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The aim of this study was to establish an appropriate inhalation method with a mometasone furoate dry 
powder inhaler (MF-DPI). Utilizing a tone-based inhalation training device, we investigated the maximum 
peak inspiratory flow rate time (Tmax PIFR) and peak inspiratory flow rate (PIFR) to determine whether 
either had an influence on lung deposition with use of an MF-DPI. A low tone indicated a PIFR of 28 L/min 
and a high tone that of 40 L/min, while 60 L/min was considered to be the standard. We established an inha-
lation profile in consideration of a human inhalation pattern, in which Tmax PIFR was set at 0.5 s (Tmax PIFR 
0.5 s) and 2.5 s (Tmax PIFR 2.5 s). The reference cut-off value derived with a cascade impactor test was used 
for evaluation of the rate of delivered dose in the lung, which was the amount of drug from stage 3 to 7 at all 
PIFRs. We then investigated the relationship of the fine particle fraction (FPF) with the claimed dose at Tmax 
PIFR of 0.5 s and PIFR. There were no differences among the Tmax PIFR values for the doses emitted from 
the device or for the rate of delivered doses in stages 3–7. However, FPF for the claimed dose at 40 L/min was 
significantly lower than that at 60 L/min, which was dependent on PIFR. Our results showed that PIFR but 
not Tmax PIFR has an effect on lung deposition after inhalation with an MF-DPI.

Key words mometasone furoate; dry powder inhaler; maximum peak inspiratory flow rate time; peak inspi-
ratory flow rate; lung deposition

A mometasone furoate dry powder inhaler (MF-DPI) is a 
device utilized for administration of inhaled corticosteroid, 
which is used for treatment of asthma. MF binds with high af-
finity to the corticosteroid receptor and has anti-inflammatory 
potency,1–3) and is formulated for delivery via a breath-actu-
ated DPI using a Twisthaler®. Doses emitted from the device 
have been shown to be high, with flow rates ranging from 
28.3 to 70 L/min.4) That study also revealed that the dose emit-
ted from the device has a relationship with flow rate,4) though 
the relationship between dose and lung deposition amount is 
not clear. Furthermore, the mass median aerodynamic diam-
eter (MMAD) of an MF-DPI is 2.0 µm, the smallest among 
available, thus it is characterized by the design of the particles 
used, which reach from the central to small airway. An inha-
lation training device (manufactured by Taisei Kako Co., Ltd.) 
that emits tones and is used in a manner similar to an MF-DPI 
has been produced to practice inhalation. This device produc-
es a low tone at a peak inspiratory flow rate (PIFR) of 28 L/
min and a high tone at that of 40 L/min. However, the relation-
ship between PIFR-produced tones and the dose delivered to 
the lung has not been examined.

The rate of drug deposition in the lung has been examined 
in vitro in inhalation experiments. Those results revealed that 
PIFR actually sensed by patients was not reflected in those ex-
perimental results, as resistance to inhalation was not included 
in measured PIFR. In addition, individualized inhalation pro-
files can not be reproduced, because a vacuum pump is gener-
ally used for inhaling the drug in an in vitro setting. Hence, 
only PIFR values have been examined.

The time to reach maximum PIFR (Tmax PIFR) is extended 
in patients with respiratory dysfunction, such as chronic ob-

structive pulmonary disease and asthma.5,6) Thus, data regard-
ing the rate of drug deposition in the lung in consideration of 
that influence is required for clinical application, though has 
not been reported. We previously developed an inhalation sim-
ulator that can reproduce a rising inspiratory flow rate similar 
to a human inhalation pattern.

The aim of the present study was to establish an appropri-
ate inhalation method for MF-DPI using a training device. We 
investigated whether Tmax PIFR or PIFR, based on the tone 
produced by the training device, had an influence on lung 
deposition when using an MF-DPI. In addition, the rate of 
the delivered dose in the throat with a cascade impactor was 
evaluated, as well as that in the oral cavity and pharynx.

