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The correlation between the antiasthma activity of azelastine and the
concentrations of azelastine and its major metabolite, desmethylazelastine,
in the blood and lung were investigated in guinea pigs. Blood and lung
tissue samples collected at 15 min after aeroallergen (ovalbumin, 0,5 mg/ml,
30 s, 15 psi) challenge, i,e,, 2-1/4 h after oral administration of the drug,
were analyzed for azelastine and its desmethyl metabolite by specific HPLC
assay, Azelastine afforded protection against immediate allergic responses
(IAR, characterized by gasping and bronchospasmic convulsions). Based on
the reduction of the severity of IAR, the IDjo was 0,04 mg/kg. It also
delayed the onset of IAR and prevented mortalities. A positive correlation
(1-2 = 0,944) between the antiallergic activity and the sum concentrations
of azelastine and desmethylazelastine in the lung was observed. Preferential
uptake of azelastine and desmethylazelastine by the lung was demonstrated
by the mean lung/blood ratio of about 22 and 146, respectively. The
selective uptake of azelastine and its active metabolite by the lungs could
contribute to its antiasthmatic/antiallergic activity in guinea pigs.
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Azelastine HCl (4-[(4-chlorophenyl)metliyl]-2-
(hexahydro-1-methyl-1 H-azepin-4-yl)-, monohydro-
chloride) is a novel chemical entity (Fig. 1). In pre-
clinical studies it exhibits antiallergic, antiasthmatic
and anti-inflammatory activities. It has been reported
to inhibit immediate allergic responses in guinea pigs
(8,9,20, 32), dogs (21), rabbits (22) and man (16, 24).
It also inhibits late-phase bronchoalveolar eosino-
philia (9) and elevation of microviscosity of mucus
in guinea pigs (1), late asthmatic responses in rab-
bits (22) and airway hyperreactivity in guinea pigs
(27), dogs (21), and rabbits (22). Azelastine has also
been shown to produce bronchodilatation and to
exert P2-agonist and theophylline-sparing effects in
asthmatics (16). It exerts mucolytic activity in mice
(14), rats (7), guinea pigs (1) and dogs (17, 25). In
addition, azelastine appears to be preferentially taken
up by the lungs in rats and guinea pigs (̂ 28, 31).

In the present study possible correlation of anti-
allergic activity with both blood and lung drug
concentrations (azelastine and its major metabolite
desmethylazelastine) was investigated by the con-
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Fig. 1. Chemical structure of azelastine and its pharmacologically
active major metabolite, desmethylazelastine.

scious guinea pig model for immediate allergic re-
sponses (IAR).

Material and methods
Sensitization

Guinea pigs were sensitized by an intraperitoneal
injection of 10 ng ovalbumin (OA) mixed in 100 mg
aluminum hydroxide, A1(OH)3 in 0.5 ml of physio-
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logical saline 14-21 days prior to the aeroallergen
challenge. This procedure of sensitization produces
both IgG and IgE antibodies (4).

Aeroallergen challenge

Guinea pigs were marked for identification and
weighed. Azelastine HCl was dissolved in 1% aca-
cia in distilled water. The drug or vehicle (1 % aca-
cia in distilled H2O; 5 ml/kg) was administered
by gavage. Two hours later each animal was placed
in a 2-liter glass chamber and exposed to a fine fog
of ovalbumin solution (0.5 mg/ml in physiologic sa-
line containing 2% silicone-based antifoam B emul-
sion (Sigma); 9.8 ml physiologic saline + 0.2 ml of
antifoam B emulsion -t- 5 mg OA) for a period of
30 s.

The aerosol was produced by forcing compressed
air at a pressure of 15 pounds per square inch through
a Wright's nebulizer containing 10 ml of ovalbumin
solution.

The animals were observed for a period of 14 min
for induction of IAR (characterized by gasping,
bronchospasmic convulsions and death). The fol-
lowing parameters were recorded; (i) time of onset of
IAR (s), (ii) severity of IAR and (iii) time of death,
if any. The IAR severity was scored as; 0 - no
symptoms (protected); 3 - mild symptoms; 6 - se-
vere symptoms (gasping and convulsions); 9 - death.

