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#z1 HREEE
Tab.l Sample Information
FE b FAk B B 771 B bR i it FE A b3 5 50* RS
YIRS 22 VKA g R T 8 ml 9 0.300% 160905 ® S1
I A3 MR IR 8§ml:8mg 7 0.1 mg/ml 161003 @) S2
ZA B R IR g ml : 24 mg 7 0.1 mg/ml 16091501 ® S3
RV EV R IR 5ml: 15 mg 7 5ml:0.5mg 161002 ©) S4
57 PRAEE IR 10 ml 7 0.010% 160603 ©) S5
i 5 72 5 T R T 8ml : 8 mg 6 0.8 mg 16111101 ® S6
T R B 2R T AR 5ml:0.15¢g 8 0.1 mg/ml 161002 @) S7
M e = 4 AR A 0.8 mg+15 mlyz 7 2 PRV 16060307 ® S8
AR AR 5% 2 0.025% 161003 ® S9
BRI H AR 8 ml 2 FSVIN 20161226 @) S10
SRS B IR S5ml: 15mg 2 0.3 mg/ml 161101 @) S11
SRRV R IR 5ml: 15mg 2 1.5 mg 16101401 ® S12
Ik R R T AR TR 8 ml 7 0.1 mg/ml 161103 ©) S13
PR B AT 4 R IR 10 ml 2 0.030% 161101 ® S14
RV B IR g ml : 24 mg 2 0.050% 1608273102 ® S15
R e AR B IR 5ml: 15mg 2 0.054% 1611083101 ® S16
ZEAE IR 10 ml 6 PRIV 161101 ® S17
Ty SR T VR N 3% 7 ik AR Sml 25 mg ES7VIN ES/7VaN 17010104 @) S18
MY B IR 8 ml : 24 mg E SN E SN 20160901 ©) S19
AT B IR TR R 5ml LAY ESANZN 51161001 ® S20
W *OQEBHRE, QNUKMFEERE, ORfLHE
¥k % 260 nm ; ik 0.3 ml/min ; 3% 35 C SR WK 4.

#AEE 1 ple KOG AR B ERFAESR, B
WHREIY =T 10 000, it WA 1.

*®2 BRI

Tab.2 Gradient Elution Procedure

t/min A/% B/%
0.0 55 45
3.0 35 65
7.0 10 90
7.2 55 45
10.0 55 45

2.4 ML

B “2.17 TR 9 Fpof A I oE &,
BT PR C 1) 22 4 9 PG R AT, A MR R G
VL, % “2.37 TURNEIE&MF, CUREE ¢ Jtisk
b, VETHAR 4 HPAAR, THE S BIA TR, W& 3.
2.5 FEE RIS . AR AN E R

B “2.17 WUR XIS T AT, 4% “2.37
TR s 2RI 5, E SR 6 Ik, DI THAN,
T B S YIS THIAR I RSD . 0 BE Shsw 1T A0 1T
S AERRRREICHEAE, FE LSS, If
TR SE A KRR (LOD) Alg &R (LOQ) .

R399 MINEFIZMEYIFIE
Tab.3 Linear Regression Equations of 9 Bacteriostatic Agents

5 LR R LB [ /pg ml !

1 A=19595¢-5877 0.5~10
2 A=18153¢ - 5587 0.5~10
3 A=16942c -4 880 0.5~10
4 A=15880c—-4568.6 0.5~10
5 A=907.8¢c—-5485.7 10~200
6 A=1759¢-5920 50~1 000

7 (7A+7B) A=171.4c-5166.2 50~1 000
8 A=3269c-10453 4~40
9 A=1354.77c-4768.3 5~100

VE: R™>0.999

*4 BEERIEZERKZ LOD #1 LOQ
Tab.4 Results of Precision Test, LODs and LOQs

WEAZRE FE%ERSD/%  Rlllf/ugml  EER/ugml’
1 0.13 0.050 0.100
2 0.03 0.050 0.125
3 0.12 0.033 0.100
4 0.08 0.033 0.100
5 0.04 0.667 2.000
6 0.10 2.500 10.000
7 (LL7A) 0.15 5.000 15.000
8 0.18 1.000 2.000
9 0.06 0.333 1.000
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Fig.1 Typical Chromatograms
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20 AR I IR R RS H AT B R 2 6. 7
A9, A RIEEA FIRERIE MRS, & “2.27
TR J73 50 ) A Vs, & 6 s o Bl E
HoAr M I 0 RSD.

