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Abstract

We investigated the functional effects of epidermal growth factor
(EGF) on guinea pig airways in vitro. EGF (3 ng/ml to 1 ug/ml) induced
a concentration-dependent contraction in epithelium-denuded strips. The
average of maximal contractions was 0.64+0.1 g (mean+S.E., for n=27),
which was 72.0+£9.5% of 100 mM KCl-induced contraction. The ECso
was 12.3+1.6 ng/ml. The presence of epithelium significantly suppressed
EGF-induced contraction (P<0.01). EGF-induced contraction was
abolished by cyclooxygenase inhibitors (indomethacin and ibuprofen)
and a S-lipoxygenase inhibitor, 2-(12-hydroxydodeca-5,10-diynyl)-3,5,6-
tri-methyl-1,4-benzoquinone (AA-861). It was also inhibited by a
leukotriene-receptor antagonist, 8-[p-(4-phenylbutyloxy) benzoyl] amino-
2-(tetrazol-5-yl)-4-oxo-4H-1-benzopyran hemihydrate (ONO-1078) but
not affected by a thromboxane Az-synthetase inhibitor, (E)-3-[4-(1-
imidazolylmethyl)  phenyl]-2-propenoic  acid (OKY-046) or a
thromboxane  A2-receptor  antagonist,  9,11-epithio-11,12-methano-
thromboxane A2 (ONO-3708). A phospholipase A2 inhibitor (mepacrine)
inhibited EGF-induced contraction but a diacylglycerol-lipase inhibitor,
1,6-di(O-(carbamoyl)cyclohexanone oxime)hexane (U-57908) and a
phospholipase D inhibitor (wortmannin) did not affect it. A tyrosine
kinase inhibitor (genistein) abolished it. In the measurement of
prostanoids, EGF (300 ng/ml) did not increase the prostaglandin F2a
level in either epithelium-intact or epithelium-denuded strips. In
epithelium-intact strips, EGF significantly increased the prostaglandin E2
concentration (P<0.01).  These results suggest that EGF causes

contraction of guinea pig airway smooth muscle by activating tyrosine



kinase followed by phospholipase A2 activation, and that arachidonic acid
metabolites, especially leukotrienes, may have important roles in this
contraction.
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1. Introduction

In the atherosclerotic regions of arteries, relations among smooth
muscle hyperplasia and hyperirophy, abnormal vasoreactivity, and
growth factors have been widely studied (Kalsner and Richards, 1984;
Reidy, 1992). Now, epidermal growth factor (EGF) and platelet-derived
growth factor are known to have direct effects on vascular smooth muscle
tone in rat and dog arteries (Berk et al., 1985, 1986; Muramatsu et al.,
1985, 1986). Both growth and vasospastic activities of these growth
factors are speculated to have a relation to the altered vascular responses
at sites of atherosclerosis (Berk et al., 1989).

Airway remodeling including smooth muscle hyperplasia and
hyperirophy in the asthmatic airway has also been a subject of great
interest (Ebina et al., 1993; Wang et al, 1993). Hypertrophy and
hyperplasia of airway smooth muscle are considered to be possible causes
of non-specific bronchial hyper-responsiveness, a hallmark of bronchial
asthma. Since EGF is known to promote growth activity in smooth
muscle of the lung, and EGF and contractile agonists of airway smooth
muscle share membrane signaling mechanisms involving phosphoinositide
hydrolysis and calcium mobilization, we were interested in studying the
effects of EGF on airway smooth muscle.

In a guinea pig tracheal preparation, Patel and his associates (Patel
et al., 1988) reported the contractile activity of EGF but the mechanisms
of contraction have not been clarified fully. In vascular and gastric
smooth muscles, the mechanisms of contraction with EGF vary depending

on the species and the type of muscle (Berk et al., 1989; Hollenberg,



1993; Yang et al., 1991a,b). In this study, we examined the effect of
EGF on guinea pig airway smooth muscle, investigated the precise
mechanism of EGF-induced contraction, and measured arachidonic acid

