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Abstract

Objective: To study the influence of the positions of the mouthpiece of the dry powder inhaler in
the mouth on the delivery and deposition of the medicine. Methods: Budesonide was used as an
active pharmaceutical ingredient for a carrier-based prescription model. The particle size distri-
bution of the drugs required for the simulation was obtained from the in vitro NGI impactor expe-
rience. Under the conditions of high, medium and low flow of RS01 and Handihaler, the drug deli-
very performance of different mouthpiece positions in the mouth was numerically simulated. Re-
sults: The positions of the mouthpiece in the mouth primarily affects the distribution of the flow
field of the upper airways such as the mouth and throat, but has little effect on the flow field un-
der the main bronchial. In addition, the influence of the position of the mouthpiece in the mouth
on the deposit of drugs in the mouth and throat is related to the type of device and the breathing
rate. When the deposit amount in the condition “insertion angle 30°, insertion depth 5 mm” is
taken as a reference, for RS01 device, the mouthpiece positions in the mouth caused a regional
quantitative change in drug deposit in a low flow condition is 8%~116%, in a high flow condition
for 5.32%~20.41%; However, Handihaler is 14.22%~17.39% at low flow rate and 2.31%~8.46% at
high flow rate. Conclusion: Under the condition of constant inspiratory flow rate, the orientation of
the mouthpiece mainly affects the flow field distribution of the upper respiratory tract such as the
mouth and throat, the two inhalation devices in this paper have the same performance; The influ-
ence of the position of the mouthpiece in the mouth on the deposit of the mouth and throat is
linked to the type of inhaler and the inspiratory flow, the effect of changing the insertion position
of the RS01 mouthpiece on the mouth and throat deposit was very evident at low flow rates, whe-
reas the effect of Handihaler was less significant. Consequently, for various DPI devices, the posi-
tions of the mouthpieces in the mouth deserve a thorough discussion.
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Table 1. A list of experiment materials

F+ 1 LRI

2 I BE
RSO1®@¥: & 7 K| Plastiape Spa A 7]
HandiHaler®%# & f#i [ Boehringer Ingelheim 2 7]
TURBULA =418 A HL e B SPINE /N
TPK2100-R it 4% il #% #i[H Copley Al
DFM2000 i &1t #i[E Copley /]
SCP5 HAE R #i[E Copley /]
(Next Gefﬁrat?:ﬁniitor, NGI) 5% Copley 227
1260 2 ey SBUAH B A %[ Agilent B AR AF
T 2 e JEUR 25 Chemo /A 7] #t5 PR190178, Df%;y 1.38 um, RN
B i DFEphama i MO0, 5 101WSHD, D30
Ak FUNE i % DFE Pharma A 7] #t45 104FW32, D50 4 5 um, #5#EK 1.32
i TR R A # 35 HPMC Jii fiufe, #tt'5 5410553
Wz - RE I AR - H - 2B
B S s W A S
St ) %&.M?Zm%ﬁaﬁﬂgﬂﬁ.Mﬁ
kgl - e #it'5 21015166
=gz B8 UG NX 10.0 #4[E Siemens A 7] -
ANSYS Fluent 19.2 # 1} %[EH ANSYS Inc.A 7]

3. FEMER
3.1. FEEHIFSRE

itz . FLBE Inhalac®206. 43 FLBE Inhalac®300 #4118 i £ Lt 2:88:10 1 EL 45l i] 4 15 g 4b 5Bz,
S R b PR B IR G 4 3 9 (25 + 2)'CHI(50 + 5)% RH, EAAERAEMTR .

T 56¥ 1.5 g 4K FLHE Inhalac®300 5 13.2 g FLH# Inhalac®206 F LTV 51 40 Hif, # 70 mL %%
FURGHE S TURBULA =4EIRGHUIR G, TREGHIHE 101 rpm, JEAREIA 30 min; R4 54 0.3 g 1
HhZS AR R A NV B FE LR SR A 60 min 1324 B . ARG HHMTIR A S RN, IR A 5 1AL T7 P4l
fERREA L, 76 4 MRS EEE—R, BRI 20 mg, KRG GOk E i th B i i, i
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24 A7 M 2 2 B S PR i 24 . A YMC-Triart/C8, 75 x 3.0 mm, 3 um; %izh#H ¥ 35 mmol
ISR IR PR R R (PH3.7)s HEFERON 100 pl, HEN 0.6 mi/ming A KA 214 nm/244 nm; 3 35°C .
2Ky I VR 25 5 AT M 23 4 KE % A v {22 (Relative Standard Deviation, RSD)/N T 3%, i £ IR & 1 51 R,

