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---------------------- Background: Reactive nifrogen species {RNS) are thought fo be one of the important factors in the
pathogenesis of chronic obstructive pulmonary disease (COPD). A study was undertaken to examine the
effects of theophylline and fluticasone propionate (FP) on RNS production in subjects with COPD.
Methods: Sixteen COPD subjects participated in the study. Theophylline (400 mg/day ordlly} or FP
(400 pg/day inhalation) were administered for 4 weeks in a randomised crossover manner with o
washout period of 4 weeks. Induced sputum was collected at the beginning and end of each treatment
period. 3-nitrotyrosine (3-NT}, which is a footprint of RNS, was quantified by high performance liquid
chromatography with an electrochemical detection method as well as by immunohistochemical staining.
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Egj?gg?g@\mkaycmd' Results: Theophylline significantly reduced the level of 3-NT in the sputum supernatant as well as the
number of 3-NT positive cells (both p<0.01). FP also reduced 3-NT formation, but the effect was smaller
Received than that of theophylline. Theophylline also significantly reduced the neutrophil cell counts in the sputum
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(p<0.01), while FP treatment had no effect on the number of inflammatory cells in the sputum, except
eosinophils.
Conclusions: Theophylline reduces nitrative stress and neutrophil infiltration in COPD airways to a larger
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extent than inhaled corticosteroid.

irway inflammation is the pathophysiological feature

of chronic obstructive pulmonary disease (COPD).

Although a number of cells and mediators are involved
in the pathophysiology of COPD, neutrophilic airway
inflammation'* and oxidative stress®® in the lung are
thought to play an important part in its development.

Reactive oxygen/nitrogen species (ROS/RNS) have a potent
pro-inflammatory action’ causing airway inflammation,® and
therefore are thought to be one of the important factors in
the pathogenesis of COPD, which results in airway epithelial
injury, neutrophil migration and protease/antiprotease imbal-
ance.” 3-Nitrotyrosine {3-NT) is a footprint of RNS. We have
previously shown that the number of 3-NT positive cells and
the level of 3-NT are increased in COPD airways, and these
increases are correlated with the airflow limitation of
COPD.™ " These data strongly suggest that ROS/RNS could
have a key role in the pathogenesis of COPD, and that a
reduction in ROS/RNS would lead to an anti-inflammatory
effect.

More recently we have shown that inhaled corticosteroid
can cause a small but significant reduction in RNS produc-
tion in COPD airways." On the other hand, a recent paper has
reported that theophylline reduces the number of neutrophils
via a reduction of interleukin (IL)-8 in COPD airways.”
However, it is still unclear whether theophylline can suppress
nitrative stress in COPD airways.

This study was undertaken to assess the anti-inflammatory
effects of oral theophylline and inhaled corticosteroid in
COPD using a crossover design. Neutrophilic airway inflam-
mation and production of RNS were quantified by measuring
3-NT immunoreactivity in induced sputum. In addition, in
order to evaluate the production of RNS in COPD airways in
more detail, the levels of 3-NT were measured using high
performance liquid chromatography (HPLC) with electro-
chemical detéction (HPLC/ECD) analysis.

METHODS

Subjects

Sixteen patients with COPD regularly visiting Wakayama
Medical University Hospital were recruited after giving
informed consent. All patients satisfied the Global Initiative
for Chronic Obstructive Lung Disease (GOLD) criteria.”* None
of the patients had either asthma or atopy. The study was
approved by the local ethics committee. All patients had a
smoking history of at least 10 pack-years. The basal lung
function of the patients is shown in table 1. All patients were
stable and had had no exacerbation including viral or
bacterial infection for at least 3 months before the study.
None of the patients had been treated with inhaled or oral
corticosteroid for at least 4 weeks before the study.

Study design

The study was a randomised crossover design to compare the
effects of theophylline 200 mg twice daily with fluticasone
propionate (FP) 200 pg twice daily. Each treatment was
administered for 4 weeks with a 4 week washout period
between treatments. All patients were assessed at the start
and end of the treatment period (fig 1). Nitrotyrosine
immunoreactivity, differential cell counts, and protein bound
3-NT levels in induced sputum were measured at that time.

