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WE:BN AR T HSRIE T AT (BLa)fe 7 AR AA &2 09 & 80U A &3 (HPLC) 3, IR0 e £y Z0 2SR R 5 69 % 4
W HE REMSZTREA LA TR BRI, DM EEHEBEESANE, G544 Agilent ZORBAX SB - C,, 4 (250 mm x
4.6 mm,5 um),AFHABA FEE - 0. 1% LERR CBEEM), A& A 1.0 mL/ min, &% K 4 230 nm, 4B H 35 C,#AHFZH 20 pl. 4
S4B AHFREZ(PDEAL) POk B R EM R R mey AN R AN 1310,242,BHT,1010,330,1076, 168 A= sk £ i £ e
25 % P e M FR AR T 3L 50% A AR BIME (AET) s 45 5 & KB 45 R 6h RSD A& T 2.0%(n = 6) ;- F ¥ ek 5 5 A
103. 60%, 107. 02%, 101. 76%, 100. 86%, 102. 18%,105. 61%, 103. 25%,99. 56%, RSD %% 4 1.89%,1. 80%,0. 71%,0. 37%,0. 32%,
0. 65%,0.38%,0.39%(n = 9) ; iz 42 FCE b TR & 4 A7 1310,1010,1076, 168 Fo sk, BEHLE S A & b T 4w £ 32 84 1010 Fo
FAR A e I B P Sy A S R BRI TR R 2 PDE A G0 kB RE, i@‘t)‘i% S M E A
B, TR TR GERE T ZHEIEF TRHRAAN AR Y B GRARN AL FH R AR a2 Sty a0,

KRR F20R 40 &% % IR K A HAL )
B4 25 :RI17;R927 X EFRERD A X EHS:1006 — 4931(2022)22 - 0071 - 04
Content Determination and Migration of Sulphur and Seven Antioxidants in Medicinal

Rubber Stoppers by HPLC
LI Sha' ,HAN Haiyan',WU Hongyang',TANG Yunxi' ,WANG Wei’, FAN Nengquan'
(1. Chongqing Institute for Food and Drug Control,Chongging ,China 401121; 2. Chongqing Fuling Institute for Food and Drug Control,
Chongqing , China  408000)

Abstract: Objective To establish a high — performance liquid chromatography (HPLC) method for the simultaneous determination
of vulcanizing agent (sulphur) and seven antioxidants in medicinal rubber stoppers,and to evaluate the safety of Insulin Injection
products. Methods The rubber stopper samples were cut up and ultrasonically extracted by dichloromethane. Insulin injection was
used to simulate the injection solution. The chromatographic column was Agilent ZORBAX SB - C,; column (250 mm X 4.6 mm,5
pwm) , the mobile phase was methanol — 0. 1% acetic acid solution with gradient elution, the flow rate was 1.0 mL / min, the
detection wavelength was 230 nm, the column temperature was 35 °C,and the injection volume was 20 pL. The safety of Insulin
Injection products was evaluated based on the permitted daily exposure (PDE) value. Results The limits of detection of
antioxidants 1310, 242, BHT, 1010, 330, 1076, 168 and sulphur in rubber stoppers and liquid medicine were lower than their 50%
apparent effect threshold (AET). The RSDs of precision and repeatability tests were lower than 2.0% (n = 6). The average
recoveries of those components were 103.60%,107.02%, 101. 76%, 100. 86%, 102. 18%, 105. 61%, 103. 25%,99. 56% with RSDs of
1.89%, 1. 80%, 0. 71%, 0. 37%, 0. 32%, 0. 65%, 0. 38% and 0.39% (n =9), respectively. Antioxidant 1310, 1010, 1076, 168 and
sulphur could be detected in rubber stopper exiract solution, and antioxidant 1010 and sulphur could be detected in simulated
injection solution. The detected content of each component in the rubber stoppers and the drug migration value were significantly
lower than the PDE value of the injection route. Conclusion The method is simple, sensitive, durable, repeatable and accurate,
which can be used for simultaneous determination of seven kinds of antioxidants and sulphur residues in the rubber stopper of
insulin injection. The migrated antioxidant and vulcanizing agent do not affect the safety of drugs.
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2 e ZE B AR E M R A, ) PSR
B ARFEZG S A R R SE R S 2 K
TR, 5 7 A 5 25 W AR 5 TR R, DA TR 5% 1 24 i JB
i, EE RN AR AR RIE R BT 2 R 2RI
FR RS B A 7 T S AR AR R B A AR A
o EHE A s A LR & A T RE Y R B0
FER A Rk -7 R L, A 0 BT A it A A fh 7
1728 58 Al AR FH 24522 4 e ZE TS 7 v s e
SR FR B K0 53 28 2 S BE W 28 SO W R R 25 5%, &%
P 28 F B ARG 2,6 — R T 3k - 4 - H LK
(BHT) HL5 5 1076 HLH 5 1010.1,3,5 - =HI 3 -2,
4,6 - (3,5 - TRUT K - 4 - BILFEHIL) K (PLA T
1330) 45 , V7 f iR 1k 2 = AL 35§ 4807 168 45180 44
I — o B, s P AR I AR E L, B
0770 3 e N V. g v/ b3 TR 2y NI T o SN €1
WF ST B e 0 RN 2 5l A 2 A RE I AR 25 0 - ey
BEORAH 3 (HPLC ) 25 8 ] & 4T 0RME 2 A B 52 0
B R b WM T R A TR A 2R R 2 B
WU BEAS 558 1 o A I, A B 50 o DA R 05 2% 3 S VR AR
SR, ST T IR B 2 R e ZE v B3R 7 Rt AU
FUBL B % 5t 19 HPLC %, JF 45 & B H R 5 5 &t
(PDE) PPAGZ5 B &2 Ak RGBT F
1 XBE5RE
1.1 =8