MATERIALS AND METHODS

Calculation of Rate of Drug Deposition after Inhalation 
under Various Conditions  We used an Asmanex® Twist-
haler® 100 µg (MSD K.K., Tokyo, Japan) as the MF-DPI in 
the present study. In addition, we employed our previously 
developed inhalation simulator, which consists of a flow re-
corder placed in an air-tight box covering the MF-DPI and 
equipped with a cascade impactor, flow control system, and 
vacuum pump (Fig. 1). Flow rate in the monitor was recorded 
using the spirometer. The flow control system was installed 
with a small flow control valve and the inspiratory flow rate 
was controlled by a computer. The flow rate was increased 
stepwise using a computer program and inspiration time, Tmax 
PIFR, and PIFR were also controlled. However, PIFR was not 
decreased stepwise, because our aim was to elucidate the in-
fluence of Tmax PIFR on lung deposition. Thus, we developed 
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the present flow control system to reproduce the inhalation 
profile and did not modify the cascade impactor. The doses 
delivered to the throat and at each stage were collected using a 
50-mL mixture of methanol–water–acetonitrile (10 : 7 : 3) after 
a single inhalation from the MF-DPI at a dose of 100 µg for 
3 s. MF doses in the collected samples were measured using 
high performance liquid chromatography. We considered that 
the Tmax PIFR value for patients with stable mild asthma was 
0.5 s (Tmax PIFR 0.5 s), while that of those with stable severe 
asthma was considered to be 2.5 s (Tmax PIFR 2.5 s) (Fig. 2). 
PIFR at 28 L/min resulted in sounding of a low tone from the 
training device and 40 L/min sounded a high tone, while 60 L/
min was considered to be the standard.

Influence of Tmax PIFR on Rate of Delivered Dose into 
Lung  In general, a fine particle fraction (FPF) size of 
<5.0 µm was considered to be likely to reach the lung (from 
central to small airway). The cut-off diameters for each stage 
were calculated by substitution of PIFR in the relational equa-
tion at various PIFR values.7) However, it is uncertain whether 
this equation is reliable, because there is no evidence for a 
Tmax PIFR value of 2.5 s. Therefore, the reference cut-off value 
in the cascade impactor test was used for evaluation of the 
rate of the doses delivered into the lung and the amount of 
drug in stages 3 to 7 was assessed at each PIFR. In addition, 
we used a PIFR of 28.3 L/min for 5 s, which is the reference 
cascade impactor test.

We calculated the actual emitted dose from the device as 
a percentage of the label claim, the rate of delivered dose in 
stages 3–7 for the claimed dose, and the rate of delivered dose 

in stages 3–7 for the emitted dose using the apparatus and 
conditions described above. We compared between the rate of 
the delivered dose in stages 3–7 at Tmax PIFR values of 0.5 s 
and 2.5 s at PIFRs of 28, 40, and 60 L/min. Significance was 
determined using an unpaired t-test when comparing 2 groups 
with the software package JMP® 8.0 (SAS, Inc., Tokyo, 
Japan). A value of p<0.05 was considered to be significant.

Influence of PIFR on Rate of Dose into Lung  We com-
pared between the FPF of PIFR of 28, 40, and 60 L/min at a 
Tmax PIFR value of 0.5 s, which was considered to have scant 
influence on the cut-off value, because a Tmax PIFR of 0.5 s is 
a short amount of time to reach PIFR. The cut-off diameters 
for each stage were calculated by substitution of PIFR in the 
equation.7) The calculated cut-off values for each stage are 
shown in Table 1. The cumulative amount of drug in stages 
3–7 was assessed by the cut-off value for FPF (<5.0 µm) at 
28 L/min and 40 L/min, while that in stages 2–7 was assessed 
for FPF (<5.0 µm) at 60 L/min. Significance was determined 
using Tukey’s honestly significant difference test for multiple 
comparisons with the software package JMP® 8.0 (SAS, Inc., 
Tokyo, Japan). A value of p<0.05 was considered to be sig-
nificant.