Lung function testing )

Lung function was evaluated using a dry rolling seal
spirometer (System 7; Minato Medical Science, Osaka,
Japan). Before and after treatment with theophylline or FP,

Abbreviations: COPD, chronic obstructive pulmonary disease; FEV;,
forced expiratory volume in 1 second; FP, fluticasone propionate; FVC,
forced vital capacity; HDAC, histone deacetylase; HPLC/ECD, high
performance liquid chromatography with electrochemical detection; IL,
interleukin; 3-NT, 3-nitrotyrosine; RNS, reactive nifrogen species
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Table 1 Characferistics of study subjects
Age lyears] 71 {2
Sex (F/M} 1/15
Smoking (current/ex) 4/12
Pack-years 48 {8)
FvC () 3.17{0.19)
FEV: (I} 1.58 (.16}
FEV,/FVC {%) 46.8 {3.9)
FEV) (% predicted) 53.8 {6.6)
Values are mean (SD).
FVC, forced vital capacity; FEVy, forced expiratory volume in
1 second.
Randomisation
Theophylline ‘ M
(400 mg/day)
Fluticasone
propionate (FP)
(400 pg/day)
4 8 12 {week)
1 I i
Lung function test,
sputum induction
Figure 1 Study design.

forced expiratory volume in 1 second (FEV,) and forced vital
capacity (FVC) were measured. Each measurement was
performed 15 minutes after inhalation of 400 pg salbutamol
via a metered dose inhaler.

Sputum induction and processing .

Sputum was induced and processed as described in previous
studies.’® ** Briefly, after 15 minutes pretreatment with
400 pg salbutamol, all patients inhaled 4% hypertonic saline
using an ultrasonic nebuliser (UN-701; AICA Co Ltd, Tokyo,
Japan). Contamination of saliva was eliminated by visual
inspection and examination with an inverted microscope.
Hypertonic saline inhalation was performed for 15-30 min-
utes until the sputuimn volume was approximately 1 ml. The
sputum sample was immediately treated with dithiothreitol
(4 mg/g sputum) to dissociate the sulfide bonds of the
mucus. Cell viability was determined by the trypan blue
exclusion method. The total and absolute number of cells per
ml processed sputum was calculated using a haemo-
cytometer. 100 pul of the cell suspension adjusted to
1.0x10%/ml were centrifuged in a Cytospin 4 cytocentrifuge
(ThermoShandon, ThermoBioAnalysis, Tokyo, Japan) at 30g
for 5 minutes. The preparation was stained with Hansel's
stain (Torii Pharmaceutical, Tokyo, Japan) to assess the cell
differential counts and stored at —80°C until immunocyto-
chemical analysis.

Immunocytostaining

' Samples were immunostained with antisera against 3-NT as
described in previous studies.” Briefly, the preparation was
fixed in 4% paraformaldehyde fixative solution for 30 min-
utes. Endogenous peroxidase activity was blocked by
incubation in 0.3% hydrogen peroxide in phosphate buffered
saline (PBS) for 15 minutes at room temperature. After
washing in PBS, the preparations were incubated with anti-
nitrotyrosine rabbit polyclonal IgG (1:100 dilution; Upstate
Biotechnology, Lake Placid, NY, USA) for 12 hours at 4°C.
Non-specific binding to the antibody was prevented by
preincubation with 4% skimmed milk in PBS containing
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0.3% Triton-X for 30 minutes. The immunoreactions were
visualised by the indirect immunoperoxidase method using
Envision polymer reagent which is goat anti-rabbit IgG
conjugated with peroxidase labelled dextran (Dako Japan
Ltd, Kyoto, Japan) for 1 hour at room temperature.
Diaminobenzidine reaction was performed, followed by
counterstaining with Hansel’s stain. The numbers of immu-
nopositive cells were counted by two blinded investigators
and the mean of the two values was registered. Cell types
were distinguished by cell size, cell form, nuclear segmenta-
tion, and nuclear-cytoplasmic ratio.

Quantification of serum IL-8

The levels of serum IL-8 were measured using a commercially
available ELISA kit (DuoSet ELISA Development Systems,
R&D Systems, Minneapolis, MN, USA) according to the
instructions provided by the manufacturer. The minimum
detectable concentration of IL-8 was 31.2 pg/ml. A standard
curve was obtained with serial dilution of the supplied
recombinant human IL-8 by linear regression. The concen-
tration of IL-8 in each sample was obtained by interpolation
of its absorbance from a standard curve, and the mean value
of the duplicate samples was then taken as the representative
value.