Fifteen min after aeroallergen challenge, the ani-
mals were killed by CO2 exposure, and blood sam-
ples, as well as lung tissues samples, were collected.
If death occurred before 15 min, blood and lung
samples were collected immediately.

Assay methods: plasma extraction

The plasma and lung tissue samples were analyzed
for azelastine and desmethylazelastine by a specific
automated high-performance liquid chromoto-
graphic (HPEC) method (unpublished) as described
below. The technicians analyzing samples were un-
aware of the treatment given to each individual an-
imal.

One ml of plasma was fortified with 100 î l of
internal standard (IS) solution (15 ng in 0.2% v/v
HOAc), or 100 nl of a solution of IS plus azelastine
and desmethylazelastine for daily calibration stan-
dards, and the sample was incubated for 30 min at
room temperature.

A total of 200 lal 1 N NaOH and 9.0 ml of 95;5
hexane;n-octanol was added and the samples were
extracted by rotation for 1 h (RD-250 with RD-10
head, 50 rpm, Glas-Col, Terre Haute, IN, USA).
The phases were separated by centrifugation and
8.0 ml of the organic layer was transferred to another
tube. The organic phase was back-extracted by vig-

orous vortexing with 125 î l of 0.2% HOAc. The
sample was centrifuged, and the aqueous phase was
transferred to autosampler vials for HPLC analysis
under the following conditions. Column; Shandon
Hypersil CPS, 5 îm, 2 X 250 mm (Keystone Scien-
tific, Bellefonte, PA, USA); lTiobile phase; 0.009 M
triethylammonium phosphate, pH 3.00; acetonitrile
(50;50); flow rate; 0.45 ml/min at 40 °C; run time;
11 min; injection volume; 90 \i\; fluorescence detec-
tion; 215 nm excitation and 360 nm cutoff emission
filter. Range 0.01; 5 s rise time.

Lung extraction

A 10% w/w homogenate of the entire lung was made
in water. One gram of homogenate (0.100 g of tissue)
was spiked with 100 \i\ of IS solution (1.00 [ig in
0.2% v/v HOAc), or 100 nl of a solution of IS plus
azelastine and desmethylazelastine for daily calibra-
tion standards. One hundred |J,1 of 10 N NaOH and
9.0 ml of 95;5 hexane;n-octanol were added, and the
samples were extracted by vigorous vortexing for
1 min. The phases were separated by centrifugation
and 8.0 ml of the organic layer was transferred to
another tube. The organic phase was back-extracted
by vigorous vortexing with 125 |xl of 0.2% HOAc.
The aqueous phase was transferred to autosampler
vials for HPEC analysis under the following condi-
tions. Column; Shandon Hypersil CPS, 5 \iva.,
2 X 250 mm (Keystone Scientific, Bellefonte, PA,
USA);

Table 1. Effect of azelastine on the severity of aeroallergen (ovalbunnin 0.05%, 0.5 mg/
ml, 30 s., 15 psi)-induced immediate allergic responses (IAR) and the duration of onset
of IAR in actively sensitized, conscious guinea pigs

Oral dose
mg/kg

0

0.030

0.050

0.075

0.100

0.300

1.000

3.000

Time of onset
of IAR
(sec)

153+17 (9)

174+20 (8)
>14min (1)

204+39 (5)
>14min (1)

289+32 (8)
>14min (1)

408 + 98 (4)
> 14 min (5)

335+24 (3)
> 14 min (6)

523+21 (3)
• > 14 min (6)

> 14 min (9)

Severity
of IAR

7.0+0.7

5.3+1.0

3.0+1.1*

3.7+0.7*

1.3+0.5*

1.0+0.5*

1.0+0.5*

0+0*

%
Inhibition^

0

20+11

60+14

47+10

81+8

86+7

86+7

100+0

Values are means+SEM. Numbers in parentheses represent the numbei of guinea pigs.
* P<0.05 as compared to controls; ^ % reduction in the severity of IAR; ID^Q (95%
CL)=0.04 (0.02-0.09) mg/kg, r=0.74.
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Time of onset ot IAR, sec

Fig. 2. Sum of azelastine and desmethylazelasline in lung v.9 mean
times prior to onset of IAR. Each point represents mean of 9
observations.

mobile phase: water:acetonitrile:triethylamine:pho-
sphoric acid (500:500:0.4:0.2); flow rate: 0.60 ml/
min at 60 °C; run time: 12 min; injection volume:
90 1̂ 1; fluorescence detection: 215 nrn excitation and
36() nm cutoff emission filter, range 0.01; 5 s rise
time.

