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T 3150005 3. AL A TR T E ERK,HT T 315010)
WE:Br Z23afRERkaTRTARKEGRSHES T R AE AL Tk - RKRTE(1:1,V/V)100 CKRE=FE3.5h
A FERR R IS Bk R B AR AR &5 kA ) AR v AR 2 (AR 24 ) 2,6 - =T A -4 - WARE (BHT) A= L R A1,
&4 A Shiseido CAPCELL PAK MG Il C,, 4 (250 mm X 4.6 mm,5 wm) , %3484 1% = R CBARE R - TH (B RBL) , Aik A
1. 0 mL/ min, #09% K % 280 nm, A% H 25 C,#AFFH 20 pLgER A4 BHT A= s R IE 5 H1E 0. 0002~0. 048 5 g / mL
(r=0.9993).0.46 ~230.67 pg/ mL(r=0.999 9)#= 0.20 ~100. 70 wg/ mL(r = 0. 999 9) ;& B W 53 @R &tk % & RAF 45 5 E A
MR I 2 R 49 RSD 34/ F 2. 0% ; 3 e w4 A A 58.22%,90. 61%,104. 46% ,RSD 4 #1 4 17.32%,5. 58%,1. 55%(n=9)
W LIy 16 HE @ T AR EH ST BHT 5 RG-S ZE 0 A 0~169.88 ng/ g 0 ~102.79 pg/ g, ¥ At Ak 248,
20 BLiE A LB K TAF S AAE S P BHT 4% 4 0~36.61 wg/ g, L3 RGN 2| 2 F i fefk 24 ; O MILE T ,BHT 2% 4 0~
125.64 wg/ g, BRI AT H 0~ 79.93 ng/ g, 3 KA B 248,60 CTHES5dE 520 CRVAT(MFE)XE L, BHT AL 2
FEAP>0.05), L RAAETEERY(P<0.05) i Pradaey i 2 @EME EREH, THTHATARKEPKZE,
BHT w32 Jy #7649 4% ) 52 B2 4R 280 Sk 70 9 15 64 J B 4541 .
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Quality Control of Butyl Rubber Stoppers of Cefmenoxime Hydrochloride for Injection
GUO Shengcai' ,XI Shidong®,DAI Anyin',ZHOU Wenwei’

(1. No. 903 Hospital of the Joint Logistic Support Force of PLA,Hangzhou,Zhejiang ,China 310013; 2. Ningbo Institute for Drug Control ,Ningbo,
Zhejiang ,China  315000; 3. The Second Hospital of Ningbo,Ningbo ,Zhejiang ,China  315010)

Abstract: Objective To establish a quality control method for butyl rubber stoppers of Cefmenoxime Hydrochloride for Injection.
Methods Rubber stoppers were treated with dichloromethane — anhydrous ethanol (1:1,V / V) refluxed in water bath (100 °C)
for 3.5 h, the filtrate was collected. High - performance liquid chromatography (HPLC) method was used to detect
tetramethylthiuram disulfide (referred to as thiuram) , butylated hydroxytoluene (BHT) and elemental sulfur. The chromatographic
column was the Shiseido CAPCELL PAK MGII C, column (250 mm X 4.6 mm,5 wm),the mobile phase was 1% trifluoroacetic
acid aqueous solution — acetonitrile (gradient elution) ,the flow rate was 1.0 mL / min,the detection wavelength was 280 nm,the
column temperature was 25 “C,and the injection volume was 20 pL. Results The linear ranges of thiuram, BHT and elemental
sulfur were 0.000 2 - 0.048 5 pg / mL (r = 0.999 3),0.46 - 230.67 pg / mL (r = 0.999 9) and 0.20 — 100.70 pg / mL
(r = 0.999 9) respectively. The RSDs of precision and stability tests were lower than 2.0%. The average recovery rates of the
above three ingredients were 58.22%,90.61%, 104. 46%,with RSDs of 17.32%,5.58%,1.55% respectively (n = 9). The content
of BHT and elemental sulfur in 16 batches of blank butyl rubber stoppers from the market was in the range of 0 to 169.88 pg / g
and 0 to 102.79 pg / g respectively,and no thiuram was detected. The content of BHT in the 29 batches of Cefmenoxime Hydrochloride
for Injection powder was in the range of 0 to 36.61 pg / g,and no elemental sulfur or thiuram was detected;the content of BHT and
elemental sulfur in the packaging rubber stoppers was in the range of 0 to 125.64 pg / g and 0 to 79.93 pg / g respectively,
and no thiuram was detected; compared with that at 20 °C and below (microtherm warehouse) , the BHT content showed no
significant change after inversion at 60 ‘C for 5 d (P > 0.05), while the elemental sulfur content significantly decreased (P < 0.05).
Conclusion The established method is easy and accurate,which can be used for the determination of thiuram, BHT and elemental
sulfur in pharmaceutical butyl rubber stoppers,as well as the quality control of Cefmenoxime Hydrochloride for Injection.

