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REE" ZREL I AR VHAR FREV(LIEA AR RBRNFRR/TEE A R 5 EN R
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W E B AR AT RARE T 2,6-Z4 T A TR (BHT) i & AL ARG 1010 A 330 AR 1076 .4
A 1684 W F ik, Fik: RAZZRMEEE, G4 A Agilent Zorbax SB-Cys, iR 3 A8 A W BE-/K (6 B2 L), i ik 4 1.0
mL/min, A& # 25 °C, %Mok K 2 220 nm, #HAHF A 10 pL. 4R BHT . # & # L AF 1010 3R 330 408 1076, 4T A
168 444 J 5 K B M S5 B 4 A1) 4 2.592~64.80 pg/mL(7=0.999 9) .2.648~66.20 pg/mL(r=0.999 9) .2.062~51.55 pg/mL(r=
0.999 9) .2.654~66.35 pg/mL(r=0.999 9) .2.128~53.20 pg/mL(#=0.999 9) .2.468~61.70 pg/mL(r=0.999 9) ; & B & 5] 4 2.073 6.
2.1184.2.749 2.1.061 6.,4.436 0.3.090 4 mg/kg, ¥ M FE 2 %] 4 0.628 4,0.641 9.0.833 1,0.321 7.1.344 2.0.992 4 mg/kg; #5 % J& |
R E A MK A RSD 3 T 3% ; AR = K F 5 31 A 96.57% ~99.17% (RSD=0.92% ,n=9) .77.47% ~86.14% (RSD=
2.94% ,n=9) .96.11% ~98.39% (RSD=0.63% ,n=9) .96.22% ~98.33% (RSD=0.67% ,n=9) .95.59% ~99.22% (RSD=1.11% ,
n=9).81.54% ~88.31% (RSD=2.46% ,n=9) ., % # 3% % & APk FRAEM R E I MAF, 7T )R TR BFml 2 250 mAe T A&
o5 FP A A it B A A E

KR BN RALT RA T2, 6- AR T A3 ¥ B ; 4 55 A 40 AR 10105 47 8 A 3303 30 A7 10765 40 8.7 168; %iﬁi&ﬂm;

g C O

Simultaneous Determination of 5 Antioxidants and Free Sulfur in Phalﬁ_@l Halogenated Butyl

Rubber Stopper by HPLC xX\
ZHU Bijun', LI Tingting’, SUN Huimin’, HU Xingyu', H nﬁﬁ@ ehua' (1. Jiangxi Institute for Drug
Control/Jiangxi Drug and Medical Devices Quality E in arch Center, Nanchang 330029, China; 2.
Chengdu Institute for Food and Drug Confro hengdu 045, China; 3. National Institute for Food and Drug
Control, Beijing 100050, Chi 4‘ h Graduate, Jiangxi University of TCM, Nanchang 330006,
China; 5. The Affiliated an@mi 1 of Tongji University, Shanghai 200090, China)

L )

ABST T TIVE: To establish a method for simultaneous determination of BHT, free sulfur, antioxidant 1010, antioxidant
76 and antioxidant 168 in pharmaceutical halogenated butyl rubber stopper. METHODS: HPLC method was adopted.

The determination was performed on Agilent Zorbax SB-Cys column with mobile phase consisted of methanol-water (gradient elution) at
the flow rate of 1.0 mL/min. The column temperature was 25 “C, and detection wavelength was set at 220 nm. The sample size was
10 pL. RESULTS: The linear ranges of BHT, free sulfur, antioxidant 1010, antioxidant 330, antioxidant 1076 and antioxidant 168
were 2.592-64.80 pg/mL (#=0.999 9), 2.648-66.20 pg/mL (#=0.999 9), 2.062-51.55 pg/mL (=0.999 9), 2.654-66.35 pg/mL
(r=0.999 9), 2.128-53.20 ug/mL (#=0.999 9), 2.468-61.70 ug/mL (»=0.999 9), respectively. The limits of quantitation were 2.073 6,
2.118 4, 2.749 2, 1.061 6, 4.436 0, 3.090 4 mg/kg; the limits of detection were 0.628 4, 0.641 9, 0.833 1, 0.321 7, 1.344 2, 0.992 4
mg/kg, respectively. RSDs of precision, stability and reproducibility tests were all lower than 3% . The average recoveries were
96.57% -99.17% (RSD=0.92% , n=9) , 77.47% -86.14% (RSD=2.94% , n=9), 96.11% -98.39% (RSD=0.63% , n=9) ,
96.22% -98.33% (RSD=0.67% , n=9), 95.59% -99.22% (RSD=1.11% , n=9) and 81.54% -88.31% (RSD=2.46% , n=9),