Agilent 1260 B =R0RAH (354X (52 [ Agilent A ] ) 5
XPE205 I #, - K (Hi 1 Mettler Toledo 2 ] , 4 & hy
0.01 mg) ; HH — 21 — 8 BU/K A A% (I RS A BR 2
RSP T ) s VX — 95 R i 1 K TR 4 (£ 1] Systec 2
Al ) s Milli — Q Advantage A10 % 4 7K HIL (7% [E Merck
Millipore 23 F] ) o
1.2 iK%

P 1310 % IR (CAS 520170 - 32 - 5,41t 50
P1437031) . 242 X} F& 5 (CAS 596 - 76 - 4,4t 5 K
P1226121) , ¥4 H Adamas Reagent Co, Ltd, 4fi & 5 K
T-98%; BHT X HE S (B[4 T ik F],CAS 5128 - 37 - 0,
5 H B1926023, 43 > 99. 7%) ; B fisf % B 5 (Dr. Eh-
renstorfer GmbH 2\ &) , CAS 5 7704 — 34 - 9, it 5 K
106536, 4l B > 99.0%) ; Bt & 5] 1010 XJ & it (CAS =
6683 — 19 - 8, #it 5y 007WX5) . 330 X} HE & (CAS 5
1709 - 70 - 2,4tt-5-/006C27) . 1076 X i i1 (CAS 52082 -
79 - 3, 4tt'5003V02) 168 XA (CASS31570 - 04 - 4,
It 5 S 002CTK) , 34 24 B Y 24 B AR o &, 4l B 35 0
100% ; 7 5 IR AL T BRI 28 17 JE (TR FRIE 2 | Dat-
wyler Pharma Packaging Belgium 23 ) , 45 A& BO13) ; Ji
By B (R Z AW G R A, sl
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A003, A004, A00S, 1 H e K 1 mg) ; FEE . LTRYY
Sy taigkal, — Wb o bl
2 AEEER
2.1 @iEEH

{6 %+ . Agilent ZORBAX SB — C o 1 (250 mm X
4.6 mm,5 pm) ; JENA : HEL(A) - 0. 1% LR W
(B), Bf EEYEWE (0 ~ 5 min I 40%A — 80%A, 5 ~ 15 min
i 80%A — 95%A, 15~ 16 min I} 95%A — 100%A,
16 ~ 40 min i 100%A , 40 ~ 41 min B} 100%A — 40%A ,
41 ~ 55 min i 40%A ) 5 Jii 3 : 1. 0 mL / min; £ 90 4 -
230 nm; FEi < 35 C, FEFE R 20 pl.
2.2 BREHE