Key words: Cefmenoxime Hydrochloride for Injection; pharmaceutical butyl rubber stopper; HPLC; tetramethylthiuram disulfide;

butylated hydroxytoluene ; elemental sulfur;content determination
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R AL AR A R AF BT L O R FEAT A 2
FHB i 2R, T AR ZE TR N & 75 o B A e VR FH Y
U NGIRGIE 7R 7% 7% B 7 e i 571 I i 8 R 2% B <
(I AR i S AR 71 1 e 1 L BV = G
SCHRT AR 22 1) 43 S0 FH B A Ak 390 R £k f2 a2 551,
ARG e ek 3 3k A B 43 TRD A 1B, A = 2 ) 2% 45
a0 AU AT S K e FE A L 1) i, 410 T i % g 9
Ak, 2,6 - T % - 4 - HEIEE (BHT) 21
R A P AU I 2R B ), TEAR I ZE I A 7 v B T
12 5 ARBC A R AT BB AEAE XS AR F 1 4y, Hose i
TE SRR -3 BB RN B LT AR W] AR 2
TR Z 25, PR 22 [0 i 2 R e SR AL R 45
B ROME T BRERUE LTI, AW P 525 2020 4/t
o T 24 i (30 ) ) FIAH G SC ikt = 190 g Sy T[] s
2 T B e FE TP SRR L BK S IR BHT & 2 ) = AU
AHEGE (HPLC) i, I T 3 b 24t i ZE 2 i
it (R ARSI, Ay 7 S P Sk 76 R s 24 7 Jo 4 o N 2
it M A ERT SR IR S R .

1 UFE5KH

1.1 {38

Agilent 1200 78 /55 Z508AH (4351, Bl M 45 BE 51 4G
2% (L E Agilent 23 7] ) ; CP225D U HL T 434 K- (fi2
Sartorius 23 ) , K5 £ 4 0. 001 g) ;SB — 5200DTN %3
FERIE B (T BT 2 LE MR Ry A R A 7)) 5 ST40R
B0 ML (ZEE Thermo Fisher Scientific 22 F] ) o
1.2 iK%

T ER R Sk A Y i (35 e 26 ) Sk 2018 4 [ R 24 iy
RS RE S, Hirb S1 -S4, 85 - §7,S8 - 89,810 - S13,
S14 - S17,S18 — S20,S21 - 823,524 — S29 £ ji 4351
JTRKA - HEEHE S T T HZE (R K A - H #24E,
B2 T R L1L KL KL L L, LKA 72, 45 40 31
JgI1.12,J1.J2,K1,K2,K3 . K4,13.14,L1.12,13.14,
K5 .K6) 5 Fk 2= W XF HE &y (4165247 sthf1299v, 75 &8 97%) ,
BHT % B8 5 (41t 4 bebv3237, &4t > 99. 0%) , ¥ [
8 1E Merck 23 w5 BB GT HE A (1 25 S A A2 sl R
RS ] 54 20170227, 5 1 99. 999%) 5 £ 8 i
afi, R TCK Sl =R BRI R M Al K
4lizK .

2 FHESER
2.1 @iEEH

o 3% #F . Shiseido CAPCELL PAK MG C,#E
(250 mm X 4. 6 mm, 5 Mm) ST : 1% =5 4R KIE
W(A) = 2N (B) , BEEEBEML (0 ~ 6 min i 30%A ,6 ~ 26 min
BF30%A —10%A,26 ~ 3 1minf 30%A) ;7% 1. OmL/min;
% K - 280 nm s AR : 25 °C 5 HEAE R 220 plL.

