ 11.0 13.0+ 34 178+ 6.8 18.0 + 2.9 32407
50 48.3+ 83 118+ 27 174+59 16.6 + 3.72 24106
Tranilast 100 72.7+15.8 19.6 £ 5.3 242459 248459 42408
200 736+ 174 209+ 6.7 259+ 130 228+ 4.7 40+07
Azelastine 10 751+6.8 136+ 24 298 +4.0 288 +6.8 29+ 05
Pranlukast 20 734+ 7.7 140+ 34 265+59 29.3+6.3 3.7+03
50 520+ 7.7% 125+ 3.0 146+ 3.1 216 +4.7 33+08
Seratrodast 10 81.8 + 16.7 193+5.0 26.3+6.3 315+6.9 48+07
20 86.4+ 174 224449 281477 314473 45408

TA-270 and other drugs were administered both 1 h before and 3 h after ovalbumin challenge. Results are expressed as means + S.E. from eight animals.
P < 0.05, significantly different from vehicle by Dunnett's multiple test.

The TA-270 treatment significantly inhibited the accumu-
lation of eosinophils, and it aso tended to inhibit the
infiltration of total cells, macrophages and neutrophils.
Among the antiasthmatic drugs examined, only pranlukast
showed a significant effect on the infiltration of total cells.
Even though a significant effect was not observed, how-
ever, this antiasthmatic drug, like TA-270, also tended to
inhibit the infiltration of macrophages and neutrophils. In
other antiasthmatic drugs, with the exception of azelastine
effect on macrophage infiltration, we hardly detected an
inhibitory effect on the antigen-induced infiltration (Table
1.

101

PC100ACh (mg/ml)

0 20 100
Administration (mg /kg p.o.)

Fig. 4. The effects of TA-270 and pranlukast on airway hyperresponsive-
ness to acetylcholine. The results are expressed as the means+ S.EE. of
PC,00ACh, a provocative concentration of acetylcholine aerosol causing
a 100% increase in the airway resistance in eight animals. TA-270 and
pranlukast were administered both 1 h before and 3 h after the ovalbumin
challenge. The PC,,,ACh value in control animals was approximately
1.2 mg/ml. “P <0.05 * P <0.01, significantly different from vehicle
by Dunnett’s multiple test.

3.3. Antigen-induced airway hyperresponsiveness to
acetylcholine

Acetylcholine inhalation causes an increase in airway
resistance even in normal guinea pigs. In actively sensi-
tized guinea pigs, the sensitivity of acetylcholine to cause
an increase in airway resistance is markedly enhanced.
Thus, the concentration to induce a 100% increase in the
airway resistance (PC,,,ACh) was decreased from 1.2
mg,/ml in normal guinea pigs to about 0.15 mg,/ml in the
sensitized animas (Fig. 4). The hyperresponsiveness to
acetylcholine in the sensitized guinea pigs was reversed by
a pretreatment of animals with TA-270 in a dose-depen-
dent manner. Since the inhibitory pattern against infiltra-
tion of inflammatory cells in bronchoalveolar lavage fluid

g .
B \;e:rl::liast was similar each other between TA-270 and pranlukast
O T; 2;0 (Table 1), we also examined pranlukast effect. This drug

was also effective for the reversal of hyperresponsiveness
to acetylcholine, but a much higher dose was required to
achieve the same effect as that obtained by TA-270 (Fig.
4).

4, Discussion

In the present study, we showed that a novel quinoli-
none derivative, TA-270, exerted potent inhibitory actions
against immediate- and late-phase bronchoconstriction in
guinea pigs sensitized with ovalbumin. The late-airway
response is usually accompanied by an increase in airway
responsiveness to nonspecific stimuli in human asthma
(Cockceroft and Murdock, 1987; Cartier et d., 1982) and in
animal asthma models (Marsh et d., 1985). In both cases,
influx in the accumulation of inflammatory cells into the
airway has been demonstrated (De Monchy et al., 1985).
Among inflammatory cells, especially eosinophils have
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been suggested to play an important role in airway hyper-
responsiveness (Sanjar et al., 1990; Tarayre et al., 1990).
TA-270 was dso effective in inhibiting the pulmonary
accumulation of eosinophils and airway hyperresponsive-
ness to acetylcholine in the sensitized guinea pigs.