Quantification of 3-nitrotyrosine

The levels of 3-NT in the cell-free supernatant were measured
by HPLC/ECD as described previously." Briefly, the cell debris
was removed by additional centrifugation of the sputum at
3000g for 15 minutes at 4°C and, to condense the samples,
400 pl of supernatant were centrifuged using an Ultrafree-
MC centrifugal filter {Millipore Corp, Bedford, MA, USA) at
9000g for 30 minutes at 4°C. This filter can collect protein of
over 10 kDa. After centrifugation, the protein concentration
of the sample was determined by the Lowry method." After
recovering the sputum protein, it was hydrolysed at 50°C for
18 hours with a freshly prepared solution of Strepformyces
griseus Pronase (Calbiochem, Darmstadt, Germany) to liber-
ate tyrosine and 3-NT residues. The hydrolysate was
centrifuged at 9000y with filtration for 30 minutes with an
Ultrafree-MC centrifugal filter and the filtrates were then
analysed by HPLC/ECD.

50 pl of the sample were injected into a reverse phase
column (C18: 3x150 mm; Eicom, Kyoto, Japan) at a flow
rate of 0.5 ml/min. Eluents consisting of 5% methanol and
5 mg/l EDTA-2Na in 100 mM sodium phosphate buffer (pH
5.0) were continuously applied to the analytical electroche-
mical cells. The upstream electrochemical cell (coulometric
cell) was used at —900 mV of applied potential for the
reduction of 3-NT. The downstream cell (amperometric cell)
was used at an oxidation potential of +300 mV for the
detection of the reduced form of 3-NT. 3-NT was detected at a
13.5 minute retention time by the response at the oxidation
cell on the basis of a standard curve of electrochemical
responses as a function of the authentic 3-NT (Sigma
Chemical Co, St Louis, MO, USA) concentration. We checked
whether this peak was 3-NT as follows:"' (1) there was no
difference in the retention time of the peak between the
standard 3-NT and the sputum samples under these HPLC
conditions; and (2) when the reduction potential was
changed from —900 mV to —600 mV, only the peak at
13.5 minutes disappeared.

The effect of treatment with dithiothreitol on the 3-NT
level was determined. Levels of 3-NT with and without
treatment with dithiothreitol showed quite good correlation
(r=0.998, p<<0.0001), so it was considered that the proces-
sing of induced sputum with dithiothreitol had no influence
on the measurement of 3-NT.



Downloaded from thorax.bmj.com on 6 February 2007

Suppression of nitrative stress by theophylline

763

Table 2 Differential cell counts in induced sputum
Theophylline Fluticasone propionate
Before After Before After
Total cells 2.53 {1.79-3.26) 1.63 {1.01-2.24}F 2.53 (1.86-3.19) 1.65 (0.70-2.60)
Neutrophils 1.89 {1.35-2.42) 1.15 {0.80-1.4%9)1 1.87 (1.33-2.42) 1.16 {0.46-1.87)
(%) 747 70.6 73.9 70.3
Macrophages 0.46 {0.18-0.74) 0.42 {0.10-0.74) 0.48 {0.24~0.72) 0.42 {0.08-0.76)
(%) 18.2 258 19.0 255
Eosinophils 0.06 {0.03-0.07) 0.03 {0.01-0.04)t 0.05 {0.04-0.07) 0.02 {(0.01-0.04}t
(%) 2.4 1.8 20 1.2
Values are median (inferquartile range} x10%/ml.
+p<0.01 v pretreatment values.

The amount of tyrosine in the same sample was also
determined in a separate process using HPLC analysis.
Briefly, 1 pl of each sample was injected into a reverse phase
column (Wakopak C30.5: 4.6 mmx300 mm, Wako Pure
Chemical, Osaka, Japan) at a flow rate of 0.8 ml/min
maintaining the temperature at 37°C. The eluents consisted
of 5% methanol in 50 mM sodium acetate buffer (pH 4.7).
Tyrosine was detected at a retention time of 8.47 minutes
with the electrochemical response set at +600 mV. The
amount of tyrosine in a sputum sample was determined
based on the peak area compared with the standard curve of
tyrosine (Wako Pure Chemical). The level of 3-NT was shown
as a ratio to the total tyrosine concentration.

As shown in our previous report, the spike recovery
analysis indicated that the percentage of recovery of 3-NT
and tyrosine was more than 90%.'" In addition, the coefficient
of variation of 3-NT measurement in sputum samples
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Figure 2 Effect of theophylline and fluticasone propionate (FP) on
inﬂcmmctory cells. Theophylline significantly reducecfthe total number of
inflammatory cells (A} and neutrophils (B), whereas FP had no apparent
effect. Bars indicate median values.

previously performed in triplicate was 5-10%, indicating that
the determination of 3-NT by this technique is highly
reproducible."

