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Research on Element Impurity Migration in the Compatibility Test of Pantoprazole Sodium for Injection

with Combination Packaging Materials and Container

ZHOU Ran' , LIN Jiarui' , Gao Xiaoyingl , LIU Sijiel *, WANG Fei®" (1. Shijiazhuang Key Laboratory of Target Drug
Researchand Pharmaco-dynamic Evaluation, Hebei Province Nucleoside Antiviral Drug Technology Innovation Center, College School of
Chemical Engineering, Shijiazhuang University, Shijiazhuang 050035, China; 2. Research Department, Shijiazhuang University,
Shijiazhuang 050035, China)

ABSTRACT: OBJECTIVE To establish an experimental method using ICP-MS to study the compatibility between pantoprazole
sodium for injection and neutral borosilicate glass injection bottle-coated stopper composite packaging materials. METHODS By
conducting extraction experiments, simulated acceleration experiments, and migration experiments under long-term experimental
conditions, the changes in elemental impurities of pantoprazole sodium for injection at different times were investigated. The simulated
solution after erosion was analyzed to predict the tendency of detachment on the inner surface of boron tube bottles, and its migration
amount was evaluated for safety. RESULTS The linear relationship of each element by ICP-MS method was good, and the correlation
coefficient (r) was greater than 0. 999 0. The quantitative limit was less than its corresponding limit of 10%. The average recovery rate
was 97.5% —108. 8% . In the extraction experiment, the elements with higher detected level in each sample were Si, B, and Al, but
all were below the safety limits. The detected levels of other elements were relatively low, even below the detection limits. Under
intermediate and long-term conditions of 6 and 12 months, the detection results of elemental impurities in various added components in
the packaging materials were all lower than the AET values. CONCLUSION This method can effectively determine the content of
various impurity elements in the sample and reveal their migration trends. The compatibility between the composite packaging
components and pantoprazole sodium for injection is good, and the safety of the product meets the requirements. It provided a scientific
basis for selecting boron tube bottle and film-covered stopper as the inner packaging material.

KEY WORDS: pantoprazole sodium for injection; neutral borosilicate glass; laminated plug; compatibility ; migration test
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F1))1 ICH Q3D JE & A% 5 15 ™ A0 3 [ 24 )
USP <233 > 0 Sy 7 3 5 PR ST R0k il p A
TEXUSL I 11 oG 2 2% 5 2 il e i 1ICP-MS Jy i, If:
BT TIPSR A, 34T T $RIBCRIA B A ]
AR, i e e A T RS 4o
Si B AL 25 H] T/ Bl 3 52 et w7 2 A e Ay o
FAAT TH A . E XA S YT R 2 T B 1 LT
JRAZAVEVEAY , SR S PP R0 426 o O S
FEL R ZEAE S AL 15 PSR AR 22K .

1 ESHH
L1 (L%

Aglient 7900 #Y Wy A 5 45 B - i i A (1CP-
MS, SEREIZHEIR A T ) 5 XS-105du B34 KA (g 4F
H-FERIZ 2 7)) 5 YXQ-LS-506 Y i 7 76 9% K i 4
( FHFFIRSOA R F]) 3 SHH-5008D BA% 3 ik
B A (PR K AR SEBR AR ) o
L2 #or 5 A

HP P ik 3 B A ) 1 R R (10 mL) 5 334 ]
PEFCRLMEE (LA 160 mg) 5 1 5 FH¥ R T4 JC T
Py A R SR DU R 2 0/ 0 1) SR g e Sl Ae T 3k
PR ZE s PEFE L e %) BR A (100 mg) ;5 Si B Ti FkR
FRUEW (1 000 pg - mL~") Al Mg, Ca Ba As Sh,
Cd & A AR MEW (1 000 pg - mL™") , Zn 5 i )
(10 000 wg » mL™"), Sc, Ge, In N #5 & W
(1000 mg - L™") s Mkl H 2 &AL A
AN D LR 20 5 W R O BV -1 4% 5 1056 FH 7K
Milli-Q il & i R 4K .