These antiasthmatic actions of TA-270 were compara
ble to or superior, at least under the present experimental
conditions, to those obtained by other antiasthmatic drugs
including pranlukast (a peptide leukotriene receptor antag-
onist), seratrodast (a thromboxane A , receptor antagonist),
tranilast (a mast cell stabilizer), and azelastine (an H
histamine receptor antagonist). Either seratrodast or trani-
last failed to inhibit the accumulation of inflammatory
cells into bronchoalveolar lavage fluid (Table 1). The
failure of seratrodast and tranilast to inhibit infiltration of
inflammatory cells has aready been reported by others
(Matsumoto et al., 1994; Tominaga et al.,1997). In the
case of azelastine, although we observed an inhibitory, but
not significant, effect on infiltration of macrophages (Table
1), this drug was ineffective in inhibiting the induction of
the late bronchoconstriction response (Fig. 3B). Similar
pharmacological action pattern of azelastine has already
been described in the previous report (Nakagawa et al.,
1993). In the present study, the extent of the inhibitory
effect of azelastine on the infiltration of inflammatory cells
was small compared with those reported in the previous
studies (Chand et a., 1992; Nakagawa et a., 1993), al-
though it has also been reported that azelastine is ineffec-
tive for the infiltration of eosinophils (Evangelista et al.,
1998). The controversial results of azelastine for the infil-
tration of the inflammatory cells may be partly explained
by the difference in the protocol for the administration of
azelastine (Nakagawa et al., 1993; Evangelista et al., 1998)
or by the difference in the protocol for the sensitization of
the animal with antigen (Chand et al., 1992). When azelas-
tine was administered 5 min before the antigen challenge,
it was ineffective for the infiltration of the inflammatory
cells (Evangelista et al., 1998). In the case where azelas-
tine exerted the marked inhibitory effect (Nakagawa et al.,
1993), it was administered twice, i.e., first administration
was 1 h before and the second one was at 6 h after antigen
challenge. In the present study, azelastine was adminis-
tered twice, i.e., 1 h before but 3 h after antigen challenge.
In another study (Chand et al., 1992) where azelastine was
effective, the sensitization of anima was performed by an
intraperitoneal injection of the antigen, while it was per-
formed by an aerosol administration in the present study.
The rather milder procedure for the sensitization may lead
to the induction of the marked inhibitory effect of the drug.
Thus, only pranlukast, as TA-270, inhibited all asthmatic
responses listed above as induced by an antigen challenge.
For example, both TA-270 and pranlukast were effective
in inhibiting infiltration of eosinophils, athough the effect
of pranlukast was not significant (Table 1). The failure of
the significant inhibitory effect of pranlukast in the present
study might be again partly due to the difference in the

protocol of drug administration like in the case of azelas-
tine as discussed above. If this was the case, we might
underestimate the inhibitory effects of pranlukast and other
antiasthmatic drugs on the antigen-induced actions. Thus,
it should be noted that the present study might no longer
demonstrate the superiority of TA-270 to other antiasth-
matic drugs.

The similarity of the inhibitory pattern of TA-270 with
pranlukast suggests that TA-270 might inhibit the asth-
matic responses through the mechanisms which are related
to the production or action of peptide leukotrienes. Peptide
leukotrienes are well-known inflammatory mediators that
are released from mast cells and eosinophils and cause
bronchoconstriction, plasma exudation and edema. Actu-
ally, the mediators have been demonstrated to play impor-
tant roles in bronchial asthma for experimental animals
and human (Tomioka et a., 1989; Rasmussen et al., 1992).
In our preliminary experiments, we failed to observe any
antagonistic property of TA-270 against a peptide
leukotriene receptor, but instead observed inhibitory ef-
fects on leukotriene production in cultured basophilic cells.

In conclusion, TA-270 inhibited the immediate- and
late-airway responses, pulmonary inflammatory cell accu-
mulation, and airway hyperresponsiveness. These actions
of TA-270 were comparable to or superior, at least under
the present experimental conditions, to those of authorized
antiasthmatic drugs. Thus, TA-270 may be a useful drug
for therapy of bronchia asthma and other allergic diseases.
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