respectively. CONCLUSIONS: The method is sensitive, rapid, convenient and reproducible, and can be used for simultaneous

determination of 5 antioxidant and free sulfur in pharmaceutical
ASEGIH < 1R (1 RFRE G VBN H (No.81373955) ; IT.HI 4 P

L2 S U TR RIS R (No.2015yp07) halogenated butyl rubber stopper.
* EAEZGOT . BESE 7 )« 25 540 2 BB i . B 0791- KEYWORDS  Pharmaceutical halogenated butyl rubber
86201379, E-mail: bijunzhu@sina.com stopper; BHT; Free sulfur; Antioxidant 1010; Antioxidant
# B AEEA . ARG, i+, BF9E 71 P 250 i 5 b 330; Antioxidant 1076; Antioxidant 168; HPLC; Content
e, HI5:0791-88158689, E-mail: emailluo@sohu.com determination
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24 AT 3 e E 2 24 it B e R B B A R
LR S, HAT WO R b s v SR A TG
A PR RIE AR S, SRR KL T
FERFE S H S 2, T e AR i AR R
AZ RN, e H 2, 6- BT X 5 (BHT) |
PrAER 1010 Sfe il sl (E 22 HA AL e | L AMA TR 20
A A3, DRI AN T 3kt 6 b 25 7 J 6 N R A7 — e Bl fb 2
A RN TR ASE RN R R =Y,
Qi SRR, X SE) 5T AT B i R R R 32 R
P G W kA RO, DTS 0 15 G 24540, B
2Pt AN ARG AT RE S 5 1R A KON, 5 35 A FRE
2015 4F R EI K AR IE) i “ 25 i AL bR S 25
AR IS U H S8 TR i 5 4=k,
I S RS I B X 2 VR R AR R
25 B W B L S SR R BRSNSt AR
5T S5 FH G SCHRY ™, 2R FH 2 S80RHE €23 12 (HPLC ) [A]
B T 24 FH i Ak T 3 i 2E R BHT 3 25 Bt L Bt S 71
1010 H %57 330 FiL 0 1076 Ha M 168 &, LIl
H st s,

1 #
1.1 {us8

1260 % HPLC Y , G4 DU BE 28 AE A | H itk
FERS VR ANRT AR AR AG I 2% | A B HIAG I 25 (55 [ 4
FER A F]) 5 AB-240 Y HE K F L AEG220 BY HE 5~ KOF-
(HA S 1A ) s Milli-Advantage A 10 8 2l 7K s 5 (35
IR o
1.2 g#5iF

BHT X} B i (#t5- . LB68565, 4l : 99.900% )  fitifis
j_

S B 5 (HE2 £ L01272, 4% + 99.999 %) Jiede S OTO &
Fit it (Gt : MKBCST10V, 4 & “&@u 530 %
Hﬁ%(?tt%:05928n,ﬁﬁr“:1€? PR 1076 X HA Y
(41t 5 : MKBB3Q68 } 100% ) i) 168 X BE ik (Fik

