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BE:HHN Zinc LR RARALERRT 24T ELSTRLKREESZTHLEBEE B FHRLS
(ICP - OES) %k . FiE HRi&H S0 v/ min, B AR EH 0.5 L/ min, HIM 3 FH 1150 W, 420 sk K 4 5 H
394. 4 nm(42) .189.0 nm( A7) . 249. 7 nm (M) .233. 5 nm (4N ) .393. 3 nm(45) . 214. 4 nm (4% ) . 404. 0 nm (4% ) .
228.6 nm (%) .267.7 nm(4%) .224.7 nm (47) .238.2 nm(4%) . 184.9 nm (&) .670. 7 nm (42 ) .279. 5 nm (4 ) .
259.3 nm(45).202. 0 nm(48).231. 6 nm(4%).220. 3 nm(4%) .206. 8 nm(4#) .212. 4 nm(A£) | 323. 4 nm(4k ) .292. 4 nm(4L) .224. 8 nm
(45).213. 8 nm(4F) FHATEEDK IS, M 2 G IR L RA AR AT AR EL G S B AR CEHERTHIHET ER 24T
FHREREL 0~1000ng/ mLEE R 5% @ARm RAAEM £ A RIF(r>0.995,n=8);F kM EA 0.002~0.68 wg/ % ,7
HEFMA 0.01~2.28 wg/ 345 F EXIn 25 R4 RSD 4 0.20% ~ 1.36% (n = 6) ; 2 Z X Ih 4 R4 TALFE 4 0.10% ~ 10. 56%;
FH AR A 92.44% ~ 103.32% ,RSD 4 0.24% ~2.93% (n = 6) . FF o F A4 th 2 (45 4 RE B, &2 441 4 1.20,0.81,0.08,
0.70,0.09 pg, EAAEZH AL B RKREIHBETRENATASB S HF, R REIBESANAHFL2.16,7.75,26.25 pg, WK T4
DTN AL EEIE ICP — OES 3A 7T ik EAMMM TG LI LA EZHR P 24 L ENEET LB S FRYmhne
ZhAM AN T EXEREPHTLENTS,
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Content Determination of 24 Elements in Oliceridine Fumarate Injection and Rubber

Stopper Migration by ICP - OES
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Abstract: Objective To establish an inductively coupled plasma — optical emission spectroscopy (ICP — OES) method for the
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content determination of 24 elements in Oliceridine Fumarate Injection and rubber stopper migration. Methods The pump speed

was 50 r / min,the flow rate of auxiliary air was 0.5 L / min,the RF power was 1 150 W, and the detection wavelengths were
394.4 nm (aluminum),189.0 nm (arsenic),249.7 nm (boron),233.5 nm (barium),393.3 nm (calcium),214.4 nm (cadmium),
404.0 nm (cerium),228.6 nm (cobalt),267.7 nm (chromium) ,224.7 nm (copper) ,238.2 nm (iron), 184.9 nm (mercury) s
670.7 nm (lithium) ,279.5 nm (magnesium) ,259.3 nm (manganese) ,202.0 nm (molybdenum) ,231.6 nm (nickel),220.3 nm
(lead),206. 8 nm (antimony),212.4 nm (silicon),323.4 nm (titanium),292.4 nm (vanadium),224.8 nm (tungsten),and 213.8 nm
(zinc) , respectively. The simulation experiment was conducted to determine the migration of 24 elements in the rubber stopper for
Oliceridine Fumarate Injection in drug, acidic, alkaline, and ethanol solutions. Results The linear ranges of 24 elements were 0 —
1 000 ng / mL (r > 0.995,n = 8),the limit of detection of the method was in the range of 0.002 — 0.68 g / vial,the limit of
quantification of the method was in the range of 0.01 - 2.28 pg / vial. The RSD of the precision test result was in the range of
0.20% - 1.36% (n = 6).The change rate of stability test result was in the range of 0.10% — 10.56%. The average recoveries of
of 24 elements were in the range of 92.44% - 103.32%, with the RSDs of 0.24% - 2.93% (n = 6). Only boron, calcium,
magnesium, silicon, and zinc were detected in samples, with contents of 1.20,0.81,0.08,0.70,and 0.09 pg, respectively, and no
other elements were detected. The elements with the highest migration in the rubber stopper were calcium, magnesium,and zinc,with
maximum migration of 2.16,7.75,and 26.25 ug / vial,respectively,all of which were lower than the analytical evaluation threshold

