2024 4E 5 J1 5 H 4533 55 9 ) "r(a ;,'{'; HFHIR K -
Vol. 33,No. 9, May 5,2024 China Pharmaceuticals Special Report

HE 4SS R927.2;R971*.3 XERFRERD A XEHS 1006 — 4931(2024)09 — 0007 — 04
d0i:10.3969 / j.issn.1006 — 4931.2024.09.003

BREEETH -REENELAMRSRR 7 HTERREE
o ERELBLE

(1. ERFTRERALEBRNART R BXGGUEBREEIREEM LGS RERNE LS LR E,ER  401121;
2. ERAFAMIEFK,EX  400044)

EREN T, X, KFAR  ZEHR AR T ALY ERTTHRE, A5 FZR6ANARG R
AR, SRR EAE SRR EAER SR AR FREL6E,

WE:HH ZanzLaen 1 E£TEH(As) 4H(C) R (Hg) A5 (Ph) & 2A £ %45 (Co) (NI,
BV R REEH L EBEFE TR - RE(ICP - MS) %k ik RAMBRTARER B FRAMASE
H 1500 W, FALEARiEA 0.92 L/ min, ¥53) Fik 4 25 v/ min, A4 X A sk BAL(KED) B X, 3 A A /A,
AR A 3.8 mL/ min, 4R (In) Fe 4 CUB) L E A NRAEREL KA BT GER  As,Cd, Hg,
Pb,Co,Ni,V A F & RZRESHE0~4 5ng/ mlL.0~1.5ng/ mL.0~9.0ng/ mL.0~1.5ng/ mL.0~15.0ng/ mL.0~60.0ng/mL,
0~30.0ng/ mLEE AL AR EF NAFTE @A AAZMER 2 BIF(r>0.9994,n=5); &0k F % X4 R4 RSD
BT 4%(n = 6) ; B EDICE 5 51 K 96. 33%,90. 02%,89. 46%,105. 08% , 104. 43%,99. 07% ,106. 04% ,RSD % #| % 4. 48% ,4. 42%,
3.19%,4.58%,2.16%,2. 43%,1. 87%(n = 9) .20 ¥AE P 7 Fr L E L RO FH AR TIRE LI® Z7 Rt SR EH, T
AT SN P 1 £40 20 AT LFGAETNE,
K L BABEF B TR - ik LA ;LR R AN E

Content Determination of Seven Elemental Impurities in Estazolam Tablets by ICP — MS

HU Xing' ,KUANG Xinyuw’,ZENG Linggao'
(1. Chongqing Institute for Food and Drug Control - NMPA Key Laboratory for Quality Monitoring of Narcotic Drugs and Psychotropic Substances ,

Chongqing ,China  401121; 2. College of Bioengineering ,Chongqing University , Chongqing , China 400044 )
Abstract: Objective To establish an inductively coupled plasma — mass spectrometry (ICP — MS) method for the content
determination of category 1 elements [arsenic (As),cadmium (Cd),hydrargyrum (Hg),and lead (Pb)],and category 2A elements
[cobalt (Co), nickel (Ni),and vanadium (V)] in Estazolam Tablets. Methods The samples were pre — treated with the nitric
acid. The radio frequency (RF) power of the plasma was 1 500 W,the flow rate of the atomized gas was 0.92 L / min,the speed
of the peristaltic pump was 25 r / min, the crash mode was kinetic energy discrimination (KED) mode, the collision gas was
helium with a flow rate of 3.8 mL / min. The matrix effect and interference were corrected with —indium ('"In) and bismuth
(*Bi) elements as internal standards. Results The linear ranges of As,Cd,Hg,Pb,Co,Ni,and V elements were 0 — 4.5 ng / mL,
0-1.5ng/ mL,O-90ng/ mL,0O- 1.5ng/ mL,0 - 150 ng/ mL,0 — 60.0 ng / mL,and 0 — 30.0 ng / mL (r >
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0.999 4,n = 5),respectively. The RSDs of the repeatability and intermediate precision test results were lower than 4% (n = 6).
The recovery rates of the above seven elemental impurities were 96.33%, 90.02%, 89.46%, 105.08%, 104. 43%, 99.07%, and
106. 04% , with  RSDs of 4.48%,4.42%,3.19%,4.58%,2.16%,2.43%,and 1.87% (n = 9),respectively. The impurity content of

seven elemental impurities in 20 batches of samples was far below the specified limits. Conclusion

The method is simple and

accurate,which can be used for the content determination of category 1 and 2A elemental impurities in Estazolam Tablets.

