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Pharmacological activities of TEI-8362, a novel inhibitor of human

neutrophil elastase
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1 TEI-8362, 4-(N-(3-((3-carboxypropyl)amino)-8-methyl-1-ox0-4-azaisochromen-6-yl)carbamoyl)-4-
((phenylmethoxy)carbonylamino)butanoic acid (CyH,sN4O) is a novel inhibitor of human
neutrophil elastase (HNE). We evaluated its pharmacological profile in vitro and in vivo.

2 TEI-8362 demonstrated potent inhibition of HNE with a K; value of 1.38 x 10~° M. Its selectivity
for HNE among a variety of proteases ranged from 163 fold to 68,000 fold in favour of HNE.

3 The pulmonary haemorrhage that occurred after i.t. instillation of HNE to hamsters was
inhibited by either i.t., i.v., or inhalant administration of TEI-8362.

4 Intratracheal administration of lipopolysaccharide induced pulmonary neutrophilia. Twenty-four
hours after lipopolysaccharide administration, the additional treatment with formyl-methionyl-
leucyl-phenylalanine resulted in a specific neutrophil-dependent acute lung injury. In this model,
lung injury was significantly attenuated by i.t., i.v., or inhalant administration of TEI-8362.

5 These pharmacological actions of TEI-8362 suggest that this drug has therapeutic value in the

treatment of destructive lung diseases due to neutrophils.
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Abbreviations: BAL, bronchoalveolar lavage; FMLP, formyl-methionyl-leucyl-phenylalanine; HNE, Human neutrophil elastase;
LPS, lipopolysaccharide; TEI-8362, 4-(N-(3-((3-carboxypropyl)amino)-8-methyl-1-oxo0-4-azaisochromen-6-yl)car-
bamoyl)-4-((phenylmethoxy)carbonylamino)butanoic acid

Introduction

Human neutrophil elastase (HNE) is a protease that is present
in the azurophilic granules of neutrophils. This enzyme can
digest many components of the extracellular matrix and it has
been suggested to play roles in the metabolism of connective
tissue and resolution of foreign substances.

The extracellular activity of HNE is regulated by natural
protease inhibitors, such as al-proteinase inhibitor, o2-
macroglobulin, and secretory leukoprotease inhibitor. How-
ever, the excessive release of HNE accompanying neutrophil
lysis or the action of HNE at sites of inflammation induces an
imbalance between proteinase and antiproteinase. This results
in tissue damage and functional disorders due to the enzyme’s
broad specificity and proteolytic intensity.

Indeed it has been reported that neutrophil elastase is
significantly increased in sputum and bronchoalveolar lavage
fluids of patients with various chronic respiratory diseases,
such as chronic respiratory disease (Mikami, 1991), chronic
obstructive pulmonary disease (Piccioni et al., 1992),
bronchiectasis (Stockley, 1987), and cystic fibrosis (Goldstein
& Doring, 1986) and that there is a positive correlation
between the level of neutrophil elastase and the clinical
symptoms.

TEI-8362, 4-(N- (3- ((3 -carboxypropyl) amino) -8-methyl-1-
0x0-4-azaisochromen-6-yl)carbamoyl)-4-((phenylmethoxy)car-
bonylamino)butanoic acid, C,sH»N,Oy, developed by Teijin,
is a novel synthetic inhibitor of neutrophil elastase. In this
study, we evaluated its pharmacological profile in vitro and in
vivo. We describe the effectiveness of TEI-8362 by intra-
tracheal, inhalant, or intravenous administration in a specific
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neutrophil-mediated lung injury model induced by the
combination of lipopolysaccharide (LPS) and formyl-methio-
nyl-leucyl-phenylalanine (FMLP) as well as in an HNE-
induced lung injury model.

