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Determination of migration of common antioxidants and extractable
sulfur in medical rubber stoppers to propofol medium/long
chain fat emulsion injection by HPLC
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Abstract Objective : To establish a high — performance liquid chromatography (HPLC) method for investigating
the extraction of common antioxidants and extractable sulfur in medical rubber stoppers and the migration of antiox-
idants and extractable sulfur to propofol medium/long chain fat emulsion injection. Methods: Waters Symmetry
RP (250 mm x4.6 mm,5 pum) was used as chromatographic column with methanol — acetonitrile — 1% acetic
acid solution as the mobile phase. Detection wavelength, velocity of flow and column temperature were set to
277 nm, 1 mL - min " and 35 °C. Results: Good resolution and linear relationship (7=0.999 6) in the range of
0.1-20 pwg - mL™" were achieved. This method possesses superior precision, stability, repeatability, and all
RSD were less than 5%. The rate of recovery was 93.3% —108.7% , and the RSD was 1. 8% —12.5%. The
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migration of antioxidant BHT was detected in three batches of solution and the content was higher than its corre-

sponding permitted daily exposure (PDE) value, which means there is a large safetyrisk. Conclusion; The meth-

od represents high sensitivity and is easy to operate, which can effectively detect the migration of antioxidants in

propofol medium/long chain fat emulsion injection.

Keywords : high — performance liquid chromatography (HPLC) ; propofol medium and long chain fat emulsion in-

jection ; antioxidants; extractable sulfur
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2 HFEEER
2.1 @3kt

% SymmetryShield RP, (250 mm x 4.6 mm,
5 wm) E@3EHE, A N (A) - HEE(B) - 1% i
WKW (C) , BB EEVEN (0 ~ 6 min, 10% A,50%B,
40% C;6 ~9 min,20% A ,50%B, 30% C;9 ~ 12 min,
25%A ,50%8B, 25% C;12 ~21 min,5%A ,80%B,15%
C;21 ~24 min,90%A ,5%B,5% C ;24 ~38 min,0%A ,
98%B,2% C ;38 ~50 min,10%A,50%B,40% C) ,
1.0 mL - min " #3135 °CL K 3% K 277 nm,
Fei 10 pL,
2.2 HWATHIA
2.2.1 XPERARAEAS W RO RS BHT — OH
BHT - COOH , BHT - CHO,BHT - Q.2,4 - DBP,
BHT 3114 ,1010 330 ,1076 ,1310 168 % A 45 B 6% 24
50 mg AEHFRAE , 0 & 50 mL S, i & b
295 mL R, P IS 25, 5250, il oo s vk FE 2
1000 pg + mL™ B — i oo BR SRR . 43 R
IR F— BN B R 10 mL, 100 mL S,
JH PR A 2, T R B vk B 290 100 g - mL™'
IR X B AE AW A, 5 5 773 5 L BHT — OH
BHT — COOH .BHT — Q .BHT J% A % B 1 2 — %45
XA VAR 1 mL, 25 mL g, AT IE 25, T
U R BEZ g 40 ng + mL ™" TR G X B i A
W B, %M.
2.2.2 #ERGAR AR BRSO s T
HARIEFE (L) BYRE L2 5 mm x 5 mm (¥ /NURL,
FRELZ) 2.0 g, 3 A TR0 T M vh, i A — S0 e
10 mL, 40 °C % HLE 45 min, BHIF =, FBE
U 2h 2o o 25 e 2 B UE MR E 75, B 2 S e
T Jany5kiE 5 mL HIEEE A (315 40 kHaz/ 2 3
70 W) Vil AV AR A 10 mL i, S 25,
G
2.2.3 i ALK A R 1% YIRS
/KA NS D 3L ST (HtE5 181128121 (181129121,
181130121) BESL A 10, 4525 2 mL % 10 mL
s, ARk E A B2 RS, 1S
2.2.4 [CRREmER BN IAE /KRR DL
TS (A5 181128121) 2 i, TR AT, 45 % & U &)
JEWZ5 2 mL $£9 fy, 738 3 21, 43508 T 10 mL &
A, BRI AR S X B4 B 0.25 0.5,
1.25 mL, POSWE 0 5 25 28 20 B2, 1] g 2 X6 BE it Jo o