1.0 1.6 2.0
Dose, mg/kg

Desmethylazelastine

1,0 1.5 2.0
Dose, mg/kg

Pig. 3. Mean azelastine and desmethylazelastine plasma concen-
trations vs azelastine HCI dose. Each point represents mean of 9
observations.

50 100 150 200 250 300 350 400 450 500 550 600

Plasma, ng/mL

40 50 60

Plasma, ng/mL

Pig. 4. Mean azelastine and desmethylazelastine concentrations
in plasma v.r lung. Each point represents mean of 9 observations.

Calculations

The percent inhibition of IAR was calculated based
on scoring of the severity as follows:

_ _ _ J 1

inhibition =

mean control scores
- individual treated scores

X 100
mean control scores

The best fit curve was calculated by regression anal-
ysis and the dose of azelastine inhibiting IAR (se-
verity) by 50%, i.e. inhibitory dose (IDJQ), was de-
termined. The mean of IAR (severity) + SEM in the
presence of azelastine was compared with the re-
spective controls using the Student's t-test for un-
paired observations. Significance was indicated by a
P value of 0.05 or less.

Results

The oral administration of azelastine 2 h before
aeroallergen challenge (ovalbumin 0.5 mg/ml, 30 s,
15 psi) afforded protection against IAR, yielding an
ID50 of 40 |ag/kg, and delayed the onset of IAR
(Table 1).

Five control animals (vehicle-treated) out of nine
died within 14 min (56% mortality). Three of the
nine animals treated with the lowest dose of azelas-
tine HCI (0.03 mg/kg) died (33% mortality). All
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other animals treated with azelastine HCl weie pro-
tected from bronchospasm-induced lethality.

Concentrations vs antiallergic aetivity

A positive correlation (r^ = 0,944) was found be-
tween the antiallergic activity (time of onset of IAR)
and the sum concentrations of azelastine and des-
methylazelastine in lung (Fig. 2).

Dose-eoncentration eorrelations

A linear relationship (r̂  = 0.999) was found between
the azelastine dose and the resultant plasma azelas-
tine and desmethylazelastine concentrations (Fig. 3).
Linear correlation (r^ = 0.999) was found between
the plasma and lung concentrations of azelastine
and its active metabolite desmethylazelastine
(Fig. 4). Selective uptake for the two compounds by
the lung was demonstrated by the mean lung/blood
ratio of about 22 for azelastine and 146 for desme-
thylazelastine (Table 2).

Discussion

The data obtained in this study showed a linear re-
lationship between the pharmacological activity (re-
duction in severity of IAR and delay in time prior to
onset of symptoms) and the sum concentration of
azelastine and desmethylazelastine in the lung. The
calculated ID50S of azelastine to afford protection
against immediate allergic responses were 40 |ig/kg
(this study) and 75 |ag/kg (32) and 50 |ig/kg (the in-
crease in lung resistance) (8). These observations
demonstrate that this drug is highly effective in in-
hibiting early asthmatic responses in guinea pigs.

Further, the data obtained in this study demon-
strated an excellent linear correlation between the
plasma and lung concentrations of azelastine and its

Table 2, Pharmacokinetic parameters of azelastine and its metabolite desmethylazelas-
tine after a single oral administration of 1,0 mg/kg azelastine hydrochloride in guinea pigs

Parameter

Cmax (ng/mi)'
tmax (h)

AUC (ng-h/ml)'
tung-blood ratio''
t1/2 (h)
MRT (h)
CL (l/h)

Azelastine

Blood

119
1,0-2,0

0,19
401

22
2,99
3,58

0,825

tung

1778
1,0

0,22
8017

2,25
4,09

c

Desmethylazelastine

Blood

17,6
3,0-6,0

0,25
180

4,24
8,75

0,213

Lung

2863
4,0-6,0

0,39
28502

146
3,90
8,72

c

For lung, the unit in grams (g) instead of milliliter (ml).
Mean value calculated from all time points.
Not applicable.

desmethyl metabolite. Therefore, in guinea pigs the
plasma drug levels could be used to predict the level
of these compounds in the lung when lung tissue
concentrations are not available.

