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drug sampling and testing, and to compare the impurity content and evaluate the quality between samples from
various enterprises. Methods: HPLC external standard method was utilized to simultaneously determine the con-
tent of related substances A, B, C, D, E, F, G, H, I, J, N, and other unknown impurities in salbutamol sulfate

inhalation aerosol. Thermo Synchronis Cg chromatography column (250 mm x4.6 mm, 5 um) was used. Sodium

heptane sulfonate solution — acetonitrile was used as the mobile phase. Linear gradient elution was performed and

~'. Column temperature was 40 °C and detection wavelength was 220 nm.

the flow rate was 1.0 mL - min
Injection volume was 20 wL. The sources of impurities through forced degradation experiments were explored.
Toxicity prediction software for impurity toxicity assessment was applied. Results: After method validation, the
specificity of the method was good, and the separation degree between each impurity peak was greater than 1. 5.
RSDs of precision test were 0.30% —1.7% (n =6); mass concentrations of linear range were from 0. 050 to
5.000 wg - mL™'(r=0.999 9). Limit of quantitative was in the range of 0.025 —0.200 pg - mL™", limit of
detection was in the range of 0.008 — 0.070 pg - mL™'
0.80% -3.8% , and the recovery rate was 95.2% — 104.8% . The repeatability RSD of inhaled aerosol was

1.2% -2.9% , and the recovery rate was 98. 7% —102. 8% . The forced degradation test showed that impurities

The repeatability RSD of raw materials was

D, F, I, J, and N were all degradation impurities. 110 batches of samples were checked and the results of the
relevant substances met the regulations. In the samples of diverse enterprises, impurities C, D, F, and N were
detected more frequently, while impurities E, G, and H were not detected. Impurity J was only detected in one
batch. The predicted impurity D by QSAR software falls to ICH M7 (R2) level 2. Conclusion: The established
method is sensitive and accurate, and can accurately quantify the content of related substances in salbutamol
sulfate aerosol, providing effective technical support for systematic supervision. Further toxicity studies should be
conducted on impurity D and reasonable limits should be established.

Keywords: national drug sampling; exploratory research; salbutamol sulfate inhalation aerosol; related
substances; source of impurities; forced degradation test; relative correction factor; high performance liquid chro-

matography ; quantitative structure — activity relationship

TRV T Memifb#4 hy 4 - B Hk - o’ = [ (L
TR W] -1,3 - K HEEmEREE, & —M
WREMER B, F IR R Z S 2h , BB £ 1
UE IR TR B, AR, B &F 5k SO, i
BB AE T R b IR B 55 AL A
VEVBR) 7 e S FR) | AR R S IR T B g R
12 FH fili ( chronic obstructive pulmoriary disease,
COPD) | Jiti &0 Jak e S P2 5 o W A 55 ) B A B &L
P, ST RTINS R S5 A, R —
il Zemms s R W HTFH®A S
25077 gy ) I R 2 W R I RO HE T A
BRVD T Ml N5 R 3 AR AR 7™, i 1 s
W e 5 A Glaxo Wellcome, S. A. A 72 FAS by 5
200 #%, B#5 0. 1 mg,

B ¥ T M W J5RE S A o R e s
2020 AF i AR AR R E 2 ) (R ARG [ 2

i) ) HRR A L YR 5 15 I E SRR VD T M I e
AR, AR BN IR TN A B e AT P, R
X T 2% O A 2% o AT B R A 4 O B
ORI R, R B AR, EP 110 WA R VD T
g T R, SR R 8 S5O €0 33 2k I S A SR o
TS A P INA = LR 1T . A SCRRIR S T
BRBRVD T e WA S Ay okt A
S S R RE 4 th 45 2% BB AR AL IE 7

D PR O A ) 0 R R G 2% B, A B E
2020 AFRRQH E 25 80) F1 EP 11,0 iR b T 1%
WA S AN J5 3k, % 2% A (B C D E F .G,
H LN SE L AR B EAT R, I %0 7 1 4740
fE o 5 1 2020 4 R [E 25 L) pU R ) 9101 73
Moy B gk 48 5 )5l gt 47 0 3 22 Bk, T [ B A
TR B R VD T DA B B AR5 5 R AT S
Wi, ASCES A B K25 s i R, BT E N