2 /&
2.1 ICP-MS i 4
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FEUREE : 8 mm, ZpHrAist: 2, R 3 W, E
FEE: S, 0T, B, Mg, Y ALY Ca, LIT Se fE R
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o @ RETCRLMEME R K B R U T R bR
VTR B, AR A3 0 5% Bl R 2 G F T8, 45 51 vk
Ji 43524 20,200 400 .1 0002 000 wg - L™l fETC
RS .. OMITRE SRR : K% E
TR AR ER I 1. 0 mL, EF 100 mL s,
AMFITHL 5% B B R 28 20 B, B2 50, 159 31 o e vk
FEH 10 pg - mL ™ FIIOCER MR A A . @FET
RV : 40 B % = UK T8 T Z AR RIS
WS BT 100 mL g AR TS 5% i
TR R 25 20 B+ BT 2 R 32 43591 >4 20,100,200
300,400 pg - LT BT R LM A E R, OTH
RNERER I 43 0KG % B BB 0 3R M 1 TR
2 IMARF B 5 % AR S B, 15 3 i i VR
43512 20,100,200 300 400 pg « L~ 4k T = LM
2 IR o
2.2.2 RAEWREBMAEE BRI
B B TTER 1Y BRI IROE i, AR 34 5% 1Y
T PR VA VR 2 ¥ 31 100 mL, il A% 1 pg - mL™' 1Y
TR PR
2.2.3  BEHEBURIA R OF S HPEFThmg
BRI - PR FERL e A s 24, $e b T B9 i 1l 2
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@ 3% RN K I FRECTC K Ak R 40 3 g, LA
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AR
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21,4 IR A 0.9% KCI /K% (pH 8. 0) 7 80 °C
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S R H 5 A LU (E, Hod PDE fHR)3HR S IR
(ICH Q3D JuZR A e ) (A2 24 b TS 5 245
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11 H Z%#% & ; {USP General Chapter on Inorganic Im-
purities : Heavy Metals) H1 85 T H ]k B Al JLER 1
PDE {i, {14437 PDE {E{% H ]k PDE B+ 32—t
S5l TS 2 b p RTINSt Mg Ca TR PR EE,
FIEFIX 3 FOoTR ML AV BAL ML, S %
PDE {E#U/ME B TR I FRBEHEAT Si Mg Ca [ Ti 14
AT, B AARIASLHIK PDE (B, £ 0RAY AET {6
(/N W B iy g A
AET(pg - L™ =Mx1 000
20 mL - d
(1)

3 £R5iFe

3.1 FEREFHR

311 RPEXRFR [ EARTCER N B  N
FRANTR] K MR 00 40 R 40 VB 5 VL i B A
RAITCE MG E, sk BHR A0 E 3 dilttr. 4391
B2, 20 1730 4R BE B85 B0 A B TR A e R &
it S R EE T R MR A A I IR 13 3
BRVBE B VI B AR OC R TR VR 4300 10,50,
100,150 200 pg « L~" Al oG £ BB M % N 10,100
200,500,1 000 wg - L™ AR AL IR 4> B %
HIUM T ZE R4 0.1.0.5.1.0.2.0 4.0 mL, &
F 10 mL A, A 5% AR e 28 20 B2, il B
I 4312 10,50 100,200 400 pg - L™ ABIIC R 2k
PR A3 5K2. 2. 17 I R REC 3R R TG R A
BRI R A A B BB VEROT R TR R 0
10,50,100,150 200 pg - L™ A%k ERIR A LT T
WRRE2. 17 3R i iR i 55 45, 64T 1ICP-MS ] %,
AEFFP 2L (count per second , CPS) FLZR ZAALFR , [
S p(pg - L") AREARARA IARHE N £ I F 155 4%