Methods
Materials

TEI-8362 was synthesized in our laboratories and its chemical
structure is shown in Figure 1. The reagents used in this study
and their sources were the following: human sputum elastase,
which is equivalent to HNE (Twumasi & Liener, 1977), from
Elastin Products Co., Inc. (Pacific, MO, U.S.A.); bovine
pancreatic a-chymotrypsin, bovine pancreatic trypsin, human
leukocyte cathepsin G, human plasma plasmin, human plasma
thrombin, and FMLP, from Sigma Chemical Co. (St. Louis,
MO, U.S.A.); Pseudomonas aeruginosa elastase, from Nagase
Biomedicals (Kyoto, Japan); MeOSuc-Ala-Ala-Pro-Val-p-
nitroanilide, Suc-Ala-Ala-Pro-Phe-p-nitroanilide, N-o-Bz-
Arg-p-nitroanilide HCI, and Ile-Phe-Lys-p-nitroanilide 2HCI,
from Bachem Feinchemikalien AG (Budendorf, Switzerland);
and LPS (E. coli 004), from Difco Laboratories (Detroit, MI,
U.S.A); FMLP and all substrates were dissolved in
dimethylsulphoxide and diluted to the appropriate concentra-
tion in saline.

Determination of the kinetic inhibitory constant for
HNE

Human sputum elastase was used as human neutrophil elastase
without further purification (Fletcher et al., 1990; Shinguh et
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Figure 1 Chemical structure of TEI-8362, 4-(N-(3-((3-carboxypro-
pyl)amino)-8-methyl-1-ox0-4-azaisochromen-6-yl)carbamoyl)-4-((phe-
nylmethoxy)carbonylamino) butanoic acid (C,sHsN4Oo).

al., 1997). The assay mixture contained 50 ul of HNE (final
concentration: 0.4 nM), 25 ul of substrate, i.e., MeOSuc-Ala-
Ala-Pro-Val-p-nitroanilide (final concentration: 0.1 mMm), and
2.4 ml of 0.1 M HEPES (pH 7.5, with 1 M NaCl and 0.1%
PEG 6000). The cuvette was placed in a thermostatically
controlled spectrophotometer, and the reaction was started by
addition of substrate. After a 0.8 min incubation, 25 ul of
various concentrations (0, 1.6, 4.17, 6.25 and 12.5 nM) of
inhibitor or dimethylsulphoxide was added to this reaction
mixture; and the change in absorbance at 410 nm was
continuously monitored at 37°C to calculate the change in
the velocity of release of p-nitroaniline by HNE with and
without inhibitor. Progress curves composed of more than 30
absorbance-time pairs were fitted to the equation of Neumann
et al. (1991); Uejima et al. (1993).

Selectivity of TEI-8362 for serine proteinases

The reaction buffer used throughout this experiment was 0.1 M
HEPES (pH 7.5), containing 0.5M NaCl. The required
inhibitor solution was preincubated for 10 min at 37°C with
a variety of serine proteinases. The reaction was started by
adding respective substrates and carried out for 20 min at
37°C. The light absorbance of the reaction mixture at 405 nm
was measured. Residual enzyme activities were plotted for
various concentrations of TEI-8362. ICs, was defined as the
concentration of inhibitor giving rise to 50% inhibition of the
hydrolysis.