Statistical analysis

All data were expressed as median (interquartile range).
Comparison of outcomes between the theophylline and FP
groups was performed using repeated measures ANOVA.
Wilcoxon’s signed rank sum test was used to compare the
effect of treatment on the total and differential cell counts
and pulmonary function. Pearson’s correlation analysis was
used to assess the correlations between changes in the RNS
marker and those in the differential cell counts. A value of
p<<0.05 was considered to be significant.

RESULTS

The mean (SD) plasma theophylline level during theophyl-
line administration was 6.32 (0.9) mg/l, which is lower than
the clinically recommended concentration as a bronchodi-
lator (10-20 mg/l). Because of this low concentration of
theophylline, neither FP nor theophylline had a significant
effect on FVC and FEV, after 4 weeks of administration
(FVC: before theophylline 3.34 (2.64-4.03) |; after theophyl-
line 3.49 (2.81-4.16) |; before FP 3.41 (2.86~3.96) I; after FP
3.48 (2.89-4.07) 1; FEV;: before theophylline 1.51 (1.11-
1.91) I; after theophylline 1.60 (1.09-2.11) I; before FP 1.48
{0.91-2.05) 1; after FP 1.59 (1.06-2.11) 1).

Theophylline administration significantly reduced the total
number of inflammatory cells in the sputum from 2.53 (1.79-
3.26)x10%ml to 1.63 (1.01-2.24)x10%ml (p<0.01, table 2,
fig 2A). Consistent with this, the number of neutrophils in
the sputum also decreased significantly from 1.89 (1.35-
2.42)%10%ml to 1.15 (0.80-1.49)x10%mi (p<<0.01, table 2,

p<0.01 p = 0.7333
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Figure 3 Effect of theophylline and fluficasone propionate {FP) on the
concentration of interlevkin {IL}-8. The IL-8 concentration in the sputum
supernatant was significantly decreased by theophylline while FP Ead no
ef@ct. Bars indicate median values.
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Table 3 Positive cell counts of 3-nitrotyrosine (3-NT) in induced sputum

Theophylline Fluticasone propionate

Before After Before After
Total cells 1.24 (0.75-1.72) 0.73 {0.28-1.18}t 1.35(0.86~1.83) 0.83 {0.25-1.41}*
Neutrophils 0.97 {0.52-1.42} 0.53 {0.22-0.83)t 0.89 (0.47-1.32) 0.52 {0.12-0.93)
(%) 78.2 72.6 5.9 44.6
Macrophages 0.31 (0.07-0.55) 0.18 {0.02-0.34) 0.40 {0.19-0.61) 0.42 (0.08-0.76)
(%) 238 247 29.6 50.6

Values are median (interquartile range} x10%/ml.
1p<0.01; *p<0.05 v values before treatment.

fig 2B), while FP treatment did not affect the numbers of any
inflammatory cells in the sputum with the exception of
eosinophils (table 2, fig 24, B). Neither theophylline nor FP
had any effect on the number of macrophages in the sputum.
The number of eosinophils was quite small, but significant
decreases were seen with both theophylline and FP (table 2).

To determine the mechanism of the decrease in neutro-
phils, we next measured the concentration of IL-8 in the
sputum supernatant which is one of the well known
chemoattractants of neutrophils. As shown in fig 3, theophyl-
line significantly reduced the level of IL-8 in the sputum
supernatant (from 1.77 (0.03-3.50) ng/ml before treatment
to 1.04 (0.39-1.70) ng/ml after treatment (p<0.01), while FP
did not. There was no apparent correlation between the
serum levels of IL-8 and the number of neutrophils.

We then compared the effects of theophylline and FP on
nitrative stress in the airway inflammation of COPD. As
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shown in table 3 and fig 4A~C, after 4 weeks of treatment
with theophylline the total number of 3-NT positive cells in
the induced sputum was decreased from 1.24 (0.75~
1.72)x10%ml to 0.73 (0.28-1.18)x10%ml. Theophylline also
decreased the number of immunopositive neutrophils for 3-
NT from 0.97 (0.52-1.42) x10%ml to 0.53 (0.22-0.83) x10%/ml
(p<0.01, table 3, fig 4D). In contrast, although FP also
decreased the total number of 3-NT positive cells (from 1.35
(0.86-1.83)x10%ml to 0.83 (0.25-1.41) x 10%ml, p<0.05), the
effect was milder than that of theophylline and there was no
apparent effect on the number of 3-NT positive neutrophils
(0.89 (0.47-1.32)x10%ml before treatment, 0.52 {0.12—
0.93)x10%/ml after treatment; table 3, fig 4C, D).

