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MEWEE A TPEBELREF  ALBREFFFROC~25C)BEMELBEREY W AREEZLAHT
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Methodology validation of the determination of aerodynamic particle size
distribution by next generate impactor
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( National Institutes for Food and Drug Control,Beijing 100050, China)

[ Abstract] Objective: The preferred method for measuring aerodynamic particle size distribution (APSD)
is cascade impactor. The next generation impactor ( NGI) is a relatively new instrument among cascade impactors
(CI), which has been included in the pharmacopoeia of various countries, however, there are still many problems
in the process of methodology validation due to the cumbersome and complex operation of the method. In this study,
the established CI method was systematically validated to reduce the variability of method, which could be used for
the quality control of inhalers. Methods: The APSD of ambroxol hydrochloride inhalation solution was determined
by NGI, the drug contents at different stages were determined by high performance liquid chromatography ( HPLC)
method, and aerodynamic statistical parameters were calculated by the CITDS software. The methodology investigation
included the establishment of HPLC method, determination of NGI nebulization time, re-entrainment, robustness of
flow velocity, inter-stage drug loss, instrument calibration and leakage test, recovery rate, influence of diluent,
repeatability and intermediate precision, temperature and humidity, etc. Results: The adopted HPLC method

could be used for the assay of ambroxol hydrochloride ; the nebulization time of APSD was determined to be 1 min;
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the inter-stage drug loss was not greater than 2% of the total nebulized drug amount; the instrument was calibrated
and no leakage was detected. The total recoveries were over 95.0% . The source of diluent had no effect on APSD
determination results. The established method had good repeatability and intermediate precision. In the laboratory
environment (20 °C ~25 °C) temperature had no effect on the experimental results. Humidity (30% and 50% ) had
certain influence on the measured results. Conclusion: NGI was used to establish the method for the determination of
APSD of ambroxol hydrochloride inhalation solution, and systematic validation was finished. It was proved that the
precision and recovery of the method are good, and the method variability is small, which is suitable for the
determination of APSD of ambroxol hydrochloride inhalation solution. This study provided a reference and basis for

the establishment and verification of aerodynamic particle size distribution determination, and this method can be

used for the quality control of inhaled preparations.
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U R R AEAE I 2 )8, H A A A1 9 24 R
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TESHER

1 BHEBEHE

1.1 HHEBIEEMGE KA Inersil 0DS-3 C, A5
(250 mm x4.6 mm,5 wm) ; #E4H K 0. 01 mol - L'
R A W W (IR M1 pHE R 7.0) -2 i
(50:50) ;i3 1 mL - min "5 A P K 248 nm; £
30 C,

1.2 REBERAMIR” PRI R E IR R 8
255 mg, N EE 0.2 mL %5 i , in AN EE ¥ W (1—100)
40 L, #5260 CORE A S min, W, R E N
7K 5 mL ¥, AR S ARG B 2 20 mL IR 5] A %
HEHL 40 WL, 7 A G54, H UL 17 R A
TSI R, R R S 2% T g (R N R B R R
0.8) Ry e N 7.3, WAl 1,

25 122-11.863

1-7/501-9.393

2 4 6 8 10 12 14
t/min

B 1 FRIE AR HPLC &

1.3 Z=a@HBTHAXE BREOMHBERY
I mL, 2 25 mL S, i sh A B 2 205 IR 2,
K A0 L, TE AR 35 A, H5 IR 17 TR
(T 26 PRI 2 , 45 2R L AT 2, 45 2R 3R TS 1 A R
TE IR AR A TE i 1 B RS T =R R
Mz

