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ICP -MS E{f LA ;LN EMKEBR T =8 F 5 &+
1M TEZXRIBE

/j[i J%/]% gﬁ/\ 7?%&7%%% ’ gK Xé
(P EBEZ DR , E 5245 B 48 TR 25 A 5 2 AR S YT T B R S,
152 25 S ik i R K AR R AT oL, B 201203 )

HWE H: 238 RBABEFE T RRE(ICP - MS) s&n 7 BAvk B 8, T =B 41 F Al As .B.Ca.Cd. Fe,
Mn.Pb.Sb.Si.Ti % 11 A EZLRGEH T, AR RAT B EHR T LR AZ A TSN C, 4B
m*éﬁm‘/\ﬂr% 77% B ZRARA LG R, A 1% R ETFEE, EREZRFMN2% T
BEAK, B R AR ERA GO AL S LA NERETRARZE, Fi@TAARBEXE A EHEX K
% RFEFFH RN FAELEEEZRIF(r=0.9970) , %N R4 0.049 ~133 ng - mL™' | &%
8T ¥y Al & 83.8%~107. 1% , € 5 1 RSD 4 2. 6%~ 11.0% , 3+ 3 ANBLR 6 hoik XA it 4T T
MR, R AR EBAK, G518 ICP - MS Ak I fe ok 4% beik B A, 7T A U R AR 2, =T A T Bk Bk
AT ZBEHR0F 11 A n & & RN, 5F A 2 448 50 69 R R E RS

KR A B TR (ICP - MS) Rk I ook S IR AT Z 8 L& X 4 20 2 Rk
A
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Determination of migration of eleven elemental impurities in ketorolac
tromethamine injection by ICP — MS with matrix — matching method

SHEN Tian - tian, ZHANG Bing, LI Ye, DU Ruo —xi, ZHANG Yi -lan”

(China State Institute of Pharmaceutical Industry, NMPA Key Laboratory for Compatibility Studies of Pharmaceutical Products and

Packaging Materials, National Advanced Medical Engineering Research Center, Shanghai 201203, China)

Abstract Objective;To develop an inductively coupled plasma mass spectrometry (ICP — MS) matrix matching
method for determination of migration of 11 elements in ketorolac tromethamine injection, including Al, As, B,
Ca, Cd, Fe, Mn, Pb, Sb, Si, Ti. Methods: Samples were diluted and capacitated with 1% nitric acid after
precipitation with nitric acid. 2% ethanol was added into the standard solution as the matrix. The matrix effect
was eliminated by the matrix matching method, and the polyatomic ion interferences were eliminated by the hydro-
gen collision reaction mode and the helium collision mode. Results; The linearity of 11 elements was good
(r=0.997 0). The limits of detection were 0. 049 —133 ng - mL~'. The average recoveries of all 11 elements

were in the range of 83.8% —107.1% , and the RSD of repeatability was 2. 6% —11.0% . Three batches of

*  JEfEVEH Tel:(021)51320213;E — mail ; zhangyilansh@ 163. com
PFE—VEF  Tel 13764016960 ; E — mail ; shentiantian908 @ 126. com
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ketorolac tromethamine injection under acceleration were tested. The overall safety risk was low. Conclusion: The
established matrix matching ICP — MS method is simple, rapid and accurate. It can effectively eliminate the matrix
effect and be used for the determination of eleven elemental impurities in ketorolac tromethamine injection, provi-
ding technical reference for risk assessment of drug packaging material compatibility.

Keywords:ICP - MS; matrix matching method; ketorolac tromethamine injection; elemental impurity; migration

measurement ; risk assessment

il % i 2, T = A ok 00 o) B AR AR T P AL o 2% A
PRI, ANE T BT Fr 52 14, e ik 22 A% 59 0 1k
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WA s T T R R B e B AL B RA T
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A B TR ), 7 o R G A T 1, LA B
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FEL S & 45 B TR B 3 vk (ICP — MS) o] [A] B
PEAT 2 TR KN, % 000 38 v, o v Ak o (1) — R
BIUUESN TR, C 2 TA &P ITE i
SE . AHFSER A ICP - MS SEAAVC IR ik, 57 T
WEER A T = W1 5P Al As B ,Ca,Cd Fe Mn,
Pb Sb Si Ti 76 % KM 5E J7 ¥, 05 1% 25 o 14 5 4%
B TERE X, I H R 25 iR AT S 4R
HEAS%,

1 FE5RXEH
L1 U

Agilent 7800 #1555 B 5K BT A ( Agi-
lent 73] ) ;s Milli — Q 8 2li7K R 4t (Millipore 23 ] )
@25 mm x0. 45 wm —RAEE LIRS (L - KR) .
L2 PR

Al As B .Ca .Cd .Fe Mn Pb Sb. Si Ti HICEH:
HEV TR, AR 1 000 pg - mL™", B0l [ H 56 (44
J& B AR A A

IRA PR (LR, BLKE 1100 pg » mL™,
4 Li.Sc.Ge In Th Bi.Y, %' Part 5188 —6525)
L3 5

TR (H 4%, bt Ak 2=l R 52 Ir ) 5 oK &
FRENEE(HPLC 2%, Merck 22 7] ) o 217K i Milli -
Q HLi/K R 5 (A 18.2 MQ - em) .