AT RS TE o B Ja ¥ 48 Bp i b 75 kAT F THERS, A 3 5 HPMC IR$E5E, RS (10 + 0.05) mg.
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fEF NGI 5 2575 BN Y08 K RTEIE R DU T B E . i 1 s, AszigrhiEds
SR FKCE S CE, DPI WSS B B8 & W 28 55 104 B SUARE[13] [14], FFLESLIe R T <25 1k
Ko, s2ibmF R EEE, EEREEHIESETIRE R Bin kD, B 5 B0 5 I 16 R 38 M E TR
e E IR, BRI SARIETA N 4 L, FRAH SIS 3 R HE, FMAHsEI R/ EE 2 K.
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Figure 1. Schematic diagram of NGI impactor in vitro test process
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Figure 2. For Handihaler and RS01, aerosol size profiles based on drug mass as a function of the arith-

metic mean of the cutoff diameters at two adjacent levels of the NGI
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Figure 3. Schematic diagram of inhaler device and respiratory tract model, where MT refers to
the mouth-throat and TB refers to the tracheal bronchus
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Figure 4. Mouthpiece insertion position diagram
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{68 B A 3 2 B Fluent 10.2 (SEIE ANSY'S 24 7 ) R BEH A7 b 40 FRAR T 82 54T 1B 5
PERCR - Bk BT FUE 2R F AT, £ BRI R A LB A I AN AR BRI B B M . s A
R R4 AR RO A T, S koo sstBUR16] A MEAT R, 5 B A2 3 52 A0
“EERN R, ARTEI AR  AA RGEAN T 109%, BRI PR R 2 R A B O RIS,
L PRI AA T (1 T, 72008 SRR R A 0 1 FIL7], R it )y 7 T SCRR[18] o % 487 ) 11 i
“Velocity-inlet” %, HURI TR AN E AN, # 2 M4 T HEH 0 B

Table 2. Conditions for CFD simulation
2 2. CFD ## &4

RS01 + MT + TB Handihaler + MT + TB
I Pressure-inlet: 0 Pa
Hydraulic diameter: 5.83 mm Hydraulic diameter: 4 mm
kAT e Velocity-inlet
Hydraulic diameter: 19.68 mm
BT ToH 8 kAT
ARG R 5 B (kg/m®) 1270
535 55 1 (kg/m?) 20C %M. 1.205
A, BTk (kg/m-s) 1.7894 x 10°
Vi (L/min) 30. 60. 90 15. 30. 60
HE = J)(m/s?) 9.81

BV S A NI P S BE TR, XHASE RN FH G B BE T 2% A, b T AR PP IS IR P R RIS
WZAE R, WORL WP BE A v RE 2 B RGP, DAL BE I S AR B “trap” SRAESHUTRLITRR,
BRI CURIH 13BN “escape” SRR 6% « AT 7 A TTAR 20 B0 2 F-0h i &5, A ()
B, Hdrm, FRIR7E DMk X 35 (Mouth-Throat, MT) 5S4 3 <& [X 38(Tracheal Bronchus, TB) 13T i &
M SR N IR T8 A v ) R o
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M EN 5 e 04 DA R B A B, USP WA BEAR DTG SA AT, IXUERT T DRITAR S oL SRR ) L
TR 5C, USP Mt — AN B2 N8 DTGB B A R FRRRE R ELAR A, (A, 1 BRI &, Xi [20],

DOI: 10.12677/mos.2023.123201 2202 e RSE TR


https://doi.org/10.12677/mos.2023.123201

ML 5

Huang [21]55 A\ (8 FEUESE 1200 o ASHEFE T AR A 55 USP WS AH b BAT SN BCSR LAy E BEARRAE
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Figure 5. Deposition fractions using various MT models from previous studies plotted against the impaction parameter and
compared with the present study using the MT geometry
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3.6. RS01 1 Handihaler 3im4MxtEE

M 3(b)s [ 3(c) BT L AR IRATAT DAL 222, B AR RSO1 A1 Handihaler #5/2 ix 2E%! DPI 25 8, {H2E
ATE U &5 46 B AN [E], RSO A4 P /N i <AL HLR W FLAR B K . ZEAH [ IS 264, RS01 A
Handihaler [zt E B RIIZR, K 6(a)s El 6(b) A E 2= BT L FRATAT LLR I, Handihaler %%
B UEA R, RIRAE B TR EIRME R LA R IahRe: A 6(c)s Kl 6(d) IRz ZR I R kAT
ATLAERE, SIRAE RSOL HH RIRF@IR M RTIZ 3N, 7E RS HFIRME f5 B T2 s A R S 46 g DY & 4 15
Handihaler =SB A O RIRITADE B, 76 55 FF IR OWE 5 4R RPR0m 1 BE 35 J5 AR T B, X Seymiim R 1 (1 22
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Figure 6. Flow field velocity contour diagram (a) (b) and velocity streamline trace diagram (c) (d) of RS01 and Handihaler
device at 60 L/min flow rate
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3.7.RSO1 {HELR

P 7 SA7E 60 L/min WS 25 1F T, RSOL W N2 B DIAS [R] W 4 N 557 3 N 11 s s 1 e o R 92 32
A0 BRI A B . MBRE AR, RIS BN DN B S B e 72 80, P JRARAE
BT R BEALI 2 R A, ARt N e s e 5 R A B T A AR A, K 259 20 R CROR B A 3R A, T4 kL
TR ELE Ik S A% M AL B P AR [26], B JE SO FE PR S B B 2k R 48 R 36 306 B B E PRI TE [26] [27]
[28] [29] [30].