WRELZ N 1.2.5 pg - mL™ AR
2.3 RguE A%

2. 2,17 TR R A0 IR A i A T A T YRR
BES A AEARSCETE AT TR E , B S Pz
)43 B8 AT, A B RE S > 1.5, B #5 A E ) > 5 000,
EIEE LA 1,

1504
1254

1004

U/mV

75
50
8
5.6
25+ |7 9 1011
T,
0 A A
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t/ min

Hi%8 7 (antioxidants ) ; 1. BHT — OH 2. BHT - COOH 3. 1 310
4.BHT-CHO 5.BHT -Q 6. 2,4 - DBP 7. BHT 8. A i BU B
(extractable sulfur) 9. 3114 10. 1010 11. 330 12. 1076 13. 168
E1 HPLC EAXMBMmAREILE

Fig.1 HPLC chromatograms of mixed reference solution
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Tab. 1 Regression equation, linear range, limits of detection and limits of quantification

Ay BUSPZEE AL (extraction test) ('migration test)
(regression r (linear range)/
(compound) equation) (g - mL1) LOD/ LOQ/ LOD/ LOQ/
(pg-g™) (pgrg™") (pg-mL™") (pg-mL™")

BHT - OH Y=3936.5X-505.94 0.9998 0.097 ~19.47 0.79 2.63 0.08 0.26
BHT - COOH Y=16 472X -1 606.6  0.999 8 0.098 ~19. 63 0.82 2.73 0.08 0.27
1310 Y=3328.5X-178.25 0.9999 0.099 ~19.70 1.68 5.58 0.17 0.56
BHT - CHO Y=29407X - 2889.8 0.9998 0.098 ~19. 62 0.49 1.63 0.05 0.16
BHT - Q Y=5080.6X -572.31  0.999 8 0.098 ~19.52 0.93 3.08 0.09 0.31
2,4 -DBP Y=6456.6X -776.76  0.999 7  0.098 ~19. 56 0.77 2.56 0.08 0.26
BHT Y=4764.9X -479.46  0.999 8  0.100 ~20. 02 1.20 4.02 0.12 0.40
3114 Y=2853.5X-307.24  0.999 8 0.101 ~20.22 0. 88 2.95 0. 09 0.29
1010 Y=3248.1X-443.21  0.9998 0.099 ~19.77 1.10 3.67 0.11 0.37
1330 Y=4471.4X -604.99  0.999 7  0.098 ~19. 60 0.81 2.69 0.08 0.27
1076 Y=1736.6X-298.11  0.999 6 0.100 ~20. 00 2.13 7.11 0.21 0.71
168 Y=2833.4X-483.9  0.9998 0.099 ~19. 81 1.67 5.57 0.17 0.56
A[ IR (extractable sulfur) Y=17091 X -1255.2  0.9998 0.099 ~19. 74 1.30 4,34 0.13 0.43

PO BHT Kol S s, o e s Rkt o o1 ARIHRESRTILAN PDE H, AR SCUET 1L
S0 BHT 53 H e K AR TR E R THAM AR H Bk 55500 BHT KoK H 5 m y al S
VIR BRFR i (PDE) {H, HARIE SR H Rk #i, DI .

®2 KRERWABER

Tab.2 Rubber stopper extraction results

wEY Gt H e KA R PDE/ Tl

(. compound ) (content)/(pg - g™ ") (maximum daily intake)/(pg - d7") (pg-d™) (safe)
BHT - OH <0.79 <124.82 21 000 J&(yes)
BHT - COOH <0.82 <129.56 500 Z(yes)
1310 <1.68 <265. 44 768 T (yes)
BHT - CHO <0.49 <77.42 500 J&(yes)
BHT -Q <0.93 <146.94 500 JE(yes)
2,4 - DBP <0.77 <121. 66 240 B (yes)
BHT 122. 26 19 317.08 1 800 %5 (no)
3114 <0. 88 <139.04 25 000 J&(yes)
1010 <1.10 <173. 80 10 000 JE(yes)
330 <0.81 <127.98 5 000 JE(yes)
1076 <2.13 <336. 54 768 JE(yes)
168 <1.67 <263. 86 9 500 J2(yes)
AT ( extractable sulfur) 4.4 695.20 2000 2 (yes)