Jt 4 L34 ] 109% i B2 5 W 2 i 5 1%,k 2
Kb SE & o
1.4 FES

P g PR 2, T = P S R e Al , 1 mLs
30 mg, A7 60 rb B Ak B 42 ) 3 AL K5 O
3.6 MHMMS
2 HiE5HR
2.1 fUaRslt

IXAFELE :2. 5 mm FE4E, MicroMist 2516 4%, 55 1
BB X B

TAEZ 8. ST % 1.60 kW, R FE IR i
10.0 mm, BEEh EHEH 0.1 v+ 7', F L= ¥
2 C B TARRM HMI S I B, 516
0.33L-min" ,FEHES0.56 L min"', I
ilf 42/ 5 o7 S AR IR 3% I A K (No Gas) (A
SR (H, ) A2 ARE 43 #8220 (He) , H, S0
#4.5mL - min"',He X i & 4.7 mL - min"',
FALWETE 3 A, AR U 3 K, B
100 K. 24iAk & T % % By BT & 4805 ik 1/
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#1 ICP-MS R&EHE
Tab.1 Data collection method of ICP — MS

2.2 W

2.2.1 BRMESEEW BUAEER 10 mL, TGK £ B
20 mL, B4 KRR 1 000 mL, JBAT, /E MbRiESs
SR

2.2.2 RAPEMRI  KHE RIS BIT R

. e 2" Pk P V(1 000 g - mL™") 3 &, FABRHEZS (I TR0 B
<61m;m> (mass (internal (tuning WA B.Si.Ca 2l 1000 ng - mL™", & Al Ti Fe
number) standard) mode) 100 ng + mL~", % Mn As Cd.Sb.Pb 3} 10 ng - mL™"'
B 1 6L Je M (no gas) HITR A PR EAS A5 T
Al 27 3¢ T (no gas) 2.2.3 RYVNREPRUETE I 4y Bks % 2 BOR A
Si 28 “Se H, TG £ TROES &, AR MEZS 1 1 T B, T ol il R 91 3k
Ca 40 ¥Se H, ERRUETETR , 5 TR M TAEXT BUA RO FE L3 2,

Ti 47 “8e He 2.2.4 HAEWWEBR BURESHNPRE R (100 pg -
Mo 5 s He mL™")0.5 mL T 50 mL i, AR 15 mL,
72 H 2 ey 13X ] Y

Fe % e : FH 1% TR B2 50 mL, IR 5T
A 75 Ge He o o o e e
CZ . e H" 2.2.5 MHSIER B IR A T = W AR
In e NI N 3 5 NN . N
. o sy " 50 mL, filfigfR 0. 5 mL, BHFE IR S48 FLTHE 30 min P
°In e PR b R s b y3e
bl 208 o i Fo FFUIETES, 2045 pm JERRRL I8, BRI S mL
F 25 mL &, I 1% iR B2 25 mL, 1R 5],
7B
1000+ l 24 Mg
100 27 Al
g 104
g 50 100 150 200 250
2 285 40Ca
5 10000 Se
2 1000 Hesere ) Ge 103 Rh
S 100
ﬁ 104
ﬁ 50 100 150 200 250
@ i 55 Mn 137 Ba 159 Tb
& 1000 45Sc | 667n 5T
B 72 Ge
1(1)2 i P2C59Co s g .
- il el
50 100 150 200 250

Jiit & % (mass number)

E1 filmaikigE

Fig. 1 Mass spectrum of sample solutions
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PR EL0Y bE 232 S G A b, 22 il A 1 il 4R 5T 1 53 AH
KRB AR WA 3, Fir 5 58110 45 70 3 76 AH N 1 ok B2
TLE N LM R REF(r=0.9970)

2.3.2 Jrikkc i BR AN ik e R IO S R T

HWEWHR L

SERER, 42, 2. 57 U kA T i BRI R
SRR E , DA A2 45 R 0 3 A5 HE AR 22 BT X g
FR) I (L3 LA A B A B0 D D7 YA R I R (MDL) |, DA
D5 25 2R 10 10 A2 o Qi 22 Fir Xof 17 79 3 B8 1L 3 L A
FEAEEE Ry g R (MOQL) 455 L3k 4,