Key words:ICP — MS;Estazolam Tablets;elemental impurities;content determination

R R O B O 2, B R
3 P N P RS SRR R H TR 42 5K
b A 7= 3RS A 1 mg B2 mg 2 ERAK , Hor 4
FAM AE A 1 mg) A2 77 (1) S Rl 7 i i — ok
VR A A, Je R 4L ] gl o IRk 2 RL
TR EST K A S 2w g I Al -0 K
R FHZ4 iy, FETE T F 2% 0 2o 7o FR B2 i) XIS, 5 75 U
FERIFI B IC R AT B AT, E TR 2 kA
JRF 5 T (AFS) i JR 7 IR (AAS) ¥ | HLUEHR &
B IR R SOEIE (1CP) 2 A HL BB A5 A5 25 1K - it
T (ICP - MS) ¥ o Horpr | AFS ¥E3 5 T 28 A A 24 Jmy B 5
AASHERRR HBEM R 1 N oT R, 2o R e B AE i
ICP 1) RAPUEAR K ICP — MS i, o Ft rh 2 il o
R A i S e VA B AR A ME A BT 5 TICP — MS T 2R
B MO T R 2 Fh e R AR AL TR D
AR BRI AR, = BRI A F R B I E
BE ko -120 SRy ORI 2 2 4 AR gE o ST T e
Sl b 1 R0 R A (As) VBB (Cd) Lok (He) 45
(Pb) J 2A 25 C R 4 (Co) VR (NI VBL(V) 4= 0T 7 & 1)
ICP - MS &,y H Fra il (22 B an T .

1 UFE5KH
1.1 {238

NexION 2000 %I ICP — MS 1% ( 3% [ PerBinElmer 2
A] ) 5 Milli — Q 5 4 7K {¥ ( 35 [ Millipore 28 H] ) ;
XPE205DR & Hi, K- (i -+ Mettler Toledo 28 ] , K £
$50.01 mg) .

1.2 iK%

As FRAEF I (Bl R B L #iE5h 2004 1,
JF B M M 1000 pg/ mL) ; Cd b M WK (A5 K
235037 - 4) , He bl (k54 235008 — 4) , PhARERS
W (k54235025 - 6) , CobRifEis ik (it 54 235041 - 2),
4 (Aw) FRyEVE W (L5 21B022 - 2), V AR AE A W (1t
5233061 - 3), Ni bR i (41t 24 234023 - 6) , JiT
HURFEH 1000 wg / mL, 40 9 A G488 Mo £
ERE 3 A4 ey s Z2 o0 R ARMEVS W [ & 8 (Bi) 8K
(Ge) A (In) AR (Li) Ak (Sc) AR (Th) 42 (Y) L&, K H
PerBinElmer 2y & , fIt5 4 CL1 - 46MKBY 1, Jii & 1 & Hy
10 pg/ ml ] ; 68% His IRV W (UPS 9%, i L —F 4 I 17

8

F R AL S R 230215049) s w4 (AT %, 4t
543 9k 20221018, 20221112, 20221115, 20221116,
202212063 B % b5 43014 221001,221008, 221012,
221018, 221106; C |~ % , it 5 2 5 & 65230201,
65230101,65221203, 65221004 ,65221003; D) %, #t5
43 W S 20220805, 20220414, 20220413, 20221106,
20220901)

2 AEEER

2.1 ICP-MS IT{E&#H

FETRGIITIR .1 500 W 2546 <0 :0. 92 L/ min;
filf 458 <« S5 Wl 4R AR 3 < 3. 8 mL / min ; i 8 5 B .
25 v/ min; AFFERL S SRR (KED) A5 5 8 &2 IR 3K
3R LA (15 In) FNAEE (COBOE R NFR TR .

2.2 AiEH&E

PrifEZs FUE 0 (R ) « UM R 50 mL, Jl AuJG ZE bR
HEVSH 200 WL, FB A KA BE 2 1 000 mL.

