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Determination of Antioxidants and Extractable Sulfur in Medicinal Rubber Stopper

CHENG Jie, ZHANG Luo-hong, JIANG Yan, QIU Yi-ting, REN Kun

(Sichuan Institute For Drug Control, Chengdu 610000, China)

ABSTRACT: The work aims to establish a high performance liquid chromatography (HPLC) method to detect different
antioxidants and extractable sulfur in medicinal rubber plugs simultaneously. Dichloromethane was used as extraction
solvent. The target compounds in medicinal rubber plugs were extracted via microwave method. Content of target was
tested by the HPLC via gradient elution. Waters Symmetry RP 18 was used as chromatographic column. Acetonitrile, me-
thanol and distilled water were used as mobile phases. The detection wave was set to 277 nm. The target compounds
can be separated by HPLC efficiently. The separated products possessed excellent resolution. There was a favoura-
ble linearity in the range of 0.2-20 pg/mL with the correlation coefficient r = 0.999 3. The detection limit of this method
was 0.03-0.09 pg/mL, the rate of recovery was 86.73%-108.91% and the relative standard deviation (RSD) was
0.47%-5.68%. Medicinal rubber plugs with different batches from different manufacturers were detected by this method.
As a results, antioxidant (BHT) and its degradation products (BHT-CHO, BHT-Q), antioxidants (1076 and 1010) and their
degradation product (1310), as well as extractable sulfur were detected. The HPLC method established in this work is ac-
curate, convenient and highly sensitive. It can determine the contents of antioxidants and their degradation products and
extractable sulfur in common medicinal rubber plugs rapidly and efficiency.

KEY WORDS: high performance liquid chromatography; antioxidants; degradation products of antioxidants; extractable

sulfur; dichloromethane; microwave-assisted extraction
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e, BCZER T HINA T ZMBECEH, #H A7 &
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PEFI L B AL BB A 50 ST S 32 B 2
J ZE R BT AR S AL R A T S e . W BUR
FNFEEER o P Z B . Z B2 . WRERRRG IS4,
P T 52 BEL S Bt 8050 R it I vl B 7 A S e S i v g
KIF=8, Hit, 25FIRZE PR IAZEIER . 1K
FETECAH I BIPTAER 24 ZBHB 286 BHT ., 1070,
1010, 330, 3114 LIR W BERRERZE 16877, T3
I SE 5 2 i A, TR RIS E A A, BUERI AT
AT B 2iyh, gy ih i, faE AAfERE, K
I, XA RIF R B R S R Al e F

25 FH e € in A RT$E BB IS, REAS 12 i Ho A B 1
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1 K3

1.1 UEFE5IRH

FEALAS : LC-20A WAH (354 H AR B HEVA A ).
MARS A (3EFE CEM Ad] ). AL-204-1C
TR (FELZ R A ). ASS150A AL (K
AR R R A R A A ),

FEE . FEE, 2N, B34, Fisher Chemical;
VKEERR , (%4, CNW GmbH /A7 ; BHT-OH .
BHT-COOH . 1310, 3114, 330. 1076, BEIJING
MANHAGE BIO-TECH /A #]; BHT-CHO, BHT-Q,
Adamas Reagent A F]; 2,4-DBP, ##&%Z ( 1) 1k
WM & JRABR/ATE ; BHT, ANPEL AH]; 1010,
SIGMA-ALDRICH; {i# &% , Shanghai Titan Scientific
ovEl. A% RS B EILER 1,

1.2 A&
121 @ikEH

Ll Waters Symmetry RP 18 ( 250 mmx4.6 mm, 5 pm )
REGERE; WA A REECNE, WBAH Byl H
WAl C MIRFECH 1% MBS —K R ; RN
35 °C; KKK 277 nm; JH#N 1.0 mL/min; #
FERE 10 pL, URSIAHES BE VR 7 I3 2.