(AET). Conclusion

Injection. The migration of calcium, magnesium, and zinc does not affect the safety of the drug,but special attention should be paid

ICP - OES can quickly and accurately determine the content of 24 elements in Oliceridine Fumarate

to the migration of zinc elements in the rubber stopper.

Key words:Oliceridine Fumarate Injection;ICP — OES;metals and harmful elements;migration;rubber stopper
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i, SRR 2 W e A UE , TR A TR ) A AU
S B B R A AR R A P 2 S B0 1R A
Y25 SN, 500 % R PR B, o5 SO i dE e
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iCAP7400 %Y ICP — OES ¥ ( & [#] Thermo Fisher 2%

) ) s MARS6 RGBT i A (35 [ CEM 23 7)) 5 VX = 95
Y 55 R K B v (P2 5] Systec 23\ ) s FED 115 B4 AR (7 =]
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1.2 X%

ZICRIR A X IR 7 AL, As, Cd, Co, Cu, Mg,
Ni,Pb,Sh,Zn, Hg S Bl (B) 81 (Ba) 4% (Cr) .8k (Fe) Jf
(Mn) HL(V) 50 (Mo) (W) 55 (Ca) B (Li), it vk
4100 wg / mL, 4t 4 22DB1108 |, Si X B8 5 i i (5
VR A 1000 we / mL, #6524 228011) , &k (Ti) XF HR &,
(s R R 100 pg / mL, #t5 24 22D70133) , 4
(Ce) XoF HE S ¥ W (5T 2 ¥R B2 4 1 000 g / mL, #it5H
227040) , ¥ 17 E 5 6.4 8 B Rk B il
L5 TR (HNOS) WA G4l , 7K N —GOB Ak ; & R B
FER R 1 T (VL 95 RAR 250 e 0y A7 BR A /] L dik 54
TAO20EO1 , #iA% %32 2 mL:2 mg) ; {41 H R 7 2 ul
PO MEEAL T AR %€ (B AL AR5 BB A A BR A
"), L5 B20190008688 , 4% A G13 — Ab) .

2 AEEER
2.1 REEH

EE 50 v/ min; ISR 0.5 L/ min; FHHiME
F(RF) T35 .1 150 W Rl i 1 < Al, As, B, Ba, Ca, Cd,
Ce,Co,Cr,Cu,Fe,Hg,Li,Mg,Mn, Mo, Ni, Pb,Sh,Si, Ti,
V., W, Zn 43 51 &y 394. 4, 189.0, 249. 7, 233. 5, 393. 3,
214.4, 404.0, 228.6, 267.7, 224.7, 238.2, 184.9,
670.7, 279.5, 259.3, 202.0, 231.6, 220.3, 206.8,
212.4,323.4,292.4,224.8,213. 8 nm.
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2.3 FERFEE
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Tab.1 Results of the linear relation test,LOD and LOQ