In earlier pharmacokinetic studies (2) azelastine
was found to be absorbed rapidly, with a half-life of
about 0.5 h following an oral dose, and the absorp-
tion rate was the limiting factor for its uptake into the
lung. This observation was further supported by the
quick equilibration of lung azelastine concentration
with that in blood after the i.v. dose. The half-life of
distribution, about 0.5 h, was similar for both i.v.
and p.o. doses. The AUC for the p.o. dose was
about five times less than that for the i.v. dose, which
indicated an extensive first-pass metabolism of
azelastine in the guinea pig. The clearance after the
p.o. dose was two to three times faster than that after
the i.v. dose. The rate of elimination of azelastine
from the lung was one-fourth of its uptake. Des-
methylazelastine was formed at a slow rate which
appeared to be the rate-limiting factor for its uptake
by the lung. The rate of elimination of desmethyla-
zelastine from the lung was about one-half of its
uptake. The volume of distribution values suggested
that azelastine and desmethylazelastine were widely
distributed in the body. The clearance of azelastine
was faster than that of desmethylazelastine. The fa-
vorable combination of lung uptake and elimination
rates for the drug and its active metabolite desme-
thylazelastine contribute to the pharmacokinetic
uniqueness of azelastine (2, 31, this study).

Azelastine has been shown in in vitro studies to
inhibit the activation of several inflammatory cells
(PMN, eosinophils, mast cells, monocytes, baso-
phils, etc.) and thus to inhibit the secretion/release
of several chemical mediators of allergy and inflam-
mation (Table 3). The oral doses of azelastine HCl
(0.1-3 mg/kg) yield a total lung concentration of 1.4
to 22.2 \iM for both azelastine and desmethylazelas-
tine. This concentration range may be adequate to
contribute to the antiallergy and pulmonary anti-
inflammatory activities reported in the experimental
animals (5, 6, 10-13, 18, 19, 23, 26, 29, 30).

In conclusion, the preferential uptake of azelas-
tine by the lung (2, 28, 31, this study), the tendency
to accumulate in alveolar macrophages (31), its long
half-life (2) and the relatively large amount of its
major metabolite desmethylazelastine in the lungs
(this study) could explain its ability to inhibit imme-
diate and late allergic reactions (8, 16, 21, 22, 24) and
to interfere with the synthesis and release of medi-
ators from inflammatory cells (3, 5, 10, 11, 12, 15,
17-19,23,30), hyperpolarizing activity (26) in human
airway smooth muscle or antagonism of KCl, BaClj,
Ca^ ̂ , TEA, and other mediators in smooth muscles
(6, unpublished observations).
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Table 3, Effect of azelastine HCl on the synthesis/release of chemical mediators

Cell type
Duration of preincubation

(min) Stimulus
Mediator

synthesis/release

Guinea pig lung fragments

Human neutrophils (PMN cells)

Human eosinophils

Human monocyte

Human basophils

Rabbit basophils

Rat peritoneal mast cells

120

15
30

360

15

15

10

10

0
10
30

0
10

0
10

0
10

Ovalbumin

A23187 (0,3-1 ng/ml)

A23187(1nM)

PMA (10 ng/ml)
FMLP (0,1 nM)
A23l87(1nM)

PMA (10 ng/ml)
FMLP (0,1 [iM)
A23187 (1 \M]

LPS (100 ng/ml)

Ragweed antigen extract 10 |ig/ml

Ragweed antigen extract lOjig/ml

OA+PS (10 ng/ml of each)

ConA+PSdOng/mlofea)

A23187 (0,1

LTC,

LTB,/C,

0-

Histamine

14

36; 33
2,3

1,0

0,9-1,6

1,7-3,0

3,3

2,4
1,9
3,5

7,6
4,8

6,8
1,9

7,7
5,0

OA=ovalbumin,
PS=phosphatidyl serine.
Con A=concanav3lin A,
LPS=lipopolysaccharide.
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