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Determination of antioxygen and vulcanizing agent on study compatibility of
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Abstract: Objective To establish a method for the content determination of antioxygen BHT and vulcanizing agent
4-tert-octylphenol in butyl rubber plug of Yiqi Fumai Lyophilized Injection and to investigate the stability of samples. Methods
The chromatographic separation was achieved on the ACQUITY UPLC BEH C,4 column using acetonitrile-0.2% formic acid water as
mobile phase gradient elution, the flow rate was 0.3 mL/min, column temperature was 35 “C, and the detection wavelength was 280
nm. Results Good linearity (+>0.999) was observed in the standard curves of BHT and 4-tert-octylphenol in the range of 0.4~20
pg/mL. The average recovery of BHT and 4-tert-octylphenol was 99.3% and 101.9%, respectively. The precision and durability results
are in line with the requirements; the content of BHT and 4-tert-octylphenol in the study on the stability of Yiqi Fumai Lyophilized
Injection sample was below the limit. Conclusion The established method was accurate and reliable and can be used for the
determination of BHT and 4-tert-octylphenol in Yiqi Fumai Lyophilized injection.
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Waters ACQUITY UPLC 8 i 2y AH (0 3% 12
(Waters A7) ); FFRF#)-MS204S HL 1K1, HER#)
-XS105DU B HL 173 #r K- (36 [H Mettler Toledo 2y
HDs Milli-Q 447K (3£ [E Millipore 2] ); L550
AR E 0L VP O U ERAT R A F]D;
S5 TQ8030 <SR AX -
1.2 RS

BHT X fid it (B 2040 99.5%, #t'5 119389),
AR BE K 6 B O 2> 3 98.5%, ik
100068), ¥4 4##[E Dr. Ehrenstorfer 2 /= f; —
SR (alkal, 4 L, kS 160726), KT

BHERHCA R AR M i (Aagkal, 4 LI,
fit'5 18447630), 4 JNE (titgl, 4 L, #its
JA039430), Merck A= HEE (s, 500
mL, #t'5 2016-9-2), E#EAHRA—T 77 dh.
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{63 FE(1) 4 ACQUITY UPLC BEH C 3 #:(100
mmX2.7mm, 1.7 pm); Ak 35°C; AR 0.3
mL/min; F3EK: 280 nm; HEFEAARL 3 ul; HHL
A CHE, AKAR 0.2%FRAK, VERUBERE LK 1,

F 1 ERBRME
Table 1 Gradient of elution

I} 7] /min 1% 0.2% R K/%
0 60 40
3.5 70 30

10 90 10

17 95 5

20 60 40

24 60 40

22 MERABARE S

BHT Xf & & 1 : B BHT XS4 20
mg, KiEME, &1 100 mL ZEMF, & H
bt 5 HESR AW (10 4) WIRITMBEEZIEE, %
A1, BUSIKEEZ R 200 pg/mL (K% B S Aids 559

XA L IR 0T HE i AW T« HOW R K
Wyir AR 2 20 mg, KRR, BT 100 mL AR
W, N A RS FER SR (10 4) R
BRZIEE, 85, BUSRIKEEZIR 200 pg/mL %)
i {5 VR

BHT. AR Ky X B 43 7DRG 2
HU BHT 0 RO R RE R 0] B il V&% 1
mL, &1 100 mL &, NS ke R
HWA (LD RBERRZE, B, BRiE
WREEYIA 2 pg/mL [RITR A 6] B A
23 X RIBRAEIE

BOd st 2 K G HI7) 1.0 g, FEER



« 498 -

L¥#issatz. Drug Evaluation Research 35 413 38 201843 A
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2k R, N ERERGHA S 10 mL
ZAO T, INiE i H R O TS S R A R
W REE AL, RA, .
24 EREMRE

R A & e - FRE (104D, BHT.
T 5 S LRy PR BRI (2 pg/mL) R
WA, % “2.7 TR g AR TI S, (kA
DL 1o A7 D2 P DT B A Rl s e T4

WAL - (GC-MS) 7% (a3 &4k
GC #EFE L 200 °C, AR 1.0 mL/min, 73
Wi s o AERTHEREF: 50 CLRFE Smin, 5 °C
/min T} 4 250 C{##F 5 min, 1247 50 min; MS &
T 230 °C, #EIESE 200 °C, K47 Q3 Scan,
FHRGEHE m/iz 50~600) X AR AR AHT.
X R BRI AT S50 % .