FRAEFE S P P A A R, STHCER, 4 4l
FEEIN 9 X HE S 0.9, 1.5 F12.1 ml; S2 H1 S6
B—%, o AkEE MmN 6. 7 XI5 0.03, 0.05 F1
0.07 ml; S BUP&, A0l mA 2 X 0.06,
0.1 F10.14 ml ; 23 53% “2.27 TR J7dddE, B
AH T S R B A BE 80% . 100% 11 120% 1)
WL %30 i “2.37 TR AMEEEREDNE, THEE
RN R R . SRR S,

x5 EEMHMENELILER
Tab.5 Results of Repeatability and Recovery Test

FENE fa ffg 3
FERRAARR R A ) /ﬂ'\%{] RSD/% R RSD/%
mg-ml W%
S1 9 2.77 0.17 98.6 0.26
S2 7 0.0753 0.15 101.9 0.32
S6 6 0.092 1 0.22 98.1 0.24
S9 2 0.216 0.08 100.3 0.11

e V=6 ; Yn=9

2.7 Rt

B “2.67 TUH B A AR, 70 RI7E 0. 2,
4, 6. 8. 12 f1 24 h #EFf, idxEnE i, HEET 2. 6.
7 K19 WETHIAR ) RSD 237318 0.11% . 0.12% . 0.25%
F10.09%, FUMLK S IEIRAE 24 h NARE T R IF.
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2.8 FEEIE
BC“2.27 BUN LR GIE W, 1% “2.37 TR
WARAIE, FRIE 6.

x6 HBEMELR /mgml'
Tab.6 Sample Determination Results/mg-ml "’

FEmA s FrR P 771 Wby WS
S1 9 3 277
S2 7 0.1 0.0753
S3 7 0.1 0.102
S4 7 0.1 0.091 5
S5 7 0.1 0.100
S6 6 0.1 0.092 1
S7 8 0.1 KA H
S8 2 ESIVaN 0.199
S9 2 0.25 0.216
S10 2 ES/IVaN 0.485
S11 2 0.3 0.268
S12 2 0.3 0.307
S13 7 0.1 0.090 8
S14 2 0.3 0.295
S15 2 0.5 0.434
S16 2 0.54 0.471
S17 6 PNAVIN 0.155
S18 PN PN 0.270(2)
S19 Ao EN VN KA H
S20 ESY ESY <LOQ (65%7)

3 i

£ 20 R IRV B B hn R, A3 S RhaIAHD
BRI TS AT H - e A SRR A 32 15 30 HR VLA R R A
PIYD R HR RS T 1 AR e b e IR0, BE BT
HERMARE A, A 90% B FIEA XAk T7 4
AN CA e 2 U A TR R I T I R
Firef, A3 AR IR 5 AR T IR K g
et FCAS I 25 2R 22 A K. TRIR W 2 IRV A T
RN 8, HARMA RO RK 5 K
TR VA& U 35 70K 37 MR VRN 2 A B 2R Hb FE R ARG HRVBUR A
ANIIAANEE R, ABARIS 2 BRI T 2 AR
6 (E07) . MWAIRIGSE KRG, WHRB™ o AE 0
R EAAAEE 2 R, R .