Exogenous elastase-induced acute lung injury model in
hamsters

Male Syrian Golden hamsters, 8—10 weeks old, were
anaesthetized with halothane and HNE (50 ug per animal in
saline) was administered intratracheally. The volume of HNE
or vehicle was 100 pul. Three hours after HNE administration,
bronchoalveolar lavage (BAL) was performed according to the
method of Barry et al. (1990). Briefly, hamsters anaesthetized
with urethane (1 g kg™' intraperitoneally) were intubated
endotracheally, and BAL was performed three times by the
rewash lavage method (6 ml of PBS). As a marker of lung
injury, the hemoglobin content of the BAL fluid was
determined by the cyanmethemoglobin method (Matsubara
& Shibata, 1969). Inhibition of HNE-induced lung hemor-
rhage was determined by dosing the hamster with TEI-8362
either intravenously 2 min before HNE treatment, intratra-
cheally 1 h before HNE treatment, or with an aerosol 5 min
after HNE treatment. Intravenous injection of TEI-8362 was
carried out into the femoral vein under anaesthesia with
halothane. In the inhalation study, hamsters were kept in an
acrylic chamber (72 L; 35 x 45 x 42 cm) throughout TEI-8362
exposure. A solution containing 6 mg ml~' TEI-8362 in saline
was aerosolized by an ultrasonic nebulizer (NE-U12; Omron,
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Figure 2 Kinetics of inhibition of HNE by TEI-8362. TEI-8362 is a
slow-binding inhibitor of human neutrophil elastase. Progress curves
composed of more than 30 absorbance-time pairs were fitted to the
equation of Neumann ez al. (1991), where K, [I], and [S] are the
pseudo-first-order rate constant, inhibitor concentration and sub-
strate concentration, respectively. K,, and K,; are derived from the
gradient and the interception of plots on y axis, respectively.

Table 1 Inhibitory capacity and selectivity of TEI-8362 for
serine proteinases

Enzyme (concentration; M) 1Csp (nM)
Human neutrophil elastase (4 x 10710 1.9
Human leukocyte cathepsin G (4 x 10~°) 6,100
Human plasma plasmin (9.6 x 10~ 1) 110,000
Human plasma thrombin (1 x 10~7) 130,000
Bovine pancreatic a-chymotrypsin (4 x 107" 1,900
Bovine pancreatic trypsin (1.7 x 10~%) 310

Chromogenic substrates (1 x 10~* M): neutrophil elastase,
MeO-Suc-Ala-Ala-Pro-Val-pNA; cathepsin G, Suc-Ala-Ala-
Pro-Phe-pNA; plasmin, Ile-Phe-Lys-pNA. 2HCI; thrombin,
Bz-Arg-pNA. HCL;, a-chymotrypsin, Suc-Ala-Ala-Pro-Phe-
pNA; trypsin, Bz-Arg-pNA. HCL

Japan) for 15 min. This device produces an aerosol with a mass
median diameter of 4.3 um as determined by a laser deflection
analyzer.

Combination of LPS and FMLP-induced acute lung
injury model in hamsters

The combination of LPS and FMLP is capable of making a
specific neutrophil-mediated lung injury model, and this lung
injury was shown to be mainly mediated by neutrophil
proteases (Mitsuhashi ez al., 1997). Hamsters anaesthetized
with halothane were administered LPS, dissolved in saline,
(0.32 mg ml~' kg™') intratracheally. This treatment was
followed 24 h later by intratracheal administration of FMLP,
dissolved in saline with 0.04%  dimethylsulphoxide
(0.19 mg ml~' kg~ "). Ninety minutes after FMLP administra-
tion, BAL was performed. Inhibition of lung haemorrhage was
determined by dosing the hamster with TEI-8362 either
intravenously 2 min before FMLP treatment, with an aerosol
immediately after FMLP treatment, or intratracheally at the



H. Mitsuhashi et al

Pharmacological evaluation of TEI-8362 1149

£

0
W

2

* %

< ]

14

% .
0 * % \ m
N (13) (13) (12) (13) (12)

Saline HNE

+TEI-8362 (mg kg1 i.t.)
(B)

%7/

1..
*kk m
o i o v — v |
N (11) (12) (11) '(R))
saline HNE 10 30
+TEN8362 (mg kg1 iv.)
C)
6
E s
z |
T 4 Q
2
I 3- \
m
£ *ok
o 24
c T
[*] \
: 14 \ \
- \ \
0 il NN &
N (13) (13) (12)
Saline HNE +TEI-8362
(inhailation)

Figure 3 Effects of TEI-8362 on HNE-induced lung haemorrhage in
hamsters. Each value is the means+s.e.mean. TEI-8362 was
administered intratracheally 1 h (A), intravenously 2 min (B) before
HNE (50 pg per animal) instillation, or inhalation (C). In the
inhalation study, TEI-8362 aerosol generated by nebulizing
6 mg ml~' solution was administered inhalatively 5 min after HNE
(50 pg per animal) instillation for 15 min. **P<0.01, significantly
different from HNE-treated group.

same time as FMLP treatment. In the inhalation study, a
solution containing 5 mg ml~' TEI-8362 in saline was
aerosolized by an ultrasonic nebulizer for 15 min.