0 2 4 6 8 10 12 14
t/min

B2 = HHERH HPLC K

1.4 ZKHEEEE A6 RABCH R 2% PRI IR 2
TRZEX IR 0.024 58 ¢ & F 100 mL & i, i AGE
SV SRR W, A TR B AE S A OT AR R = 2 L IR
5], BN Sy 245. 8 g mL X RO A A TR, 4R
PEVSWE 4,5,6,7 F1 8 A TC il kG % ot HUfl &5 W 1,3,
5,9 Ff15 mL 4> 3 '8 F 25,25,25,25 f1 10 mL &
o TI Bh ME R R R 2 IR A, B ARk
9.83,29.50,49.16,88.49 F1122.9 pg-mL ™" 1Lk
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VS5 SRRV R 2 0 3 A TC ) - o3 oI AE % e R M
Wi 4(9.83 pgrmL ™) R 5(29.50 pg-mL ")
% 2 mL 4350 % 20 mL &, 03 20 AH VR B 2
ZIBE IR AT, ENAE By 0. 983 12,950 wg-mL ™' [
RV . ZRTEVS W 1 AT ) A 0 e R M
3(2.950 pg-mL~')2 mL % 25 mL &, ik sh A
VIR B 20 B TR A) B AR R E o 0.236 pgemL
PRI W . R %5 IR L 3R 26 MV T 4% 40 pL, i
AR AH 8 35 T 38 2 TR R vk B 5 e T AR Y 2 Pk G
2, REIRETE 0.236 ~122.96 ng-mL ™' i ik BF
TWHENLE R RL, BIH N A =978.58C -
0.043 ,R =1.000,
1.5 MHRMESR BB 1(0.236 pg-
mL ™) I Sh A R A B, DL ik i S/N =10
T E W E o 0.047 pg-mL ™" B2, JEFE 40 WL, 3% 1R
L7 IR A3 AR A i SR £ Rk &, DL £ g 0
S/N =10 i 5 & PR K 0. 047 pg-mL ™", JEEE
J A 1.9 ng; LA S/N =3 A K BRI B R
0.014 p,g-mL_l , HERE R H o 0. 56 ng,
1.6 XB/HEE BT SEW, #4840 pL, %
BECL 17 00T (335 25 1 DU 2, 90 o £ i 1A, o 2 kA
6 W, T E IR F 03 0 A G TE AR S OR B I ] Y
RSD, 25 ) <2% , RWUAHE % B R 1T
1.7 FEEM B APSD & 5 T 9 kil i 3 i, o3
WITE 0,2,4,6,8,12,24 48 Fl 72 h #EFE 40 wlL, i B8
117 TR A% S E il SR A A TR IR R
o 5 e A 0 T R 5 R BR B[R] RSD, 25 R Y < 2%
KUIREGTE 72 h WEE .
1.8 HEBMIRRTBFBRIENTE HEWRERRE
TRZ6 IR 0.024 58 F10.025 64 ¢ & T 100 mL i
o A I Bl A R R R AR IR S AR
W R R ZIE RS, 43 IS B IS mL & T 25 mL
S, T 2l AR B R 2 20 R B o B A Uk R 3 0 Sk
49.16 F1 51.28 pwg-mL ™" fil %F BR 5 v W 1 A AR
AR 2, KRR AR B W AR 4 mL 2
100 mL i Hr, i it 30 AH 5 WO B 22 20 B2 TR 20, K
%8 mL & 50 mL # i, Jin i sh AV O B 2= 41
FE RS, PATECE 6 A N R i i W, RS
B3RO0 B U W5 RS B U A 40 L, R AR 1
IR SRR R A bR T DA TR AR A R
E 4 99.98% ,RSD K 0.13% (n=6),
2 HBIARRENFEFR-APSD JIE
2.1 UHEESHEME HHALEE (25 +2) C,
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MBI (30 £5) % , 4 IR ( rp AR N R 3 i [ 24 4t ) 2020
AF B D 3 U] 0951 BE5R 224 NGI, yg 4 B T i fLid
TR (MOC) T (fit il 28 N3 , FFH 3% B e 5 CHY
VAR P S 90 min, FFJE H 25 E W a5 L AlE
PG AR VT O A ARG LR A E R
PRV 15 Lomin ™' ( £5% )" BCF it 4
BB I 2 mL(15 mg-2 mL ") 253 K 2 mL i B%
W SEALRR, D WA E L AR S 5 5L
L B (S BN A = el b T = e
G AT A B . BEE AR ), AL S s,
FALRE R 1S s, e P BLZS R, VA 02 v LAl
L8

2.2 EEEE B MOC J2% T i UE 4L 5 W AR
VSR TR Ve, VB AR S PR E T 100 mL 28 R, R
FARER B LIRS B RAE S A g Rk

TE R ZE AR/ o AR & J2 90T A UCEE A 2301 F O
SAH PR 25 mL B R P, TORY O AR R 1 0k
Bic % A S AR vh ik 2 50 mL B P . K% B L E
RS IR G T 40 pL, TE AU (35X

