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ABSTRACT—The effects of oral administration of 4-benzhydryloxy-1-{3-(1H-tetrazol-5-y)-propyl}piperi-
dine (HQL-79), a newly synthesized antiallergic drug, in various experimental allergic and asthmatic models
were investigated. HQL-79 markedly inhibited immediate hypersensitivity reactions such as passive cuta-
neous anaphylaxis in rats, antigen-induced bronchoconstriction and nasal vascular permeability in actively
sensitized guinea pigs, like epinastine and ketotifen did. Airway eosinophilia in repeatedly antigen-exposed
guinea pigs was suppressed by chronic administration of HQL-79 for 2 weeks. In another experiment, the
antigen-induced late asthmatic response (LAR) in metyrapone-treated guinea pigs was also ameliorated by
chronic treatment with HQL-79. Moreover, HQL-79 partially inhibited the toluene diisocyanate-induced
delayed-type hypersensitivity (DTH) reaction in mice when administered chronically during the immuniza-
tion period. The corticosteroid dexamethasone inhibited the airway inflammatory responses in guinea pigs
and the DTH in mice. These results indicate that HQL-79 has potent inhibitory effects on the immediate
hypersensitivity reactions, and when administered chronically, it also inhibits airway eosinophilia, LAR and

DTH, similarly to corticosteroids.
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Antigen-induced allergic responses are closely impli-
cated in the pathogenesis of allergic inflammatory diseases
such as bronchial asthma, allergic rhinitis and dermatitis.
In bronchial asthma, various chemical mediators re-
leased from antigen-stimulated mast cells or basophils
elicit immediate hypersensitivity reactions such as bron-
chial contraction and airway plasma extravasation (1).
Following the immediately occurring events, late-phase
inflammatory responses such as airway edema, infiltra-
tion of inflammatory leukocytes and airway hyperrespon-
siveness are observed (2 —4). Because asthmatic symptoms
include the immediate hypersensitivity reactions and the
late-phase inflammatory responses, a variety of medicines
such as bronchodilators, corticosteroids and various
kinds of antiallergics are used in combination for the
treatment of asthma. It is important, therefore, for the
development of new antiallergic and antiasthmatic drugs
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to investigate the pharmacological effects not only on
allergic immediate hypersensitivity reactions but also on
the late-phase airway inflammatory responses.

In our laboratory, various series of compounds have
been synthesized and screened for development as anti-
allergic and antiasthmatic drugs, and some tetrazol
derivatives have been found to have potent antiallergic
effects in rats and guinea pigs. Among these compounds,
HQL-79 [4-benzhydryloxy-1-{3-(1H-tetrazol-5-yl)-propyl}
piperidine] has relatively strong antiallergic activities
with few side-effects on the central nervous system in
mice (5).

In the present study, antiallergic and antiasthmatic
effects of HQL-79 were evaluated using various experi-
mental models. Effects of HQL-79 on immediate hyper-
sensitivity reactions such as passive cutaneous anaphylaxis
(PCA) in rats, and antigen-induced bronchoconstriction
and nasal vasucular permeability in actively sensitized
guinea pigs were examined, and compared to those
of epinastine and ketotifen, which have been already
established as potent antiallergic drugs with histamine-H;
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blocking activities (6, 7). Effects of HQL-79 on airway
inflammatory responses such as airway leukocyte-
infiltration and late-phase asthmatic response (LAR)
in repeatedly antigen-exposed guinea pigs, and on the
delayed-type hypersensitivity (DTH) reaction in mice
were also examined and compaired to those of a cortico-
steroid, dexamethasone. The results show that HQL-
79 is a potent, orally active antiallergic drug with anti-
inflammatory activities similar to those of cortico-
steroids, which are often used for asthma therapy.

MATERIALS AND METHODS

Animals

Male Wistar rats, male ICR mice and male Hartley
guinea pigs were purchased from Japan SLC, Inc.
(Hamamatsu). Male Brown Norway rats were purchased
from Seac Yoshitomi (Chikujou-gun, Fukuoka).

Drugs

HQL-79 was synthesized, and epinastine hydrochloride
(epinastine) was extracted from Alesion® (Boehringer
Ingelheim Japan, Kawanishi) at High Quality-Life Re-
search Laboratories, Sumitomo Metal Industries, Ltd.
(Souraku-gun, Kyoto). Ketotifen fumarate (ketotifen)
was purchased from Sigma (St. Louis, MO, USA). Dexa-
methasone sodium phosphate solution (Decadron® phos-
phate injection; Banyu Pharmaceuticals, Tokyo) was
used as dexamethasone. The chemical structure of HQL-
79 is shown in Fig. 1. These drugs were suspended or dis-
solved in 0.5% methylcellulose for oral administration.

PCA in rats

2,4-Dinitrophenylated-ascaris extract (DNP-As; LSL
Co., Ltd., Tokyo) was used as the antigen. Rat anti-
DNP-As serum was obtained from male Brown Norway
rats immunized according to the methods of Tada and
Okumura (8). The anti-DNP IgE titer of the serum esti-
mated by 48-hr homologous PCA was 1:2000.