R2 ATLKRERMEMNILER

Tab.2 Results of repeatability for each element

PR R ARG R 5 SRR 1,

SEOLRE R VBE VS L B R R OT R AE
10 ~200 wg « L™ P, ¥R FT CPS L RLEME X R R
U fEJCEAE 10 ~1 000 pg - L7 PN, MR CPS
REMELR R IF. MIOCEAE 10 ~400 pg - L', ¥k
FEFI CPS b %2k M & R K I, %K. 5F o0 & 7
10 ~200 pg « L™" PN, ¥R AN CPS FERZME SR R
31,2 RKNRRSE R O BE LS L
il B A AR A T R0 IR AR (10 g - L) |
TG Z T B TR (0.3 g - L71) R BLIR G T
FXTIRAET (5 g - L70) VB ML, 4% 1CP-
MS 5 25 S0 E 10 UK, TR R A HRR,
ZERE L,

Rl ATNFABETEEABINR CER
Tab.1 Linear equations and detection and quantification limits

for each element

Linear LOD LOQ
Element r
equation /ug- LY /pg- LY

Si ¥=0.006 5x +0.218 1 0.999 8 0.782 2. 608
Al y¥=0.010 9x +0. 020 6 0.999 6 0. 640 2.135
Mg y=0.0324x+0.108 8 0.999 2 0.519 1. 730
Ca  y=6.3527E-4x+0.003 4 0.999 9 1.277 4.255
Ba  y=0.0193x-0.012 1 0.999 6 0.183 0. 609
As  y=0.085 6x -0.095 4 0.999 6 0.201 0. 669
Sh y=0.0559x -0.055 2 0.999 4 0. 124 0.415
Cd  y=0.0208x-0.019 4 0.999 7 0. 083 0.277
B ¥ =0.007 3x +0.054 7 1.000 0 0.261 0. 868
Ti y =6.146 4E-5x —2.937 6E-5 0.998 9 0. 653 2.178
Zn  y=0.024 7x+0.045 3 0.999 7 0. 492 1.639

3.1.3  HAEMLE M COS8131101 L4 il #k
FEHLMRE AR 2. 17 0T B R sl 26 4, 352 I 7
6 U, IR AR AR ESR 22 (RSD) o ZR WA 2,

LOQ p/pg L1 p( Average) RSD
Element
/pg L1 1 2 3 4 5 6 /pg - L1 /%
Si 2. 608 652. 061 639. 551 643. 697 630.516 643. 079 639. 142 641. 34 1. 10
Al 2.135 3.689 4.525 3. 665 4.766 4.532 3.496 4.11 13. 46
Mg 1.730 1. 549 1.135 1.294 1. 695 1. 111 1.497 <LOQ -
Ca 4.255 2.243 2.127 2.381 2.225 2.219 2.112 <LOQ -
Ba 0. 609 1. 002 1. 007 1.011 0.998 1. 003 1.033 1. 009 1.24
As 0. 669 0. 084 0. 065 0.122 0. 06 0.074 0.078 <LOQ -
Sh 0.415 0.016 0.014 0.012 0.011 0.015 0.013 <LOQ -
Cd 0.277 0. 004 0. 003 0. 002 0. 003 0. 004 0. 003 <LOQ -
B 0. 868 11.118 10. 644 10. 407 10. 299 10. 281 10. 754 10. 58 3.05
Ti 2.178 0. 847 0.873 1. 084 0.753 0.929 0. 986 <LOQ -
Zn 1. 639 - - - - - - <LOQ -
s - - hth.
Note; — — No detected.
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REIMZE RN, TE S PR TRIMe f h EA Hh 1y
JER R TE # R, EAZVE RSD y 1. 10% , 852 R 45
Ufo WAG o E R TE EIR, EEAZ PE Y RSD Oy
3.05% , WEA BAFAEIZNE BRI A
FEC e FR AR TS PRI Gk 10 375 i i A
o TR TR , AT RE 2 P Rl Bl Py BE rp /D
FROCER AR BIT ), Sl 22 80K, RSD J 13.46% , 8k
5 BB B BR R ORI T R, R TS
3.1.4 [l BRI FC R MR AR A 1
S, 3612 4y, 3 BRSSO VB VBS VBL RRLBE LR
TERR A A IR A A R (10 pg + mL™") 0. 025,
0.125,0.25 Jx 0.5 mL 4% 3 {fy, /K it Jo o 5%
¥ 2 [A—25 mL B R R R 2R 3550, AF i
TE B VB VB LR B R 0 IR [RDSCR
TIMRERL 1 32,389 S BIPRE R 10 pg - mL™' 1Y
Bl BE BRARIER 0. 125,0.25.0. 5 mL 4% 3 £33, J/Ki#