metabolites.
2. Materials and methods
2.1. Isolation of tissue for bioassay

Male Hartley guinea pigs weighing 350 to 550 g (Hokudo, Japan)
were sacrificed by cervical dislocation. The tracheas were removed,
dissected free of exiraneous tissue and cut into rings containing two
cartilages. Tracheal strips were prepared by cutting at the site opposite
the smooth muscle. In some cases, the epithelium was removed by gently
rubbing the luminal surface of the strip with a cotton swab. The
preservation of airway epithelium in epithelium-intact strips and
elimination of airway epithelium in epithelium-denuded strips were
confirmed by histological examination of these strips. Both sides of each
preparation were tied with nylon threads. The upper thread was attached
to an isometric transducer (Nihon Kohden, Japan), and the lower one was
clamped at the bottom of the organ bath. Each preparation was placed in
an organ baih containing 5 ml of Krebs-Henseleit solution of the
following composition (mM): NaCl, 115; KCl, 4.7; CaClz, 2.5; MgCL,
1.2; NaHCOs3, 25.0; KH2PO4, 1.2; and glucose, 10.0; in distilled deionized
water, equilibrated with 95% O2 and 5% COz, and maintained at 37°C. A

resting tension of 2 g was applied. After equilibration for 60 min, during



which time the tissue was washed at 10-min intervals, drugs were added

directly to the bath.
2.2. Experimental Protocols

The magnitude of the response to 100 mM KCIi was measured as a
reliable prognostic indicator of a good response to EGF, and was taken as
a standard response. After strips showed maximal responses, they were
washed sufficiently. EGF (3 ng/ml to 1 pg/ml) was added cumulatively
at 10-min intervals.

In epithelium-denuded strips, to investigate the mechanism of the
effect of EGF, we compared the magnitude of response to 30 ng/ml EGF
before and after the 30-min incubation with several drugs as described
below. Preliminary studies indicated that EGF did not cause
tachyphylaxis in guinea pig trachea.  After the first EGF-induced
response, the tissue was washed at 10-min intervals for 60 min again, and
before the second addition of EGF the tension was readjusted to 2 g. The
magnitude of the response to 30 ng/ml EGF after incubation with a drug
was expressed as a percentage of the initial response and was compared to

the vehicle control.
2.3. Measurement of prostaglandin F2o and prostaglandin E2
Guinea pig tracheal strips were incubated in a tube filled with 2.5

ml of Krebs-Henseleit solution, equilibrated with 95% O2 and 5% COz,

and maintained at 37°C. Each tube contained 16 strips from two guinea



pigs and the total weight of strips in each tube was adjusted to be the
same. In some groups, epithelia of all strips were denuded. After 90-
min incubation, whole medium was changed and strips were re-incubated
for 30 min. After 30-min incubation, 2.0 ml of medium was taken as the
first sample. After replacing the medium, 300 ng/ml of EGF or vehicle
(20 ul of distilled water) was added and the strips were re-incubated for
another 30 min. After incubation, 2.0 ml of medium was taken again as
the second sample. Twelve tubes were separated into 4 groups:
epithelium-intact EGF (n=3) and vehicle (n=3) groups, and epithelium-
denuded EGF (n=3) and vehicle (n=3) groups.

The samples were purified by Sep-pak C18 (Waters, Japan) and
Bond Elut DEA columns (Varian, USA). Then samples were subjected to
thin-layer chromatography for further purification. After the
purification, the concentrations of prostaglandin F2o and prostaglandin E2
were measured by radioimmunoassay with specific antibodies (Ono
Pharmaceutical Co., Japan). Results were expressed as nanograms per

milliliter.

2.4. Reagents

Reagents used in this study and the sources were as follows: EGF
culture grade (mouse submaxillary glands) (Becton Dickinson Lab ware,
USA), genistein (ICN Biochemicals, USA), ibuprofen, calphostin C,
wortmannin, mepacrine (Sigma Chemical Co., USA), OKY-046 ((E)-3-
[4-(1-imidazolylmethyl) phenyl]-2-propenoic acid), ONO-3708 (9,11-
epithio-11,12-methano-thromboxane A2), ONO-1078 (8-[p-(4-



phenylbutyloxy) benzoyl] amino-2-(tetrazol-5-yl)-4-oxo-4H-1-
benzopyran-hemihydrate), prostaglandin Fza, leukotriene D4 (gifts from
Ono Pharmaceutical Co., Japan), indomethacin (Wako Junyaku Co.,
Japan), AA-861 (2-(12-hydroxydodeca-5,10-diynyl)-3,5,6-tri-methyl-
1,4-benzoquinone) (a gift from Takeda Chemical Industries, Japan), U-
57908 (1,6-di(O-(carbamoyl)cyclohexanone oxime)hexane) (a gift from
Upjohn Co., USA) and H-7  (1-(5-isoquinolinesulfonyl)-2-
methylpiperazine dihydrochloride) (Seikagaku Co., Japan). U-57908,
wortmannin, calphostin C and genistein were dissolved in dimethyl
sulfoxide (DMSO). EGF, OKY-046, ONO-3708 and H-7 were dissolved