52 RS01 JUAT &5 Ha 52, A AE 255 B I v vh (O i 12 2 il Je ik N BB 5 11, Coates [31]55 A - HA R A
AR, EME— e L AR B, (IR TSR B TE 28 B S s A, SR 2 I8 eiE 80,
M 7 ()T iz P H FRATT O DAL 5% 380 75 W o B T A B s s, HLIE SR B i . SRR HEN T I
SRS K S EER R SRS, BEE SR A BB IR HOR kg, 7 20k R ek S T AR /N
DX S5 i AL B S B I B, R AR T e R S R R 3. Bk nT En, MRS B AP
SR s HR A A8 Ak, T AT BE SR MDA R YR, O T I AERR B T I MEGIAR RO RN 2
BHEEEN.

ML 7(a) T LARREZ R, WM 14 N A7 B 5 T R O 1 Ak g v AR AE 1 R A B A, AR
W 57K P 5 30° A BEAR N 1S I ASRLAE R e B R SR 35 50 T AR e AP AN IR, s i = 2 B A
TE TR (A 505 W OB s N Vo8 PR 110 5073 2 S e W A v TR B VR AE S ) e i) A2 B . ACEEL 7(b) FRATT T DU
R, PN E I ME S K2 307 A BN s, BORLTE s BE [ 4 A RO 35 5T, (E2 24 KP4
A E erh i 205 3k, FORLZE 00T DA R & SREBAL TR A 2 o b AN FRATTIE AN 452 1) 224 W g e N 303
BF, 52 3 IR 55 1 s T i B TR ) (R0 2, 3 EUUREE TR H v s BRI TR AR 2 o
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Figure 7. Flow field velocity cloud diagram (a) and particle deposition distribution diagram (b)
of MT region when RS01 is inserted into oral cavity with different mouthpiece insertion direc-
tions at 60 L/min flow rate
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WA BRI ARy A B e AL 8(a) HIRATAT LAVIEE R, BEAE SIRIRN, 1E S AT XK W
N TR 5 A (5 J A9 2 [32] 0 WRAMSIRAE SO 7 XA R A0 85, oy B JEAE R — s Nl
RE TR AR TE B 5y, 7B A MO EE [ Ak 38 B2 AR [33] . ANIA 8(b) R ERATALER 21, 75 7 AR 2
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Figure 8. Flow field velocity cloud diagram (a) and particle deposition distribution diagram (b)
of TB region when RSO1 is inserted into oral cavity with different mouthpiece insertion direc-

tions at 60 L/min flow rate
& 8. 7£ 60 L/min SREHKMET, RS01 LANREIRMETEAN S AEAN OER TB XIgRmEE

B () RFALTLIR 75770 E (b)

3.8. Handihaler {i B4R

Pl 9 ATpe] 10 AERATRT LA EE R, {4 Handihaler W\ %5 B IS H TS FEAR SRR, 7ERE TR
A —2k 084, 5 RSO1 %% B 2510L, Handihaler Wi N\ 25 B IR I 1 N 757 6 F 240 2% 4 5 M <3 LA B SR 7 11
Jis R BRI A A I AR W5 38 Wk SFHIAE DA S AE 2 SOV L N IR T — B0l . AL 7~10 i3 E 1)
xﬁtbqﬂﬁaﬂw;zfm, XFT RSO1 F1 Handihaler, 32 57 2 SR A TE LSS BIRIRGE X I, 5256 B 28
KB MERANTTALA R, TEFCARE NEXIBRE T —5, SRR T LB RBCRAR: Pk
PUAREE R, (] Handihaler BPRURIZE 1 TR AL B BN EE T, VR DL 30° A B i N 1 i s kL e

N=H

BURAE DG 177, MR KP4 NIRRT Sk BRI %
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Figure 9. Flow field velocity cloud diagram (a) and particle deposition distribution diagram (b)
of MT region when Handihaler is inserted into oral cavity with different mouthpiece insertion
directions at 60 L/min flow rate
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Figure 10. Flow field velocity cloud diagram (a) and particle deposition distribution diagram (b)
of TB region when Handihaler is inserted into oral cavity with different mouthpiece insertion di-
rections at 60 L/min flow rate
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Figure 11. Diagram of the effect of inhaler mouthpiece insertion orientation on particle MT deposition
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