fiftJe e RS F W — 25 mL BRI R R 21 4R
A7 VEINE B B BT R AE ISR TR, R
a1 S, A RS S A 10 g - mL T A B AR E TR
0.25.0.5.2.5 mL 45 3 {5, MUK AR G i 2
[l — 25 mLIg b A B 2 20 B, #5505 i
TCE AL ORI . RFIEL AR 8 15 30
RS S AR TBOR A TG TE A , HEREI
FE A IR IR RCR, 85 R 3K 3,

HE5 R A, % e K IR TE 97.5% ~ 108. 8%
Z[a] ,RSD {ti# KN 3. 5% , ICP-MS X4 JC K (G
YA BT I HER I
3.2 RHRBALR

K ICP-MS X2 J5 (42 BUA A T 45 0 3
FeIT 53T, K B8 IR VA W AR B 4% o0 vk B ()
FRECECAT IR ) SR BUR K 5 Wl h & e Rk ¥
(TRSRIUG R ) AT LU S5 R L3 4,

R3 ATUERERENTER

Tab.3 Results of recovery rates of each element

Low concentration Medium concentration High concentration

Element
Recovery/ % RSD/% Recovery/ % RSD/% Recovery/ % RSD/%
Si 101.3 0.50 101.7 3.10 102.3 1.58
Al 102.7 2.20 102.0 0.10 98.9 0.15
Mg 98.5 0.27 98.3 0.68 103.3 1. 16
Ca 108. 8 0. 56 100. 8 0.92 103. 4 0.91
Ba 106. 3 1.71 101. 6 0. 88 99.3 1.01
As 104. 4 1.74 101.3 1.23 100. 3 0.30
Sh 104.6 0.94 99.2 0. 60 98.0 1.02
Cd 101. 4 0.81 98.8 0.38 97.8 1.01
B 101. 1 1.35 99.6 0. 65 103.0 0.24
Ti 99.1 0.30 103.0 1.23 97.5 3.54
Zn 100. 2 2.20 104.2 0.36 99.2 2.07
R4 BEURBRBRETESMER
Tab.4 Analysis results of various elements in simulation experiments
Extracting Element Ratio
solution As Sh Cd Ba B Al Si Mg Ca Ti Zn Si0,/B,05 Si/Al
0.9% KCl solution
p(Pre)/pg + L1 0.250  0.007 0.024 1713 4281 14642 20.883 16.321 13.413 0.648 2.244 2.30 2.04
p(Post)/pg + L1 3.68 0.59 1.06 171.45 1587.73 323.55 6851.73 3841.35 495.9 1.49 5.54 1.43 21.18
20 mmol + L= glycine solution
p(Pre)/pg + L1 0.175 0.006 0.013 0.615 2326 4197 5973 <LOD 7.317 0912 <LOD 0.85 1.42
p(Post)/pg - L -1 14. 46 0.27 0.34 76.91 694.19 301.35 4855.09 109.79 148.10 0.75 <LOD 2.32 16. 11
3% sodium citrate aqueous solution
p(Pre)/pg + L1 0.127 0.005 0.004 1510 4.191 1.692 4102 <LOD 10.767 0.473  0.677 0.33 2.42
p(Post)/ g - L-! 27.37 7.00 11.00  1117.49 6433.31 2980.81 19 791.40 3166.50 4469.73 1.13 1.37 1.02 6. 64
Pantoprazole sodium aqueous solution
p(Pre)/pg + L1 <LOD 0.019 0013 <LOD 11.23 1.370  65.363 <LOD <LOD 0.472 <LOD 1.93 41.71
p(Post)/ug - L -1 2.50 0.83 0.79 245.65 3232.82 1484.53 21 668.14 331.65  456.10 2.57 <LOD 2.23 14. 60