Male Wistar rats (8-week-old, 175—-190 g) were sensi-
tized intradermally on their shaved backs with 0.1 ml of

H
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Fig. 1. Chemical structure of 4-benzhydryloxy-1-{3-(1H-tetrazol-
5-yl)-propyl} piperidine (HQL-79).

200-fold diluted antiserum containing anti-DNP IgE.
Forty-eight hours later, the rats were challenged by i.v.
injection of 1 ml of saline containing 300 ;g of DNP-As
and 5mg of Evans blue (Sigma). The animals were
sacrificed 30 min after antigen challenge, and the skin
samples were removed. Evans blue was extracted and
determined according to Katayama et al. (9). Test drugs
were given orally 1hr before antigen challenge. The
inhibitory effects of test drugs were expressed as the
percent reduction in dye leakage compared with that
determined in vehicle-treated animals.

Antigen-induced bronchoconstriction and nasal vascular
permeability in actively sensitized guinea pigs

Ovalbumin (OA, Sigma) was used as the antigen. Male
guinea pigs (5-week-old, 300—-330 g) were actively sensi-
tized by exposure to aerosolized 1% OA (in saline) for 10
min and i.p. injection of a mixture of 10 g OA and 20
mg Al(OH);; 7 days later, they were then boosted by i.p.
injection of 10 pg OA alone. Experiments to measure
antigen-induced bronchoconstriction and nasal vascular
permeability were carried out 14 days after the sensitiza-
tion.

Measurement of bronchoconstriction was based on
the overflow principle of Konzett and Réssler (10). The
animals were anesthetized by i.p. injection of 1.5 g/kg
urethane (Aldrich Chemicals, Milwaukee, WI, USA), and
the trachea was cannulated. The animals were ventilated
by a rodent respirator (Ugo Basile, Comerio, Italy) at 60
strokes/min at a fixed volume of air under a constant
pressure (10 cmH,0). Spontaneous respiratory movement
was stopped by i.v. administration of 5 mg/kg gallamine
triethiodide (Sigma). Ventilation overflow from a side
arm of the tracheal cannula was recorded with a Ugo
Basile bronchospasm transducer as an index of change in
airway resistance. The bronchoconstriction was induced
by OA (0.3 mg/kg, i.v.). Test drugs were given orally 2 hr
before antigen challenge. The inhibitory effects of test
drugs were expressed as the percent reduction in ventila-
tion overflow volume compared with -that determined in
vehicle-treated animals.

Measurement of nasal vascular permeability was per-
formed according to the method of Kojima et al. (11).
The animals were anesthetized and the trachea was can-
nulated for spontaneous respiration. Physiological saline
and antigen was perfused through polyethylene tubing
inserted into the nasal cavity at a rate of 0.2 ml/min with
a perfusion pump (KD Scientific Inc., Boston, MA,
USA). Saline was perfused for 10 min following the
operation, then 1% Evans blue saline solution was inject-
ed intravenously (0.25 ml/100 g). Ten minutes after the
Evans blue injection, 1% OA saline solution was perfused
for 10 min, followed by perfusion of saline for a further
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20 min. The effluent was collected for 30 min after the
antigen perfusion and then filtrated through a cellulose
acetate filter (0.20 ym; Advantec Toyo, Tokyo). The
amount of Evans blue in the filtrate was determined at
620 nm. Test drugs were given orally 2 hr before antigen
challenge. The inhibitory effects of test drugs were ex-
pressed as the percent reduction in dye leakage compared
with that determined in vehicle-treated animals.

Airway leukocyte-infiltration in repeatedly antigen-ex-
posed guinea pigs

Male guinea pigs were actively sensitized as described
above (day 1). Thereafter, the animals were exposed to
aerosolized 1% OA for 10 min on 3 occasions separated
by 7 days (on days 8, 15 and 22), following pretreatment
with i.p. injection of 10 mg/kg mepyramine (Research
Biochemicals International, Natick, MA, USA) 30 min
before the antigen exposure. Bronchoalveolar lavage
(BAL) was performed 24 hr after the final antigen
exposure. Animals were killed with an overdose (100
mg/kg,i.p.) of pentobarbital sodium (Nembutal®;
Dinabot, Osaka). The trachea was cannulated and the
lungs were lavaged by five 5-ml aliquots of phosphate-
buffered saline (PBS) prewarmed at 37°C. The fluid re-
covered from each animal was pooled in a plastic tube
and then centrifuged at 200 X g for 10 min at 4.