RESULTS

Influence of Tmax PIFR on Rate of Delivered Dose into 
Lung  The rates of delivered dose at each stage with a Tmax 
PIFR of 0.5 s and 2.5 s at 28, 40, and 60 L/min are shown in 
Table 2. In addition, those at the reference PIFR of 28.3 L/min 

Fig. 1. Schematic Diagram Showing Apparatus Employed to Measure 
Dose Obtained with Cascade Impactor and Inspiratory Flow Rate

Fig. 2. Inhalation Profiles
(A) Tmax PIFR 0.5 s. (B) Tmax PIFR 2.5 s.

Table 1. Values for Each Cascade Impactor Stage at Flow Rates of 28, 
40, and 60 L/min

Stage
Cut-off value (µm)

28 L/min 40 L/min 60 L/min

0 >11.06 >9.25 >7.56
1 7.04–11.05 5.89–9.25 4.81–7.56
2 4.73–7.03 3.95–5.88 3.23–4.80
3 3.32–4.72 2.78–3.94 2.27–3.22
4 2.11–3.31 1.77–2.77 1.44–2.26
5 1.11–2.10 0.93–1.76 0.76–1.43
6 0.65–1.10 0.55–0.92 0.45–0.75
7 0.43–0.64 0.36–0.54 0.30–0.44
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for 5 s are shown in the right column. Furthermore, the dose 
emitted from the device as a percentage of label claim, the 
rate of the delivered dose in stages 3–7 for the claimed dose, 
and the rate of the delivered dose in stages 3–7 for the emitted 
dose at a Tmax PIFR of 0.5 and 2.5 s are shown in Fig. 3. For 
each emitted dose, the delivered doses in stages 3–7 for the 
claimed and the emitted doses were not different between Tmax 
PIFR 0.5 and 2.5 s. Moreover, there were no differences for 
the rate of delivered dose in stages 3–7 for the claimed doses, 
while there was a significant difference for the rate of emitted 
dose from the device between the reference cascade impactor 
test (at a PIFR of 28.3 L/min for 5 s) and a PIFR of 28 L/min 
for 3 s.

Influence of PIFR on Rate of Delivered Dose into Lung  
FPF values for the claimed doses with PIFRs at 28, 40, and 
60 L/min at a Tmax PIFR of 0.5 s are shown in Fig. 4. Those at 
60 L/min were significantly higher than at 40 L/min (p=0.03), 
while there were no differences between the values obtained 
at 28 and 40 L/min (p=0.93), or between those obtained at 28 
and 60 L/min (p=0.06).

DISCUSSION

Drug delivery performance is an index used for evaluat-
ing DPI formulations. In human trials, a radiolabeled drug is 
generally administered by subject inhalation, though there are 
concerns regarding safety. On the other hand, human inspira-
tion patterns can not be reproduced in vitro, as inhalation is 
performed by a vacuum pump in laboratory conditions. We 
previously developed an in vitro experimental device that is 
able to control Tmax PIFR. It has been reported that most of 
the dose is emitted from a DPI device before reaching Tmax 
PIFR,8) thus indicating that drug deposition in the lungs 
might be affected by that value, though no findings have 
been reported to confirm that speculation. On the other hand, 
related studies have been presented. A relationship between 
Tmax PIFR and rate of carrier particle size released from the 
Rotahaler was shown.9) However, that study only measured the 
carrier particles released from the device, thus the results did 

not clearly reveal the relationship between Tmax PIFR and FPF. 
Moreover, another study measured FPF (% <5 µm) using laser 
diffraction and found it to be related with Tmax PIFR.10) Those 
findings showed that terbutaline FPF was dependent upon a 
Tmax PIFR of 60 L/min, when Tmax PIFR was in a range from 
0.1 to 0.3 s, whereas there was no relationship with Tmax PIFR 
ranging from 0.3 to 0.5 s. The Tmax PIFR of examined patients 
was reported to be greater than 0.5 s,11) though that was not 
examined in that previous study. In addition, we speculated 
that Tmax PIFR would gradually shorten from the maximum 
at 2.5 s, though found no difference for the rate of delivered 
doses in stages 3–7 between 0.5 and 2.5 s. Consequently, we 
examined it only at 0.5 and 2.5 s.