2.3 ZUmmEER o lH g A a5 A E) BE
$0.5,1,2,3,4 A 5 min, #4700 € . %5 4658 UGS,
W& ZHAE MM R, LR 17 TR
T S A |, 4 bR TR DA T AR B, I A 2
PR R S 1 IR I E 45 R A CITDAS 4 14: i
F5o3 07, 3R A% & 31 5 22 S RO B A b 1 i o R
(fine partical fraction, FPF) 8404 F ( <5 pm)
& (fine partical dose,FPD) | i i F{E 25 R, 3l J1 F ki
14745 ( mass median aerodynamic diameter, MMAD )
LA R ME A 22 ( geometric standard deviation, GSD) |
GERNE T,

F 1 K[ B E] 55 102 5000 25 3 x+s,n=3
Z AL [H]/min FPF/% FPD/mg MMAD/ pm GSD
0.5 61.67 +5.79 0.39 £0.16 3.85+0.35 2.22 £0.15
1 55.37+1.16 0.74 £0.01 4.29 £0.10 2.24 +0.02
2 59.31 £1.21 1.75 £0.20 3.99 £0.10 2.30 £0.20
3 57.29 +2.69 2.61 £0.40 4.14 £0.20 2.26 +0.02
4 59.28 +2.68 4.17 £0.60 4.04 £0.27 2.19 £0.08
5 60.82 +2.16 5.26 +0.30 3.93 +£0.20 2.21 £0.03

SR AR R, 2% R AR B RE B X A o B 7
LRI B N . 25 A E] 2 0.5 min I, %2 2
W 1) 24 0 B B A S R, M 5 RS AT A
283 AL AN 3 min JFUR 55 7N )2 GO £ b Hh 3
WA, H MMAD A W] A8 fk , 35 B n] BE A7 £ A
JZ G Bani B R A A, %5 4K S min I, iR
LN B B E a2 55 AR [E] A 3 min IR 45, 0
TE G5 R AT PR A 22 s ZE AR 1] O 2 min A4S 4%
B min BY4F, (HUZSC 5 b A BLIR] i R A R 55 1
RZMZEWE N, AT 8w, 55 4 551k
WP E] 2 2 min, B — 2 G 2 Bl O R, N AR AIE
LI Ty R I IS A o5 20 5 S5 AL IS ]S4 1 min
PARY BOY SX Z5 b & i IR 2 1045 U fdl A 8 i

&2 ARNRE TR F S EGTTER

20 min, A< Sh Il PR B 9% 55 46 45 55 46 15 min Bl 0]
TeEN.

2.4 RIEM AN USP 5 EP ¥yprid APSD Ul 5E
(B2 ZER AN 15 Lomin ™' (5% ), P T 56 4F
1€ 15,14.25 F115.75 L-min " ¥ T /3 9 A
Mo K ARG E O 1 min, #4217 f12.27 JF
AT, N A B i el 15,14, 25,
F115.75 L-min ™" #E47 5086, 55 4k 58 BUS , FH I 3h A
5 UE NG N 45 J2 9w W 2 17 , S AR VE ViR & 100 mL
S FE LU IR ) AR S A
T EEWE 3 W, TR AR AT %
APSD Z:%, 45 L3z 2,

x+s,n=3

i34 /L min ™! FPF/% FPD/mg MMAD/ pm GSD
15 56.76 £1.28 0.87 £0.02 4.28 £0.10 2.09 +0.02
14.25 56.10 £0.12 0.92 +0.02 4.30 +£0.01 2.17 £0.01
15.75 57.19 £1.80 0.93 +0.06 4.24 £0.14 2.10 +£0.01
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SEL T, 5 5 0 A B E YO 15 Lo min
( £5% ) P 5 45 2R G B & 5 )
2.5 ELEFEANMHB[ERMKERE K F b E 6
SEN T min, 392,17 M2, 27 AT L8, AR o8
JEJE , I S A S Ve NG Py 3 45 2 0 w5 W 2% 1T, I
VW ZE 100 mL B 4% 1 17 T00F 1 58 5%
PRI E A AR IE 3 K, S L R R A o A
PRER R AR LK 3,