T (note) : KK LS LI/ NF R PR 2R , B H e 8 A P8 HAE B A FR 318 (undetected compounds were expressed as less than the limit
of detection, and the maximum daily intake was calculated based on their corresponding limit of detection ) ;1% PSIA 8 F/ K EENS DT FLIE SR (R4S .
50 mL:0.5 ¢) , B NEF K R8T 20 i1 [ 1% propofol medium/long chain fat emulsion injection ( specification; 50 mL:0.5 g), maximum dosage

per person per day calculated as 20 bottles |
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HRAE“2. 57 T e &SR BOR TR 45 R, AT IR
05 F BT PR B o KU 55 = T 4R BHT S n]
PEHUGT . H THUEGR BHT 7R 80 78 rh v] REFE A
BHT - OH .BHT — COOH .BHT - Q, 3 F X\ % & | A
YT R ¥ 7 % BHT — OH . BHT — COOH .BHT - Q
i — %%,
2.7.1 AEEELRLE B2 20 17 IR A X B i
W B IER 21T R A3 SRR T, i 4
PR 6 K, ISR I A, 45 R Pt %R BHT  BHT -
OH .BHT — COOH ,BHT — Q K w] 42 H i 0 [ ALY
RSD(n =6) %531 0.79% .0.39% .0.28% .0.67% .
0.36% , RN E M R IT .
2.7.2 FeoEtAse B2 2. 4750 R R
ST IR TE 0.4.9.16 21 28 h #%°2. 17 i | ta ik
SRAFHERE T ISR TR AR, 25 SR 414055 BHT . BHT -
OH .BHT — COOH .BHT — Q J% AJ 32 B 7 0 T B9 RSD
(n=6)4>31H1.5% 0.93% 3.4% 1.1% 4.8% ,3%W]
HER AT S R T CE 28 h NfRE .
2.7.3 FEEMERE 2550 HEE R R AR
BHT, W BE 20 7 0.3 pg - mL™", A4 4 BHT -
OH .BHT - COOH \BHT - Q M ] #2Htfii. b T B i
B 3632 7 25 1 R A M R TR G 0 BR A
W B, RE2.2.47 R J5 ik, [R5 6 43 % B g
JENS5 pg - mLT BRI TR, $ 2. 17 TR a3 A0
AR 5r A, 45 R P14 57 BHT, BHT - OH, BHT -
COOH .BHT - Q K rl 2 e i) & 28 5 pg -
mL™',RSD (n =6) 453Nk 2.7% .2.6% .3.0% .
2.3% 2. 4% ,RKWZ )T A RIFEE N,
2.7.4  [ECRIRLS B2, 2047 0 ISR
W, A% 2. 17 N (3 S5 A R A0, 25 R WL 3, 1]
W%k 93.3% ~108.7% ,RSD Hy 1. 8%~ 12.5% , 32
WA 5 0 5 A B /A i B D L S o R 3
T AR R B AT
2.7.5  NIAE /SR AR DT FL O S 2 b s R
W MRIEBURIR R B ERAERE 40 C £2 C |
FHXREE 75% +5% M4 FlcE 0 A (IE#) |
3HEE f##E) .6 (EE &) )G, 258 Lk
PUAEGH M ] S B i I B R 0 . B2, 2. 37 TR
Pl R S TR TR, TR 2. 17 IR 033 4% 1 HERE
Mr G5SR4, NE 0.3 .6 H kRS TR T8 bt
57 BHT, ;I8 M 1.79 ~3.59 pg - mL~'; BHT 1T

F& 1 IR 0 30 FSF R %) 6 vy 1 o 80 A L O R
T IE B ¥R A B 4R BHT — OH | BHT -
COOH BHT - Q %A 42 HUf .

3 T

3.1 Bt Kol $E B Y PDE {H

SCHRL 16 ] 4B Hr 450 10103303114 1 PDE {43
H4710.5.25 mg + d "5 SCER[ 17 J4REHTAAIBHT — OH
BHT - CHO .BHT 2,4 - DBP.1 076168 [ PDE {4} 3]
$721.0.5.1.8.0.24.0.768 9.5 mg - d ™',

X FARGPAF R B L G, AT S5 5502510
PfENIH: PDE {1 . $4% BHT - COOH .BHT - Q
2% BHT - CHO () PDE {f 0.5 mg - d~"; i 28 I
1310 % 1076 ¥ PDE {f 0. 768 mg - d ',