The cell pellet was resuspended in 1 ml of PBS. The
total leukocyte number was counted with an automated
hematology analyzer (Coulter® JT; Coulter Electronics,
Inc., Hialeah, FL, USA). Differential leukocyte counts
were undertaken on Wright-Giemsa-stained slides. A
minimum of 200 cells were counted using standard mor-
phologic criteria to classify the cells into mononuclear
cells, eosinophils and neutrophils. ‘Test drugs were ad-
ministered orally 14 times from days 8 to 22 (HQL-79 and
epinastine): 1 hr before and 6 hr after the antigen ex-
posure on days 8, 15 and 22; and once a day on days 9,
10, 13, 14, 16, 17, 20 and 21. In the other experi-
ment, test drugs were administered 4 times from days 20
to 22 (dexamethasone and HQL-79): 1 hr before and 6 hr
after the antigen exposure on day 22; and once a day on
days 20 and 21.

Antigen-induced LAR in metyrapone-treated guinea pigs

We have established another asthmatic model, since the
incidence of LAR occurrence in the guinea pig model
used for the BAL studies was not high enough for
pharmacological studies on LAR.

Male guinea pigs were actively sensitized as described
above (day 1). Thereafter, the animals were exposed to
aerosolized 1% OA for 10 min on 3 occasions separated
by 7 days (days 10, 17 and 24), following pretreatment
with i.p. injection of 1 mg/kg mepyramine. In addition,

the animals were pretreated with metyrapone (2-methyl-
1,2-di-pyridyl-1-propanone, Sigma), which inhibits 118-
hydroxylase in glucocorticoid biosynthesis (12), before
each antigen-exposure; metyrapone (10 mg/kg) was in-
jected intraperitoneally 24 hr and 30 min before the first
and the second antigen challenge (days 10 and 17), and
intravenously administered 24 hr and 30 min before the
final challenge (day 24).

Respiratory resistance (R,;) was measured 15 min, 2, 4,
6 and 8 hr after the final antigen challenge (day 24), as
described below. R, was expressed as the percentage of
the pre-challenge (baseline) value measured 24 hr before
the antigen challenge. HQL-79 was administered orally 13
times from days 10 to 24: 1 hr before and 6 hr after the
antigen exposure on days 10 and 17; 1 hr before the final
antigen exposure on day 24; and once a day on days 11,
12, 15, 16, 18, 19, 22 and 23. Dexamethasone was admin-
istered 3 times from days 22 to 24: 1 hr before the antigen
exposure on day 24; and once a day on days 22 and 23.

Measurement of R, of conscious guinea pigs was per-
formed by the forced oscillation technique according
to the principles described by Mead (13), with a two-
chambered, whole body plethysmograph connected to
a noninvasive pulmonary mechanics analyzer (Model
MBP-6000; Nihon Kohden-Kyoto/Biotex, Kyoto). In
brief, a conscious guinea pig was placed in the two-
chambered box with its neck fixed at the partition using a
rubber collar. A sealing gel was applied around the neck
to avoid air-movement between the body chamber and
the head chamber. A 30-Hz sine wave oscillation was
applied to the body surface by a loudspeaker (4 inches in
diameter) driven by a sine wave generator and a power
amplifier. Respiratory flow through the head chamber
and the box pressures were measured with a differential
pressure transducer (Model BDP-5; Nihon Kohden-
Kyoto/Biotex). The 30-Hz component of the respiratory
flow and the box pressure were extracted by a digital
filter, and R, was calculated by the following formula:
R;; = dpressure / Aflow (cmH,O/ml/sec).

Toluene diisocyanate (TDI)-induced DTH in mice

Male mice (7-week-old, 30—32 g) were sensitized by
application of 0.1 ml of 1% toluene 2,4-diisocyanate
(TDI; Wako Pure Chemicals, Osaka) in ethyl acetate
onto their shaved abdomen. Seven days later, the animal
was challenged with 20 ¢l of 1% TDI on the right ear.
The DTH reaction was estimated by the vascular
permeability in the challenged ear according to Tominaga
et al. (14). At 15 hr after the challenge, 0.1 ml of 1%
Evans blue saline solution was injected intravenously,
and 5 hr later, the animals were exsanguinated and the
ears were removed. Evans blue in the ears was extracted
and determined as described above. Dye leakage by the
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reaction was calculated by subtracting the amount of dye
in the control left ear from that of the antigen-challenged
right ear. Test drugs were given orally 1 hr before antigen
challenge. In the case of chronic treatment, test drugs
were given once a day during the 7 day-immunization
period (7 times): on days 1 and 7, the drugs were given 1
hr before the antigen application. The inhibitory effects
of test drugs were expressed as the percent reduction in
dye leakage compared with that determined in vehicle-
treated animals.

Statistics

The results obtained were expressed as the mean=+
S.E.M. The data were analyzed by one-way analysis
of variance (ANOVA) or the Kruskal-Wallis test. To
determine the significance of differences among the
groups, Dunnett’s or Scheffe’s multiple comparison tests
were used. The 50% inhibition dose was estimated by
median effect analysis (15).

RESULTS

Effect of HQL-79 on PCA in rats

Orally administered HQL-79 dose-dependently inhibit-
ed the 48-hr PCA reaction in rats, and a significant effect
was observed at doses of 0.1-1mg/kg (Fig.2).
Epinastine and ketotifen significantly inhibited the PCA
reaction at doses of 3-10mg/kg (Fig.2). HQL-79
showed substantialy higher potency in inhibiting the PCA

reaction in rats than the reference drugs. The doses of
HQL-79, epinastine and ketotifen required to inhibit the
reaction by 50% (IDs, values) were estimated to be 0.16,
2.7 and 2.8 mg/kg, respectively.