We next measured the levels of 3-NT in sputum. There was
a possibility that current smoking may affect the levels of 3-
NT, but no significant difference in 3-NT levels was seen
between current smokers and ex-smokers, at least in the
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Fi?ure 4 Effect of theophyliine and fluticasone propionate (FP) on immunccytochemical staining against 3-nitrotyrosine (3-NT). Immunopositive
lammatory cells for 3-NT in the induced sputum were reduced after freatment with theophylline {B) compared with before treatment (A}. Theophylline

significantly reduced the total immunoreactivity of 3-NT in inflammatory cells (C) and neutrophils (D). FP dlso reduced the total immunoreactivity of 3-
NT in inflammatory cells, but not in neutrophils. Bars indicate median values.
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Figure 5 Effect of theophylline and fluticasone propionate {FP) on 3-
nitrofyrosine {3-NT) |eve§ (A} Theophylline significantly reduced the level
of 3-NT in induced sputum as measured by HPLC/ECD, while FP had no
effect. (B) There was a significant correlation between the decrease in
neutrophils and the decrease in the 3-NT level ofter theophylline
treatment. Bars indicate median values.

present study (current smokers 2.14x107%, ex-smokers
3.43x107® 3-NT/tyrosine). Consistent with the results of
immunocytochmeical staining, the level of 3-NT in the
sputum supernatant was significantly decreased after
4 weeks of treatment with theophylline (p<0.01, fig 5A),
while no apparent effect was seen after treatment with FP. As
shown in fig 5B, there was a significant positive correlation
between the decrease in the number of neutrophils in the
induced sputum and the reduction in 3-NT levels in the
sputum supernatant in those treated with theophylline
(r=0.87, p<0.01). There was no significant correlation
between the serum IL-8 levels and the levels of 3-NT in
sputum.

DISCUSSION

We have shown for the first time that treatment with low
dose theophylline significantly reduces RNS production and
neutrophil infiltration to a greater extent than inhaled
corticosteroid in COPD airways.

We have previously reported the effect of inhaled
corticosteroid on the suppression of nitrative stress in
COPD airways. In that study, administration of inhaled
corticosteroid for 4 weeks significantly reduced total 3-NT
immunoreactivity of inflammatory cells, macrophages and
neutrophils in the induced sputum.” Inhaled corticosteroid
also reduced the inducible nitric oxide synthase (iNOS)
immunoreactivity in those cells. The formation of nitrotyr-
osine depends on the oxidation of nitric oxide {(NO), which
reacts with superoxide anion to produce the more potent
RNS, peroxynitrite.”” Peroxynitrite causes tyrosine nitration.
Because iNOS is one of the main sources of NO production, it
is suggested that the mechanism of nitrative stress inhibition

785

by inhaled corticosteroid, as in our present study, could be
due mainly to the reduction of iNOS.

Low dose theophylline reduced nitrative stress in COPD
airways to a larger extent than inhaled corticosteroid.
Theophylline also inhibited neutrophilic inflammation in
COPD airways. In addition, as shown in fig 5, there was a
significant positive correlation between the reduction in 3-NT
levels and the decrease in the number of neutrophils after
theophylline administration. An alternative pathway for the
formation of 3-NT is via the neutrophil myeloperoxidase
{MPO) effect on NO."” ** Nitrite produced by the reaction of
NO with oxygen is oxidised by MPO which results in the
formation of reactive nitrogen intermediates. These products
are also involved in tyrosine nitration."” It is therefore
possible that the theophylline induced inhibition of nitrative
stress seen in the present study was due to the inhibition of
neutrophil infiltration.

We also observed a significant reduction in IL-8 production
after theophylline administration, which is a possible
mechanism for the inhibition of neutrophilic inflammation
by theophylline. This is compatible with the findings of a
previous study." The precise mechanism of IL-8 reduction by
theophylline is unclear. However, it has recently been shown
that theophylline can inhibit the release of IL-8 from
respiratory epithelial cells in vitro.” The direct effect of
theophylline on respiratory epithelial cells might therefore be
one possible mechanism.