®3 FAL 1 min B ZRRER A

x+s,n=3

G5 BAMR/mg  BEERUKR/mg  ISREBUKEANEL/%
1 1.33 0.24 1.8
2 1.39 0.20 1.4
3 1.31 0.15 1.2

SRR W oy A% P A A BE AR G 5 55 A MR
T <2% , GEWI S5 AL [E] 9 1 min 05, 45 BE 45
KB AF G A IR B b 07 3 T R R AIE A 2K
2.6 UEFtimIIX NGI G B 45 Bl R 7 itk
RBRBE R < 100 Pa-s™' o $i2 i rp A A R JE AT [ 24
i) PYRIE I 0951 BER 2 RAX A , fikt I IC 25 4G T SRS
By, 105 20 s, ARAG 7R B, R IWAER IEH n] T
2.7 UEHRKHE IR EP X NGI By 2R #E AT
%, K MitutoyoQV404 [ 3h #L5E K5 £ R G2 % nivl
A WS VEAT G A, R 25 2R L3R 4 RISk S .

R4 NGI %25 Bl 2 45

Chinese Journal of New Drugs 2021,30(24)

2.8 ORI M2 17 TR % ATk
5, K W 0 2R I sh AR ARk & 50 mL A5 RO,
255 F AL D B B2 24 W 3L s A VS M Uk & 100 mL
W E R AT E 6 W, 5 5% SR T T i
PRI el e B g TS A X i B/ % = (5
WEREE + K E R B + FARE) /F M)
AR x100% , Al R L5 L 0L %K 6,

F 6  FALHFE 1 min () W 5 4

xxs,n=3

WEWERE/mg KB/ mg FALRE/mg ] i 42/ %
0.019%0.005  1.34£0.05  13.77+0.12  101.08 +1.22
S Ty 1 2 38 I Bl A R A5 2 G e ke

B AR BT B AR e R AR
WEWNRK L, S & W MU R Y 7E 95% LI E, RSD
{H <2% , P 132 52 96 75 35 1l e R R 48, b vk O X
e W] 5E

2.9 BEREKERE  WBBRAIA AT AE 25
FIH S5 AR DRI 70 391 25 6 AN Ta) T 28 B s R, LA
Lo Hs BEWOMANRFRXS APSD Z 852 i . 14 8 bk
S 36 v 1 ) 2 B AT DN 5 AU A 28 i %
i B4 2 mL, i B ORI 230 2 GY, QD 1 SH,
bR DA B 03 0 AT DN E 3 K, 4% APSD &
A R ILFE T 5 53 B0 AL I ARG BE W, 71700 2
3UGER AR 8 SRR, TR T B B W

EP 9.0 #l e 0 4 R . o
e — . p— p— RS RA2Z BN, B S B0 B2 5, LR
fh L RE fhs fhs
9B TS {2 5L B
I & /mm o & /mm WORIEXE APSD 19 25 5 JCRE W o
1 ] 14.25 ~ 14.35 1 14.27 ~ 14.33
2 6 4.84 ~4.92 6 4.86 ~4.90 RT AR IEH B B 55 16 S 500 € 45 31
3 2 2.165~2.205 24 2,181 ~2.189 Xts.n=3
4 52 1.197 ~1.217 52 1.205 ~1.209 N
B -
5 152 0.598 ~0.618 152 0.598 ~0.618 e FPF/% FPD/mg  MMAD/pm GSD
6 396 0.313 ~0.333 396 0.313 ~0.333 -
GY 56.76 +1.28 0.87 £0.02 4.28 +0.10 2.09 £0.02
7 630 0.196 ~0.216 630 0.196 ~0.210 8
QD 55.58 +1.31 0.90 +£0.03 4.37 £0.11 2.10 £0.01
. SH 56.02+1.79 0.91 +£0.04 4.33+0.15 2.10 £0.01
£S5 MOC &4
ooRE PR 8L AN W0 B A 2 MO 4 N I
NGI " . S n FEWR ) 25 A6 2 85000 7 45 R %
, W 4 T W AT E FIe= H
P B IEyN x+s,n=3
5/ F%/kPa /7 ﬁ%/kPa ’
MOC 4001 ~4032  5.7~6.3 4032 5.9 RAA
7 FPF/ % FPD/mg MMAD/ pm GSD
iR
2E B NGI %% 2% B oA 0 s $ 5 & 1 72 B 7 £ 55.37:1.16 0.7420.01  4.20£0.10  2.24£0.02
%ﬂ%?@lﬁw’,fyﬁﬁﬁﬂﬁﬁo ¥ 55.85+1.35 1.95 £0.07 4.33 £0.10 2.09 +£0.01
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S5 R AR A A, 25 AR AR N 2 vk
JEw /D 1A%, R FPD AR B 98 2, T FPF, MMAD
I GSD &5 53 T0 .35 P 22 5, DR A B YA AL B AR
AR T S AP N WA B AR BT BT R e kL AR
I3RS R
2.10 AEEEMEENMAMER hTEE=s
I PRI AE 20 °C ~25 °C & M2, 17 vp il 5 J7 12,
e HAB A AR R BT 42 1 R0 IR 43 31y 20 °C
F125 °C 47 APSD BT Fl 4k 25 %50 A [] i JEE A9
APSD ZHEER LK 9,
&9 AIENEER APSD Il E