TR A% B U W - A B PR BB 4R 1310, 242,
1010, 330, 1076, 168, BHT J% fi fiff X+ B 5 0. 010 93,
0.011 05, 0.010 70, 0.010 82, 0.010 47, 0.010 58,
0.010 40,0.010 91 g, K5 % FR A, & 100 mL 25 &,
INTEIK B 45, Hil A5 5T i Wk BE 24 0 100 g / mL 9T
BT R VTR

B R - L 0. 2 g / mL B8 BE A5 78 0 € o i AL
B RS, 121 CF E K 1 h, JEEURE 28, f5H R HL
W H1S mL B, I =SBt 15 mLAREE S
30 min, G BEZHET  IMATOK OBEEARZ 15 mL,
280.45 wm PEEENE L, IEIEH , BI15 .

JAm S A T R IR P2 O 5 mLL, B 53 W e <
TR AR BRIV 1 mL, I AU e 5 mL JRFE R
30 min, LS BEEHE T IMATOK CBEES 2 5 mL,
280. 45 wm PEREDE LT BREEETR , BI1S

RS R AR 25 IR BB R M E 2. 005 4 ¢,
B FRAE , I S % 10 mL A 7 [ T3 K 500 W, 4l %
A 40 kHz, 15 & A (25 + 2)°C J A 30 min, B G0 H b
BT MATK CBEEZA 2 10 mL, £ 0. 45 pum JE
UERT  IUELUEWE , B4 o [R) 3k ORI 28 ) #1145 25 F1E 71
2.3 HERFEEE

LR MR R W 2. 20 F 5 A 458 i,
F 2. VT g5 S5 R RE I A2 1 5i ek [ o 25 SR 3K
A VTR BT TR TR A T T VR TR 5 AR L B
W Wi | BAPE X B JC Tt 3 LI 1.

K % B < 2. 2 T s et V5 VRS o,
2. VIR G555 R SL AR I A 6 IR, 1 S e 1T FH . 45
WRHRSDHEI/NTF 2. 0% (n = 6) , W5 B % % MUt

AR B2, 2 T 4R OGS L 2. 2 T
J7 ¥ il 2 s i S S WA T, S e He 2. 1IN £
T 25 A 2 R S I i e AT R L 45 SR Y RSD BN T
2.0%(n=6), KR IEEL MR

TR LSR5 - B 2. 2 300 R b it il A TGS
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1.1310 2.242 3.BHT 4. & 5.1010 6.330 7.1076 8.168
A REMBRER B ARRER C AR &RER D MESRRER E 285
E1 SuEEeEE
1.1310 2.242 3.BHT 4.Sulphur 5.1010 6.330 7.1076 8.168
A. Mixed reference solution B. Test solution C. Spiked test solution D. Negative reference solution E. Blank solvent
Fig.1 HPLC chromatograms
&1 MEEYEIRIELER (n=6)

Tab.1 Results of the recovery test (n=6)

i e mANET M= (pg/ mL) X RSD
(pg/mL) (pg/mL) 1 2 3 4 5 6 (%) (%)

FAF 1310 - 21.42 21.91 22.36 21.78 21.78 22.69 22.62 103.60  1.89
FAF) 242 - 21. 66 23.20 22.66 23.09 23.30 22.94 23.90 107.02  1.80
FEAF BHT - 21.34 21.91 21.57 21.56 21.78 21.61 21.86 101.76  0.71
AR 0.23 21. 60 21.78 21.85 21.72 21.61 21.77 21.68 99.56  0.39
FEH 1010 1.26 21. 64 23.08 23.18 23.07 23.01 23.18 22.99 100.86  0.37
FEF 330 - 20. 94 21.43  21.46 21.42 21.31 21.45 21.31 102.18  0.32
FAH 1076 - 21.16 22.54 22.48 22.36  22.15 22.30 22.25 105. 61 0.65
FEAF 168 - 20. 80 21.48 21.63 21.48 21.43 21.45 21.39 103.25  0.38

ii: - 757‘}'17}15?&1@/%&2]—5]0

Note:— means no antioxidants or sulphur are detected (for Tab.1-2).