in distilled water. The other drugs were dissolved in ethanol.
2.5. Statistics

The results are expressed as means+S.E. Statistical analysis was
performed by Student's t test for unpaired observations. A paired t-test
was applied for the comparison of prostanoid concentrations before and
after incubation with EGF. Probability was established when the value

was less than 0.05.
3. Results
3.1. Responses of tracheal strips to EGF

In epithelium-denuded strips, mouse EGF (3 ng/ml to 1 pg/ml)

induced a concentration-dependent contraction (Fig.1). The average of



maximal contractions was 0.64x0.1 g (mean=S.E., for n=27), which was
72.0£9.5% of the contraction induced with 100 mM KCI (Fig. 2). The
concentration of EGF that induced a half-maximal contraction (ECs0) was
12.3+1.6 ng/ml, and a maximal contraction was obtained at 100-300
ng/ml (Fig. 3). To eliminate the possibility that contraction induced by
mouse EGF is due to other biologically active peptides which might exist
in EGF from mouse submaxillary glands, contractile activity of human
recombinant EGF (boehringer mannheim) was also examined. Human
recombinant EGF (3 ng/ml to 300 ng/ml) also contracted epithelium-
denuded guinea pig airway strips (n=4, data not shown). The effect of
mouse EGF on epithelium-intact strips was examined using 19 tracheal
strips. The results were variable. In 10 strips, concentration-dependent
relaxation was observed. In 3 strips, concentration-dependent
contractions were observed (the magnitude of contraction was much
smaller than that of epithelium-denuded strips). In 6 strips, no significant
effect was observed with EGF (3 ng/ml to 1 ug/ml). However, as a
mean, the presence of epithelium significantly suppressed the contractile
activity of EGF (P<0.01) (Fig. 2).

3.2. Actions of inhibitors of arachidonic acid metabolism (Table 1)

The effects of cyclooxygenase inhibitors, a S-lipoxygenase
inhibitor, a leukotriene-receptor antagonist, a thromboxane A2-synthetase
inhibitor and a thromboxane A2-receptor antagonist are shown in Fig. 4
and Table 1. EGF (30 ng/ml)-induced contraction was almost completely
abolished by the cyclooxygenase inhibitors, indomethacin (1 and 10 uM)



and ibuprofen (10 uM). A specific inhibitor of 5-lipoxygenase, AA-861
(3 uM) (Ashida et al., 1983; Yoshimoto et al., 1982), and a leukotriene
Cs, Da-receptor antagonist, ONO-1078 (10 uM) (Yamaguchi et al.,
1992), almost completely inhibited EGF-induced contraction. A
thromboxane Az-synthetase inhibitor, OKY-046 (10 uM) (Naito et al,,
1983) and a thromboxane Az-receptor antagonist, ONO-3708 (100 nM)
(Kondo et al., 1989) did not affect EGF-induced contraction at all. As
indicated in Table 1, statistical analysis revealed that the inhibitory effects
of indomethacin, ibuprofen, AA-861 and ONO-1078 were significant
when compared to the vehicle control (ethanol, 5 ul), and that the effects
of OKY-046 and ONO-3708 were not significant when compared to the

vehicle control (distilled water, 5 ul).

3.3. Actions of inhibitors of phospholipase A2, phospholipase D and
diacylglycerol lipase (Table 2)

From the above results, we considered endogenous arachidonic acid
metabolites to be important in the mechanism of EGF-induced
contraction. In response to EGF, arachidonic acid is produced by
activation of phospholipase A2 (Margolis et al., 1988), phospholipase D
(Kaszkin et al., 1992), and diacylglycerol lipase (Majerus et al., 1986).

To investigate the role of phospholipase A2, we examined the effect
of mepacrine. Mepacrine at 100 uM completely abolished EGF-induced
contraction, but 10 uM mepacrine did not affect it. U-57908 (20 uM),
which inhibits diacylglycerol lipase but does not affect phospholipase Az,
phospholipase C, or diacylglycerol kinase (Sutherland and Amin, 1982;

10



Chuang and Severson, 1990), did not affect EGF-induced contraction.
The phospholipase D inhibitor, wortmannin (100 nM) (Reinhold et al.,

1990), also showed no significant effect on EGF-induced contraction.