2.2 BREHE

3 BB 2= 4 BHT L5050 B 6T HR U 19. 40, 23. 30,
10. 07 mg, WG HEHRAE , 05 B 50 mL 2 B InA &
e — oK CEECL: 1,V V)ERITE 2, $850, RIS
U 351 4 388. 0,461, 3,201. 4 g / mL A BA— %) IR
AR, 25 GE B, WA R AR 1065, i BT
A% R

T2 i By A Bl B AR 19 28 I I ZERE 5 2 g RS S R
HEIEHEIEIR R IMA PR - K11,V /V)
10 mL, K22 i, 100 C/K A 1 3.5 h, iy, PR
FE T, A B - JOK CBECL: 1,V V)RR )
T, 220,45 wm GLFLE MR E T, OB, B AR
VoS TR e FE A VA
2.3 HikEE®

ZA G5 FHPEIR IR « B2, 2 T00 T X 1A S v VORI e ZE {1k
I AIA A E B, 722 1IN (i AR UEREDN 2 , 10 %
T (5] 245 S e FE B T S R B35 T FE S0 R T TR
AH )45 B5 Ik TR b A5 AH R, BHT | B0 AT (4335 04 , BRIS ML
FERK 22 M BHT W B BT AR I T35 K T 2 000, £ 8 i
6] 43 51 4. 389, 12. 985, 23. 872 min, £ I 43 16 22 6] 43
BRI, BB T 2. 0.3 F WK 1.
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1. Thiuram 2. BHT 3. Elemental sulfur

A. Mixed reference solution B. Test solution of rubber stoppers

Fig.1 HPLC chromatograms
LM R L R mI2. 2500 F 3 Fh B — X it iy
AT, A S g - TOKCBE(1:1,V/ V) 535
i B2 4 1 mL & BHT 0. 46,0.74,0.92,4.61,23.07,
46. 13, 230. 67 wg, H. JiT i 0. 20, 0. 32, 0. 40, 2.01,
10. 07, 20. 14, 100. 70 pg, F = 1 0. 000 2, 0. 000 3,
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0. 000 5,0.001 0,0.001 9,0. 009 7,0. 048 5 pg 1) Z 51| .
—3XF BB AR SH 20 WL, $2 2. 1T (a3 S g Re i 2
SR AT AR o DARE I )8 53 o 32 VR B (X, g / mL) S A A
b TR (V) AR TP Inl I 25 R 1,
K1 BUXEABRBNR. EERERER
Tab.1 Results of the linear relation test, LOD and LOQ

investigation
G ey IR KR BER RIR
(pg/mL) (pg/mL)  (pg/mL)
K2 ¥, =11873K,+8.3553  0.9993 0.0002~0.0485 0.0001  0.0002
BHT ¥,=5.6979X,+4.0275 0.9999 0.46~230.67 0.1845  0.3691
RRF Y= 13,438, +4. 1481 0.999 0.20~100.70 0.0806  0.3222

B A5 e PR 88 U R S R BRI
R A VS VR A A T R RE He 2. 1R R A
PEFEREM E |, AAS W G 10 1 R0 32 1 I A 57 00 B 43
SR Ry e BTG B o 25 SR L2 1

K 2% B0 B 2. 2 00T YR A X B S T (4l
Bk 22 4 0.009 7 pg/ mL, BHT 4.61 wg/ mL, ¥ i i
2.01 pg/mDIGEH J%2. 1IN ESRESEEINE 61K,
0 ST TR AR 45 LR 2 08 BHT BRI RSD 43
H1.09%,0. 46%,1. 44% (n = 6) , FE WL ERE 3 K4

R PRI B 2. 2 00 R YR A X Bl VA T o, 0
BT = IRACE 1,9,30 d B2 2. 1300 F (5 45 (4 4
T, IO SR TR AR L 45 AL I BHT R STAR R B[] 1Y)
RSD 435124 0. 30%, 0. 60%, 0. 47% , W T8 FL ) RSD 43531
M 1.94%,1.53%,1.38% (n = 3) , WA % IR S IR TR
FEE IR AAF T CE 30 d NEEARRE

TR IS - B0 B A T R FE (S R 1)
2 g KRR, B FEHEIEI T, /3 RS B ARE 1 mL
EAK 228130, 048 g BHT 23. 05 pg. BT 10. 07 pg Y 5
— X BRI 4,5,6 mLL, # 2. 2 70T 7 il 45 e Skt
VAR, PR 2. 1 T S A AR E | 0 S TR AR
FEHEIAE DR 2 R LR 2,

