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B, AR . FORHIER . BRAMIOREN . B OHR . B C e FORINER . BN TR, AFLAE . EORIE . LR )
M, XPRCEERIE N 4 N4 KN 48 HEAE T TR B P4 . 3 SRAIPE/L % CAPCELL PAK C18 MGII
A (4.6x250 mm, 5pm) ; LL0.02 mol/L LA (FHVKESRRE 17 pH (2 4.5) Jiishtl A, HEhishiH
B, BEEVENG, RPN 262 nm. £EFR 12 FMIEE RN B EEAF A EOR, A UV I E B T, 45
PUBEFAE AT B 28R BEYE R N LA R C R, SFRRIBCRIE RS 92.8%~105.7%, RSD 2K 0.3%~1.9% (n=9).
SERL TR 48 HURE S T g A A RS S A DR R AR, ST A A AR DT R R Y 24%~102%. 453 %07
DR PR TR, AR A A RIS i B T O BRI i A R e R A
KEIE PIPER; A TRIRSC IR ; MREEVEN SAORAE (T

Establishment and evaluation of determination methods of 12 bacteriostatic

agents in brimonidine tartrate eye drops

JIANG Jing-Jing
(Wuxi Center for Drug Safety Control, Wuxi 214028, China)

ABSTRACT: Objective To establish an HPLC method for the simultaneous determination of 12 common bacteriostatic
agents (benzoic acid,benzyl alcohol, sorbic acid, methylparaben, thimerosal,ethylparaben, chlorhexidine acetate, propyl
hydroxybenzoate, butyl p-hydroxybenzoate, benzalkonium bromide, domiphen bromide, benzalkonium chloride ) in
brimonidine tartrate eye drops. The 48 batches of samples collected from 4 domestic manufacturers were tested and
evaluated. Methods Shiseido CAPCELL PAK C18 MGII column (4.6 mmx250 mm, 5 pm) was used, 0.02 mol/L
ammonium acetate(pH adjusted to 4.5 by glacial acetic acid) (mobile phase A) and methyl alcohol(mobile phase B) were
used for gradient elution, and the detection wavelength was 262 nm. Results The separation degree of 12 bacteriostatic
agents reached the requirements, and the blank excipients did not interfere with the determination of bacteriostatic agents,the
linear relationship of bacteriostatic agents in their linear range was good,the average recoveries were in the range of 92.8%
to 105.7% and the RSDs were 0.3%~1.9% (n=9). The qualitative analysis showed that the types of bacterial inhibitors in
48 batches were all in agreement with the formulation.The quantitative determination showed that the contents of bacterial

inhibitors were between 24%~102% of the formulation. Conclusion The method is sensitive, rapid and specific, and can be
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used for the accurate quantitative determination of multiple bacteriostatic agents in brimonidine tartrate eye drops. This study

can provide technical support for the standardized use of bacteriostatic agents in this variety.

KEY WORDS: bacteriostatic agents; brimonidine tartrate eye drops; gradient elution; high performance liquid
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R ER BT RE 52 BROFREE , DT 25 MR k2% ¥ 7 2H S URITRR B BT R 46
FH, FEONSEG . WG/ R M, IR
— T E R R, H TR OGHR 2 R PR IR
JEM F Iy kz — P AR S e 2 IR O —Fh i FARER
ZRBEh), HT LIS R a2- B FIREZIR, HTRERE,
SR A IRYT IR 25 B A BRI
ARG, JRWFAFERE M Allergan Inc., 328 FFFARTF M ATt
MR % o MR e R R T