BB AR EI 485 W« 53 J1)KG %5 5t B As, Pb, Cd, Hg,
Co,V,Ni RICR IR A1 1T, 1R BRI RE RS 1 mL
% As 75 ng . Pb 25 ng .Cd 25 ng . Hg 150 ng.Co 250 ng .
V 500 ng . Ni 1 000 ng & , BIF5 .

FO bR M W - 43 iR % i B R TR B s
4% 0.1,0.5,1.0,1.5,3. 0 mL, 2091 & 50 mL & &
o, IR RERDE 25 TR, BIAS .

P J3 VA B2V A < 3 A % e B L IRV B A vE I 28
1.0 mL, & 50 mLAS i R BRI e 25 TR AT, R

RS NFRVA R (29Bi, 115In) < K 25 1 U o0 ZbRife
W (R E N 10 pg / mL)0. 1 mL, B 200 mL 2 5
o, 11 5% fiF B2 VS W R BT B MR B2 O 5 ng / mL Y
TR, BN

AT S I U BRURE (R 4K 50 mg, RS B FRE , MRS R
5.0 mL, Au JCEFRAER 10 pl, B [7— R DU 2061
FRTEDT , 130 “CA&A T A S MG 1 h, HFRO0. 5 h,
FHER 217K HE T i 0 D3 BV T e A 22 50 mL 28 i, JF:
FHEBZl7KE A 250 WA .

25 VW AN i, 4% At 3 ot 3 Yo 85 s o
£, H15,

2.3 HEFEER
LR BRI TR A AT, R 5
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PROCE B B A0 B R B R I 5, fp il oo =
A R B B R, X I E A T A v R
(i 711 ) 55 IR e 88 5 0 A i) 17 AL LE (/N T 109, B
25 BSOS JC A S T PR IR 1

®1 TEMHRER

Tab.1 Results of the specificity test

& B (eps) (%)
R GBER PR R R
BAs 13.00 828. 02 1.57
ned 11.00 1003.37 1.10
w0y 1379.73 15513.42 8. 89
sp, 929. 30 21 136.96 4.40
*Co 157.33 65 215. 20 0.24
ONj 287.67 71 171. 86 0. 40
sty 500. 68 46 388. 54 1.08

LM R B EE 2. 2000 F R A bRl M 20, #5¢
2. 100 ICP = MS TAEAAFIEREIE , TR AR S
PRV, AT ST 2R 19 1 1 W BE (X, ng / mL) Ry g A g |
TN ICZR 5 AR T 2R R L (R Y LU AR (V) S B A bR R AT
NI BE R IR 2,
R2 ZUXRER RNRSEERBESER (n=5)
Tab.2 Results of the linear relation test and determination of

limit of detection and limit of quantitation (n = 5)

i ERsE r BBERAg/mL)  ANR(g/ml)  EZFR(ng/mL)

PAs F=0.0418%  0.9999 0~4.5 0.011 0.037
UCd Y=0.151X  0.9999 0~1.5 0.002 0.007
THg F=0.2789X  0.9999 0~9.0 0.005 0.016
"pho F=0.757X  0.9994 0~1.5 0.017 0. 056
Yo Y=1.1375X 10000 0~15.0 0.001 0.005
Ni  ¥=0.27655X 0.9999 0~60.0 0.016 0.054
W ¥=0.35558 0.9999 0~30.0 0.005 0.015

o 0 PR R i PR < K 2 B 2. 2 30 &5 A TR
11633 &, 4% 2. 10 F ICP — MS TAE & HEREI 2 , LA
2 TG R 5 bR T 20 R AE HGAEL AR D 22 19 3 45 9T X6t
N7 J5E S R R SR ARG B, AR VA 2 1) 10 435 i Xof Bz o
W Ry B A5 R LR 2,

ARG BU2S FURRL 0. 05 g, KEBRE , #02. 2301
R ETATHIA IR 6 1 AE B IMANSRER W 1. 0 mL,
FHRB SR BB 25 #2250, # 2. 1 T ICP - MS TAE
FAF RN E | Fe bR U I 2R A T R W B i A5 R
BILE GBI RSDY/NT 4% (n = 6) , KW 7 E B 1
RAFPENLER 3.