xxts,n=3

5 FPF/ % FPD/mg MMAD/ pm GSD
20 C 58.94 +1.23 0.88 +£0.06 4.00+0.15 2.25+0.08
25 C 59.50 +1.07 0.82+0.05 3.96 £0.03 2.31+0.19

50 20 CC A 25 CRYERMR A IR R EF WA
W) APSD 1§ DL HEAS A [], 2 A3 T KL AR 23 A B
A—F, % APSD SR % 1+ K5 RUANIATE B E T
Ze5 , AN TR R (5200 = 3R 05E h ) AR SE R U vk
ONTPRERE =Y T

IR 2. 17 o I 5E T 3k, A b 2% 1R A [ 4 B
BB O (25 £2) C 3 I3 5 BE
30% 1 50% 4T APSD f TR JH 2% 5, 45N
Frocs 3 o AR APSD 2845 R UL 10,

F10 A[RJEEM APSD llE  xxs,n=3
L BE FPF/% FPD/mg MMAD/pm GSD
30%  60.07:1.22  0.860.09  3.89x0.04  2.220.13
50%  58.480.82  0.82:0.10  4.05+0.07° 2.29 +0.03"

(9 APSD, I 5 25 R WL 11 FIIA] 3,

*& 11 APSD & n=6

i FPF/ % FPD/mg MMAD/ pm GSD

gk 55.51+1.53  0.76 +0.03  4.27+0.12 2.24+0.09

RSD/ % 2.25 2.42 3.02 2.24

a: 50 30% MLk, P <0.05

AN TR B2 T R PR A IR AR 55 AL AR W APSD
(RIS NI s T N CTRLT Y-S R g
FPD AN EA B #FH 25, AFEE N MMAD 1
GSD BA WM S o W 5 0 2= AL ki, 25
W B 7K 28 S, 5 EOWORE I 25 Bl EAR R . A B
YW B B R TRk E S T HRR S
Wolis I o S SR AR HP 0T R BE HEA T A, 5 R ) e R Al
PP PRI, A5 8 IR (30 £5) % A7 5246 .
2.11 APSD I #ZME“2. 17 F1“2.27 Ii T L %%
SR E S B R AR A B E N 1 min, 3 B
SEA 15 Lemin ™' R EERE GY 2 $h R IR R
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0 W B BR2 BH3 BR4 BRS BR6 BEHT MOCHK
NGIZ%%

B3 WAHEBEREREEWZE I 1 min

A 1) )2 950 A T

Srg sk R LW, % 4k 1 min B, FPF, MMAD 7
GSD 3 S8 RSD {HI A KF 3% , 470 2 1Y
S B A AR R A
2,12 FREFBEE WE2.1"WMFHSHKE,
53 25 BN [R) IRE [R] AT AS [/) N 5% 0 o 45 21, UL 2%
12 figk 13,

F12 AR HMAA APSD IZE  x+s,n=6
H FPF/ % FPD/mg MMAD/ pm GSD
H L 55.51+1.75 0.76 £0.03  4.27+0.13  2.24 £0.09
H 2 57.36 £2.37 0.79+0.07 4.18+0.28 2.15+0.13

#£13 ARFEARM APSD I x+s,n=6
N FPF/ % FPD/mg MMAD/ pm GSD
Ah 1 55.51+1.75 0.76 £0.03 4.27 £0.13 2.24 £0.09
A2 56.31 £2.00 0.80 £0.05 4.26 £0.21 2.21 £0.11

A TR] ERF ] A [R] N B3 0075 9 2% 350 APSD 2 # 1
W 25 5 AR AR SN Gl TR RR AR R
M AT TR 0 5E

ABETER I NCUALAS , i 57 Fh R & IR WA
W) APSD g J7 vk, I BEAT B, UE W 7 3 A9 it
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