AR SCUCEE T P A R VRS2 s R MR VL 48 bk, A4
TEEI 4 G4 Al K 4 A Sc . T 1 Al S B
%, HR3 g hemam. (hEZH) 2020 4 (°
w0 R, 22300 R TR R — RN SRR, S
A XU /INB R R R) , AFRH 0 B ) 8 BB A A SRR R
S, JFERTA A Al X FHAR IR ST 7, 32 7 Al Al
AAE 25 6 A5 B B s T T R A A B I PR EE R
VBRI IR PS4 A AN [R) R B2 A A, A o 3 2 %
MRZAZU= A4, WRFL A ] S EURTARAE . oh8. £F4ik
VT IRAE s BAII SR T 5 | W] 0 i R A T b e it . AT e
MRS, MRZ5K b iy 3G A B R VR . DR 3 B 550 o
B R A R s B P A R YRS e T IR A T (O
2) 2020 AFERR ( 3 ) BEFRE, B 1 ZAP AR BN EE 1]
AR DA P TR DG AR I B o X6 F 70 A BRI L 2
TR TARUEAFAE D) — L8R R, S B3 AT 70 A R 5 5L
JESE T R BT AR, PEA A TR0 R 2 S i 5 S ATy
PRiE—3, ASCHES 2 30k U SRk 1, 8T m RO (i
(HPLC ) VA 205 1 R VR 55 ¢ 5 T MRV rh o 7 25 e vk
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1.1 UB{5iK%H

TR ROBOR €6 8 S AR B S ARG 2 ( 9 [ Waters 23 7],
€2695-2998 ); XSE205 M H1L 7RV (Mg4F Al ); S400 TR
T (HHEEAF] ); Genpure Pro UV-TOC/UF #4E7KAL ( &8k
RAF] ),

HIEE 2 ((aihal, 556 Merck 23] ); ZIR%: IKBERR (4

il

Mral, EZEBERGIARA T ), KK,

PR R (LS. 100419-201703, 4N 99.9% ),
B (Ht5 . 190019-202205, 40 B N 100.0% ), 11 AL B2
(Hit+5: 190126-202102, &l i 24 99.7% ), #2728 W B5 (#it 5.
100278-201906, 4l & 3 99.9%), Hi M oK 4l ( #t 5. 135050-
201401, 4l 94.6% ), FEARLHE (it 100847-202105, 4l
JEh 100.0% ), BAER S C 2 (it 100183-202105, 4EJE N
97.1%), BRIFEWEE (#tZ: 100444-202005, 40 JF K 99.9% ),
BT (35 110792-202204, 215 K 99.8% ), RFLIREL (4
51 135051-202002, FORFLIREL 10.2 mg/mL ), BEKZF (HE4:
100455-202002, £ & 4 99.8% ), 4L A& (5. 101565-
202201, & FEFLAE 12.56 mg/mL, &+ kL BULE R L
75%, T POkEIEBUC R R YL 24% ) H0 P EE 2 R E
WFFEBE -

1.2 LIHEm

A TRV 5 & S T MR VBURE: it X0 A [ R 20 At A R - i
RVEFIHE, 48 4L, ik A 4 AL IV, FEER
W1,

A TRIA SIS E BRI AP St ), 25 FURE R &Il F it

x1 HRER

Table 1 The sample information

A0 S A 1 %/ FUA% MTEFRFZE Frmit (mg/mL)
I 14 5mL:10 mg IRFLIR B 0.05
il 15 03mL:045mg  RiFH Tehrn it
11 1 5mL:10 mg AL 0.05
v 18 5mL:10 mg AL 0.05
1.3 EWH*E
1.3.1 BiReEH)

PRI EHEIORE SR U A T

TR X BRIV AR (1) B3R 12 Floxd B 25
G3IN 20% ZAER RS A 1 mg/mL BXF BRI 2. A
5 it MRS AR L G X R T I 8 VB A A At 11 xR 8 Y
i, B, KRR A5 27 0.05 mg/mL ARHIR |
0.05 mg/mL Z=H . 0.005 mg/mL 11442 . 0.005 mg/mL 2 H
1. 0.02 mg/mL BRMIZRAN . 0.005 mg/mL EHEZMEE . 0.02 mg/mL f
TRAECE . 0005 mgmL FEAEE . 0005 mg/mL FETHE, 0,05 mg/mL
LA 0.05 mg/mL BEKIFAGIR AT IR SA TR