T RS 2% B 1« RS [R)43 B D3 AEAS [RIR fi) , Js
FRE 6 0, Je 8E  HEIR I T 7 A TR A T R
B i A IR LR S I RSD B /NTF 3% (n=6) , 3%

WA ARG 25 B R A4F TE LR 3,

T [m1 S5 < 0 ) K5 4% 12 B 0T 38 A ME TR TR
&, RS R0 B B A 1 mL 25 As 375 ng . Pb 125 ng.
Cd 125 ng .Hg 750 ng.Co 1 250 ng.V 2 500 ng.Ni 5 000 ng
(BRI £ 5 B 14 REO. 05 o, RS Rk, 2L 9 1y,
A3 A LR IARIE £ 0. 1,0. 2,0. 3 mL, 4% 3 {73, #%
AR R £ T s AT IR AR L 3 I SR 50% , 100%,
150% ¥ B 7K P finds RS W o 4% 2. 130K ICP — MS T
VSR HERE TN 22 |, THFMAE TR o 25 45 JT 2 1 Il
RIGTE 85% ~ 110% JEE N FF5 5 # IR EoK 3R
7 VAR B R AT TR WL 3,

=3 HBEE.ESUHSMERKIRIEER (%)

Tab.3 Results of the precision,repeatability,and recovery tests (%)

_ RSD(n=6) Ao AR BRI (n=9)
R FH MR PR R X RSD
BAs 2.14 2.68 96. 33 4.48
ned 3.88 2.57 90. 02 4.42
MHg 1.63 0. 87 89. 46 3.19
208p}, 3.66 1. 64 105. 08 4.58
*Co 0.85 1.95 104. 43 2.16
ONj 1.62 0.91 99. 07 2.43
sy 0.79 1.93 106. 04 1.87

2.4 TEZERREITE

A B H R A RIS T 10 ¢, ZIAH
24 i TR AR R [ PR 22 (ICH) Q3D $5 7 , #4257 it
AL 10 g/ d R KRBT ARV (ng / g) = 2T
H 2 & (PDE) / & H & ICP — MS L 240t &R
AILEMEBZSTEE 4 0. 01 ~ 100 ng / mL, A BIFFT i
M BE K2R 11 000, 35 45 B AR TR TR &
T LR AE S ATE N, 2 TC R A PR WL 4.

F4 YAMCHDTERRMNATAREESRE
Tab.4 Permissible daily exposure and concentrations of elemental

impurities in Eszopiclone Tablets

PN AHFBRES F&Jifﬁg(#ﬁ%ﬁ i:9:3
(pg/d) 100043t ,ng/mL)  (pg/g)
PAs 1% 15 1.5 1.5
mned 1 5 0.5 0.5
Mg % 30 3.0 3.0
Wph ] % 5 0.5 0.5
o 24 % 50 5.0 5.0
ONi 24 % 100 10.0 10.0
WAk 200 20.0 20.0

2.5 HFmaENE
W20 HHEAE il , 2 2. 2 3901 J7 kil o B B VAR,
2. 130N ICP = MS TAEAFREREINE | 45 AREL IEAYAR
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MEM AT S AR R 5. nT UL, 12890 As il Cd
TCR AR B AL BRI D Y Hg JC R A Lk
B2 ;2A8I0FK Co, V,NiJCRE AR HE BT
a2 B 9 30% , 2 W TSR L AiAb K AR e B 2
AE S A BTG R 2R SO BE A A A5, AN 520 25 ) 1) 22
oy
K5 HRERPTREEARSEVUELER(x107°)

Tab.5 Results of the content determination of elemental impuri-

ties in samples (x 10 - ¢)

&k #F As Pb He Cd  Co v Ni

A 20221115 - - - - <0.005 - <0.054
20221116 - - - - - - <0.054
20221112 - - - - <0.005 <0.015 -
20221018 - - - - - - -
20221206 - - - - - - -

B 221001 - - <0.016 - - - <0.054
221008 - - <0.016 - - - <0.054
221106 - <0.056 <0.016 - <0.005 - <0.054
221012 - - <0.016 - <0.005 - -
221018 - - <0.016 - <0.005 - -

C 65230201 - - - - - <0.015 <0.054
65230101 - - - - <0.005 <0.015 -
65221203 - - - - - <0.015 <0.054
65221004 - - - - <0.005 <0.015 <0.054
65221003 - - - - - <0.015 -