ICH Q3D""524 S WE A 4 H fLV/F 5285 Bt (permit-
ted daily exposure, PDE) 1 30% 5& by 4% il B (&,
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Tab. 2 Preparation of standard solutions

L Esllve S35 e X N E TR iy AN ES I P
FASAE G5 42T AL As B Cd Fe Pb.Sh,

- VIR AT Si.Ti TLE M Z P PDE {H, XTIk EHiEL ] PDE
(clemeny (L concenaion) (Gl coceneion) /i Ca Mo JC 3K, O 4 SR % 357 3
(ng - mL™") (ng - mL™") I R T3 52 e 5 450 A B 1 4 50, A TCH Q3D B
g 1 000 10,100,200 ,500 .1 000 N . NUEENNN 5 s R
oy o Lo ST 2, 1M 3V 2 1 T B I i
DR 10, #EST PDE
Bg; 1 000 10,50 .100 200 500 N ’ATEEZL% . jﬁo VA i [N
0ey 1 000 10.50.100.200 500 MM R 2 T = F S H e KRy 4
4y 100 1.2.5.10.20 LB 4 mL, DU ST A PR B (analytical e-
55 Mn 10 0105125 valuation threshold, AET) ,fFG IC&E N T iEERRY
e 100 0.1.12.5.10 {GF AET Fibl B, 77 35 2 250K P oK
" As 10 0.05.0.1,..0.2.0.5.1 . PDE( -d™)
. -y g
g 10 0.01.0.05.0.1.0.2.0.5 AET(pg + mL™) 4 mL x30%
15k 10 0.05.0.20.5.1.2 2.3.3 RTINS R T R
208 10 0.01.0.05.0.1.,0.2.0.5 2 X — — vy
b it fn, A H RV BE 3 RS B A 45 0T 2 bR o
R®I KUEXRER
Tab.3 Results of Linearity
JGZ (element) 28 P70 ] (linear range)/(ng - mL™!) [8] )9 77 #4 ( regression equation ) r
B 10 ~1 000 Y=1.748 x10 73X +1.742 x 10 73 0.997 0
Al 0.5~20 Y=1.017 x10 2X +1. 193 x 10 ~3 0.999 6
Bsi 10 ~ 500 Y=9.840 x 10 “*X +2. 604 x 10 3 0.998 7
Ca 10 ~ 500 Y=7.090 x10 73X +6.996 x 10 ~* 0.999 3
4T 1~20 Y=1.320x10 33X -1.374 x 10 ~* 0.999 2
3 Mn 0.1~5 Y=2.783 x10 2X +1.380 x 10 ~* 0.999 5
FFe 0.1~10 Y=4.548 x10 72X -2.813 x 10 ~* 1.000 0
5 As 0.05 ~1 Y=2.277 x10 2X =5.751 x 10 % 0.999 6
ed 0.01 ~0.5 Y=2.440 x10 3X =3.171 x 10~ 0.999 6
1218 0.05 ~2 Y=7.209 x10 73X -9.541 x 10~ 0.999 6
208 py 0.01~0.5 Y=9.818 x10 73X +3.166 x 10 > 0.998 1

IRAEBOE R, IRA), B2, 2. 57 Wik Oy 41 4
B R, BRI A8 3 0y, AT IE IR
HooR R, 45 R ER, & IT R P i R8T
83.8%~107. 1% , 25 R, W5,

2.3.4 FEEMERAE B ERE T B SRR
f 6 1y, ¥ [N SCR R 1) TR) VR BE 43 00KG 25 A 45
JCRbRME IR G G & TR S, B 2. 2. 57 Ty
P A B W, 43 G RE DN L SR A5 U R MR
{H, 715 RSD, Z5R oR , Bkl ik <10 ng -
mL ™" (ICEEE M RSD 3 < 15% , (05 vk B A
F10 ~1 000 ng - mL ™" IcZE EEE RSD ¥ <8%,
TFEER, S5 NES,

2.4 FEARIUGE

SR 2 1 — R S O R U 0.3 .6 4~
FFf 322, 2. 57 UK a6 it TR, SRR
RS TUR AR AR LR 6
3 i
3.1 HALH kR

R 2 2 T = WA TE SRR pH AR 5 7 /1
PLREW' " TETCR ST TEAE S B IURE i A3
51, IR SR HORE i 5GP 1 R 5 45 2R 5
FL BB o ADRELERE 3 BRI A B A
W, ATLE BRI ] P9 (0 RE iy K CTE , T L 2
0.45 pm g4tz 1L 98 K BRo 1CP — MS b (i 5 Jig
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%4 MDL 1 MQL £ &8
Tab. 4 Results of MDL and MQL