A new anti-inflammatory mechanism by theophylline in
the treatment of COPD has recently been proposed by Barnes
and co-workers.*2* The activity of histone deacetylases
(HDACs), which mediate inflammatory gene repression, is
reduced in patients with COPD.* Although the precise
mechanism of this inactivation of HDACs is not yet clear,
oxidative/nitrative stress might be involved via the nitration
of tyrosine residues in the active centre of HDACs by
peroxynitrite or other RNS.** Theophylline has been
reported to restore the decreased HDAC activity in patients
with COPD.* In this study we have shown, for the first time,
the reduction in tyrosine nitration by theophylline using
electrochemical as well as immunchistochemical techniques.
Our results support the hypothesis of Barnes and colleagues.
It is considered that combined evaluation of the HDAC
activity and nitrative stress by HPLC/ECD could clarify the
precise mechanism of action of theophylline.

Recent investigations have shown that RNS has an
important role in the pathogenesis of COPD, causing cell
injury,* activation of metalloproteinases,”’” inactivation of o;-
antiproteinase,® and  enhanced IL-8  production.”
Neutrophilic airway inflammation is another important
feature of COPD,'” and neutrophils are an important source
of RNS." It is considered that both neutrophilic inflamma-
tion and oxidative/nitrative stress could have critical roles in
the development of COPD. The findings of our study suggest
that theophylline might be a useful therapeutic tool for COPD
treatment by inhibiting both neutrophilic airway inflamma-
tion and nitrative stress.

In conclusion, treatment with theophylline reduces nitra-
tive stress as well as neutrophilic inflammation in COPD.
Because there is a significant positive correlation between the
decrease in the number of neutrophils and the reduction in 3-
NT levels, the reduction in nitrative stress is considered to be
due mainly to the inhibition of neutrophilic inflammation.
Since the suppression of nitrative stress seems to be effective
in inhibiting the inflammatory process and subsequent
obstructive changes in COPD airways, theophylline may slow
the progression of airway obstruction in COPD. Further large,
long term, placebo controlled studies with a range of
concentrations of theophylline and different severities of
COPD are needed to confirm this hypothesis.
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IMPORTANCE OF ASSISTANCE BY CAREGIVERS
FOR INHALED CORTICOSTEROID THERAPY IN
ELDERLY PATIENTS WITH ASTHMA

To the Editor: Complications accompany asthma in elderly
patients more often than in other age groups, and some
complications could interfere with the procedure of inha-
lation therapy.=3 Even in such cases, regular and accurately

calibrated inhaled corticosteroid (ICS) therapy can be made
possible with the assistance of a caregiver.® Although as-
sisted inhalation therapy is currently in practice, no clinical
studies have evaluated its effects. This objective of this
study was to investigate the usefulness of assistance by
caregivers during the inhalation procedure in elderly pa-
tients with asthma whose pulmonary functions were not
improved by self-administered ICS therapy.

Patients aged 65 and older with severe asthma and less
than 60% of percentage peak expiratory flow (PEF) re-
ceived self-administered ICS therapy (equivalent to 800 pg
beclomethasone dipropionate (BDP)/d) for 8 weeks. Of the
patients who received the above therapy, 10 cases with PEF
improvement of less than 15% were enrolled. While inves-
tigating the causes of the poor responsiveness to self-ad-
ministered ICS therapy, we conducted a survey on the
caregivers’ preferences concerning the devices used for as-
sistance and their reasons by giving them three types of ICS
devices for training: one metered-dose inhaler (MDI; hy-
drofluoroalkane-BDP) and two dry powder inhalers (DPIs:
fluticasone propionate and budesonide). After that, assisted
ICS therapy (equivalent to 800 ug BDP/d) was administered
for 8 weeks using the devices selected by the caregivers to
prospectively evaluate the effects of assisted inhalation on
PEF and forced expiratory volume in 1 second (FEV,). Sta-
tistical analysis was performed using the multiple compar-
ison Tukey tests.

The subjects consisted of five men and five women with
an average age of 81.6. All the patients had severe asthma
with a mean percentage FEV; of 58.0% and a2 mean per-
centage PEF of 43.2%. Poor responsiveness to self-admin-
istered ICS therapy was attributed to problems with the
inhalation technique in seven cases and compliance in nine
cases. The presence of one or more complications was ob-
served in all patients. These complications consisted of
rheumatoid arthritis, diabetic neuropathy, or cerebral in-
farction causing motor dysfunction in seven cases; Alz-
heimer’s disease or cerebral infarction causing intellectual
dysfunction in five cases; and chronic obstructive pulmo-
nary disease (COPD) in four cases.