tE B35 & ro GE#Eg/ml) IDL(g/nl) 10Lg/ml) MDL(ng/%) MQL(pg/ %) PDE(ug/d)  AET(ng/ %)  MQL % AETWH (%)
AL 7=8.4050X+160.9500 10000 0~1000 4.9 16.53 0.25 0.83 230 17.86 4,65
A V=0.4626X-0.0637 10000 0~1000 1.01 337 0.05 0.17 15 1.07 15.89
B Y=6.71091+3.4396 0.9999  0~1000 1.95 6.49 0.10 0.32 960 63.57 0.47
Ba  Y=3.33101+0.3489 10000 0~1000 0.81 2.69 0.04 0.13 700 50.00 0.26
Ca Y=11525883X+65072.7174 0.9995  0~1000 0.68 2.26 0.03 0.11 1300 92.86 0.12
Gl Y=25.7918X-2.7850 10000 0~1000 0.19 0.63 0.01 0.03 2 0.14 2.8
Ce  V=4.50121+62.2459 0.9999  0~1000 13.69 45.64 0.68 28 15200 1085.71 0.21
Co ¥=9.0692X-3.6423 10000 0~1000 0.57 1.89 0.03 0.09 5 0.36 25.00
G Y=13.7121X+34.542 10000 0~1000 1.43 4m 0.07 0.24 1100 78.57 0.31
Co Y=2.742X+3.020 10000 0~1000 143 475 0.07 0.24 300 20.83 L1
Fe  V=16.5249X+6.4025 10000 0~1000 0.80 2.68 0.04 0.13 1300 92.86 0.14
Hy V=142561+2.8206 0.9999  0~1000 0.29 0.97 0.01 0.05 3 0.21 2381
i Y=2016.3049X-507.858  0.9987  0~1000 0.04 0.13 0.002 0.01 230 17.86 0.06
Mg V=655.6094X+1557.1315  0.999  0~1000 0.06 0.20 0.003 0.01 1300 92.86 0.01
M V=78.0679 X +17.4110 10000 0~1000 0.20 0.68 0.01 0.03 230 17.86 0.17
Mo Y=3.8556X+1.1399 10000 0~1000 0.67 203 0.03 0.11 1500 107. 14 0.10
Ni o Y=6.5318X-13.7391 10000 0~1000 1.08 3.59 0.05 0.18 2 143 12.59
b V=0.9348X-2.537 10000 0~1000 0.39 1.30 0.02 0.07 5 0.36 19.44
b V=0.4893X+2.4821 10000 0~1000 6.05 20.15 0.30 1.0l 90 6.43 15.71
S ¥=0.59301+9.3188 10000 0~1000 5.62 18.75 0.28 0.94 25000 1785.71 0.05
T V=82.2828X+595.4846 10000 0~1000 0.52 175 0.03 0.09 5250 375.00 0.02
Vo V=27.997X+61.4726 10000 0~1000 117 3.89 0.06 0.19 10 0.71 26.76
W Y=1.0920X+11.2526 10000 0~1000 440 14.67 0.22 0.73 2400 171.43 0.43
In V=T.2009X+2.099 10000 0~1000 0.49 1.63 0.02 0.08 1300 92.86 0.09

7E  IDL A AL Z AW PR TQL A AL ZE & F M, MDL 2 77 sk A L, MQL 2 77 3k 2 2 1R ,PDE A& B A F R E 2, AET A 5 A3 M B,
Note : IDL refers to the instrument detection limit, IQL refers to the instrument quantification limit, MDL refers to the method detection limit,

MQL refers to the method quantification limit,PDE refers to the permitted daily exposure,and AET refers to the analytical evaluation threshold.

R2 MELCKIRELER(n=6)

Tab.2 Results of the recovery test (n = 6)

- S B N3 MEZ(ng/mL) Y ORD| ., #RAT bAT MEZ(ng/ml) X R
% +
(ng/mL)  (ng/ml) 1 2 3 4 5 6 (%) (%) (ng/mL)  (ng/ml) 1 2 3 4 5 6 (%) (%)

Al 1.8 00 21479 21263 215.19 21297 21514 21273 103.32 0.60 | Li 0.03 200 18451 187.82 189.33 189.59 19224 19192 9460 1.51
As 0.19 200 18477 186.89 183.08 187.44 18418 184.09 9244 0.93 | Mg 9.82 00 2L80 20219 212.69 213.80 215.00 214.33 101.74 (.62
B 1A 00 2433 1334 2079 21977 220.37 218.93  98.43 107 | Mn 0.17 200 20025 20048 20073 202.90 203.66 202.60 101.05 0.47