L2 MDL/ MQL/ PDE/ AET/ PDE {83 i
(element) (ng - mL™") (ng+mL™") (pg-d™h) (pg - mL™") ( PDE reference)

"B 52 174 10 000 750 [10]

7T Al 2.1 7.1 50 3.75 [10]

Bgj 133 442 3428.6 257.1 [10]

0 Ca 83 275 250 000 18 750 2500 mg + d ="' (po) !
i 3.9 13 1 300 97.5 [10]

55 Mn 0.58 1.9 70 5 0.7~10.9 mg - d ™", Bt (select)0.7 mg + d =" (po) [
56 Fe 0.56 1.9 1300 98 [10]

" As 0.10 0.34 15 1.1 [9]

ed 0. 049 0.16 2 0.15 [9]

12tg}, 0.26 0. 87 90 6.8 [9]

208 py 0. 061 0.20 5 0.38 [9]

(R SZ RE 1555, FLERE 2R G0 iR Tl o % 1 1
HHIBREIZ 0 0. 1% o KES A P & BT
S B T G TE R RS 11 b 7 A R VTAR, S R 2% 1Y
KRk, 2% 18 Bk 2, XU REAL BLUS 1Y
PP R 2 T — P SV 8 ORI 5 A% i A R Ak
P[] IR S0 4 R e 2k AR 5] L (HMI) 855X
CIPNG T
3.2 AP S TR TEBR

Tl % PR T = P S R P i 0 R X 8k AR 2
JEHT T 29 10% 19 2 BE 227653 BT 3 P v o B
T T F HE (RO, 4 UL IT A Ca , Ph A I 3R 30
FETRREN X B RERRAGAY Li Al R BB —
FRBE B 0 7E S R X As | Sb AT B 45
TN AT A i R A RE L TR Y i e e
UL K TG 2 A BT R A B 7 o A A R T R A
SR A ALY ER RSB RERT R A . AN, B
T A 1 A LT T S 2 o R i B A B £
ENNER Y N i0E ioh s DNl 2 o B2 (D)
FHURE . AR DT TE i 2 T A 200K 55 4 AR 2 ok 1 0
Ik BT M FIR 4 b AR b
A TR, AH AR R A FE AR ) I s 2 s AT R EOR
L AR YT 2y s TR A 3 R
PR A bR I VR 5 R S T VRO VG BE A AR i A
OB o ST S PR DT S, E 23 I I P TS I S
H 2% [F) L A5 25 AR R IVIR B PR R 3
RN R T R S R R, A O
T B A FTCHLIEE ICPMS 1T NI . [7I
AwiHad

PR B C R I I T R By 30% B SN B, 75
W o P 4 AR SE A T B =5E, b B AR ROR
Mo PABRIAIR FF 0 5 D9 12 T 28 56 R i B A
LRSS VAR 550 T S A 119 D 2l o 00 4% S
T, LA, I S v 17 e P T /R )
fi5/ R0 3 5 H 2 R | He R, I BR 2
VST 8 T B B T4 o 5 0 A A L o T o T R
ULBE - U8 - RS, HMI B2 5] AKE 47 I
F19 7 T B T AU BB, T A A HE R T 0 o 0
4TIt L B XA R B3 405 , L T 0 A5 A X 5 i 4
T REUE .
3.3 IR R R AR A O

W, TR B TR IR (LOD) 15 B R
(LOQ) f 2 F bR i 22 12 , BV ZE 430 11 W28 1
VAL, A% T 2 IR 7 B AR T DR 22 (SD) KAl . 4
TR, 3T 3 43T 25 1 IR - 2 SR AT S e T 3
SCES A PERE , TE T 0 A2 T 06 PR i T Ak B 7 v g R
U RET I LA TR AT B AET Bk, 52 A1,
JERR A 7 1 MR A A6 00 s 9 MIDL i1 MQL, Jof %
TEFTA LRI T4, B, ABF5Y 5% 2020 45 i (
[ 25 L) 8 0] 0412 %} LOD 15 LOQ [{E 3R , 3k 1 F-
FFHRIRE 7 Oy R 2 T = R 5 i s s 16 2
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x5 EWRERMEBEEXBWER
Tab. 5 Results of Recovery and Repeatability