1.2.2 BiEHNH&E

1) ARt 8 A T A o H R D0 B ZE B A

5 mmx5 mm 7545 B/NORL, FRICEEEFE2Y 0.5 g, 3%

*1 XMERHRER
Tab.1 Information on reference substances

P a7 P CAS % HRE /%
1 BHT-OH 88-26-6 97.80
2 BHT-COOH 1421-49-4 99.90
3 1310 20170-32-5 99.40
4 BHT-CHO 1620-98-0 98.50
5 BHT-Q 719-22-2 97.50
6 2,4-DBP 96-76—4 97.90
7 BHT 128-37-0 98.80
8 3114 27676-62—6 99.70
9 1010 6683-19-8 98.60
10 330 1709-70-2 99.50
11 1076 2082-79-3 98.80
12 168 31570-04-4 98.00
13 AJHRHE (S) 7704-34-9  99.99

x2 HRERMER
Tab.2 Gradient elution program
i il /min T B AR H /%

A B C
0 10 50 40
3 10 50 40
6 20 50 30
9 25 50 25
12 5 80 15
15 5 80 15
21 90 5 5
24 0 98 2
36 0 98 2
38 10 50 40

A R RE T, A 10 mL 5 BE, 7E 40 °C4
PO T A7 45 min, A E B = B R =g g,
PRABCIE, WUEWIh B TEzE, Bk A W el
SRJE M 5 mL BS80S WK 5545 2 10 mL
Fuih, WEES, IR,

2) X B A WA I S o A B PR EORR HE
BHT-OH . BHT-COOH . BHT-CHO . BHT-Q .
2,4-DBP. BHT. 3114, 1010, 330. 1076. 1310. 168
KT HE R4S 50.0 mg, B F S0 mL A EMH, H
BEEAS B2, BeE R BE 2924 1000 pg/mL (1)
TR A X HE T bR A 25 W
1.2.3 ZKMEXREEE

B B ARG S 1, BRI R TAER
W, BN R SLRMETE IR 3, LA ITE 0.2~20 ng/mL
R et G R AT FHOC R BT r 2 0.999 3~0.999 9,
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Tab.3 Regression equation, linear range, limits of detection and limits of quantification
A= L/EAN mYE Yy r LMWL /(ug-mL ™) HM B /(ug-mL™h E R /(ugmL™h
BHT-OH y=4 612.9x—17.649 0.999 9 0.22~21.72 0.04 0.12
BHT-COOH y=2 0466x+473.87 0.999 9 0.23 ~22.63 0.06 0.19
1310 y=3 568.4x—318.23 0.999 3 0.19~19.42 0.07 0.22
BHT-CHO y=3 2648x+701.38 0.999 9 0.21~21.07 0.04 0.12
BHT-Q y=6 129x—41.768 0.999 9 0.19~18.93 0.03 0.10
2,4-DBP y =6 723.6x—324.52 0.999 9 0.19~19.21 0.03 0.10
BHT y =5 082.9x+93.533 0.999 9 0.24 ~23.60 0.04 0.13
3114 y =3 309.4x—79.789 0.999 9 0.20 ~ 20.09 0.04 0.12
1010 y =4 137.5x—77.337 0.999 9 0.20 ~20.10 0.04 0.12
330 y =5296.7x—264.33 0.999 9 0.20 ~19.90 0.04 0.14
1076 y =1993.7x-277.76 0.999 8 0.22 ~21.62 0.09 0.29
168 y =2 727.5x—411.82 0.999 9 0.20 ~20.37 0.09 0.32
[HE2¢ y =1 3927x-1206.6 0.999 9 0.20 ~ 19.60 0.04 0.12
124 HRWRESTERERE

B A R S ROE B, R RRRIT R E, DAfE MR
Lt S/N=3 I A AL ES A RR , DAEMEE L SIN=10 R A
PR, Z55 035 3, (AR 0.03~0.09 pg/mL,
XA TR 0.10~0.32 ug/mL.
1.2.5 HBEERRE

B R BE 24 5 ng/mL (% BEGRA TR, 45
R 6 K, HibEWIEm A RSD A 0.23% ~
3.11%, n=6, Z5H LK 4, S5HR KW, (UEsTERERS
R
1.2.6 AT

WU VR FE 290 5 ng/mL B9XF BEFATR , 125 R
ARITCE 0. 4. 7. 15, 48, 66 ho #4bA ikl
) RSD 4 0.62% ~ 3.81%, n=6, Z5HR UL 4, FHIX}
R IA I E 66 h JGfaRE .
1.2.7 [ERZERE