RO R



- 2080 -

LY s mEE

Chin J Pharm Anal 2024, 44(12) @

B A i A S B D, 5 LT 7R B 2%
TEHEAT LU, R T A B IR, T A B T 4 I
DALY

1 UBEE5RG

L1 {48

UltiMate 3000 #2508 AH €435 {X ( Thermo Fisher
Scientific 7y #] ), Agilent 1260 & & W #H f4 % X
(Agilent 23w]) , CP225D B+ )5 70 Z — WL ¥ K F
(Sartorius /A #] ) ,pH 11 ( Mettler — Toledo Group /3 #] )
L2 itz

TRIR YD T e st % B (R AR SR, 4L % 100328 -
201804, {5 H5 99.4% ) \Z= i J X B (SRR 4k, 41t
= 101409 - 201601, & &= 100% ) W F 7 [E & 5 24
KL E 5T B s 24 it A (Hit45 1022 — RB - 0003, &
#95.9%) 4%t C(4it'5 1227 - RB - 0010, & &
98.9% ) .2+ i E (it 5 1019 — RB - 0021, & &
98.4% ) . Z« i H(4lt5 1020 - RB - 0025, & =
95.4% ) Z% it N (AUH PR £h, it 5 1227 - RB -
0011, &4t 100% ) , X0 F 7 P A id Bk 5 e 43 A KR
o] AR B(HES 6.0, % & 100% ) (A=) D (BRI
T 7.0, 5 & 100% ) 2 F (R, it '5
9.0, %5 80. 1% ) .Z&fx G(EhREL M5 4.0, & &
83.6% ), W T EDQM 2 w5 Z¢ it 1 (#t %5
20190901, & & 97.95% ) Wy F I 17 46 4 07 ik
AR ECA PR A A R YT B R ORE (S
1210105001 ) Hy 1L AR 5t TLAf 254 FRAS w443

B AW (&' =9.5%), BFR (&
#=85.0%) W A [ 25 4 H; PE ke g iR (8
©=99.5%), W A 1R & £ G5 L (4
99.999% ), [ Honeywell 2\ ] ; #8 4 /K (# 4li k
L), B Merck Millipore 23] .

I 2 itk i, Heat 110 4, a 4l 39 ik, b
Ak 32 dit, ¢ Aok 5 Hit, d Al 34 ik, i Hs SR G
(k-

2 FEEHER
2.1 gt

% [ Thermo Syncronis Cq 854 (250 mm x 4. 6
mm,5 pm) , DB G Al R BN v W[ D o i TR 4N
2.87 g SWEMR A 2.5 g, MUK % I Wi B =
1 000 mL, FIBERR VA W ( HIZKFR RS 28 2 A5 FR) sy
pH % 3. 65 [ AU s Al A, ZNiE i shAH B, 8 EE Uk
JB( W2 1), %k 1.0 mL - min ™" F:3i 40 C 4G

HWEHR L

Pk 220 nm, PEFEAFR 20 L,

F1 BEEZER
Tab.1 Gradient elution
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A B

0 80 20
30 80 20
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Fig.1 HPLC chromatograms
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Tab. 2 Regression equation, r, LOQ and LOD