PEF was increased more than 15% in 70% of the study
subjects with assisted ICS therapy. Significantly greater im-
provement was observed in PEF and FEV; at the end of
assisted ICS therapy than with self-administered ICS ther-
apy (Figure 1; P<.001 in both cases). With regard to the
three cases in which the assisted ICS therapy did not bring
about improvement in pulmonary function, one was at-
tributed to failure in compliance because of the complica-
tion of stomatitis, and the other two were attributed to
airflow limitation with less reversibility associated with
COPD or the progress of asthmatic airway remodeling.
Nine caregivers selected MDI inhalers for assisted inhala-
tion. The reasons for selecting the MDI inhaler were that
MDI inhalers were easy to use, because they enable one-step
inhalation and that MDI inhalers could be used without
anxiety, because the spraying and inhaling conditions can
be observed visually.

It is often the case that functional disorders accompa-
nying asthma in elderly patients interfere with their inha-
lation technique, and this has led to hesitation on the part of
physicians to prescribe inhalation therapy for such patients.
One study reported that the more complications an elderly
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Figure 1. Changes in (A) peak expiratory flow (PEF) and (B) forced expiratory volume in 1 second (FEV,) at the start and end of self-
administered inhaled corticosteroid (ICS) therapy and at the end of assisted ICS therapy. Bold horizontal bars represent means of

PEF and FEV in each period.

asthma patient has, the lower the ICS prescription rate will
be.? Intellectual dysfunction, such as Alzheimer’s disease,
can result in a poor understanding of the inhalation tech-
nique, and motor dysfunction, such as rheumatoid arthritis,
will directly affect the physical ability to perform the inha-
lation procedure. It is assumed that, because the ICS ther-
apy was not performed regularly, the improvement in
asthma symptoms was limited, which in turn, led to poorer
patient compliance. When asthma management is insuffi-
cient in spite of repeated inhalation guidance, assisted in-
halation may be indicated. For assisted inhalation therapy,
it is important to select inhalants that are easy for caregivers
to use. Hydrofluoroalkane-BDP is considered appropriate
for assisted ICS therapy, because it allows the caregiver to
visually check the drug-spraying and inhalation conditions
of the patient.

In conclusion, assistance by caregivers in ICS therapy is
an important therapeutic strategy for elderly patients with
asthma, especially those with complications that result in
problems with the inhalation technique or compliance, and
this strategy can be expected to expand the application of
ICS therapy for elderly patients with asthma.
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CLAERET, L2 ERERSBRERD L
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BaYbo—WIZBIFAMAZXRTFOA FERGO
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Table 1. FFKEHRRPOXEREYE

TEY S
LER | AT

IAOY /AR

8~V IORZ 1 it

Oos2akuUIT> C/DYV/E, t Tt

Or3J~JI B, 1 t1

TORZ TSI ? ?

ORFET ? ?
EREEEY

—hOyrQvy 1 ?

NO,™/NO;~ t Tt

SNO 1 }
H,0, t Tt
lipid peroxidation E#) t ?
vasoactive amines t ?
FUEIT 1 ?
KERA 2 (pH) “ t1
A A ?

IL-18, IL-2, IL-6 1
B ?

Na, ClI ?

Mg !

Ca s

RITREMEN D 5.

1) B CO ZAWEKEREDTM : X7
04 FRIBEORE B TIER AN
K[ COMEITHMET, WART T A FIREITHED
BTR, BHEPOWEREOLE) & HHE L KT
PHEINTVAEY, L L aEmanss g
FAEDEITRANO BETALNSLIZLHEE
Tld 2.

FoRE, THOBOWART O RIHGEIZL -
TOHR COBEDETEAON o728 T 5
WMELDHY, WMEDORBILEIZBIT AR CO B
BEHEOERIT T SR LT,

2) BERE(LKREE AW KB RAEDEHE
[E LM BB ISR ARy ¥ VIRENSE
fET, BIEOUEL & HIVETT 2. TLRRES
ARI Y VIFA T4 NRIGEOBERB TRE
MNIHENEET, 2704 FBRECIVEEAL
NXNWVETETT 5.