SE AL MS Btk b ) H AR50 RS2
TUBG AP PDA AN AN B Ani g4l
FE/NTEIME, WEBN R, SEZEN TR
RrA KR,

X
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Fig.1 Chromatogram of blank solvent, BHT reference substance, 4-tert-octylphenol reference substance and sample
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FE G 15 S 3T LA, THEH RE R T SE A DU
) AR E BT R, DMEREEEY 3 01 B
(1R AR B B N AR TR S A e A I B s DA e b
10 T 1 AT R BE El N AN 1) B o o R
2 “2.17 WUR P S AT INE , BHT ANy
S R AT U R R 7 S PR 43 304 0.1 pg/mL A1 0.4
pg/mL.
2.6 ZEMEERRMLKETEE

I BHT FHUGRE 552810 0) i it £ 808 o=
NSRS R G (1 4) Tk, Bk
BHT ) RE R 5T BE 40 R 200 104 4
2. 1. 0.4 pg/mL [FTRA TR IR %0 “2.17
TR % SRR o A, BEREAAAA 3 pl, kg

[ARME (YD, DAEARN R (X, pg/mL) #f
ATERMEINNH, 2xmlbrk Mg, 1328)& 8o 1 mlE g
PR PEJEH . BHT k7R Y=4 914 X+
455.06, r=0.999 8, X -4y Wy [ 261tk 5 FE N
Y=4 531.4 X+454.42, r=0.999 8, Uil BHT FIX}-
R S BEOR Y 1K P 00 R FEAE 0.4~20 pg/mL
TO I N2 oG R R I .
2.7 EMESRR

Iftes S1 RS E Nk Q&R S
f, FERE 237 TR AR SR & T, 200
I BHT. 6 -RESE 38R A0 s (U e
VR, B EE 2 24 104 20 pg/mL) 2
mL ZEHL, RN TAT 4 3 3 (L YRR 100%
WEEFEA I 6, WEREEMEE RN,
W FESEE 2 5, HAH DA KT EFDSCRFT RSD 1.
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[F o} 5= 3 0 U983 PO o B2/ L B

BHT F1G] 45 58 2 45 Wy (1) ~F- 357 [ W 28 43 i) kg
99.3%. 101.9%, 7£ 85.0%~120.0%75H N, RSD
54 1.3% 2.1%, FFA %K.
2.8 HEEEXR
2.8.1 HEMSE  HUEFEDTT 100%HK EEFE 5
6 Ur, T “2.17 WUF OB AREATI G, %500
ESYE. JPREE 1 Bl I BOE SRR, 6 X,
R TR, THEAE R RV A — bl
TIESE 6 U, BHT FIR -~ HEA By U6 I AR 1) RSD
30 1.0%. 1.5%, FEFEEEVERFGEK, HE
FEIIUR 6 47 100%34% SEAE i BHT FHX -4 = R Wy 1%
HIESS R RSD H 7370100 0.8%. 1.3%, 7k HE
MRS AR,
2.8.2 FIAEERE  BULS ST RvESH 2 AR ik
CGHTFD BIFIRE, %8 “2.37 TR s i
il T A& Al AR, IR 2,17 TR [ (i
A 3o 2 BANFEP AR N R AER— G ARt
FENDE, THEASFELN GIGE s & %) RSD {H.
ANTF] N G 5E () BHT FH% A7 S LR iy & i N T
T, R
29 PEMXIE

ICHERGEE IR 100%EAf JERE S &% BHT
X REESE ORI TR X R, 0 IAE 04 4. 8.
16+ 24 h 4% “2.17 TN ARG SAFEATRII, 23500k
S0 BHT X-FREE 3L 289 (1) RSD R, 2l i
JoH R SRV AR EE . 24 h IRV BHT
OGS Al L 2R Wy e THI R RSD {2399 4 1.8%+1.6%,
Al BHT FOG-R5E 2L 2Ky I [ A1 RSD {H 4
1.7% 2.0%, At Rar.
2.10 Tt FATEEER

I 100%3 5 A AERG BEIE R IFES 2 4y, 38
Tk YR A AT [ PR SR S AN R (i A, B T (8
R (D, B FE (2): ACQUITY UPLC HSS
Ts (438 A: (100 mmX2.7 mm, 1.7 um) ], KRR
H+10% (027, 0.3. 0.33 mL/min), FEiE+10%
(32°C. 35°C. 38°C), WHHEHH H & 1 m A LAl
(0.1% 0.2%- 0.3%) H&Mmf T, o mit 2
Bl o ANE] (A8 46 1F T BHT AU EE L2515 2 8 RSD
5 T NT 4.0%, BB ik FHPE R UT .
3 BREMBEMHER

h 2 SR AT BRI JE T R A S 2

Bk GETD TS A G TR E R AR, %
()R8 1) 24 b TR R R A 0, SR H 6 HEIFR] Cof
PIAN K IAIRTE, S1~S3 fibr Wt i 1) IRk 2E,
S4~S6 HXTN I 1), FEMEIIRCE T Pkt
ITINIESES: IR (4042) C. AR 75%+5%.
YHINE 0 By I 1. 24 3. 6 AN A& 6 fHedbilFT
BHT FIUG 75280 & AT e, AR X HE A
HH BEUR 2 8 RN a2 &5 AT B L0 24 R PR AN B3 A
HEBR (LOD) FlsE F R (LOQ) 234 1 pg/g Al 4 png/g,
PSS B e 25 R WK 4L 5.
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Table 4 Determination results of 4-tert-octylphenol