Effects of HQL-79 on antigen-induced bronchoconstric-
tion and nasal vascular permeability in actively sensitized
guinea pigs

HQL-79 and ketotifen significantly inhibited antigen-
induced bronchoconstriction in actively sensitized guinea
pigs at doses greater than 0.03 mg/kg (Fig. 3). On the
other hand, the significant effect of epinastine was ob-
served at doses of 1-3 mg/kg (Fig. 3). The 1D, values of
HQL-79, epinastine and ketotifen were estimated to be
0.025, 0.51 and 0.058 mg/kg, respectively.

HQL-79 and ketotifen significantly inhibited antigen-
induced nasal vascular permeability in actively sensitized
guinea pigs at doses of 0.01-1mg/kg (Fig. 4). On the
other hand, the significant effect of epinastine was ob-
served at doses of 1—10 mg/kg (Fig. 4). The 1Ds, values
of HQL-79, epinastine and ketotifen were estimated to be
0.0049, 0.16 and 0.0048 mg/kg, respectively.

The inhibitory effects of HQL-79 on the immediate
hypersensitivity reactions such as antigen-induced bron-
choconstriction and nasal vascular permeability in active-
Iy sensitized guinea pigs were comparable to those of
ketotifen and stronger than those of epinastine, in terms
of the minimum effective doses.

100
*%
25 * %
: *% %
9
c E * %
= 50 ** *
z
£
£
25
0 ———— T — Ty — y
0.01 0.1 1 10

Dose (mg/kg, p.o.)

Fig. 2. Effects of HQL-79, epinastine and ketotifen on 48-hr homologous PCA reaction in rats. Test drugs were given orally
1 hr before antigen challenge. Each point represents the mean+S.E.M. of 8—12 rats. *P <0.05, **P <0.01 vs vehicle-treated
group (Scheffe’s test). @: HQL-79, /\: Epinastine, (): Ketotifen.
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Fig. 3. Effects of HQL-79, epinastine and ketotifen on antigen-induced bronchoconstriction in actively sensitized guinea pigs.

Test drugs were given orally 2 hr before antigen challenge. Each point represents the mean=S.E.M. of 6—8 guinea pigs.
*P < 0.05, **P <0.01 vs vehicle-treated group (Scheffe’s test). @: HQL-79, /\: Epinastine, (O: Ketotifen.
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Fig. 4. Effects of HQL-79, epinastine and ketotifen on antigen-induced nasal vascular permeability in actively sensitized

guinea pigs. Test drugs were given orally 2 hr before antigen challenge. Each point represents the mean+=S.E.M. of 11 or 12
guinea pigs. **P <0.01 vs vehicle-treated group (Scheffe’s test). @: HQL-79, /\: Epinastine, (: Ketotifen.



6 N. Matsushita et al.

Effects of HQL-79 on airway leukocyte-infiltration in
repeatedly antigen-exposed guinea pigs

Table 1 shows the effects of the chronic administration
(10 or 30 mg/kg, 14 times for 2 weeks) of HQL-79 and
epinastine on airway leukocyte-infiltration in guinea pigs
repeatedly exposed to antigen. Chronic administration of
HQL-79 significantly reduced the eosinophil counts in the
bronchoalveolar lavage fluid (BALF), and the effect was
stronger than that of epinastine. In other experiments,
dexamethasone and HQL-79 were administered 4 times
from days 20 to 22. Dexamethasone (3, 10 mg/kg) sig-
nificantly reduced the numbers of total leukocytes and
eosinophils. On the other hand, the 3-day treatment with
HQL-79 (10, 30 mg/kg) did not suppress the leukocyte
infiltration into the guinea pig airway (Table 2).

Eﬁ"ect‘ of HQL-79 on antigen-induced LAR in metyra-
pone-treated guinea pigs
In the metyrapone-treated guinea pigs, the challenge of

aerosolized antigen provoked a biphasic increase in Ry..
As shown in Fig. SA, Ry, of the control-group animals
measured at 15 min and at 2, 4, 6 and 8 hr after the final
antigen challenge were 164.2+8.7% and 129.1:4.3%,
147.0+5.2%, 139.7+4.3% and 138.8+6.6% of the pre-
challenge value (0.509%0.012 cmH,0/ml/sec), respec-
tively. The chronic administration of HQL-79 (10 or
30 mg/kg, 13 times for 2 weeks) clearly reduced both
the immeadiate- and late-phase increase in R, (Fig. SA).
As shown in Fig. 5B, R;; of the control-group animals
measured at 15 min and 2, 4, 6 and 8 hr after the final
antigen challenge were 150.5+6.3% and 114.9+5.6%,
137.1+4.2%, 127.8+2.9% and 113.0+=2.6% of the pre-
challenge value (0.537£0.013 cnH,O/ml/sec), respec-
tively. Dexamethasone (3 mg/kg X% 3) did not inhibit the
immediate rise in R, but significantly inhibited the late-
phase response.