JLE bk IS Sy [ RSD/ i I (repeatability )
(element) (spike concentration)/(ng + mL™") (recovery) /% (average recovery) /% % RSD/%
B 100 97.7 107. 1 7.7 2.6
200 111.2
300 112.5
Al 1.2 89.8 91.0 4.3 8.2
2.4 95.3
3.6 88.0
Bg; 100 85.3 90.6 5.7 3.0
200 95.6
300 90.9
“Ca 40 88.2 95.3 6.9 6.7
80 100. 9
120 96.9
A4 6.0 94.8 91.8 4.1 7.9
12 93.0
18 87.7
3 Mn 1.0 90.0 89.3 0.97 4.6
2.0 88. 4
3.0 89.6
S Fe 1.0 83.0 83. 8 4.3 11
2.0 87.7
3.0 80.7
5 As 0.24 93.4 95.6 1.7 3.5
0.48 9.1
0.72 95.2
ed 0.16 104.9 100. 8 3.6 5.5
0.32 98. 4
0.48 99.0
1218} 0.40 91.0 96. 4 6.2 3.5
0. 80 102. 8
1.2 95. 4
208 pY, 0. 12 100. 3 101.9 1.4 6.3
0.24 103.0
0.36 102. 4

FAR BT 08 35 s T %7 i, sl 2R
T LOD = LOQ (it sl i A I ELAR 5 o AR A
7B, AR A E D59 19 LOD 5 LOQ.
3.4 JE g I E 4

ABIEFE R, B PR T T ORI A
A B 2 e o 3 AR AL I E 45 2R B, Rt R
BT ZBAESHEAE O A A 2 6 4~ A B EN,

B \Si AL WA T, #2718 il REBCHE A i = ikl 7=
AR B AT T R S (0 R R B T Ik
APBEI N RIS IAH  BR BLSi AL B AT T
LN, RZBOTR BIE 45 R A 8,
HBT A ICER T 8% B 44/ T 00 7 i P25 il B AL, 2= )
A B 2 5 i S PR T = A T A P
0, PR AR
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Tab. 6 Determination results of samples
415 (content) /(ng - mL™1)
TS HEK 1 (batch 1) HEK 2 (batch 2) vk 3 (batch 3)
(‘element) 0H 3 A 6 A 0H 3 H 6 H 0H 3 H 6 H
(0 month) (3 months) (6 months) (0 month) (3 months) (6 months) (0 month) (3 months) (6 months)
"B 959 1203 1219 1 057 1205 1222 1021 1335 1356
Al N. D. 12 17 <7.1 12 10 <7.1 12 12
s 870 1 644 1881 957 1511 1530 1 066 1 641 1 684
O Ca 331 371 328 338 384 375 300 358 360
i <13 <13 <13 <13 <13 <13 <13 <13 <13
35 Mn <1.9 <1.9 <1.9 <1.9 <1.9 <1.9 <1.9 <1.9 <1.9
S Fe 9.2 9.9 9.4 10 12 11 10 10 11
™ As <0.34 0.38 0.37 0. 34 0.37 0.39 0.35 0.39 0.38
"Med N. D. <0.16 <0.16 <0.16 N. D. <0.16 N. D. <0.16 N. D.
121sh <0.87 <0.87 <0.87 N. D. N. D. <0.87 N. D. <0.87 <0.87
208 Y, N. D. N. D. <0.20 N. D. N. D. N. D. N. D. N. D. N. D.
¥ (note) :N. D. 78 K# Hi (means not detected )
Sk Ca0 - Si0, REYIEIE O IR ML T]. Ki%E Tl R%¥%
(1] i, R R TAR, 45 B R & K ILR[T]. IR #1¢,2018,37(3) :216
B2k 2019.35(3) : 298 LU SS, WANG ZQ, ZHANG JJ, et al. Effects of Sby O; on the
FANG XM, ZHU T, MI WD, et al. Expert consensus on ketorolac painted capacity and properties of Na, O — CaO — Si0, system glas-
analgesia[ J]. J Clin Anesthesiol, 2019, 35(3) ; 298 ses doping with chromium and manganese ions[ J]. J Dalian Poly-
[2] ®EIH], AR, 25 41,4 HPLC — DAD — MS BXFi g iR T tech Univ, 2018 ,37(3) ;216
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PEWFREEELT]. 7MKL, 2016, 44(12) : 50 HAH TR, 2019, 16(4) : 69
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ty between chemical injection and pharmaceutical glass[ J]. Guan- etry in drug inspection[ J]. Sci Technol Innov Her, 2019, 16
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W GAAT) [S]. ER A2 5 B R 55 40 54, 2015 1 JEI (BB 5) [EB/OL]. (2022 -04 -26) [2023 -10 - 12].
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