SIBRIE DTS

RALKFFIZOWTIE, BIEREN D% (IgiE
ELTOBEZRDIFPHETLL TV,

IS EEHER (exhaled breath condensate .
EBC)Q

EHBATIZBWT, BRICHFEREICE L,
BIIC & D RERTAOWARS T O VML Eh,
ROFMIZE VPR SN A, ZONR T EFGH
L, BRI OKRER - BRETF2HILEELZ L
TR S N7k, R TS 5.

1. EBC ZRHW=KERIEDTHE

SFEXWMBAELZD EBC T, w270k
SEREYE OMH D HE ST 5 (Table 1),
LTC,/D/EJIREXmMB CHELRBINN A 5N,
EEEEOEELTWA, 72, HO, 84V
2%, NO,”, NO;7, S-= hbavFi+—),
b AU R L REIWERED
EBC i CHMT 2 L MEEIN TN A,

EBC IZ#EA R, JEEERAY, # K LRI
B EORMMEH A, FlF0KE, HEED
R IN T RWIZ 2 XY, HRTITWE
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WEETH S,

EHDOICO
SELTMEICBY 2 REREOFMEE LT,
FHVEHE - R A A - EBC & ZMAETHRE =
NTVRIBERBRI L. BEEETIE, HFRIZE
WL DBONIBELIFR NO BREY— 5 —
ELTOBFBREMMIITHRIN TV LD, ol
EA AR EBC bERA~—H—E7%0 3 puEek
RWOTEY, SBOBRFIFEEFEEINS,
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AIRWAY CLUB IN SENDA! (% 14 B %

7, 10S HEDIBETIE, R5, R20 ¥ 312 NACEE%RE< 3
HOEREET L., |SIBEOE{LES CVARL NAC
BO2HTHETLE, ROOABCVAETIYRER
24t (13% vs 3%, p=0.02) ZRL77

S41

T . LR TR BT T & 3 I0S kR AW
7z B RUSEER AT EESERDS, R & OISR O
BICHRTH 5 RIS E NIz,

BISIESETERBEEDH TV A 2 R MIINT 5 prostaglandin L SBEFEOBENE
&

DA EILRRYRERAR, 2RSSR AT

BE BAY BN BEP? AR B

FE FxZY B &R BEm g

A BT

HE BB E SR ER IR AR L B TR &
THBEREREEER TH 5, bbb B O
DFEBFIEL ORIEMEA T 4 2— 5 —B53 32 &
PESMIZLT22Y, Prostaglandin I, OBRSMEC T 3
ERIZTEATH %,

BfY: AEBEED Y TV A & VR S pros-
taglandin I #5088 #5135,

X5 & HE . TEHRISMESE SERREEE 15 2208
ELTz, BBEROFIRICE D 4 794 & VEBHERHIE L7z
#1z, prostaglandin I, analogue T#% % beraprost 120
pg/BE IR A 2580 cross-over IsTIRE LTz,
#ER : beraprost 512 & D HHRESRERIE L L e oz
B, ATV A Y VEEERERIET L,

EFE BIAERETERIEEREOREICB VT, prostag-

SUEEEME ORI ERRIE R ORET

landin [ I3 ARREZECTOES ¥ 2 HAICIERT 3
Z DV E N,

Effect of beraprost on capsaicin cough threshold in patients
with stable sinobronchial syndrome
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1000 1

100 4

-
=]
"

—
[

Capsaicin cough threshold (uM)

Run-in Placebo Wash out Beraprost

LRI ER AN FE =5

ok A HE OE @l BAR
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PP RS R Rz BH RE
— / #EIEF

BfY . [IEEEETTHE ORRE R S R O—D
THY, [EHEIERE RN OBHTIRERIROHIE
FHTHS, Lo LEEDE = BA SR USUEIER
JEZ RIS 5 SUBRE IR, R ETTRRER CRIHE
T, BEERDHEICERVFHET 2R EOMESRDH
%, T I TREHAEEREIC b 2 R SIEEEED S
HFRHEROMS 2 BR L U THRETS 2,

& EFHE  LEIREEE 18 4(BiE /i ; 28/50, By

BORIGERE /W BIRMERE; 49/29, VH94ER,; 44.4+15.3
B, FVC (forced vital capacity); 3.30£0.77 (L),
FEV, (forced expiratory volume in one second) ;
2.56+0.70 (L), FEV,%; 77.5£9.3 (%), %FEV,;
93.7+12.4 (%)) X8 & L iz, & EkIZ Cross-sec-
tional study T, —EIO/EZRRCA A A M) 8
£ UREEEIERE R L, - SRR O]
12 28 B PEF (peak expiratory flow) £=%1Y