Table 1. [Effects of the chronic administration of HQL-79 and epinastine on the leukocyte counts in BALF from

repeatedly antigen exposed guinea pigs

Druss Dose Total leukocytes Mononuclear cells Eosinophils Neutrophils
£ (mg/kg) (Cell counts, x 10° cells)

Vehicle — 6 56.0+ 7.8 19.0+ 4.2 22,5+ 2.5 14.5+ 3.7

HQL-79 10 6 39.4+10.7 13.8%= 2.8 12.0£ 3.5% 13.6x 5.3

30 6 30.7x 2.7 147+ 1.5 5.4+ 2.9% 10.6+ 2.0

Epinastine 10 41.6+13.5 12.3+£ 2.7 174+ 5.3 11.9+ 6.3

30 7 37.1+ 94 14,6+ 2.7 13.0£ 3.9 9.4% 4,5

Actively sensitized guinea pigs were exposed to aerosolized antigen on days 8, 15 and 22. HQL-79 and epinastine
were given orally 14 times from days 8 to 22. Each value represents the mean+S.E.M. of 6 or 7 guinea pigs.
*P <0.05, **P <0.01 vs vehicle-treated group (Dunnett’s test).

Table 2. Effects of the 3-day treatment with dexamethasone and HQL-79 on the leukocyte counts in BALF from

repeatedly antigen-exposed guinea pigs

D Dose Total leukocytes Mononuclear cells Eosinophils Neutrophils
rugs (mg/kg) (Cell counts, x 10° cells)

Vehicle — 6 48.6+ 8.2 17.7x 2.7 17.7+ 3.8 13.1+ 3.7
Dexamethasone 3 6 23.5+ 6.9* 9.6+ 2.8 6.1+ 1.3* 7.8t 3.3

10 6 21.3+ 5.8 10.6+ 2.4 7.0t 2.0% 3.7+ 2.0
Vehicle — 7 48.9+10.5 18.1+ 2.9 11.2+ 4.0 19.5+ 4.3
HQL-79 10 7 37.6x 7.3 16.3+ 1.7 8.5+ 2.8 12.8+ 3.7

30 7 37.5+ 6.0 15.6+ 1.8 10.9+ 1.6 11.1+£ 4.2

Actively sensitized guinea pigs were exposed to aerosolized antigen on days 8, 15 and 22. Dexamethasone and
HQL-79 were given orally 4 times from days 20 to 22. Each values represents the mean+S.E.M. of 6 or 7 guinea

pigs. *P<0.05 vs vehicle-treated group (Dunnett’s test).
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Fig. 5. Effects of HQL-79 (A) and dexamethasone (B) on antigen-induced R, increase in metyrapone-treated guinea pigs.
Actively sensitized guinea pigs were exposed to aerosolized antigen on days 10, 17 and 24. HQL-79 was given orally 13 times
from days 10 to 24. Dexamethasone was given orally 3 times from days 22 to 24. Each point represents the mean+S.E.M. of 10
guinea pigs. *P<0.05, **P<0.01 vs vehicle-treated group (Dunnett’s test). (O: Vehicle control, @: HQL-79, 10 mg/kg, A:
HQL-79, 30 mg/kg, /\: Normal (A); (O: Vehicle control, @: Dexamethasone, 3 mg/kg, A: Dexamethasone, 10 mg/kg (B).
Pre-challenge values in vehicle-control, HQL-79 (10 mg/kg), HQL-79 (30 mg/kg) and normal groups were 0.509+0.012,
0.526+0.015, 0.533+£0.023 and 0.573 £0.017 cnH,O/ml/sec, respectively (A); and those in the vehicle-control, dexamethasone
(3 mg/kg) and dexamethasone (10 mg/kg) groups were 0.53720.013, 0.541+0.024 and 0.537+0.024 cmH,0/ml/sec, respec-

tively (B).

Effects of HQL-79 on DTH reaction in mice

TDI-induced contact dermatitis in mice was used as a
model for examining the effect of HQL-79 on the DTH
reaction. As shown in Fig. 6, the chronic treatment with
HQL-79 (1-30 mg/kg) during the 7-day immunization
period partially, but significantly inhibited the DTH reac-
tion. Single dosing of dexamethasone (0.3 mg/kg) sup-
pressed the DTH reaction to a similar degree. On the
other hand, single dosing of HQL-79 (3, 30 mg/kg) did
not inhibit the DTH reaction (Table 3). The chronic ad-
ministration of epinastine had no significant effect on the
DTH reaction (Table 4).

DISCUSSION

In the present study, the effects of the newly developed
antiallergic drug HQL-79 on immediate hypersensitivity
reactions, airway inflammatory responses and DTH were
investigated using various experimental models. It was
found that the oral administration of HQL-79 was effec-
tive in inhibiting not only immediate hypersensitivity
reactions but also airway inflammatory responses such as
airway eosinophilia and LAR, and the DTH reaction.