RBOAIR AR, R 1CP-MS 6 $2 BT
JEHH, A R BUR P SR U U /T AET B, 4%

T E 2GR 2024 4E 9 H 5 59 5 18 1)

PP BAR PGSR S Si0,/B, 05 HAZLA K.
Si Al JTTRHERA BRFRBE PRI, A B F2 B0
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RifE Si/ALEA B KA, BRI AET FHE
B SE TR C R R R RIZL, T H AR B s
TUSEIHE AET [EHLAF , A S 54 A FRE o 8%
35 D B TR 7K PR 5 AR 2 41 KU o
3.3 AHRBAXR

X v i B e B R v W TR RE ), Tk

RS ANFAWEOL2ZANAASKHOZANMANEHER

B A R e BT A R < R U R TS
5 RS SR P PR R AR 5, Sy — 20 T 24
XS FHPHFCHLMR AN L 5 B0 AT RO, 7R 6 .12
AR 6,12 A4S A S RRE M5 S ] i R A E
FEAPEATIER OCR I E , R 25 2R TR O d A 45 ¢
HEATRTLE, G5 R LER S .

Tab.5 The migrationresults of eachelement at accelerated 6 and 12 months and longterm 6 and 12 month

p(Upright) /pg « L1

p(Inversion) /pg + L~ !

Element Accelerate Accelerate Long term Long term Accelerate Accelerate Long term Long term
0 month 0 month

6 months 12 months 6 months 12 months 6 months 12 months 6 months 12 months
As 0.270 0.272 0.274 0.271 0.274 0.270 0.278 0.283 0.310 0.338
Sh 0. 054 0. 064 0. 090 0. 063 0.072 0. 054 0. 062 0.081 0.071 0.081
Cd 0. 063 0. 067 0. 067 0. 063 0. 063 0. 063 0. 066 0. 068 0. 067 0.070
Ba 0.903 1.725 1.791 1.212 3.168 0.903 2.103 4.128 3.843 4.755
B 85.986 87.331 92.903 89. 653 90. 381 85.986 86. 640 93.799 88.999 90. 646
Al 15. 483 15. 649 15.579 16. 036 16. 326 15. 483 15.917 17.759 15.911 16. 655
Si 2 217.417 2 574. 111 2 786. 508 2 311.677 2 359.578 2 217.417 2 606. 266 2 847.697 2 696. 025 2 742. 486
Mg 1. 041 <LOD <LOD 1. 671 <LOD 1.041 1. 900 2.574 <LOD 2.442
Ca 3.620 <LOD 3.421 3. 664 4.332 3.620 3.555 5.166 6.816 17.730
Ti <LOD 0. 126 0.221 0. 406 0. 467 <LOD 0.112 0.271 0.419 0. 462
Zn <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD

Si0,/B,03 8.57 9.79 9.96 8.56 8.67 8.57 9.99 10. 08 10. 27 10. 05
Si/Al 143.2 164.5 178.9 144.2 144.5 143.2 163.7 160. 4 169. 4 164.7