2.4 HREENE

IBUE: S FH S A6 F Jl 3 oK B 428 B W 1 A A i 2 L 25
P ZERE A, F82 2. 2 00T J7 30 o 8 A 7 VS VAR B s A
TSR, 4% 2. 1 00T (i SR AR I o, i SR T
KRG AR R o E o SRR I ERS
(SO >y F Ak FH il 25 2 &) e ™= e A 245 it P 2 o T 6 e
%) 5520 CR LA (BB ) £7 L3, 25 ok AR i
60 ‘CMF T8I B A7 S d I A0 b4 i 8 BHT & 2 0 i 3%
AL (1= 1.284,P > 0.05) , BT B & HE g b (1 =
2.928,P < 0.05), 1 W3 6. LA 146 I v 2 R K6 M Bk
YN

#3 FTAREXSSENELER (ng/gn=3)

Tab.3 Results of content determination of relevant ingredients

in blank rubber stoppers (pg/g,n=3)

5 BHT 3R %5 BHT 3R
11 - 6. 04 13 - -
12 - 6. 30 14 - -
1 117.90 65.20 L1 - -
J2 148. 99 88. 83 1.2 - -
K1 - - L3 - -
K2 - - L4 - -
K3 169. 88 87.17 K5 92. 30 102.79
K4 138.02 57.45 K6 94. 45 100. 63
E: - AT AKE K4ER6F,
Note: — indicates that ingredients are not detected (for Tab. 3 - 6).
3 itig
3.1 ‘BiEKH4EE

PR 6 o 28 T AR E LAY B — K L - K
ZNE - VUMK - /K 20 - 0. 1% =3 LIRSV FIE
RS Ay B AR R BN A - 0.1% =9
ZTR(90:10,V/ V) J i SRR RK 22 1\ BHT F1EA 5 6 (1Y)
O3 B RIS, (O W I T X AR, (ELRK 22 RO B (A
B, o ST, NI L 2 - 0. 1% =R LR AE

®2 MEEKILEER(n=9)

Tab.2 Results of the recovery test (n=9)

PPN HmbE ViV 3 A= (pg) EDRCE (%) X RSD
(pg) (pg) | I I | I | (%) (%)

K 0 0.19 0.08 0.09 0.10 42.11 47.37 52.63
0 0.24 0.15 0.13 0. 14 62.50 54.17 58.33 58.22 17.32
0 0.29 0.19 0.21 0.20 65.52 72.41 68.97

BHT 0 92.20 79.28 79.19 78.92 85.99 85. 89 85. 60
0 115.25 111.91 112.28 111.54 97.10 97.42 96.78 90. 61 5.58
0 138.30 123.10 122.91 122.83 89. 01 88. 87 88. 81

SRR 31. 89 40.28 74.07 73. 89 73.76 104.72 104.27 103. 95
31.89 50. 35 85.70 85.36 85.28 106. 87 106. 20 106. 04 104. 46 1.55
31.89 60. 42 94. 08 93.92 93.82 102. 93 102. 66 102. 50
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x4 EHALAPEMAERNSENESR (ng/g,n=3)
Tab.4 Results of content determination of relevant ingredients

in Cefmenoxime Hydrochloride for Injection powder (pg/g,n=3)

%%  BHT 4% | 4% BHT /& | %% BHT  £H#&
S1 - - S1t - - S21 - -
S2 - - S12 - - S22 - -
S3 - - S13 - - 823 - -
S4 - - S14 - - 24 36.61 -
S5 14.13 - S15 - - 525 - -
S6 10.22 - S16 - - 826 6.31 -
ST - - S17 - - 827 - -
S8 - - S18 - - 528 - -
59 - - S19 - - 829 - -
S10 - - 520 - - S0 - -

=5 BVREERIENESER (ng/g,n=3)
Tab.5 Results of content determination of relevant ingredients

in packaging rubber stoppers (pg/g,n=3)