D 20220805 - - <0.016 - - - -
20220414 - - <0.016 - - - <0.054
20220413 - - <0.016 - - <0.015 -
20221106 - - <0.016 - - - <0.054
20220901 - - - - - - <0.054

E: - REAME,
Note: — refers to no detection.
3 ifig

3.1 WARTRIESE

7EICP ~ MS SMH7 1Y OB T4 (% . 2 3 7
B FRIOUAR 7 85 ) IR S T (U B 212
R ) 2 LRS- 140 e TE £ R 50 9
7 38 i 5 76 36 RO A (0 5 76 3 g 28
B 2 75 DG T2 6 4 04 47 76 150 AR 5 6 2B
202Hg I8P [ PIFFIEHE L HFE 15In S As, 1Cd
9o, ONi, SV AR IE 2 B S 25 4 76 2 8 KO o
D ISR 4 TS I IR 26 522 LA BV S g / L
F9 2B 15T PR A3 PR
3.2 AEAHRTH EERIE

3 A B 0 1 g, 25 14
F9 19 I 5 255 SR LT JE WA EL B 34 2 3

10

— P A A R — B, O R A R T
Dyt RnE  BEA AR, SOnT /b SRS R o
3.3 FAEFEM

ARG A HEST () B ERT SR o B b R R

[ Rl S TN S et i S s a i Yl e S

F2A ZET0FR 2% I3t A Jo f 4 o) B XU 1Al

e

[1] & Z,L4%2 . LIS LBTIRERRENZRARII]
W & 24 MR B s 2k & ,2023,29(1) :27 - 29

2] kBH, T F.HELELLILLHETRBERRE S
BRI P E B A s 4 E,2022,28(10)
1387 - 1391.

[3] AF . %8 vk S IRAR S AT A 35 77 A & 5L 5 & FF g
IR A 2 B & A ey oA )], SHES,2022,43(7):
1824 — 1826.

(4] xAae, 30 A, R F4H,5 . RokeEek 25 8 F 1 BA L
) £ F 8 I7 A A Ak BB AP AR B I BT R[], I R
& 25 52 #%.,2020,29(6) : 425 — 427.

[5]x H, 2, FLH, 5. Lkt h A FE-REZR
EPHHERF N FRAEYFREAL]. PEIG KRGS
2 %,2021,37(14): 1776 - 1779.

[6] £/ 4k, F 5%, 473548 . ICH Q3D #7 254 7 L & 2 R4
Bdrgleg 2B k)] FE % F,2017,31(8):854 - 860.

[7] 25% . &2 /55 R R BB TF R REM].
2 MR AT 52, 2023,46(12) : 2689 — 2698.

[8] 3k Z,ET4. AT ICH Q3D(R2) i &£ R AT A
ey A R[] P EH 4 E,2023,32(17): 1719 - 1724
[9] 2L . FRMHF AL L RS ZTHRNEFE[]]. LT

%l i, 2022,48(4) : 218 — 220.

[10] #¢ #,&4 #,% F,%. ©ABEFHTHRMAE LN
ERABERRFAELLT S]] P EH L, 2021,
30(7):62 - 65

[11] EwWE, H%F,5 &5 . LABEF BT hRAHER
BEE A B EMRA ST 128 B TE A S PEBL,
2022,31(20):65 - 68

[12] Bk &, TAA, %A%, F . wESLF
BRI AR 2G4 S AP E A BB B
241k ,2023,32(11):71 - 74.

[13] ZHU L, XIAO CQ, TENG X, et al. An inductively coupled

plasma mass spectrometry method for the determination of ele-

BT IR % %R
&2 vH

mental impurities in calcium carbonate mineral medicine [T].
Spectrochemical Acta Part B: Atomic Spectroscopy, 2022,
192:106429.

[14] & 40,8 @, FAE,F . S RBEF B THRRT AL
ik el AR B TR AR 2 P L& A R A
RR[T]. AT AT 5 HF,2022,58(3):361 - 372.

[15] & wr,48794% . ICP - MS M2 % B B A48 —wibek B
P AELFEET]. A Tit42,2023,21(6):670 - 676.

(ks H 3912023 - 07 - 2348 01 H 1§ 2024 - 01 - 12)