K B AR R I E 0.5 g, B A e
A R BB AT, BR<1.2.2 0T RE , 4K
B, 13 FF H AR X R BLCRR 86.73% ~
108.91%, AHXIFREMZE RSD N 0.47% ~ 5.68%, L
# 4, FRZITEEA RIFMMERREE, B89 2SR
ER,
1.2.8 KESENE

BT 0 e ZESE e, FRRIRC<1.2.2 Aok dIRE, DE
ERLR S,

2 H#R5ITR

2.1 WAERKEIERE

AU 5T BRI B4 Ak A P R AT R A IR I
MEEL, SALE PSP K A 256~290 nm,
h T A AL AW REE, BT S A YA R
SRS (277 nm), FE RIS K
2.2 mhtBHIIERE

AR ST L PERE BE VR, W PR A1 B P RES A
B KU 53 B AR o AR IR 2 05 SCHERIE A A L Ad
F R sh AR &R, R 22 BOSCHR B R K oA A B 0k
W, EEXTARRBESE AL S, HZIRRIEN R
SR 2, Wt 2K e, B
M —1 % il TR 7K 50 1Y) 38 st A A Z 58 AR Wb &
Y4y Es, UL 1. (R 1%00E BR —/K 1 W RE B 11 4
B, Mgtk aYmee iar, Wik, e m-
MG 1%BE R K A M SR R, FE iz sh A
WA, £AEY RS, 208 5158
b, FEEE R,

2.3 RERDFTENHE
2.3.1 REURFIEYIESE

5 [l 4 BB ZE A L, AR [R] 9 50 FAR [R]
BITEOL T, PO BCICR I, Pt PR fliiAe
W77 % o FERAR UK, AR (R
ke, SeNEE. IECkE), 7ERMIAMAEE (=&
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PIAHIR A1) (45 min ) XPREFEDEATHRIC, 4524 WLIA

FAR, BT IR A Ak, ) A PR S5, Sk

20 GREW], 3 FARIER AOREMIRIRGE RO T AW R BRI
*k4 BEE. BEHESmERERE
Tab.4 Precision, stabilization and recovery

Fe EY K% (RSD, n=6)/%  FUETERSD, n=6)/% fibri/(ugmL™") “FHEYER/%  RSD(=3)/%
1.1 91.87 1.49
1 BHT-OH 0.23 1.02 33 93.01 4.17
5.4 92.23 2.30
1.1 90.98 3.42
2 BHT-COOH 0.34 1.81 3.4 89.68 2.29
5.7 89.17 1.03
1.0 105.69 2.90
3 1310 3.11 1.33 2.9 108.91 0.47
4.9 108.38 3.45
1.1 92.94 3.75
4 BHT-CHO 1.12 2.34 3.2 90.22 5.68
53 92.27 5.14
1.0 101.66 2.40
5 BHT-Q 0.28 0.89 2.8 98.80 0.84
4.7 96.68 3.33
1.0 97.09 2.88
6 2,4-DBP 0.48 1.25 2.9 93.66 0.75
4.8 98.78 2.99
1.0 92.38 0.84
7 3114 0.24 3.64 3.0 94.97 0.68
5.0 98.33 1.98
1.0 101.08 2.65
8 1010 0.34 0.94 3.0 106.15 2.65
5.0 103.62 2.16
1.0 91.33 2.76
9 330 1.29 1.37 3.0 91.53 2.01
5.0 97.79 1.09
11.8 88.25 1.11
10 BHT 0.44 0.93 17.7 86.73 2.94
29.5 92.91 2.54
10.8 99.56 3.03
11 1076 1.1 1.8 16.2 101.58 1.83
27.0 90.47 2.13
1.2 92.96 3.33
12 168 0.94 0.62 3.1 103.33 1.72
5.2 94.65 3.01
9.8 96.50 2.95
13 CIE/ 3080 0.28 3.81 14.7 100.43 3.21
24.5 99.11 3.18
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Tab.5 Content of antioxidants and sulfur in medicinal
rubber stopper from different manufacturers