ZEREW] AR5y g 12 A A AL
5 12 A A WA R b el W RSB L AL
Mg .Ca Ba As Sb Cd Ti ¥J47 A [ #2 A 46t , {5
PR T AET R R 5 2 063 dh 70900 24 R BEAR
Zn JCR o TEMNGE IR A0 Bl I (8] Y 4%
TR VB B B B TR B Bkl A T
iR, BB R B T A BUE NS A ISl (A A R AR
T AET fHFR . Si0,/B, O, fH . Si/AL {H I K % &
S ZE A WU TR B A AR 2 AR k™ A B R Bk
KECHRE ) B RS FEA R F5 o I & 1, IR B A
{0 6 Al 1) Si/AL B AR R TR I AR R 1k A AF
N IEE AN E A I S/ALE, X T E 5 Si(fE)
JUER AL 25 AF T A ELAR A 56, 3178 i B2 3
TR B T S5 R0 A I AN B o 2 b 3

FHPE AT e B 36 20 5 B b 7 2 S MR AR/ O
YN ENiR- S8 A IR

3.4 ZAMEIFH
R A P TR 150 B 5 v B E 1 ok B =, 3
BAFE| AET (8, IR 4R U 25 R ST i <
12 > AR R b, Wk 6
iR R, AET il KW W TR A
250 000 pg - L' H ik B Zn JT £, AET K
65000 wg + L™ ; Kl Si. Mg, Ca . B, Ti ¥k
+ 1746 -
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Tab. 6 Comparison of results between drug extraction test and

long term 12 months migration test

Content in Content of
PDE AET LOD drug extraction  migrationmedicine
Element
/pg-d™' /pg-L7l /pg - L7 solution solutioninlong term
/pg+ L7112 months/pg + L1
Si 1 000 50 000 0.782 21 668. 14 1 841.289
Al 5000 250 000 0. 640 1484.53 4.371
Mg 1 000 50 000 0.519 331.65 1.977
Ca 1 000 50 000 1.277 456. 10 3.732
Ba 700 35 000 0.183 245.65 1.230
As 15 750 0.201 2.50 0. 0%
Sb 90 4500 0.124 0.83 0.039
Cd 2 100 0.083 0.79 0.012
B 1 000 50 000 0.261 3232.82 33.492
Ti 1 000 50 000 0.653 <LOD <LOD
Zn 1300 65 000 0.492 <LOD <LOD

TE:PDE ~ fiok H R 87 15 AET — 0BT P UL

Note : PDE — permitteddailyexposure ; AET — analytical evaluationthreshold.

50 000 pg + L' ARG - Sh JTCR (AET {H2h
4500 pg - L") Al As TER(AET {4750 pg + L)
LANERARN Cd JTTR (AET {H2 100 pg - L) o 4%
AET {EHIW7, As \Sb Cd 455 43 & 42 M IR BE IR, 1if
B ORTE T HAS T3 154 0 3R AR R G AR % 17
1 AET (8, RS, 5k A7, T3 5h, 20 g 45

rp | 22 A5 2024 4E 9 58 59 45 18 1]
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1845 P S IR FE I A5 0 12 A H AR A1 12
AR PR CR R AT R IR T AET {5, N
L, PP T SRR B R A 5 A0 S T
FCRIPE AR R, SR IR A KU B AR 42, ]
TR S FHPE TR

4 % it

K ICP-MS, #5717 F 5 7 G 2 F6hrme 4
5 v B A - S A B b AR M S
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U S5 FH 24 G 7 s 6 45 4 P 2 TR s B 1 52
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A1k B I AR RS o it o sk e 6 R 1 3 e
(i) B RS , I v B ARG R S VR BE 1 Si B L AT T
R AR T2 A B, A s Z K IR T
AET {H, H: 28T K B R A0 2% bRk mT S He
Xif 25 it 1) 22 4 Mk R RN R R A R R
AR A4 4V F 25 %‘Em%@A@MZ
(] R A 28 AT, e R KB AR . R FH Ly v
BOE P % 4 1 S P o G e b Jo o 4K AR OK F, S RE
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