The relationships between various inhalation flow profiles 
and drug dispersion have been examined,12) with high, sharp 
drug releasing pattern shown when Tmax PIFR was short. 
When Tmax PIFR was long, the drug releasing pattern had 
several peaks and was lower than that as compared to when 
Tmax PIFR was short. It was concluded that the inhalation flow 
profile and drug releasing pattern are related. Therefore, it is 
possible that the sum of the released drug and drug delivery in 
the lungs is the same when PIFR is the same and Tmax PIFR is 
different. In the future, it will be important to examine vari-
ous factors that affect drug delivery into the lungs.

It is known that the PIFR of each patient has effects on 
drug delivery with a DPI5,6,11,13) and each pharmaceutical 
company has prepared their own DPI training device for 
confirming inspiratory flow rate. However, no previous study 
examined the relationship between PIFR of the training device 
and drug deposition in the lungs. In the present study, we 
investigated the effect of Tmax PIFR on drug deposition in the 
lungs at PIFR noted by a tone produced when using an MF-
DPI training device.

As the result of future research, we hope to develop a cas-
cade impactor without the need for a pre-separator. For doses 
of 200 and 400 µg, the MF-DPI delivered 40.8 and 36.7%, 
respectively, of the claimed delivered doses with particles 
sized <8.6 µm (stages 1–7) at 60 L/min.4) In the present study, 
100 µg delivered at a Tmax PIFR of 0.5 and 2.5 s resulted in 

Table 2. Rate of Delivered Dose in Each Stage of Cascade Impactor with Tmax PIFR of 0.5 and 2.5 s at 28, 40, 60 L/min, and 28.3 L/min (Reference)

PIFR 28 L/min 40 L/min 60 L/min 28.3 L/min

Tmax PIFR 0.5 s 2.5 s 0.5 s 2.5 s 0.5 s 2.5 s —

Rate of delivered dose (%)

Throat 8.7 (2.0) 10.4 (4.8) 9.1 (1.6) 11.4 (8.6) 11.4 (2.4) 15.2 (10.3) 5.4 (1.5)
0 10.5 (6.9) 8.2 (5.0) 8.3 (1.3) 7.7 (2.6) 11.9 (4.0) 6.5 (3.1) 7.0 (1.9)
1 19.4 (5.8) 12.7 (4.1) 15.4 (4.5) 12.8 (5.5) 9.3 (1.5) 13.4 (7.2) 11.7 (1.7)
2 11.2 (3.9) 8.1 (7.6) 11.3 (3.0) 10.9 (5.8) 9.9 (4.3) 5.8 (2.2) 7.0 (2.4)
3 9.9 (6.2) 3.9 (2.6) 5.2 (1.8) 5.0 (3.9) 4.4 (2.2) 2.9 (1.0) 4.7 (2.0)
4 3.9 (1.9) 3.7 (1.8) 3.5 (1.2) 3.8 (1.6) 6.2 (3.4) 10.4 (5.7) 2.0 (1.0)
5 3.3 (2.2) 3.6 (2.6) 5.9 (2.0) 5.6 (2.9) 5.2 (1.9) 7.5 (3.2) 4.2 (2.9)
6 3.9 (1.8) 3.4 (2.2) 5.4 (1.2) 4.4 (1.7) 6.2 (1.8) 6.1 (2.0) 3.0 (0.4)
7 2.4 (1.0) 4.0 (3.2) 1.5 (0.5) 2.0 (1.4) 4.3 (1.3) 3.5 (1.6) 2.4 (0.2)

Rate of dose released form device (%) 73.2 (16.0) 57.8 (11.4) 65.7 (5.6) 63.6 (10.3) 68.8 (12.0) 71.4 (14.4) 47.4 (2.7)

Rate of dose delivered in stages 3–7 for 
claimed dose (%)

23.4 (8.4) 18.5 (4.5) 21.5 (3.1) 20.9 (8.7) 26.4 (9.5) 30.4 (9.3) 16.3 (4.7)

FPF (%) 23.4 (8.4) — 21.5 (3.1) — 36.3 (10.5) — 16.3 (4.7)

n=5, mean (S.D.), FPF; fine particle fraction.
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45.6 and 49.6%, respectively, of the claimed delivered dose in 
stages 1–7 at 60 L/min. Thus, we think that the pre-separator 
is not necessary, as the results were quite similar.