3.4. Actions of a tyrosine kinase inhibitor and protein kinase C inhibitor
(Table 2) |

Since the first step in the action of EGF is the activation of
receptor-intrinsic tyrosine kinase (Ullrich and Schlessinger, 1990), we
investigated the effect of tyrosine kinase by using genistein, a specific
inhibitor of this enzyme (Akiyama et al., 1987). As shown in Table 2,
genistein (3 uM) completely abolished EGF-induced contraction.

Since protein kinase C is related to some kinds of cell-growth
proliferation induced by EGF (Susa et al., 1992), and protein kinase C
regulates phospholipase A2 in glomerular mesangial cells when it is
stimulated by hormones (Pfeilschifter, 1990), we investigated the role of
protein kinase C in EGF-induced contraction. A potent inhibitor of
protein kinase C, H-7 (Hidaka et al., 1984) (10 uM) almost completely
abolished EGF-induced contraction, but a more specific protein kinase C
inhibitor, calphostin C (Kobayashi et al., 1989) (100 nM to 3 uM) did

not affect it.
3.5. Measurement of prostaglandin F2a and prostaglandin E2 (Fig. 5)

In epithelium-intact strips, the concentrations of prostaglandin Faa

before and after incubation with EGF were 5.54+0.57 and 10.75+2.68
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ng/ml (mean+S.E., for n=3, P=0.14), respectively. Those before and
after vehicle were 3.51x0.20 and 3.60+0.72 ng/ml (n=3, P=0.88),
respectively. In epithelium-denuded strips, concentrations before and
after incubation with EGF were 2.41+0.29 and 4.79+1.23 ng/ml (n=3,
P=0.13), respectively. Those before and after vehicle were 2.18+0.68
and 2.22+0.31 ng/ml (n=3, P=0.92), respectively. However, there was no
significant difference in prostaglandin F2a production before and after
incubation with EGF.

In epithelium-intact strips, concentrations of prostaglandin E2
before and after incubation with EGF were 45.93+8.58 and 92.93+11.48
ng/ml (mean+S.E., for n=3), respectively. There was a significant
increase in prostaglandin E2 production (P<0.01) after EGF treatment.
No significant increase was observed in the vehicle group (27.93+4.19
and 32.35+£3.44 ng/ml (n=3), respectively, P=0.57). In epithelium-
denuded strips, concentrations before and after incubation with EGF were
14.17+2.70 and 43.16+13.00 ng/ml (n=3), respectively. However, this
difference was not statistically significant (P=0.12). Those before and
after vehicle were 11.83+2.56 and 16.04+3.00 ng/ml (n=3), respectively,
and there was a significant difference (P<0.05).  Furthermore, after
incubation with EGF, the prostaglandin E2z concentration of the
epithelium-intact group was significantly higher than that of the
epithelium-denuded one (P<0.05).

12



4. Discussion

In this study, the contractile effect of EGF on epithelium-denuded
strips of guinea pig trachea was confirmed. The ECso (12.3x1.6 ng/ml)
was almost the same as the value observed in previous studies for rat
artery (Berk et al., 1989) and guinea pig trachea (Patel et al., 1988).
Since it might be possible that mouse EGF extracted from submaxillary
glands contains other biologically active peptides, we also examined the
effects of human recombinant EGF on epithelium-denuded strips. Human
recombinant EGF (3ng/ml to 300ng/ml) also contracted guinea pig
tracheal stripé, suggesting that the contractile activity of mouse EGF
observed in this study is specific to EGF. The presence of epithelium in
the strips significantly suppressed the contraction induced by EGF. This
suggests that the effect of EGF on airway smooth muscle is basically
contractile, and stimulation of airway epithelium with EGF may modify
smooth muscle response in a way which suppresses the contraction. To
examine this possibility, we measured prostaglandin E2 in epithelium-
intact and -denuded strips stimulated with EGF. EGF significantly
increased prostaglandin E2 production in epithelium-intact strips but not
in denuded ones. Further, after incubation with EGF, the concentration
of prostaglandin E2 was significantly higher in epithelium-intact strips
than in epithelium—denuded ones. We may, therefore, reasonably
conclude that, in epithelium-intact strips, prostaglandin F2 from
epithelium stimulated with EGF suppresses EGF-induced contraction.