Y 77 7 AHXTRZIE A T LOQ/ LOD/
(component) (regression equation) ' (relative correction factor) (g - mL~")  (pg- mL"")
WRER VD T I ( salbutamol sulfate ) Y =0.628 4C +0.003 2 0.999 9 / 0. 050 0.017
%5 A (impurity A) Y=0.506 1C +0.002 7 0.999 9 1.24 0. 100 0.033
2% B(impurity B) Y=0.640 1C +0.001 3 0.999 9 0.98 0. 050 0.017
2% C(impurity C) Y=0.592 6C +0.002 8 0.999 9 1. 06 0. 100 0.033
Z& i D (impurity D) Y=1.948 4C +0.003 4 0.999 9 0.32 0. 050 0.017
Z& 5t E(impurity E) Y =0.5314C -0.004 6 0.999 9 1.18 0. 200 0. 067
Z& 5t F(impurity F) Y =0.654 6C +0.001 5 0.999 9 0.96 0. 050 0.017
Z& 5t G(impurity G) Y=0.2653C-0.002 1 0.999 9 2.37 0. 150 0. 050
Z% 5 H(impurity H) Y =0.494 0C +0.006 4 0.999 9 1.27 0. 200 0. 067
Z&Jft I(impurity 1) Y =0.766 6C +0.000 7 1. 000 0. 82 0. 025 0. 083
245t J(impurity J) Y=0.738 1C +0.004 1 0.999 9 0.85 0. 050 0.017
Z&Jft N(impurity N) Y=0.774 3C +0.002 6 0.999 9 0. 81 0. 050 0.017
®3 ERRRBER
Tab.3 Results of recovery test
2 AR5 S HUREST &S P2y [ i RSD(n=9)/
(item) (impurity) (added)/pg (measured ) /pg (recovery) /% (average recovery, n=9)/% %
JEURLZ (APT) Z& 5t A (impurity A) 15.283 16. 098 105.3 102. 8 3.8
19. 103 19. 693 103. 1
22.924 22.931 100. 0
Z& i B(impurity B) 15. 808 16. 684 105.5 104. 8 1.5
19. 760 20. 695 104.7
23.712 24. 681 104. 1
Z& i C(impurity C) 16. 425 17.330 105.5 102.3 2.6
20. 532 20. 664 100. 6
24. 638 24. 824 100. 8
2% D (impurity D) 13.291 14. 020 105.5 102.9 2.1
16.613 16. 863 101.5
19.936 20. 263 101.6
Z& i E(impurity E) 16. 153 15.750 97.5 96.7 2.2
20.192 19.618 97.2
24.230 23.142 95.5
Z&JFi F(impurity F) 10. 729 11. 166 104. 1 103.6 3.0
13.411 13. 629 101. 6
16. 093 16. 925 105.2
Z& % G(impurity G) 20. 671 20. 688 100. 1 100. 2 3.5
25.839 25. 126 97.2
31. 006 32.002 103.2
Z& i H(Impurity H) 15. 905 16. 535 104.0 99.7 3.7
19. 881 19. 236 96. 8
23.858 23.452 98.3
J ik 1(impurity 1) 15.515 15.792 101. 8 101. 1 1.1
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F3(4)
25 ZeJ5 A Mt HEVES S [m] i A RSD(n=9)/
(item) (impurity) (added)/pg (measured) /pg (recovery) /% (average recovery, n=9)/% %
19. 394 19.507 100. 6
23.273 23.504 101.0
Z&J5t J(impurity J) 14. 288 13. 497 9.5 95.2 1.4
17. 860 17.209 96. 4
21.432 20. 280 94.6
Z&Jfi N(impurity N) 13. 675 13. 826 101.1 101. 6 0. 80
17.093 17. 458 102. 1
20.512 20. 836 101. 6
17 (preparation)  Z¢Jf A (impurity A) 15. 283 15. 547 101.7 100. 4 1.8
19. 103 19. 142 100. 2
22.924 22.737 99.2
75 B(Impurity B) 15. 808 15.943 100.9 100. 1 1.5
19. 760 19.724 99.8
23.712 23.582 99.5
Z& 5t C(impurity C) 16. 425 16. 614 101.2 100. 8 1.6
20.532 20.719 100.9
24. 638 24. 687 100. 2
Z& gt D(impurity D) 13.291 13. 480 101. 4 100. 2 1.2
16.613 16. 561 99.7
19.936 19. 827 99.5
Z& i E(impurity E) 16. 153 16. 405 101.6 102. 8 2.9
20. 192 21.115 104. 6
24.230 24.795 102.3
Z 5t F(impurity F) 10. 729 10.972 102.3 101. 8 1.2
13.411 13.575 101.2
16. 093 16. 407 102.0
2% G(impurity G) 20. 671 21.313 103. 1 101.5 2.8
25. 839 26. 064 100. 9
31. 006 31.189 100. 6
Z& 5t H(impurity H) 15. 905 15. 843 99.6 98.7 2.0
19. 881 19. 433 97.8
23.858 23.518 98.6
2% 1( impurity 1) 15.515 15. 467 99.7 100. 4 1.4
19. 394 19. 377 99.9
23.273 23.612 101.5
Z&J5t J(impurity J) 14.288 14.758 103.3 102.0 1.4
17. 860 18.217 102.0
21.432 21. 609 100. 8
25 N(impurity N) 13. 675 13. 873 101.5 101. 8 1.5
17.093 17.269 101.0
20.512 21.091 102. 8
2.4 RGN E PR, HCE 2 o B A AR R R R R A
FARSCESI T B E 4 ZA LR B R S, TR A B e 25 R 59 AR B
T AR, 280 ELG H BRI WE 3,
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Tab.4 Robustness test results