The Tmax PIFR of asthma patients in a stable phase has been 
reported to be 0.5 s.11) Thus, we used Tmax PIFRs of 0.5 and 
2.5 s as maximal values in the present study. Several studies 
set the inspiration time at 2 s by taking vital capacity into con-
sideration, as the time required for a patient to strongly inhale 
with the DPI is approximately 2 s.4,14) On the other hand, it has 
been noted that the dose emitted from a DPI is not affected 
by inspiration time.8) Moreover, the average lung capacity of 
Japanese healthy adults is 3.5 L in males and 2.5 L in females. 
Thus, a Tmax PIFR of 2.5 s was set as the maximal value in 

the present study, while total inspiration time was set at 3 s. 
A PIFR of 28 L/min with the training device is equivalent 
to the maximum flow rate of a 3-year-old child with asthma, 
while that of 60 L/min is the same as that of an 8-year-old 
child with asthma.15) It is considered impossible for children 
younger than 3 years old to use a DPI. Accordingly, a PIFR 
of 28 L/min is considered reasonable for nearly all patients. In 
addition, we found no differences in the rate of delivered dose 
in stages 3–7 for the claimed dose with the reference cascade 
impactor at a PIFR of 28.3 L/min for 5 s as compared to that 
at 28 L/min for 3 s. However, the dose released from the device 
was significantly different between the reference cascade im-
pactor test and each group, except for a PIFR of 28 L/min with 
a Tmax PIFR of 2.5 s. Also, the rate of the delivered dose in 
the throat by the reference cascade impactor test was lower as 
compared to the others, though the reason is unclear.

Since the emitted dose and rate of the delivered dose in 
stages 3–7 for the claimed dose, and that for the emitted dose 
from the device did not vary in regard to Tmax PIFR, it is sug-
gested that drug delivery in the lungs by the MF-DPI might 
not be affected by Tmax PIFR. Thus, we concluded that PIFR 
exerts effects on drug delivery by an MF-DPI without depen-
dence on inhalation pattern.

As for the effect of PIFR on drug delivery into the lungs, 
we considered that the doses emitted from the device are not 
affected by a PIFR in the range of 28–60 L/min and our find-
ings were consistent with others previously reported.4) Mean-
while, the cut-off diameters were useful to calculate with the 
relational equation7) at a Tmax PIFR of 0.5 s. It was also sug-
gested that FPF for the claimed dose was significantly lower 
at a flow rate of 40 L/min as compared to 60 L/min, and also 
tended to be lower at a flow rate of 28 L/min as compared to 
that of 60 L/min (p=0.06). Thus, PIFR was shown to affect 
drug deposition in the lung after inhalation with the MF-DPI.

Our results indicate that drug delivery into the lungs by 
the present MF-DPI was not affected by Tmax PIFR, but rather 
by PIFR. Furthermore, they confirmed that the MF-DPI is 
capable to emit a sufficient dose even at a low PIFR of 28 L/
min, which produced a tone by the training device. In future 
studies, it will be necessary to clarify the mechanisms related 
to our results.
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Fig. 3. Comparisons of Tmax PIFR Values at 0.5 and 2.5 s for (A) Rate 
of Dose Released from Device, (B) Rate of Dose Delivered in Stages 
3–7 for Claimed Dose, and (C) Rate of Dose Delivered in Stages 3–7 for 
Dose Released from Device at Each Tested Peak Inspiratory Flow Rate 
(n=5)
◆: Tmax PIFR 0.5 s, ●: Tmax PIFR 2.5 s, □: Reference cascade impactor test 

(28.3 L/min for 5 s).

Fig. 4. Relationships of Peak Inspiratory Flow Rate with Each Value 
and Fine Particle Fraction (FPF) Value for Claimed Dose at a Tmax PIFR 
of 0.5 s (n=5)
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