%% BHT  2R& | %% BHT  #a% | 45 BHT A
S1 - 15.71 |Si1 104.02  73.33 || S21 - 25.11
S2 - 7.42 (S12 122,98 62.13 | S22 - 4.31
S3 - - SI3 111.49  43.92 | 823 - -
S4 4.06 35.68 |Sl4 - - S24 76.82  79.93
S5 70.33 - S15 - 2.55 | 825 - -
S6 125.64  15.38 |SI16 - 5.70 |S26  66.39  74.04
ST 55.96 - S17 - - 827 - -
S8 93.81 19.07 |SI8 - 11.38 | S28 - -
S9 122.66  62.41 |SI19 - 2.11 | S29 - -
SI0 114.37  66.68 |S20 - 32.93 | S0 - -

®6 60 CTEIESIGEMRESENELR (ng/g,n=3)
Tab. 6 Results of content determination of relevant ingredients

in packaging rubber stoppers after inversion at 60 °C for 5 d

(ng/g,n=3)

%% BHT #£R#% | %5 BHT  £m& | %% BHT £is
S1 - 15.71 | SIT 112,74 59.72 | S21 - 9.43
S2 - - SI12 101.03  54.10 | S22 - -
S3 - - SI13 113.39  43.44 | S23 - -
S4 5.63  42.45 | Sl4 - 3.32 | 24 77.36 64.04
S5 77.26 - S15 - - S25 - -
S6 76.99 8.37 | SI6 - - S26  34.08  39.89
S7 85. 14 - S17 - - 827 - -
S8 102.23  12.78 || SI8 - - S28 - -
S9 77.36 31.46 | SI19 - 8.78 | S29 - -
SI0 96.81  72.40 | S20 - 18. 86

i s AR, H 6 min PEARELE SN 7030, F Bk 22 48
W 5, Vi shAHBC L 2 R 90: 10(V/ V), 3 A% B vl s 4
VAR WA X Bk 22 I 11 e, ST 4 e o B s T 4 v
BT8R ) FH G L AR A PR 2 A I 4 1T e 2R 3045 3 R A

W53 00 B AP SGTE L B R A, TUER S AN DG T,
PRAE 280 nm P A< AL 3 B AR B 43 Y5 A7 50 28 A i,
BCREPE 280 nm VE ARG I K
3.2 RERANXIEE

b TR OB O A e . &AW -
IKEEECL 1,V / VAR B BG4 3 Fh A U i 43 9 75
ORI AR E - LK LB 1, V/ V)X BHT F
Jo Tt %) 4 B 58 4 {E 7 e FE B G rh 24 ARG 1)k
U S AN S T AR PRI [T O AN [R] [y
(XTI 8 s s PRSI, T 7 B BUAS R 1) Il i 4
BB ICR S B I 3. 5 hik i KPR, SE 37
DA 25 f s M e S DR e ff e S st 1) ok 3. 5
h, (AR IR A T I TSR AR
3.3 MEZERHH

ABFFELE R W, AR b R A Bk 22 18, A B
PR R Bk 24 IR T AR e 2 AR 7 il i b 5 A AR )
A R SRR 22 12 22 6] kAR AR B ROV, RO TR AE
TEFE I FE SR S ORI AN 21 Rk 2 A8 A e
FART 70% , 7l fgid 5 H AR e MR 22 A 5C AN [l il 1)
A7 T GRBRAE R 23 1 I S RS B i (o T AR e 7€
rf BH'T 1ERL J57 it A 0 295 SR AN — 350, bk 25 5 K, i
JEFEA: 77 T R B AR E 2 K EWA WS (R
%) H A B H I 2528 5 A 7= 04 1 569 Sk 60 W i A AR A
FHBEREE T BRI IE , HoAt )™ G B8 feli I T AR e 26, i
FHAERGET JRE e ZE %) 245 o A R Azt BHTT FITERL BT 4
20 “CR VAR AETRE S AT 60 “CR IR 5 d Jo ke S Y T 3
MRS ZE T BHT & i 0 i 25 225 57, (H B OB 179 5 i I 3%
Pl /b 3 W B X T AR I ZE v BHT 9B 78 0 KR 52
M), {EUXE B BB 9 3 B S e K, AT e 2 B 7%
BT 25 SRR R PO 24 1 AE B B v DR A AT
K] R AR S AR Y BHT, (EL 34 AR A PR AR
VLPAAEAE BHT 1] 25 5ok AR B O, 5 Bl 550 A 7= T
FX T HAR I FE SR AL BAT [ K 24 W A AR EARG 30 A1, 38
e EE AL 5 ) AR A 5 R 1) o i [ R
S 2 3k
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