Ba 0.49 2000 200.63 20345 20549 208.20 207.54 210.94 10278 L.79 | Mo 0 00 198.71 20146 202.87 204.60 204.68 206.31 101.56 1.34
(a 132.23 200 330.50 3313 32682 32261 322.03 32051 97.02 293 | Ni 0.50 200 198.50 203.08 204.90 208.30 208.54 209.87 102.52 2.09
(d 0 200019223 19270 19215 19171 1914719251 96.07 0.24 | Pb 0 00 192.04 190.76 187.85 187.79 187.52 190.42 9470 1.0
(e 0 200 200.85 200.65 200.36 197.44 20035 200.73 100.12 0.70 | Sh 1.87 00 19258 19188 190.25 189.17 188.94 191.22 9440 (.78
(o 0 200 196.65 197.09 196.12 196.02 195.82 196.90  98.22 0.27 |Si AU 00 22979 230.47 22692 2442 2559 2111 9.8 L2
Cr 0 200 198.37 20129 200.56 202.08 202.06 202.25 100.55 0.74 | Ti 0.45 200020283 204.07 20468 205.95 206.56 206.22 102.30 (.71

Cu 1.16 200 19774 20098 20423 206.05 206.17 207.60 101.40 L.78 )V 0.54 00 198.90 200.43 198.72 197.56 198.20 197.57  99.01 (.54
Fe 4m 200 20222 20405 20525 20471 205.29 205.54  99.87 0.62 | W 5.5 2000 203.42 205.57 209.13 209.78 209.01 212.73 101.37 1.63
Hg 0 00 189.18 188.33 186.38 184.41 18473 185.81  93.24 103 | Zn 131 00 19677 189.87 188.10 186.66 185.65 186.93  92.93 1.23
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R3I HRPUMTEREREREIBENESER (pg/ %)
Tab.3 Results of the content determination of each element in

samples and rubber stopper (pg / vial)

) RELHE N

BRfih BB AREIER CAEMER
Al ND 0.67 0.65 ND ND
As ND ND 0.01 ND ND
B 1.36 0.01 0.02 ND 1.20
Ba ND 0.04 0.01 ND ND
Ca 1.12 1.23 2.16 ND 0. 81
Cd ND ND ND ND ND
Ce ND ND ND ND ND
Co ND ND ND ND ND
Cr ND 0. 004 0.16 ND ND
Cu ND 0.01 0. 004 ND ND
Fe ND 0.12 0.13 ND ND
Hg ND ND ND ND ND
Li 0.01 0.02 0.05 0.07 ND
Mg 0.54 1.75 0.53 1.51 0.08
Mn ND 0.004 0.01 ND ND
Mo ND ND 0. 00 ND ND
Ni ND 0.01 0.01 ND ND
Ph ND ND ND ND ND
Sh ND ND ND ND ND
Si 0.96 1.23 3.86 0. 69 0.70
Ti ND 0.003 0.01 ND ND
V ND 0.03 0.01 ND ND
W ND ND ND ND ND
Zn 23.99 7.85 0.99 26.25 0.09

END AR

Note:ND refers to not detected.
WU TR B B, R & o RS 1. 20 g, HARTT
RBIRK W WL, B B R SRR I R A A T
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FAAS PR SRR T2 S e A 7™ A Sl A
RS 2 R & AR TR E AR AR TR S8
AREFFR M R A 2 | ml ™ A e A XU i o
LR BB 5 TE SR8 23R A TS 4R 245, U S e
15, B4R T 5 T FH 24 S AL e B 22 Ak PR 3R 3 T
24 FICR MIE RS i AR AET, R W T FI R 384 4>
PRI 5 13 & 5 R R R s 1 R AR A AR A -
20 C AR TAWFF IR 5544 (121 °C, 1 h) , R %8
ARG E MERE PR UE B B MR TR A TSR AERUH N % A F
Bl BEAI, 25 AL T A £ AR TR T Zn RS R
e, AT R A B F R G R 5 - 16
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