%

( component )

BOEE 1 PR BRI i)/ 73 B JEE

(gradient 1 retention time/peak

BREE 2 PR BRI 1]/ 31 E

(gradient 2 retention time/peak

TRER IR/ 53 5

(retention time/peak

S

resolution ) resolution ) resolution )

AR YD T Bl ( salbutamol sulfate ) 6.587/ - 6.542/ - 6.722/ -
%5t J(impurity)) 7.295/3.15 7.248/3.15 7.443/3.07
Z& %t B (impurityB) 9.300/7.53 9.233/7.45 9.499/7.55
Z4J5t A (impurityA ) 9.903/1. 96 9.833/1.95 10. 136/2. 04
Z& i C(impurityC) 14.957/12. 58 14.852/12. 48 15.354/13. 05
2% D (impurityD) 19.278/7.52 19. 15/7. 47 19.799/8. 08
245t H(impurityH ) 23.738/6.20 23.598/6. 04 24.385/6.71
%5 E(impurityE) 28.465/5.42 28.313/5.31 29.292/5.90
245t G (impurityG) 35.958/12.20 37.330/11.78 37.419/12. 64
Z%J5 N (impurityN) 38.307/4.32 39.368/4. 83 38.703/4. 62

Jit F(impurityF) 39.185/5.04 40. 653/5. 31 39.559/5.02

o3

% 3

I(impurityl)

N

43.250/25.78

45.313/26.97

43.640/25. 87

RS MBDTRERANSEFANEXURUESER

Tab.5 Results of related substances in salbutamol sulfate inhalation aerosol
51 (content ) / %
%
(component) a At b Al A ¢ Al AT d s R
(Co. a detection batch) (Co. b detection batch) (Co. c detection batch) (Co. d detection batch)
ZJ3i A (impurity A) 0.009 ~0.032(39) 0.009 ~0.036(8) 0.009(1) 0.015(1)
Z&J5i B(impurity B) — % 0.002 ~0.009(20) - -
Z4J5t C(impurity C) 0.032 ~0.071(39) 0.005 ~0.062(11) 0.035 ~0.047(5) 0.008 ~0.047(29)
Z%J8 D(impurity D) 0.008 ~0.019(39) 0.009 ~0.050(32) 0.015 ~0.022(5) 0.007 ~0.020(34)
Zf5i F (impurity F) 0.071 ~0. 159(39) 0.009 ~0.073(32) 0.086 ~0. 121(5) 0.037 ~0.075(34)
ZJ5i 1(impurity 1) 0.006(1) 0.003 ~0.010(9) - 0.006 ~0.020(33)
Z4 J (impurity J) - 0.006(1) - -
Z%J8 N(impurity N) 0.034 ~0.075(39) 0.002 ~0.058(30) 0.006 ~0.010(5) 0.004 ~0.057(32)
A% (unknown impurity)  RRT 0.48 0.014 ~0.021(2) - - 0.011 ~0.056(10)
RRT 0. 54 - - 0.013 ~0.016(3) 0.016 ~0.093(34)
RRT 0.59 - - 0.033 ~0.083(5) 0.004 ~0.093(34)
RRT 0.70 - 0.004 ~0.014(9) 0.009(1) 0.010 ~0.030(24)
RRT 0. 88 0.011 ~0.026(39) - - 0.009 ~0.031(7)
RRT 1.32 - 0.008 ~0.046(9) 0.041 ~0.053(5) 0.007 ~0.041(18)
RRT 1.90 0. 006 ~0.009(8) 0.006 ~0.102(11) 0.0%4 ~0.117(5) 0.009 ~0.038(6)
RRT 2.42 - - - 0.008 ~0.017(22)
RRT 3.28 0.041 ~0.082(39) 0.006 ~0. 180(32) 0.067 ~0.124(5) 0.087 ~0.214(34)
RRT 5.76 - - - 0.007 ~0.044(18)
RRT 5. 84 0.008 ~0.022(39) 0.010 ~0.081(5) 0.134(1) 0.016 ~0.089(5)
RRT 6. 04 0.005 ~0.009(8) 0.003 ~0.010(16) - 0.011 ~0.154(4)
TR A B2 (unspecified impurity ) 0.041 ~0.082(39) 0.006 ~0.180(32) 0.0%4 ~0.124(5) 0.090 ~0.214(34)
%2 4. (total impurities ) 0.233 ~0.452(39) 0.053 ~0.494(32) 0.393 ~0.600(5) 0.303 ~0.630(34)
H(note) : 1. % =" FRIRNAK H (not detected) ;2. “RRT” Ay A 4% A X 4 B4 B[] ( unknown impurity relative retention time )
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Fig. 3 Scatter diagram of the results of impurity content
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Tab. 6 Impurity detection results and possible pathways