As reported previously (Patel et al., 1988), the contractile activity
of EGF was completely inhibited by 1 and 10 uM indomethacin. To
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confirm the specificity of the effect of indomethacin, we examined the
effect of another cyclooxygenase inhibitor, ibuprofen. Ibuprofen (10uM)
also abolished EGF-induced contraction, suggesting that cyclooxygenase
activation is essential for EGF-induced contraction. However, in this
study, a S-lipoxygenase inhibitor, AA-861 also significantly suppressed
the EGF-induced contraction. We also observed that an leukotriene-
receptor antagonist, ONO-1078 completely abolished the EGF-induced
contraction. We examined the effects of AA-861 and ONO-1078 on
prostaglandin F2a-induced contraction in guinea-pig trachea, but they did
not affect it (data not shown). A thromboxane Az-synthetase inhibitor
and a thromboxane Az-receptor antagonist did not affect the EGF-induced
contraction. In the measurement of prostaglandin F2a, the concentrations
before and after incubation with EGF were 2.41+0.29 and 4.79+1.23
ng/ml (n=3), respectively, in epithelium-denuded strips. The P value for
the difference was 0.12. However, in our bio-assay system, the minimum
concentration of prostaglandin F2a required to induce contraction of
guinea pig tracheal strips was 30 to 40 ng/ml, which is well above the
concentrations of prostaglandin F2a after EGF stimulation. Furthermore,
exogenous arachidonic acid is reported to contract guinea pig trachea in
epithelium-denuded strips and this contraction is abolished by a 5-
lipoxygenase inhibitor but not by indomethacin; therefore leukotrienes
are considered responsible for contraction induced by exogenous
arachidonic acid (Farmer et al., 1987; Tschirhart et al., 1987). Guinea
pig trachea is more sensitive to leukotrienes than human or rat trachea
(Bakhle and Ferreira, 1985). For these reasons, leukotrienes seem to be

important as end products responsible for EGF-induced contraction.
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Abolishment of EGF-induced contraction by cyclooxygenase
inhibitors raises the following three possibilities. First, some of the effect
of leukotrienes are mediated through prostaglandins. Second, both
prostaglandins and leukotrienes work synergistically in airway smooth
muscles during EGF-induced contraction. Third, a cyclooxygenase-
inhibitor-sensitive enzyme might be involved in the pathway of EGF-
induced release of arachidonic acid. The effects of leukotrienes on guinea
pig trachea have been reported to be decreased markedly in the presence
of a cyclooxygenase inhibitor (Bakhle and Ferreira, 1985). However, we
observed enhancement of leukotriene Das-induced contraction by
indomethacin (data not shown). This is in opposition to the first
possibility. From our results, it seemed difficult to reach a clear
conclusion and further investigation will be needed to clarify the effect of
cyclooxygenase inhibitors on EGF-induced contraction.

To clarify the source of arachidonic acid in EGF-induced
contraction, we examined the effects of mapacrine (a phospholipase A2
inhibitor), U-57908 (a diacylglycerol lipase inhibitor) and wortmannin (a
phospholipase D inhibitor). In guinea pig gastric smooth muscle, EGF
induces a contraction through the metabolism of diacylglycerol by
diacylglycerol lipase in the longitudinal muscle, but not in the circular
muscle (Yang et al., 1992). Even in the same organ of the same species,
the effect of EGF is mediated through different pathways. The report of
Patel et al. (1988) examined only the effect of 10 uM mepacrine which
caused partial (36%) inhibition in guinea pig trachea. In our study, 100
uM mepacrine completely abolished EGF-induced contraction. However,

neither the diacylglycerol-lipase inhibitor nor the phospholipase D
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inhibitor affected it. = These rtesults support the hypothesis that
phospholipase A2 activation is essential for arachidonic acid generation in
guinea pig trachea stimulated by EGF. Further, since wortmannin has
recently been reported to inhibit phosphatidylinositol 3-kinase at the
concentration of 50 nM (Kanai et al., 1993), our results also rule out the
contribution of phosphatidylinositol 3-kinase activity in the action of EGF
in guinea pig airway.