2. V30T i S R AR I 2 L 10 S 0 AR, RS ®2 HBREREFHAENNHHESENE
#@q& :%z éﬁ%ﬂ%@l Tab.2 Content determination of antioxidant and sulphur in

samples and rubber stoppers

2.4 THAMERE
B3 M 1. 00 mL / min 235195 2 0. 95 mL / min Al
1. 05 mL / min; #:358 M\ 35 CA3 53 2 33 CHI37 °C, H

il # o (pg/ml) &3
B A003  A004  A005  RERE(pg/ml)  AE(%)

3 26 PR R BRI i R @ P s FRABIO e 0.51 0.0003
RN SOE (R R REE R IR TR e PR - e : -
R4 # A4 BHT - - _ )
2.5 HREENE BBk 0.2 0.25 0.2 5.28 0.003
2. 2350 BP0 R o s i 5 At o e i 4% i 4 REAA010 126 121 1.2 0.42 0.0002
2. 100 F ARSI E  AMRE A TR i A0 - - - - .
B SR IE PR TR 1310,1010,1 076, 168 g ARAI0T6 - - - 1.60 0.0008
ik REA 25 PR BT 1010 RIBRAS  TE WL 2. aRsles - - - 0.42 0.0002
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2.6 ZHEMEM

T Hr AN [ {5 (AET) . AET = PDE / MDI,
AL, PDE N EY A H R R KA R (pg/ d),
MDI %5 H i KA = Off) -

XFF ORI SR AR Bus ey i, E R
2 it 3 W AR PR 2 (ICH) 38 5 J5 00 M7, A2 %50
B4 (TDso) e S MIE R J7 1L B L VT HE A2 A Bl 3
¥ TDs (EBE LA 50 000 ALEPESME R + 1 0 2 — B kA
B (BPAAE XS A ) o FE A2 S5 48 AL AL &9, mT
FEIHHIIT AT e A1

PLPTE N 1310 24 i), 25 [5) 75 P 2% 5C B E (TTC)
R, HXF R BUAY TDsy K 540 mg / (kg-d) , A CFEH
PR R 50 kg 1T, TS B PT AT 1310 AR 0] #2452 5%
AT 540 wg / do M4 A B A 50 FBL AR 1Y) PDE (B M A
i B H A K R EAS Bl R i & &, il i o
R/ BRI E6  AET, 45 5 I3 3(ECHA Rk %4k
FmE ) .

3 MEFNNFHREIEFEL A EZA PDEENKIE
Tab.3 PDE value and source of antioxidant and sulphur by

parenteral administration route

AHSAE  PDE(ug/d)  AET(pg /#) AW (pg/ml)  #ERE
FAH 1310 540 2160 720 TTC
RAH 242 18750 75 000 25 000 ECHA
FAH BHT 1250 5001 1667 ECHA
WA 10000 39999 13333 ECHA
HEAA1010 23000 92001 30 667 ECHA
# A 330 17850 71 400 23 800 ECHA
FAH 1076 3200 12801 4267 ECHA
FAH 168 3000 12000 4000 ECHA

3 Tt

T, IG5 %o R A TR R A T R, BRI vk
FEART 360 g / mL[ AR A4 S i =4 e/ N
50% X #% AET T3, HTE M 1310 BRJE = 540 (pg/d) +
3 (mL) x4 (mg) x 1 (mg/d) x50% =360 g/ mL ][
TRAXT IR AR (100 we / mL)PERE , 45 R HAZ MR (S / V)
(XK T 10, BEIH 1 50 X AG 52 B8R (10 R I 4%
T R T P TR RO A T R 1 1 R e ZE R AR
PUAARFIBTAR (1R PR, 225 56 v 8 AR s 4o 1
TR e ZE BB 7 ARG R 45 /N T 108. 3 pg / mL,
X T4 H 50%AET,

ZE LR AR ST S T[] B ) R S 2R A
VOO i PR TR AR T R M S R AR B b B A B 7 R AR
R EEMHPLCH kTRt RES B8
PE RS B4, 25 SR RTS8 R B B, ARG S 1 i
FET & W & A2 AR A AR TR S IR 2 1 PDE
{8, X BT AR BT AL TR B AR AN 52 1 245 i 22 4k

4
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