AR R AL “7 ) o 4 £ (TUCLID) /3 2, 7T
FEIBCAR 1 R WL 5E 2 450 F AF R & (NOAEL)
500 mg - kg™ - d7 g AR R B(F1) B 2.5,
AN 2 5 ZR B (F2) HR 10, Xof W i 2l ) 52 e 3
AW R E(F3) S, RIR A H™ 5 1 #E &
B (F4) BT, BN AE O A R A(FS) BT, 11
AR5 S 45 22 B0 100, i A4 2 L 50 kg 3,
ALY PDE (41 54%) =500 mg - kg™ - d ™' x
50 kg x (2.5 x10 x5 x1x1) ' x100™' =2 mg - d ',
3.2 2B B T SR I Y A TEA

AR A 77 T RS HE R BERE, 1% PR Hh/ K %
BE WA FLEE SR (FA% 50 mL:0.5 g) & H e Kl 5
h 20 Ji, DAZ SRS Hh ) R SR TR R R H KR
At RS A AT AR PDE E AL, DAL 25 0t
Ry 2 v KR, 245 R (R 5) KB, $i A 7
BHT - OH .BHT — COOH .BHT - Q J% n] #2545 H
B RBEA G/ N T AR PDE {H, i i ZE T =
2 i KU AR . LR BHT 4 H i RER A= h
3590 pg - d ', FH PDE (1 800 pg - d™'),
H I FETT % 28 25 il 1) JXUISS: ¢ 1, 247 TR S A R A 1A
WG AT RE 23l SR B R i & Ve U . 56 T XU %5
& AR AR C A LA SO B Ak T AR
FECFRAL) VBP0 B v/ B 1 7 2L S vk ) %85 3
1, S BN 2 T 2E RSP B R 2 S N M
FEERAL T BRI ) J5 PR Bk, B3R T AR B R A
o IR, A el T 24 e 2 (3 SRR A R
EROIERAL T BRI TE) MIER e 2 E 5 S
R M R S ZEFRAL , 25 B0 R B4 il i 2, i A]
FIAS G5 IAZ R FE T % 25
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Tab.3 The results of recovery measurement

lass] L BTy JMAEE S SRR RSD/
(compound ) (average content of sample)/(pg + mL™")  (added)/(pg - mL™") (measured)/ (g - mL~")  (average recovery)/% %
BHT - OH 0 0.97 1.10 104. 8 12.5
0.97 1.08
0.97 0.87
1.95 1.90 97.3 5.0
1.95 1.99
1.95 1.80
4.87 4.88 100. 8 3.3
4.87 4.76
4.87 5.08
BHT - COOH 0 0.98 1.09 103.7 10.8
0.98 1.07
0.98 0.89
1.96 2.01 103. 1 5.2
1.96 2.13
1.96 1.92
4.91 5.29 108.7 3.5
4.91 5.18
4.91 5.54
BHT -Q 0 0.98 0.99 95.2 6.6
0.98 0.94
0.98 0.78
1.95 2.06 107.0 2.6
1.95 2.15
1.95 2.05
4.88 5.09 105.5 3.9
4.88 4.98
4.88 5.37
BHT 0.26 1.00 1.37 102.3 12.2
1.00 1.34
1.00 1. 14
2.00 2.20 9.5 4.9
2.00 2.28
2.00 2.09
5.00 5.13 98.2 3.1
5.00 5.04
5.00 5.34
AP 0 1.01 1.01 95.7 4.2
(extractable sulfur) 1.01 0.96
1.01 0.93
2.02 1.94 96.0 5.2
2.02 2.04
2.02 1.84
5.05 4. 66 93.3 3.0
5.05 4.6
5.05 4.87
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Tab.4 Determination of migration in drugs
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st E] EiiR=2 FCETTI) A%t (migration)/ (pg + mL~")
(acceleration time)/ (batch (placement
H (month) number) direction) BHT-OH BHT-COOH BHT-Q BHT  AJ#EHU (extractable sulfur)
0 181128121 1F % (upright) <0.08 <0.08 <0.09 179 <0.13
181129121 1F & (upright) <0.08 <0.08 <0.09 226 <0.13
181130121 1FE & (upright) <0.08 <0.08 <0.09 1.80 <0.13
3 181128121 1EE (upright) <0.08 <0.08 <0.09 2.68 <0.13
{81 (upend) <0.08 <0.08 <0.00 3.45 <0.13
181129121 E% (upright) <0.08 <0.08 <0.00 254 <0.13
18] (upend ) <0.08 <0.08 <0.09  3.31 <0.13
181130121 1EE (upright) <0.08 <0.08 <0.00 274 <0.13
{81 (upend) <0.08 <0.08 <0.09 264 <0.13
6 181128121 1% (upright) <0.08 <0.08 <0.09 2.8 <0.13
{818 (upend) <0.08 <0.08 <0.09  3.36 <0.13
181129121 1F & (upright) <0.08 <0.08 <0.09 247 <0.13
{8 (upend) <0.08 <0.08 <0.09 3.35 <0.13
181130121 IE# (upright) <0.08 <0.08 <0.09 2.9 <0.13
{8E (upend) <0.08 <0.08 <0.09  3.59 <0.13
T (note) : Kk LS P LI/ NF A FR F 7R (undetected compounds are indicated as less than the limit of detection)
x5 ARIBREMHEITME
Tab. 5 Safety assessment of drug migration
ity T A B H IR R A PDE/ Er
( compound) (maximum amount detected)/ (g - mL.~")  (maximum daily intake) /(g - d=") (pg-d™) (safe)
BHT - OH <0.08 <80 21 000 & (yes)
BHT - COOH <0.08 <80 500 %2 (yes)
BHT - Q <0.09 <90 500 2 (yes)
BHT 3.59 3590 1 800 % (no)
A[ I (extractable sulfur) <0.13 <130 2 000 2 (yes)