HQL-79 showed substantially higher potency in in-
hibiting the PCA reaction in rats than did epinastine and
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Fig. 6. Efiects of HQL-79 and dexamethasone on TDI-induced DTH reaction in mice. The animals were sensitized with TDI
for 7 days. HQL-79 was administered daily (7 times) during the immunization period. Dexamethasone (DEX) was administered
once 1 hr before antigen challenge. Each column represents the mean+S.E.M. of 13~15 mice. **P<0.01 vs vehicle-treated
group (Dunnett’s test). The effect of 0.1 and 0.3 mg/kg HQL-79 was tested in an experiment independent of that for testing the
effects of the higher doses of HQL-79 and 0.3 mg/kg dexamethasone.

Table 3. Effects of single administration of HQL-79 on the TDI-
induced DTH reaction in mice

Table 4. Effects of chronic administration of epinastine on the
TDI-induced DTH reaction in mice

Dose Dye leakage Inhibition Dose Dye leakage Inhibition
Drugs (mg/ke) (ug/ear) (%) Drugs mg/kg) " (ug/ear) (%)
Vehicle — 15 11.4+0.96 — Vehicle — 11 11.0+0.7 -
HQL-79 3 15 10.4+1.12 8.7 Epinastine 1 10 10.2+0.9 7.2
30 16 11.9+£1.06 —4.6 10 10 10.8+0.9 1.2

The animals were sensitized with TDI for 7 days. HQL-79 was ad-
ministered once at 1 hr before the antigen challenge. Each value
represents the mean+S.E.M. of 15 or 16 mice.

ketotifen. The inhibitory effects of HQL-79 on antigen-
induced bronchoconstriction and nasal vascular perme-
ability in guinea pigs were more potent than those of
epinastine, and comparable to those of ketotifen. These
results suggest that HQL-79 is highly effective against
the immediate hypersensitivity reactions occurring in
skin, airway and nasal cavity. Epinastine and ketotifen
have been established as potent antiallergic drugs with
histamine-H; blocking activities (6, 7), and the drugs are
used for the treatment of type I allergy related diseases
such as bronchial asthma and allergic rhinitis. It is there-

The animals were sensitized with TDI for 7 days. Epinastine was
administered daily (7 times) during the immunization period. Each
value represents the mean+S.E.M. of 10 or 11 mice.

fore possible that the potent antiallergic drug HQL-79
will be clinically useful for treating allergic diseases.
HQL-79 showed a stronger inhibitory effect on
histamine-induced skin reaction in rats than the reference
drugs (16). The higher potency of HQL-79 in inhibiting
the PCA reaction may be ascribed to the stronger anti-
histaminic activity. However, the PCA reaction in rats
was not completely inhibited by HQL-79, but was com-
pletely inhibited by epinastine. Epinastine inhibited
bradykinin-induced bronchoconstriction in guinea pigs,
and the inhibitory action was substantially stronger than
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that of ketotifen (17). HQL-79 did not show any sig-
nificant anti-bradykinin effect in guinea pigs (16). These
observations suggest the anti-bradykinin effect as well as
antihistaminic effect contribute to the inhibitory action of
epinastine on the PCA reaction.

The chronic administration of HQL-79 (10 or 30
mg/kg, 2 weeks) dose-dependently inhibited antigen-in-
duced airway eosinophilia in actively sensitized guinea
pigs, and the effect was stronger than that of epinastine.
The eosinophil infiltration was clearly inhibited by the
administration of dexamethasone for a shorter duration
(3 days). It was shown that epinastine inhibited antigen-
induced airway eosinophilia in passively sensitized guinea
pigs (18). It has been also reported that other histamine-
H, blocking agents such as KW-4679 (19) and ZCR-2060
(20) inhibited antigen-induced migration of inflammatory
cells into guinea pig airway.

In general, experiments for evaluating antigen-induced
airway inflammation in guinea pigs have been conducted
under the cover of H; antagonists such as mepyramine to
prevent death from anaphylaxis. It is therefore suggested
that these antihistaminics including HQL-79 and
epinastine have some non-antihistaminic activities that
could be related to the inhibitory actions on antigen-in-
duced airway inflammation in guinea pigs. Leukocyte
chemotactic factors such as platelet activating factor
(PAF) and leukotriene (LT) B4 have been shown to induce
eosinophil infiltration in vivo (21, 22). Epinastine has
been reported to inhibit PAF-induced bronchoconstric-
tion in guinea pigs (23) and L'TB,-induced chemotaxis of
granulocytes in guinea pig dermal tissue (18). KW-4679
inhibited PAF-induced bronchoconstriction and airway
eosinophilia in guinea pigs (24). These reports suggest
that the anti-H,; antiallergics affect antigen-induced air-
way eosinophilia through the antagonistic effects on the
eosinophil chemotactants. On the other hand, HQL-79
exhibited neither PAF- nor LTB4-antagonism in a recep-
tor binding study. It has been shown that the chronic ad-
ministration of HQL-79 significantly reduced prostaglan-
din (PG) D, contents and enhanced PGE, contents in the
lungs of antigen-challenged guinea pigs (16). The
differential effects on the prostaglandins might be related
to the anti airway-inflammation effect of HQL-79, since
PGD, is known to activate isolated human eosinophils
(25) and PGE, is known for its anti-inflammatory and
immunomodulatory effects (26, 27).