=F AR 100% )34 26 [ Sigma-Aldrich 23
FPE AN 2 i AT I fis 2 (V95 1A = T A b e 47y

AR A LS 116051314, 16050750 , 16033014, BLA -
20A .32A.20-B2-2; VLo 2= 25 BT A BHB AR AT BRI
5 £ 13032246-60, FiAS : = X 20-A4-1; 74 BT A5
ST BN F) L HE45: 20150601, B0A% - 15 %€ ; VP 5
B2 A B AL 5 2 20150712.20150713, BLA& 3 K
13.4 mmx2.0 mm; SRiE 4 2 A BRA AL S
20160402, A% : 20A ;5 11 48 245 B IS Ly A BR 28 ) it
2.8160802703, HA% : 13-D.-3) ; HI Ry @ikl , Higx it
FIE R o bt K AR Atk
2 HiEE&R
2.1 BIEEHS5RSEAN

{61541 « Agilent Zorbax SB-Cs(250 mmx4.6 mm, 5
um) ; s : FREE(A)-/K (B) , BREEVERR (0~9 min, 90%
A;9~15 min, 90% A—100% A; 15~50 min, 100% A;
50~55 min, 100% A—90% A) ; ¥ % : 1.0 mL/min;
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225 C 3 KP4 - 220 nm; JEFE R . 10 L. FEIZ (035
ZME T BHT 256 B4R 1010 BT 4GR 330 Pe 4807
1076 Hi 48 5] 168 WA HLS AR Z04 K T 2 000, £/ 7 i [i]
435k 7.93.16.18.,21.25, 23.00,31.22 . 39.13 min; 4 %,
GYVEZ R A S BT, Ay B R T 2.0, HE LI 1,

T T T T T
0 10 20 30 40 50
t, min

AR

60

mAU

0

e e

=)
<
=

20

He

T T T T T
0 10 20 30 40 50

¢, min
C.23 X
T : 1L.BHT; 2.9 Bl s 340 %001 10105451045 3305 5. 504451 10765
6. 5704 168

Note: 1. BHT; 2. free sulfur; 3. antioxidant 1010; 4. antioxidant
330; 5. antioxidant 1076; 6. antioxidant 168

Bl SamAEaiEE
Fig1 HPLC chromatograms

22 BREHE

2.2.1 IRAXTIESEW A3 K% PR BHT (i fi Bt
SR 1010 L AA R 330 BT %A 5 1076 (BT SR 168 X R i
AiE BT A — 100 mL b, A TG K B it
R B2 5] AR IR AT BRI 8 . RS R I
WRIRAXT IS4 1 mL, & F 10 mL &4, in A G
KOTERRBERZ B H25) 15 BHT i & 5 Pr R 1010,
U 330 B 1076 B ] 168 JiT 1 e BE 43l o
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0.012 96.,0.013 24.0.010 31.,0.013 27.0.010 64.0.012 34
mg/mL [T RE S

2.2.2 MRS BCEY R )AL T SR SEAE S BT R R
RRELS g, BT HIEHIE R, INATCK 15 20 mL, %
ZEFRERE, T 80 CMIMMIF 4 h, iy, FIRFRE i
i, FHTOK QBN IR I it F257 , UL, IR

1P
2.2.3 ZSENTBRER  LATC/K SR as G IRV R .

FE SR 2.2, T R R A X I 43 0.2.,0.5 .1,
2.3.5mL, 0% T 10 mL &3, ﬁn/\ijkZ@?%ﬂr
BN RS TSRO R TR . FE%

IR FRINE MR TAER WA 10 pL, #2173 fa %
SRAFHEREIN E SR TR AR o DAAS 1 I B o3 o o v
(x,ug/mL)MﬁMm\maaﬁi (1) YN AR FEA TR 1 ]
A, [ R SR L 1,
1 EHAFRESLMEEE

Tab 1 Regression equations and linear range

Gl E]EYE r SR, wg/mL
BHT y=17881x2.752 5 09999 2592~64.80
Ut y=24.551x—3.256 0 09999 2.648~66.20
LA 1010 y=14.179:42.301 7 09999 2062~51.55
FUEA330 y=41.787x+8.336 2 09999 2.654~66.35
LA 1076 y=8235 Tx—03222 09999 2128~53.20
LA 168 y=3100r+3.558 5 09999 2468~61.70