DNFEAR 6 S54RI R IR R 4R R BEVEAE S, T
I ARBAR T FRIN T BB TRAN (U 2% B i R
R A E R BRI - BRI A4ER (nRik
R BRI IRV ) = SRAERR K30 ( fnmtt v o0 3y
RV VAR IR, R m S TREWNS
SEIEOTEAE, S TIER . TS A

BRI IR, NG R IEWRRET 37 C
KGRI 30 min JEHERE,  DARRAR XS (i A 1 2 5
[, ik be H B F g ZE S, ARREA
ff /] UPLC % FHR 1.7 pm EAHEURL /M, 1 R
FiAR 3 um PR, DUECORRR Bk b 2, A
TRREAT R0 B R R 1 32 oy R LAt A s, A3 AT
gE BT

SEMIHR T, 2R T 8 - = LR
B O - QIR IT WEE - SRR
DA K ANNBS FX R 7R B be i R AN DY T SR R A e
SRR, SRER, S IR KT
Bk E, LRGN B R 43 B
R SCEEER AR, mZRH “2.37 TR R
GUREMAR Y, SR i sy B R . BB ARECR
SRR ¥ AT 352

ARIG T T XS IEARER S H T T 3%
E 24 (USP) XM, 1% C,,H,CINIt, % 1 ml
i 7 12.19 mg, & n-C,H,s BURFE R4 66.04%,
n-C,H,y BUAR[E 24 33.96% . % HPLC ¥ 5E 7
I, Ul 7 FEEA 1 MERERY, HE
B R DO RE VA 5% 20 2 OR B B TR — 5
{10 €2 T Vg PR Ve TR AR AT T BRI AT, o B A R R 1%
EHL 43 R R AR AR U BH B AR AN B VR B s 4 )
7 MR RYNE A I R IR IE A TR ARG
FESH 7 %009 1 FEURE R4 n-C,Hys, THEIL
S BN IR EUR R 29 n-C L, H,s kRt & ™.

6 f17 )\, +. =, M. +5. I\
R AR () tiEmRS Y, L
ROy Nt e g R (&)t TEIRR
W DLR PR MIAETE, CsEAT AR, AR ae ks
SRR 2 . 7 X 2 AN g, TR £
R2 01, 6 XTI RE AN, AT BLH R X 4y
M R B 24 i B A R IR i T DA A R B 1 7 R
BHAEFE A RAT 1R, FELL n-C,Hys BURFE RY)
NE, XSS T HA 1 ANERER. BT L
HREE, EESHBILL6 H 7 HHATHR A~ 11
BUEAS T, RITEARE S RAL R a5 A 8 T Ak
SFIEVE AT RN .
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Determination of Nine Commonly Used Bacteriostatic Agents in 20 Kinds of
Eye Drops by UPLC

XIA Fangliang, WANG Yulin, LI Yijing, WANG Jianqgiang
(Binzhou Food and Drug Inspection and Testing Center, Binzhou 256600)

ABSTRACT: A UPLC method was established for the determination of 9 commonly used bacteriostatic agents in
eye drops. A Thermo Hypersil GOLD column was used, with the mobile phase of 0.5% triethylamine (adjusted to pH 3.0
with phosphoric acid) : methanol with linear gradient elution, at the detection wavelength of 260 nm. The qualitative
analysis was carried out based on retention time and spectrum by UPLC-PDA. Under the above conditions, nine
bacteriostatic agents were separated completely. Their recoveries were 98 %—102%, with RSDs of 0.1%—0.4%. Four
bacteriostatic agents, phenoxyethanol, benzalkonium bromide, ethyl p-hydroxybenzoate and benzalkonium chloride, were
detected in 20 kinds of eye drops. This method is accurate, rapid and sensitive, which could be used as a reference method
for the control of bacteriostatic agents in eye drops.

Key Words: eye drop; bacteriostatic agent; UPLC; content determination
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1-methyl p-hydroxybenzoate; 2—ethyl p-hydroxybenzoate; 3—propyl p-hydroxybenzoate;
4-butyl p-hydroxybenzoate; 5-sodium benzoate; 6-benzalkonium bromide;
7-benzalkonium chloride; 8- thimerosal; 9-phenoxyethanol