That genistein completely inhibited the effect of EGF is in
agreement with a study on guinea pig gastric smooth muscle (Yang et al,,
1992), and suggested the contribution of EGF receptor kinase activation
in EGF-induced contraction. Akiyama et al. reported that genistein
exhibits the half-maximal effect at 2.6 uM against EGF receptor kinase
(Akiyama et al., 1987). However, they reported that genistein also inhibit
other tyrosine kinase with the same potency. Because of this, it seems
difficult to eliminate the possible contribution of a tyrosine kinase apart
from the EGF receptor kinase. The pathway by which tyrosine kinase
activates phospholipase A2 has not been fully explained. Although there
is a report that tyrosine kinase activates phospholipase A2 through
phospholipase C-independent stimulation and not through the activation of
protein kinase C (Goldberg et al., 1990), protein kinase C is considered to
be an important enzyme in this pathway in general (Pfeilschifter, 1990).
In this study, a potent protein kinase C inhibitor, H-7, completely
inhibited EGF-induced contraction, however, a more specific protein
kinase C inhibitor, calphostin C, did not affect it. These results suggest
that protein kinase C activation may not be essential for EGF-induced

activation of phospholipase A2.
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In conclusion, the results of our study suggest that EGF causes
contraction of guinea pig airway smooth muscle by activating tyrosine
kinase followed by phospholipase A2 activation, and that arachidonic acid
metabolites, especially leukotrienes, may have important roles in this

contraction.
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TABLE 1

Actions of inhibitors of arachidonic acid metabolism

drug n mean* S.E. (%)

Ethanol (5ul) 6 102.0 + 23.8
Indomethacin (1uM) 5 6.7+ 6.72

Indomethacin (10uM) 5 0.0 £ 0.02
Ibuprofen (10pM) 5 0.0 £ 0.02
AA-861 (3uM) 5 13.8x 9.8
ONO-1078 (10pM) 5 0.0 £ 0.02

Distilled water (5ul) 4 110.5 + 17.5
OKY-046 (10uM) 5 103.4 £ 25.7
ONO-3708 (100nM) 5 1115+ 7.3

MeantS.E.; The magnitude of a response to 30 ng/ml EGF after
incubation with a drug is expressed as a percentage of the initial
response and compared to the time (vehicle) control.

apP<(.01, compared to the vehicle (ethanol, Sul) control.




TABLE 2

Effects of other drugs

drug n meanzt S.E. (%)

Ethanol (5ul) 6 102.0 + 23.8
Mepacrine (10uM) 5 105.0 £ 26.2
Mepacrine (100uM) 5 0.0 £ 0.02
DMSO (5ul) 41049 £ 7.8
U-57908 (20uM) 5 145.0 = 25.2
Wortmannin (100nM) 5 132.0 £ 17.1
Genistein (3uM) 5 00+ 0.0b
Calphostin C (100nM) 5 89.5 + 13.7
Distilled water (5ul) 4 110.5 + 17.5
H-7 (10uM) 6 67+ 6.7¢

Mean=S .E.; The magnitude of a response to 30 ng/ml EGF after
incubation with a drug is expressed as a percentage of the initial
response and compared to the time (vehicle) control.

aP<0.01, compared to the vehicle (ethanol, 5ul) control.
bP<(.01, compared to the vehicle (DMSO, 5ul) control.
¢P<0.01, compared to the vehicle (Distilled water, 5ul) control.
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Fig. 1. A typical response to EGF (3 ng/ml to 1 ug/ml) in an

epithelium-denuded strip.
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Fig. 2. Response to EGF (3 ng/ml to 1 pug/ml) in both epithelium-
denuded (Epi(-)) (closed circles, n=27) and -intact (Epi(+)) (open circles
n=19) strips. The contraction induced with 100mM KCI was taken as
100% for each response. In epithelium-intact strips, as a mean, the
response to each concentration was significantly attenuated. * P<0.01,
compared to the responses of epithelium-denuded strips for each

concentration of EGF.
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Fig. 3. Response to EGF (3 ng/ml to 1 ug/ml) in epithelium-denuded

strips (n=27). The maximal contraction of each preparation was taken as

100% for each response.
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Ethanol (541 wash
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Fig. 4. Effects of drugs used for the examination of arachidonic acid
metabolites responsible for EGF-induced contraction in epithelium-
denuded strips. Strips were exposed to EGF (30ng/ml) before and after
30-min incubations with drugs. Ethanol was used as the time and vehicle

control for indomethacin, ibuprofen, AA-861, and ONO-1078.
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Fig. 5. Concentration of prostaglandin Fza (upper) and prostaglandin Ez2
(lower) in guinea pig tracheal strips incubated with EGF (300 ng/ml) or
vehicle control. Epi(-) and Epi(+) show epithelium-denuded and -intact
strips, respectively. Values are expressed as meanzS.E.M. of the
concentration of prostaglandin Faa or prostaglandin Ez (ng/ml) in 3 tubes

including 16 strips each.

31




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Emulate Acrobat 4 CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Emulate Acrobat 4)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 841.890]
>> setpagedevice