24 TEERSKRNRER

A3 R R R 2.2, 17 R RS I IR i A

FURR RS, 52,17 W A% S F RN 22 , LIS EL 1021,
Sl e R R . Z55%  BHT i 56 B
11010, $ 4801 330 HL A 1076 Hr G A ﬁb
S 2.073 6.2.118 4.2.749 2. 1&\6\18@ 90 4
mg/kg, Kl L4351 4 0.628 4R0. 331.0.321 7.
1.344 2.0.992

2.5 7

20N IR A RS A L 2.
T AR SRR A 6 YR, IE SR T AR . 255, BHT i
B PG 1010 AT 330 BN 1076 BT A 168
U 77 FH A4 RSD 4351 47 0.09% . 0.33% . 0.13% .0.18% .
0.11% .0.08% (n=6) , FREULERG % R 1T
2.6 FTEMIKXE

Ie2.2.27 B I 5 W (L5 < S160802703 ) 1%
LT EIR T CE0.3.6.12.18 .24 hiH%“2.1" W
O 2 PR 5 L ] s AR . 455 BHT U 25 B
Pt 4255 1010 W% T FR % RSD 49 5l A 1.78% . 1.59%
1.62% (n=6) , HAh Ao A | FEBA LR S VA T 7 = L
TCE 24 h NFEATRE
2.7 EEHIKE

F 2% PR BB B I BB i (FIE5 : S160802703) 38 it

615, #4c2.2.2" W Jy il a5 b RV R, PR 2.1

TR 0 3% A5 (R 5 | 0 SR 04 T RO 3B R i B i

HEZED; 2018455 29 4 181

ZE M BHT. Wi &

ﬁ\ﬁ’fﬁfu 1010 4> 34 5 & 0 51
FR 1.11% .2.35% .1.29%

17.6.18.5.29.6 pg/g ,RSD 7

(n=6) , HA AT AAGH  RIIA T L E G R AT

2.8 JniEEI RIS

B i B A (L5 s1608027o3)L%,;i9{5%,

BRI, $242.2.27 T J7 Bl At

AR, T 217 U S A HERE I E |, T SR A T AR

IR EE IR SR IR 2,
F2 MEEKERELER(n=9)

Tab 2 Results of recovery tests(n=9)

A A—E

PO R, pg AR, wg WIFHE, wg IMREMICE, % FROMBEIE, % RSD,%

83.488 69.728

BHT 887230 74248 160967
89022 7448 160725
89.365 5 74248 161634
89.1407 92810 180915
894700 92810 181196
889036 92810 180471
80115 11372 199462
897195 11372 199199
893478 111372 199357
B 032344 75616 153805
035487 75616 154435
939095 75616 156463
936733 9450 16689
040193 9450 175440
93424 1 94520 169.627
035375 11344 183869
942815 113424 oy 186959
93.890 3 a‘
AR 1010,m 18673 25 268.453
a. 309 10576 268443
494474 12576 269314
1490715 153220 298372
1496221 153220 299.058
1486749 153220 295933
1488554 183864 328.084
150.0394  183.864  330.939
1494178 183864 328774
FUEA 330 0 84432 81.241
0 ¥ 850
0 443 8233
0 105540 102923
0 105540 102410
0 105540 101.956
0 126648 124528
0 126648 123498
0 126648 122554
A 1076 0 78968 76522
0 8968 75485
0 78968 76022
0 98710 95624
0 98710 96221
0 98710 96314
0 118452 116515
0 118452 114893
0 118452 11752
iR 168 0 83488 70528
0
0

83488 71254

9730
96.57
9733
98.88
98.83
98.66
99.17
98.30
98.78
80.10
80.52
8273
7141
86.14
80.62

9,64 c
8! 1
1.62

97.96
9755
91.79
9744
9753
9%.11
9748
98.39
9755
96.22
9774
9152
9752
97.03
96.60
98.33
9751
96.77
96.90
95.59
96.27
96.87
9748
9757
98.36
97.00
9922
84.48
8352
85.35

98.20 0.92

8117 294

o™

9753 0.63
9725 0.67
9725 L1
8531 246
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GgxR2