He e S0l = v
I AU (S) (ng'gh
1076 236.80
201711323
S 708.41
BHT 11.74
201804375
S 4.90
1310 125.01
BHT-CHO 2.10
201705271
BHT 12.96
A 1076 4434
1010 40.06
201810614 1076 419.75
S 114.63
1310 7.71
1330 3.19
201802903
1076 4.67
S 4.48
1310 485
BHT-CHO 0.37
BHT 25.65
191001 1010 1.31
1076 5.62
S 1.63
1010 104.02
B 181151283-60 S 145 88
M161201189-79 BHT 49.06
BHT 26.52
M151140122-53 1076 94.50
S 51.63
BHT 89.32
M160440122-53 1076 146,69
1310 14.48
BHT-CHO 6.66
BHT-Q 8.37
. S181206401 BHT 14834
1076 25.88
S 7.61
BHT 122.09
BN113-19-12-001 s 8 38
BHT 163.25
b 1811248 BHT-CHO 1.12
BHT-Q 3.21
1703230 1076 226.74
BHT 86.7
E 200456 1010 48.53
BHT 139.7
F 17111703 BHT-COOH 26.62
BHT 252.63
H 17084150 S 565
BHT 132.71
I 18101504 s 838
1310 1.42
1010 3.17
J B201/128
1076 3.33
BHT 1.39

150

125}

56 8
254 1 7 9 1011
l l R 1213
J A A
0 10 20 30 40 50
Fisf 6] /min

1.BUE 5 BHT, F#&f#4Y) BHT-OH ( Degradation Product-BHT-OH );
247045 BHT, F&f#4) BHT-COOH ( Degradation
Product-BHT-COOH ); 3445 1076, 1010, FEf#H 1310
( Degradation Product-1310); 4.4%F BHT, F&f#4%) BHT-CHO
( Degradation Product-BHT-CHO ); 5.3i% 7| BHT,
[#4#4 BHT-Q (Degradation Product-BHT-Q);
6.1 168 [f## 2,4-DBP ( Degradation Product-2,4-DBP );
740%57 BHT ( Antioxidant BHT ); 8. #2£H(i% ( Sulfur );
9. B4 3114 (Antioxidant 3114 ); 10345 1010
( Antioxidant 1010 ); 11.3%57) 330 ( Antioxidant 330 );
12457 1076 ( Antioxidant 1076 );
134157 168 ( Antioxidant 168 ),
Bl 1 HPLC {RA X HE v v (3
Fig.1 HPLC chromatograms of mixed reference solution

B BHT
V1076
80
%o
F 60
i
40
20
0 ;
K40 °C SABE80°C  IEC %69 °C
sl

P2 ASTR]VE 300 A i Bt 2R e A
Fig.2 Comparison of extraction
results with different solvents

2.3.2 i1RENRSEIAYIESE

N Y RIS R I A B IO 430
£ 30, 45, 60 min iX 3 ANAFE] AT ERI, Z5R I
Bl 3. iR, TESRHURTE] S 30 min B, $RICE &
FAXFEAR s FESR N [H] 2 45 min F1 60 min i, 421K
IR ERES, HOE 45 min FE NI ]

24 REHFmUELSR

eI E S L] (W 5), &) ZAELHK
FEP R ERMPLEF N BHT. 1076, 1010, AT
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PET R ZE M PERE , AR R AT RE RIS i 2 Fhbt R
i, an K TEm T HUER] BHT, 1076, 1010, K£
BOTZEIN 1R EL 2 FEUEG, TR ¢ R b
7 BHT, J & E % THUEF BHT. 1010, MG
GERE, RETREZEIM 3 FPER . [, #BaT
KL FEH A R PUERREfEY), ) &K C K BHT
I B %4 BHT-Q .BHT—CHO F1 1076 HYF&f#H) 1310,
TERTIN G 19 HEZG e 2Er, HA 5 HEARKL H T 425
W, HAHURAR

100 -

80 -

60+ //

R/ (pgg?)

e
ot
RXRXA

vis

"%t
!

20+

23
B
QRRRXR

et

20202029,

45
iFE]/min

P30 AN TR] I ] fo S M s 2R L
Fig.3 Comparison of extraction results at
different times
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