SRR SR I (ngrg )

j:: 0 T T T T
1IN 24 34 H 6
S1 <LOQ <LOQ 4.0912 48657 5.743 7
S2 <LOQ <LOQ 44756 53436 6.176 7
S3 <LOQ <LOQ 41629 49187 57368
S4 <LOQ <LOQ 44538 49542 6.0523
S5 <LOQ <LOQ 48557 4.6380 5.7839
S6 <LOQ <LOQ 45285 5.0305 6.067 2
% 5 BHT 22MEHR
Table 5 Determination results of BHT
BHT i/t /(ugrg )
i s ot p/IpEs pIIBES i piIBES
141 24 H 3N 64 A
S1 N.D N.D N.D <LOQ N.D
S2 N.D N.D N.D <LOQ N.D
S3 N.D N.D N.D N.D N.D
S4 N.D N.D N.D N.D N.D
S5 N.D N.D <LOQ N.D N.D
S6 N.D N.D N.D <LOQ N.D

N.D—AHH

N.D- no detection

I SE0 5 R B R: BEAG DI [R] R 2B 4
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R SE ORI () KT e PR BHT [f Bl A I () 4B
KA AT G InE S, (S REERAR, FEA/ N TR H .
4 i1ig
4.1 SHRFAEHIA
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AN TR AENK GETD 25 e
BHT FIAF -5 < LR (1) & S Ty ik, e i 7%
h, H AR BHT U6 -Rp SR80 1) 3 BRI
W3E 77 B HPLC %462 UPLC AT E, REE
Wi ik B s - KA OKL K
IS INAN LR B2 () FR R A ) 04T T %%, AR H
BRI TR 43 B8 BEAE R G DR 3R B 4 6 0.2%
WA /KA o BEAh,  FERE S 6 1 R rh A AL ]
IHRL B AR A AR S, A0 R S R o i
A 2R 40, TR SR e A Bk
(R AR JIT, DALkt S50 T R b 1 i e A H 5 B0k HAH
KM 5L, AT REALE I B S AE A B o

BT S g J7v2, 27 (P E 2580) 2015
SERRVUFR N 91017 TR NZE, X253 ANk
S3WIE JTE AT TR AE, B VEUT FR PR AT 5 I
ATAREZESR, UEBH 2 5 BHT FO6 -4 32809 1)
WE TTEAT, A B AER ) 58
42 ZEMHIM

MRPEHR ORI ST IR I IR AT Il 3 . =
HAME I, A HTIE SR AR A SR EU A R
i, BTN, Wi et R L e etk
HMESRERE, 2GR R, oAbt R4
S 2y BA M ANE . AR SRR a0 SR
Yyenf $- I N BE H et i K2 #5 / (PDE)D, #ff
EATIE I 2 A EME (SCT), T PDE 8 SCT #{
i B H K 255705 DL e i ol (B HGK
oA AR I IR B B ) 2R T
s IR A= B R R S A
B A R T RS TR AR A,
2 B ECAT BEEU IR B K VT IR SRR S, THE
2] 4 M VEA PR EE CAET )« H H7 BRI 25 & J=)
(European Medicines Agency, EMA) #E#EI1) 5465
MUY ) 2 A TEBIME (SCT) 4 1.5 pg/d, EpRZs
HAZ 5B (International Pharmaceutical Aerosol
Consortium, IPAC) HEF IR AT 2 4 1 BIE
(SCT) A 0.15 pg/d, XFFVESFAL, MAEIEXT
SCT %A,

Je FE Hp 6T - B ORI A BHT 1) PDE A 1 A
SCHRFRIE, S a2 BLR (FDAD “ 2944k
TR R B O KRS I P4 R BHT BE
BARHER 0.002%, “HP)iae g d/h

U KR ST BHT (140304 (LDsp) A 180
mg/kg, HJRETZ5 LDso A 890 mg/kg, *f-ffy-Jhog
Py /IN B TR 25114 LDso 4 3 210 mg/kg, B HIN
[FVE S 45 25 LDso {H, {2 1)k LDso A& BHT 11 3.6 fi%,
22 BHT MR PRIE, B Xt -4 2R ) FH o P S
5 BHT —3. K, 3 BHT s KHEA 0.002%
DL A QR IRIKA 255 %, BHT
OS5 S LRy R RS N 5 R 20 pg/ge

Zx ERTiA M UPLC v 5 H 2a Rk (i
+ 2t BHT AR 58 (0 5, R
BE, Zidhh BHT AUG-HRE 3L Ky R R A 1
ng/g, EEMRA 4 pg/g, WREIERL LR, 6
e 2 Ak G HIFIT BHT Fixt -4
TRy & B (G T PR EEMY 20 pg/g, &AL T L%
BHT FUX R F AT B 2 20 EIR D>, A
XA il 2 AT R

S Ak
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