Continued tab 2
P, wg MAR, wg I, g MEERIICR, % FHMEEEIR, % RSD, %
104.360 90.379 86.60
104.360 92.157 88.31
104.360 90.184 86.42
125232 105.440 84.20
125232 102.116 81.54
125232 109381 8734

2.9 HmEENE
3 BB R B AR T i, 2.2, 27 30 R U7 i

il A AR PR, 42,17 T A3 A R R I 2 o
A3 5E 3, T s T BRI RE Al A i, A5 R ISR 3
(=" FoRARA )

#x3 HREEWELER(n=27,ng/g)
Tab 3 Results of content determination of samples

(n=27,pg/g)

FER

0
0
0
0
0
0

5 BHT WEEH BUERMI1010 FUENI30 RN 1076 B 168
16051314 1525 783 - - - -
16050750 1672 209 - - - -
16033014 1624 365 - - - -
13032046-60 109.7 38 - - - -
20150601 - 36 - - - -
20150712 254 - - - - -
20150713 03 - - - - -
20160402 1495 215 - - - -
$160802703 171 186 296 - - -
3 Tt

3.1 MR EERE
B BHT . BB . 40 48 71 1010 H1 48577 330 Hi 48 57
1076 BT E 168 X B S A48 1, /3B A TG K 2B i

A1 mL 7% 10 pg B9 5 — X B 5 T oL 7%
1, F 200~400 nm Ji K 35 E 221,

277 nm PCAL , U7 7 KAk, F R

1010 4E 274 n 2 30&276nmw2{€5¢,ﬁ
AFILO K Ab , B4 168 78 270 nm I K
J¥<l W o 5 B ot V8 TR A5 o) Rl V2 T 4

SAE 220,264,277 nm P AL H , 458 BHT Jifisf Bt
SR 1010 B4 330 BT 4R 1076 BT 47 168 7E 220,
277 nm ARSI E BER WO . 5 3025 H pa 1k T 5
FEH BT EGT RN BB % A, #E 220 nm P K AR R L
JEE AR i, 43R 220 nm ARSI K
3.2 mBNERIERE

AR T ANFRBE O E-K R EE-K L
0.1 % W BRVA TR FF 0.1 % Wi BR VA TRUA I ShAR A 2 Bisf
MR o S5, DA BE- K R R shAR R BE R I e, 4515
DN s 3 B4 3 B R X0y, LA B T v, e 428 Y -
IR CBEEEDEIE) R st o
3.3 HRAETENHEE

2 A T SE I JE R S B B A FRIS g, B T
HIEHIEM R, InATJG/K B2 20 mL, 25 %€, FRAE i, 7
LI (30 min. 1 h)F180 °C (& JEFIHEI 4> T S 7E 55
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T 2 43D N1 (30 min 1 h) ALFE, YA 5 FTE
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AN, 5 I AL BRARE S A FEAR A 58730 5 Bk

PG BORE a ERE S5 2R K BRI 4 h ] BEAARBUE
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K RSN B BT R AR 1 A LA E 5

R E AAST AR AR (L RAESBEEHFRARAAE, Mo R 16200027
EARAFHFLL2015%,BR 2011983 @ AF L ¥, 7 # & 475004)

hESES R285 XHEFRERS A XEHRE  1001-0408(2018)18-2479-05
DOI  10.6039/j.issn.1001-0408.2018.18.08

B OE B SR KHFE R R KR AE R B . %50 R BALB/c 'J»mﬁ#m/\yfﬂf;%&éﬂ(%ﬁ&ﬁﬂ'o9%;14&4#1«,»
&) T 8] IE AR (200 mg/kg) Ao K E & P AKA T 20(40.20 .10 mg/kg) , A2 10 R34 B35, R 1k, E483d, KAk H
LhJE 4T RIS 24 0.7% kB8R 755% (0.2 mL) 22 4%, 38 32 22 4% 15 min M 3Bk B k3, 254 %R L, i/k%\%lh)‘
TR A RIRE T IiEH 1.5% PEREik (25 uL) #48L 70 EAE 0~10 min( % 1 8F48)#= 10~60 min( % 11 &+48) 8 s 5 R 51
BB, pA54%R L, KRS H 1 hEL TR AT ER @4 RE TR (30 ul) &AL, @42 hgnl & 5 Gt
M, VAR B Z ALK B B AK L, St L3 Er Ak ik 47 R & . 50 X BALB/c /J\mlﬁﬁ#m/\théﬁﬂﬁéﬂ(%Wﬁ“o9%&4&%«;
) FER R (KA 0.9% RALA IR ) A K FE & P AKFH S 4(40.20.10 mg/kg) , A28 10 R ;39 F 425 R 1Rk, %43