In the metyrapone-treated guinea pigs, the incidence of
LAR was obviously improved. Using this model, it was
found that the chronic administration of HQL-79 (10 or
30 mg/kg, 2 weeks) significantly suppressed not only the
immediate asthmatic response (IAR) but also the LAR,
and dexamethasone selectively inhibited the LAR. This is
an important finding concerning the pharmacological

features of HQL-79, because improvement of LAR has
been thought to be of therapeutic benefit in human bron-
chial asthma. Inhaled PGE, caused marked inhibition of
the immediate and late bronchial obstructions in
asthmatic subjects (28). The inhibitory effect of HQL-79
on the antigen-induced IAR and LAR might be ascribed
to the increased PGE, production in guinea pig lungs.

The effect of HQL-79 on the TDI-induced DTH reac-
tion in mice is one of the unique pharmacological features
of this drug. It is well known that TDI, which is widely
used in the manufacture of polyurethane foams and other
elastomers, is highly irritating to the respiratory organs
and skin. It has been reported that low molecular weight
antigens such as TDI and picryl chloride induce airway
hyperresponsiveness (29, 30) and ear edema (14) in mice.
The chronic treatment with HQL-79 (1-30 mg/kg) dur-
ing the 7-day immunization period partially, but sig-
nificantly inhibited the TDI-induced DTH reaction in
mice, although single dosing of HQL-79 up to 30 mg/kg
did not suppress the DTH reaction. These results suggest
that HQL-79 affected the immune systems working in the
process of sensitization. The inhibitory effect of HQL-79
on the DTH reaction might be also ascribed to the
stimulatory effects of the compound on the production of
the immunomodulatory PGE, (16).

In conclusion, HQL-79 markedly inhibited allergic im-
mediate hypersensitivity reactions such as the antigen-in-
duced cutaneous reaction, bronchoconstriction and nasal
vascular permeability. HQL-79, when administered
chronically, was also effective in inhibiting airway inflam-
matory responses and the DTH reaction, similarly to
corticosteroids. These effects of HQL-79 will be beneficial
for the treatment of allergic inflammatory diseases such
as bronchial asthma, allergic rhinitis and allergic derma-
titis in humans.

REFERENCES

1 Ishizuka T: Mechanism of IgE mediated hypersensitivity. In
Allergy, Principles and Practice, Edited by Middleton E Jr,
Reed CE and Ellis EF, pp 71-93, The Mosby Co, St Louis
(1988)

2 Kay AB: Asthma and inflammation. J Allergy Clin Immunol
87, 893-910 (1991)

3 Frigas E and Geich GJ: The eosinophil and pathophysiology
of asthma. J Allergy Clin Immunol 77, 527—-537 (1986)

4 Barnes PJ: A new approach to the treatment of asthma. N Engl
J Med 321, 15171527 (1989)

5 Nakanishi T, Hayano C, Moriya H, Takagi Y, Katayama H,
Tani T and Hirotsu I: General pharmacology of 4-benzhydryl-
oxy-1-{3-(1H-tetrazol-5-yl)-propyl} piperidine (HQL-79), a
novel antiallergic drug. Oyd Yakuri/Pharmacometrics 53,
157-173 (1997) (Abstr in English)

6 Tasaka K, Akagi M, Izushi K and Aoki I: Antiallergic effect of
epinastine: the elucidation of the mechanism. Oyd Yakuri/



10

10

1

12

13

14

15

16

17

18

19

N. Matsushita et al.

Pharmacometrics 39, 365—373 (1990)

Martin U and D Romer: The pharmacological properties of
a new, orally active antianaphylactic compound: ketotifen, a
benzocycloheptathiophene. Arzneimittelforschung 28, 770—782
(1978)

Tada T and Okumura K: Regulation of homocytotropic anti-
body formation in the rat. I. Feed-back regulation by passively
administered antibody. J Immunol 106, 1002-1011 (1971)
Katayama S, Shionoya H and Ohtake S: A new method for ex-
traction of extravasated dye in the skin and influence of fasting
stress on passive cutaneous anaphylaxis in guinea pigs and rats.
Microbiol Immunol 22, 89—-101 (1978)

Konzett H and Rossler R: Versuchsanordnung zu Untersuch-
ungen an der Bronchialmusculatur. Naunyn Schmiedebergs Arch
Exp Pathol Pharmacol 195, 71~74 (1940) (in German)

Kojima M, Tsutsumi N, Abe M, Komatsu H, Uijiie A, Naito J
and Nakazawa M: Experimental allergic rhinitis in rats and the
influence of tranilast and antihistaminics on it. Jpn J Allergol
35, 180—-187 (1986) (Abstr in English)

Lamberts SWJ, Bons EG, Bruining HA and de Jong FH:
Differential effects of the imidazole derivatives etomidate,
ketoconazole and miconazole and of metyrapone on the secre-
tion of cortisol and its precursors by human adrenocortical
cells. J Pharmacol Exp Ther 240, 259-264 (1987)

Mead J: Control of respiratory frequency. J Appl Physiol 15, .