Assay for elastase activity

Elastase activity in BAL fluid was measured by use of a
synthetic substrate of elastase, i.e., methoxysuccinyl-alanyl-
alanyl-prolyl-valine-7-amido-4-methylcoumarin, according to
Mario et al. (1979). Briefly, 75 ul of the supernatant of
centrifuged BAL fluid was added to 1.4 ml of 0.05 M Tris
buffer (pH 7.5) containing 0.5 M NaCl and 1 mM CaCl,. This
solution was incubated with 25 ul of 6 mM substrate at 37°C
for 60 min. The fluorescence intensity was measured at
excitation 370 nm and emission at 460 nm. A standard curve
was constructed to convert relative fluorescence intensity into
concentration of 7-amido-4-methylcoumarin released by
enzymatic hydrolysis. By reference to a standard curve
constructed with known concentrations of human sputum
clastase, elastase activity in BAL fluid was presented as the
concentration of human sputum elastase producing the same
level of fluorescence.

Statistical analysis

The data are expressed as the means +s.e.mean. Groups were
compared by Student’s standard two-tailed z-test and by
Dunnett’s mutliple comparison test when appropriate. Groups
were considered different if the P value was less than 0.05.

Results
Inhibitory capacity and selectivity

As shown in Figure 2, the acylation constant K,, and the
deacylation constant K,; of TEI-8362 were estimated to be
1.32x10°M~! S7! and 1.82x10~* S~! respectively. The K;
value was estimated as the ratio of K, to K, (1.38 x 1072 M).
Selectivity of TEI-8362 for other serine proteinases is shown in
Table 1. TEI-8362 showed selectivity for HNE versus
chymotrypsin which was 1000 fold, and versus trypsin which
was more than 100 fold in favour of HNE. Additionally, TEI-
8362 did not inhibit Pseudomonas aeruginosa elastase
(IC50>1 mMm; data not shown).

Exogenous elastase-induced acute lung injury model in
hamsters

First we evaluated the potency of TEI-8362 as an inhibitor of
HNE-induced acute lung injury when administered intra-
tracheally, intravenously, or as an aerosol. The assessment of
HNE-induced acute lung injury was performed by measure-
ment of the haemoglobin content in BAL fluid (Herbert ez al.,
1992; Durham et al., 1994; Shinguh et al., 1997). Intratracheal
administration of TEI-8362 (0.03, 0.10 and 0.30 mg kg=') 1 h
before HNE administration inhibited acute lung haemorrhage
in a dose-dependent manner (Figure 3a). Pulmonary haemor-
rhage was inhibited by 36.7, 76.9 and 93.4%, respectively, with
an EDs, of 45 ug kg~'. Intravenous injection of TEI-8362 (10
and 30 mg kg™') 2 min before HNE administration also
inhibited acute lung haemorrhage in a dose-dependent manner
(Figure 3b). In this case pulmonary haemorrhage was inhibited
by 66.1 and 92.9%, respectively, with an EDs, of less than
10 mg kg~='.  Inhalant  administration of  TEI-8362
(6.0 mg ml~! for 15 min from 5 min after HNE administra-
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tion significantly inhibited acute lung haemorrhage (Figure Respiration volume =4.19 x (Body weight)*%¢
3c). The dose as an aerosol of TEI-8362 was estimated to be (Hickson et al., 1992)
91 ug kg=' from measurement of the aerosol concentration Lung deposition ratio=0.13 (USEPA, 1982)