for L4 % for L
oy ( :etitile (ihfjkout FIREPLE A

(component) rate)/ % content)/ % (possible pathway)
ZRJ5i A(impurity A) 4.5 0.009 ~0.036 -2 Z%J5i (process impurity)
Z&ff B(impurity B) 18.2 0.002 ~0.009 T.7:4%J(process impurity)
Z&Jfi C(impurity C) 76.4 0.005 ~0.071 I*i%&fﬁ(pmcee; impurity)
Ziff D(impurity D) 100.0 0.007 ~0.050 % i SAfL H SEIRREARZ R (hydrolytic by acid or base, oxidative, heat, photolytic impurity)
Z4J5t E(impurity E) - - I*i%fﬁ 1(process impurity)
el F(impurity F) 100.0 0.009 ~0.159 it JHIH BAWEARZL T (hydrolytic by acid, photolytic, heat impurity)
Zf5t G(impurity G) - - I*Z?fﬁ 1(process impurity)
Z&J% H(impurity H) - - T 245 (process impurity )
Z&J5i 1(impurity 1) 30.1 0.003 ~0.020  HH[a]{A BRI S#L2 5 ( Intermediate, hydrolytic by base impurity)
Zff J (impurity J) 0.9 0. 006 ﬁ’fhW;}:ﬁ(Ode&llve impurity )
Jef N(impurity N) 9.4 0.002 ~0.075 i SRR (hydrolytic by acid or base, photolytic impurity)

H(note) ; “ =" FRKKH (not detected )
3.4 ZefmimAGE 0T KB 2020, Jji4s 1. 0) 1 Sarah Nexus 3. 1. 1 ( Lhasa 2%

£:2 2020 4F IR P E 25 8) 9306 13 15 5 4 A),FEA Sarah Model —2020, A4S 1. 8) X | iR 44
Byl S0 ICH M7 (R2) ORI 25 802 FRPEAT AL 0 (B AR R ) HEAT B, 4R D &
RERA M IENGESREWER" BRI T  ALiHE R (Aldehyde) 514, 3% ICH M7 43254 2
M RE S A R 2 B A Z A N - ?"13%1{} BRI N S 2, RN X A= 5T D W #E AT —
Y P B B RO IR A . R PRI, ORI E S A BR B . I A5 R I
F Derek Nexus 6. 1.1 ( Lhasa /> &), ;?&?EE?‘ Derek WFET,

®7 QSAR EEFHIFMER
Tab.7 QSAR genotoxicity evaluation results

143 (component) ICH M7 732k Derek il Sarah il EORGEH
(ICH M7 class) ( Derek prediction) (Sarah prediction) ( structural alert)

Z4 )% A(impurity A) 5 e8| @800 J&(No)

Z% 5 B (impurity B) 5 [ [ @) 8800 J(No)

&)t C(impurity C) 5 [ [ | @ | @8 JE(No)

Z4J& D (impurity D) 2 asa0o FHE® e (aldehyde)

%)% E(impurity E) 5 [ [ [ @ BEEEE Je(No)

2% F (impurity F) 5 eas0) 88C0 Je(No)

Z%R G (impurity G) 5 [ [ @) EEEE Je(No)

Z% 5 H (impurity H) 5 [ [ @) EEEE JE(No)

7% 1(impurity 1) 5 eas0) 8800 Je(No)

25 (impurity 1) 5 eas0) 8800 JE(No)

#4 5% N (impurity N) 5 [ [ [ & | | @8 Ji(No)

T (note) :“ + 7. F/n P (indicates positivity) ,“ = . F/R FH 14 (indicates negative)
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