KR 225 20 min J& 4T BB R T 24 1% A LA 0.9% F AL (30 pL) 2288, o %) T A e A 24 1.3.5 h)éi)ﬂ‘lfid*x%t
SRR AR VAEARRT G /s RO BE AR £ AL A R BEAT IR ) 8 A B AL B ALEE (SOD) (BBt H kit AL 4 B (GSH-Px) & M fe i =
% (MDA ) A& V. & % 3 BAAE /1 (T-AOC) 7K F ; K JA Western blot i 44 i 4% 4% 3t Bl - «B(NF-kB) . ¥ % 37 58 Bl - o( TNF-a) . €1 40
fa-E 1IPIL-1p) B G ik, 4R SEAUILE, F& ERAAR KFES . FAETHEDRBKRR BRI R ERY % 1 ab4ant
Kirg & PAZARE [ aTA0T 1T 8] EARAR KFED P40 R R Lnt 039 25 %42,; 7 3] RARAfe K3 &7 &
N R ERATIKE N B EARG AL ShER#FES . PASAREES WG KFE S A T4 LA IK T B HFEAK, £ 57
YA %I FEL(P<0.05 R P<0.01), 5= &AL, A 40 T BTk 28 2% F SOD .GSH-Px 7 Tiﬁ.w.%dék% MDA 4~
& 2 &3 e, T-AOC /K -F R % 54K, NF-xB . TNF-a . IL-1p% & k£ ¥ B H355%, 2 F A% FEL(P<0.01); 54

FEGA B R AR ZE L T SOD  GSH-Px /&3 2 53 7% MDA &2 2 %/, ﬂﬂ—wr%m il
BREAS, A RFESHN TR IKAL F NF-kB . TNF-o. IL-1p5 G £k 3 B 258, 5 ﬁ

HP<0.01), £ik: RARFAALA D RS A — A E AR, AU 5 3R R a
KEER  RarF KR BAC RS B AR R A B I IR B T o ézétﬂﬂé’/l\
Study on the Mechanism of Anti-inﬂammatory Pain 1n in Model Mice

REN Liang', REN Xiang®, LIU meag ZHUANuywet' angjun’(1. Dept. of Pharmacology, Luohe Medical
College, Henan Luohe 4620%X‘ 2015 of Pharmacy Major, China Pharmaceutical University,
lle

= X (P<<0.05

Nanjing 211198, China; 3. C armacy , Henan University, Henan Kaifeng 475004, China)

ABSTRACT; : To study the mechanism of anti-inflammatory pain effect of allicin in model mice. METHODS:
LBJc mice were randomly divided into model group (constant volume of 0.9% sodium chloride solution) , aspirin
group (200 mg/kg) , allicin high-dose, medium-dose and low-dose groups (40,20, 10 mg/kg) , with 10 mice in each group. They
were given relevant medicine intragastrically, once a day, for consecutive 3 d. One hour after last medication, they were given
intraperitoneal injection of 0.7% glacial acetic acid solution (0.2 mL); the times of writhing response were recorded with in 15 min
after modeling. Grouping and administration were same as above; 1 h after last medication, mice were given subcutaneous injection
of 1.5% formaldehyde solution (25 uL) via left back toe; accumulative licking time of mice were recorded 0-10 min (time phase

I ) and 10-60 min (time phase Il ) after modeling. Grouping and administration were same as above; 1 h after last medication,
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