1 (note) : R LA W4 LL/NTF K5I FR 26 7% (undetected compounds are indicated as less than the limit of detection )

3.3 {RBUATIERE

F T PRI M /A i 07 LT S R A B Y
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PUAAGH) S TR U , 153 2 1 al SR Y 2, A ) T
DU B ] S Y i 2

3.4 TR IIA ISR

iR R S AN RIEN L AR N e B R B
IR ARG, 8 R SR A B T i AR MESE 285 3
AR SR 58 4 4 IR R, DAL 98 51 T 4 7 e A
BRI 2 HUA, DU IR I £ — € L] B RES AR
UF MBI 2t o DU RIS 2 AR AR D 10 1
201 301 4: 1IN, DU S0k I 245 K RIE S8 49 Ak 25 15 9
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HEAATREC A S0 1 I, 28 94 DU 20 Wk i 56 4 7 i
1M, T2 70 W70 20K TR L 5 A A 88 245 8 4 7 15,
BARRLL S 501,
3.5 AR R

56 % Fl O Symmetry Cq (250 mm x 4.6 mm, 5
pum) @ ZORABX Eclipse C;4 (150 mm x 4.6 mm,5
pum) .@Gemini 110 C (250 mm x4. 6 mm,5 pum) @)
SymmetryShield RP (250 mm x4. 6 mm,5 pum)4 Ffi{a
TEAERS Bk 13 Me ST . 4R KRB R
I OARRETE 270 83X 13 ML) R @
@, #5364 i BHT — COOH | m] 42 HiU Bt , 1330 i
R B & G Y 0 8 A% R A5
H@® ., Wl bk 13 MG ik L s A1
BT AR AT H An A6 & W 0 1 i i) W B A0 T )5 4
I, PR IR E@HEFT /3 HT
3.6 KM Ay ERE

FEAE Y B S SNBSS A I, 250 ~290 nm
0N &S P REHR B B R K, e a1
BN R, R 277 nm ARSI
3.7 UREhAHR R

SRR I A S B X n] R B Ry B A5
VEPERR VR . A7 B SCHk & B, 2 B0 0 Y R
SRR F O B — K, AU 5 R0 4800
AJHRIUAR , P ZR A DA S A I, 4% 20 00 19 00 15
Bt s iR IR 2, i HIRZA -, &0l 2K
V5 W, R - N - 1% BRI BAE i
SRR F I, &2 53 O B I B3 v, 0 2 R AT
BELL AR, I 2 R Gl IR 2K
4 Hig

ARSCIF T 1 b W P70 480500 KT i B 114
HPLC J5¥k , RBUEE & , BRAE T B0, m] [R] ih - P9 e
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