325-336 (1960)

Tominaga M, Kohno S, Tanaka K and Ohata K: Studies on
toluene diisocyanate (TDI)-induced delayed type hypersensitiv-
ity. Jpn J Pharmacol 39, 163-171 (1985)

Chou TC and Talalay P: Quantitative analysis of dose-effect
relationships: the combined effects of multiple drugs or en-
zyme inhibitors. Adv Enzyme Regul 22, 2755 (1984)
Matsushita N, Aritake K, Takada A, Hizue M and Hirotsu I:
Mechanisms of antiallergic and antiasthmatic effects of HQL-
79. Jpn J Pharmacol 73, Suppl I, 135P (1997)

Misawa M and Kanai Y: Effect of the new antiallergic drug
epinastine on chemical mediator induced bronchoconstrictions
in guinea pigs. Arzneimittelforschung 41, 11451149 (1991)
Fiigner A and MeiBner: Accumulation of granulocytes in the
lung and skin of guinea pigs: Inhibition by the anti-H; anti-
allergic agent epinastine. Arzneimittelforschung 44, 1338-
1342 (1994)

Ohmori K, Ishii H, Sasaki Y, Ikemura T, Manabe H and
Kitamura S: Effects of KW-4679, a new orally active antiallergic
drug, on antigen-induced bronchial hyperresponsiveness, air-
way inflammation and immediate and late asthmatic responses

20

21

22

23

24

25

26

27

28

29

30

in guinea pigs. Int Arch Allergy Immunol 110, 64 —72 (1996)
Abe T, Yoshida K, Omata T, Segawa Y, Matsuda K and Nagai
H: Effects of ZCR-2060 on allergic airway inflammation and
cell activation in guinea pigs. J Pharm Pharmacol 46, 876— 882
(1994)

Sanjar S, Aoki S, Boubekeur K, Burrows L, Colditz I, Chap-
man I and Morley J: Inhibition of PAF-induced eosinophil
acculation in pulmonary airways of guinea pig by anti-asthma
drugs. Jpn J Pharmacol 51, 167~172 (1989)

Pettipher ER, Salter ED and Showell HJ: Effect of in vivo
desensitization to leukotriene By on eosinophil infiltration in
response to C5a in guinea pig skin. Br J Pharmacol 113,
117-120 (1994)

Kamei C, Mio M, Kitazumi K, Tsujimoto S, Yoshida T, Adachi
Y and Tasaka K: Antiallergic effect of epinastine (WAL 801
CL) on immediate hypersensitivity reactions: {(II) Antagonistic
effect of epinastine on chemical mediators, mainly antihista-
minic and anti-PAF effects. Immunopharmacol Immunotoxicol
14, 207218 (1992)

Sasaki Y, Ikemura T, Ishii H, Kitamura S and Shimotogari K:
Effect of KW-4679, a novel antiallergic drug, on platelet-
activating factor (PAF)-induced bronchoconstriction, airway
hyperresponsiveness and pulmonary cell accumulation in
guinea pigs. Folia Pharmacol Jpn (Nippon Yakurigaku Zasshi)
106, 347—-357 (1995) (Abstr in English)

Raible DG, Schulman ES, DImuzio J, Cardillo R and Post TJ:
Mast cell mediators prostaglandin-D, and histamine activate
human eosinophils. J Immunol 148, 3536—3542 (1992)

Thien FCK and Walters EH: Eicosanoids and asthma: an up-
date. Prostaglandins Leukot Essent Fatty Acids 52, 271-288
(1995)

Goodwin JS and Ceuppens J: Regulation of the immune
response by prostaglandins. J Clin Immunol 3, 295-315 (1983)
Pavord ID, Wong CS, Williams I and Tattersfield AE: Effect of
inhaled prostaglandin E, on allergen-induced asthma. Am Rev
Respir Dis 148, 87—-90 (1993)

Scheerens H, Buckley TL, Davidse EM, Garssen J, Nijkamp FP
and Van Loveren H: Toluene diisocyanate-induced in vitro
tracheal hyperreactivity in the mouse. Am J Resipr Crit Care
Med 154, 858—865 (1996)

Garssen J, Van Loveren H, Van Der Vliet H, Bot H and
Nijkamp FP: T cell-mediated induction of airway hyper-
responsiveness and altered lung functions in mice are independ-
ent of increased vascular permeability and mononuclear cell
infiltration. Am Rev Respir Dis 147, 307—-313 (1993)



