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Abstract: We established in vitro evaluation methods of the nebulization characteristics of budesonide suspen-
sion for inhalation and analyzed the influence factors. The delivery rate and total drug substance delivered (TDD)
of two manufacturers were determined by using the breath simulator with different nebulizers. The aerodynamic
particle size distribution was investigated by next generation impactor (NGI) and HPLC as well. The fine particle
dose (FPD), the mass median aerodynamic diameter (MMAD), the delivery rate and TDD results of the same
sample with different nebulizers were significantly different (P < 0.01), mainly due to the different design parameters
of the nebulizers. The FPD of two samples were significantly different (P < 0.01) by the same nebulizers, probably
due to differences in physical and chemical properties differences such as suspension particle size. The analysis
method of nebulization characteristics provided in this paper can be used to select the nebulization device with
appropriate delivery dose and aerodynamic particle size distribution (APSD) for different inhalation liquid prepara-
tions in clinical practice, and can also be used as the guidance for the selection of nebulization device and analysis
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method in the research and development of generic inhalation liquid preparations and quality consistency evalua-

tion.
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Table 1 Breathing simulator modes

Specification

Item Adult Child
Tidal volume 500 mL 155 mL
Frequency 15 Cycles-min™ 25 Cycles-min™
Waveform Sinusoidal Sinusoidal
Inhalation/exhalation ratio 1:1 1:2
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Figure 1 The delivery rate and total drug substance delivered by different nebulizers. A1, A2: Nebulizer A; B1, B2: Nebulizer B.n =5
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Figure 2 The delivery rate and total drug substance delivered by nebulizers A. n =5 (A2: n =10), x + s
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Figure 3 Next generation impactor (NGI) stages of manufacturer
I 'and 11 by nebulizer A and B. MOC: Micro-orifice collector

B AR NGI 2 321 24 & f s A A B B
M AE 2 BB o

W H i) APSD 1T fir Z ¥ 1 FPD. FPF. MMAD #iI
GSD. FPD NZS ) J12ERAE/NT 5 um BRI 2
i, fR T AT RRRE NS 00 2 W kL7 & FPF R 25
TENGERUIALE 4r . FPD 5 FPF kR, 2901k 20k
e, i AR Y, MMAD 2 i & R R R
(RSO B4R, i B R /N R 8 %, MMAD 7E 1~5 um
DAY /I T SR, o 75 7 B 1 38 ST 100328 B 43 S, IR T
FRBLT; GSD s I R URL K /N 1) B8 HUOFE B, GSD i

PRI 1 S ORI Bk ES) — o AR S HL L 4.

PR A b [ A6 R it A T 25 40 2 B % B K
FPD.FPF.MMAD #1 GSD ¥ 77 /£ i % 7% & (P < 0.01),
FEEANFPDRR. SR RH, AEPTHIEE
IS 8 P 79 2 2 S K T 2R 5 B A R L ) I i AL T
BIAEAE— 8 I 22 57

18 FH 5102 B A ST Ak 2% 3R S idh AT M, A
AV T FPD %K, MMAD B &1 T A 1T 7 Al FF
BIAEAE—E At e 2 5 (K15).

3 IBUHEMERR

2 BN A T 751 P 35 R B R 1) D 24 YR 1)
AR, TRV B, S EOCTE HIR BRI A
R AEUA R, ARSI ER FEUE BB R BE ORI
WSE A FE IR R T H08s B AR ACEE 43 e T RN H
A 1 253 8RB R pH (B VB3 R BRI B LG TR B
SPIPRLAS Rl FE SR R (K 2).

AV T AV IR VR B PP B R AR A AE — 58 22 5%,
pH {H 7535 [ JBE JR ik i EL 86 P R R X 85 i g e AR —
. AR il 2k 8L A 1) HerscheL-BuLkLey 7 #2 7 =
1.748x107 + 5.488x10°%)"*° (FE 1) 5 v = 2.743x107 +
2.927x10*"T (BESAIT) . 25 R, PR il BN TR



O WA AR R SR R A F A - 2673 -

30— ”
W Manufacturer [ batch |
B Manufacturer 11 batch 4
20—
50
e
10 =
0=
Al A2 Bl B2
£ -
W Manufacturer | batch |
B Manufacturer 11 batch 4
=
8 -
=
=
=
7 -
()=

Al A2 Bl B2
Figure 4 The aerodynamic particle size distribution (APSD) items of different nebulizers. FPD: Fine particle dose; FPF: Fine particle frac-

S0 E Manufacturer | barch |
B Manufacturer 11 batch 4
=
Lo
a,
-
Al A2 Bl B2
25= .
H Manufacturer | batch |
B Manufacturer 11 barch 4
2.0 =
1.5=
fre)
2]
Q
1.0=
0.5
0.0=
Al A2 Bl B2

tion; MMAD: Mass median aerodynamic diameter; GSD: Geometric standard deviation.n =5, x s

30—

FPD/ pg

10=1

MMAD / um

S8
.ac.\ \‘\\. iﬁ“\

N.\g;\“ N\_,\\\" ‘J\*“ “h\,\\\

40—

-2
g
I
(=9
m
T s P 7 <
NIt \,\ o
N RS ,«\s\\ «q\\‘

20—

Figure 5 The APSD items of manufacturer I and II by nebulizer A.n=5,x s

AR, AR D A R AR EL ARG A, A R
. PRI, BR 55102 B A R & UKL R AR B R 52
M 55 A0 I N TR BT 25 A R 1 £ L R 22— 1ol

Wig
RN ) 750 W P P I 5 5 5 A e LIRS, 2%
MRFE 25 52 1) 5 24 i 5 S5 A EL IR i 77 A ) RO IR




- 2674 - 22224 Acta Pharmaceutica Sinica 2021, 56(10): 2669 —2675

Table 2 The physicochemical properties of budesonide suspension for inhalation from different manufacturers

A TR T8 24 0 0 TR 7

Manufact Bench Parameter
anutacturer enc pH Osmolality ratio Average diameter/um Viscosity /mPa-s Relative density
I 1 45 0.98 1.128 2 1.007
2 45 0.97 1.388 2 1.006
3 4.5 0.97 1.344 2 1.006
I 4 4.5 1.00 1.389 2 1.007
5 4.5 0.97 1.865 2 1.007
6 4.5 0.99 1.483 2 1.007
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Figure 6 Nebulizer structure
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Table 3 Cumulative percentage of mass less than the stated aerodynamic diameter®*!

Cut-off diameter (d) Mass of active substance

Stage

Cumulative mass of active substance Cumulative fraction of

/um deposited per discharge (m) /ug deposited per discharge (c) /ug active substance (f) /%
MoOC / m8 / /
7 d7 m7 c7=m8 f7 = (c7/c) x 100
6 dé mé c6=c7 +m7 6 = (c6/c) x 100
5 d5 m5 c5=c6 + m6 5 = (c5/c) x 100
4 d4 m4 c4=c5+m5 f4 = (c4/c) x 100
3 d3 m3 c3=c4+mid f3 = (c3/c) x 100
2 d2 m2 c2=c3+m3 f2 = (c2/c) x 100
1 d1l ml cl=c2+m2 f1 = (cl/c) x 100

c=cl+ml 100
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