with HPLC by the following calculated formulation:
Combination of LPS and FMLP-induced acute lung
Dose = (Aerosol concentration) x (Respiration volume) x injury model in hamsters
(Inhalation time) x (Lung deposition ratio)/(Body weight)
Aerosol concentration =actual measurement by aersol To evaluate drug effectiveness with a specific neutrophil-
sampling dependent model, we chose intratracheal administration of
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Figure 4 Effects of TEI-8362 on LPS and FMLP-induced acute lung injury in hamsters. Each value is the means +s.e.mean. TEI-
8362 was administered intratracheally simultaneously with FMLP administration (A), intravenously 2 min before FMLP treatment
(B), or inhalation (C). In the inhalation study, TEI-8362 acrosol generated by nebulizing 5 mg ml~! solution was administered by
inhalation immediately after FMLP instillation for 15 min. *P<0.05, **P <0.01 and ***P <0.001, significantly different from LPS
and FMLP-treated group.
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FMLP, a neutrophil stimulator, 24 h after LPS administra-
tion. In this model, we investigated the effects of intratracheal,
intravenous, or inhalant administration of TEI-8362. TEI-
8362 administered intratracheally (0.1, 1.0 and 10.0 mg kg™")
simultaneously with FMLP, inhibited acute lung haemorrhage
and attenuated the increase in elastase-like activity in a dose-
dependent manner (Figure 4a). Pulmonary haemorrhage was
inhibited by 22.3, 59.4 and 64.5%, respectively, with an EDs,
of 0.56 mg kg~!. Intravenous injection of TEI-8362 (3, 10 and
30 mg kg~") 2 min before FMLP administration also inhibited
acute lung haemorrhage dose-dependently (Figure 4b).
Pulmonary haemorrhage was inhibited by 16.7, 23.0 and
38.1%, respectively, with an EDs, of more than 30 mg kg~'.
Inhalant administration of TEI-8362 (5.0 mg ml~! for 15 min)
from 5 min after FMLP administration significantly inhibited
acute lung haemorrhage (Figure 4c). The dose as an aerosol of
TEI-8362 was estimated to be 0.076 mg kg~' from measure-
ment of the aerosol concentration.

Discussion

It has been reported that neutrophil elastase is significantly
increased in sputum and BAL fluids of patients with various
respiratory diseases and thus it has been implicated in the
tissue destruction associated with respiratory diseases.
Recently, the action of neutrophil elastase has been reported
to be not only destructive to tissue but also pathophysio-
logical, causing induction of airway hyperresponsiveness
(Suzuki et al., 1996), mucus secretion (Schuster et al., 1992;
Tabachnik ez al., 1992), genesis of secretory cell metaplasia
(Lucey et al., 1990), smooth muscle cell proliferation
(Thompson & Rabinovitch, 1996), modulation of leukocyte
adhesion (Cai & Wright, 1996), induction of interleukin-8 gene
expression (Nakamura et al., 1992), and impairment of
phagocytic host defences against bacteria (Tosi et al., 1990).
These findings suggest that inhibition of elastase would
ameliorate such pathological and functional disorders.

In the presnet study TEI-8362 was shown to be a potent,
selective inhibitor of HNE in vitro. The potency of TEI-8362 as
an inhibitor of elastase activity in vitro is similar to or greater
than that of other synthetic inhibitors such as ICI-200880
(Williams et al., 1991), ONO-5046 (Kawabata et al., 1991),
MDL101,146 (Durham et al., 1994), and FK706 (Shinguh et
al., 1997). Furthermore, significant inhibition was observed in
in vivo models of HNE-induced acute lung injury when given
either intratracheally, intravenously or as an aerosol (Figure
3). These results indicated that TEI-8326 will be a useful agent
for studying the pathological role of human neutrophil elastase
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