ARFL T BT VAT . R 788 et BGE S R L S IR S
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W, KRB R E 0.05 mg/mL 4L SR X IR Shae (2
LB IR IR R AL, Horh e SRR ) = 4 5 R LR
BT —80, P, RSO BRI TR S ).
I T RSV . R ORI B . RS R
T, S0 A KRR BRI A% 0.05 mg/mL 123 Sl ok I R A
25 FURRHA . s KA b Jr b A iR CBRIMBE RIS )
5 EREGMARIREICE, 4 AR R R A T
132 &Lt
¥R L4 CAPCELL PAK C18 MGII {24 (4.6x250 mm,
5um); L 0.02 mol/L LBV (JHVKESRR YT pH (HZ 4.5)
SR A, RS By BREEVEM; AR 30°C; #EREEE.
20 L ¥t 1.0 mL/min; RIS 262 nm o B VR BRE R LR 2.
x2 BHERBER

Table 2 Gradient elution program

At (min) T A (%) s B (%)
0 60 40
8 60 40
18 10 90
23 10 90
24 60 40
30 60 40

2 HBRE5HH

2.1 HIEFEERE

R Ak 2R 250 P AN ), i IR Y R B B 390 40y 5 2,
GRS CRFLIREE . FFLEEL ). AR (BibiR .
BERR AR . SR AR ). B ( =4V TERE, KW ), Rt
AHREEE (AW, BAELE . BARRR. B THRSE ).
g MRS (ILAYER . R EReN . HiEc e . ks y)
U, AT S, T HPLC [FBHISE 5 K2 12 Rl FHA BRI
ik, IFE YT E P A RIR L IR LT S AP
22 WEKHFHEE

LA 75 IR 12 R A RSO K A (R, A
PRV 5L S R WAL 7 vh & A IR FLIR B AR FL AL B TE 262 nm
BRI A S R, IR ORIEA S A AR I R | 1 BRI A 3]
FEVE . ERIELR, AR 262 nm K IR A
FEIATINE
23 FEFEE
231 HAM

B 13,1 WU RA R B . AL BRI . &5
HERRAW . BT, e 132 WUR O AR, &
ULIEL T, R RIS AR AS TR0 A

01
0.10]
2
<
0.05] _
s
0.00 A
000 500 1000 1500 2000 2500 3000
Minutes
01
0101
2
<
0.05] o .
5T
&8
0.00 — =
000 500 000 1500 2000 2500 3000
Minutes
015
0.10]
2
<
0.05]
0.00
00 500 1000 1500 2000 2500 3000
Minutes
01
010
2
<
0.05
0.007 — A
000 500 1000 1500 2000 2500 3000
Minutes
o
0.10]
2
2
0.05]
0.00} -
000 500 1000 1500 2000 2500 30000
Minutes
015
01
2
<
0.0! «
Q
&
00 ——
000 500 1000 1500 2000 2500 30000
Minutes

1. RS
6. FEIR LA AR 8. AR A 9. FAHE TR s 10, LB I

UL ORI 12-C12. AALACHATI M n-CroHas; 12-C14. AHLAUHATIE M neCudao
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Fig.1 Typical chromatograms
232 PAD R#H

S ] PAD 6 I#$7E 210~400 nm 43 FIRFHEH A2 (7.800 min ).
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RHEE (8643 min ), IAYER (10215 min), FEARHES (12948 min),  2.3.3 KB ASLE, =2k 540K

BAIIoREN (14.535 min ), FARZER (16.120 min ), BERSECE TP 13,1 TH0 R F 50t RS 28 VS o Fﬁ7kizé&ﬁ$%ﬁa?ﬁﬂbfﬁ
(16.938 min ), FANER (18.130 min ), FAETER (19.609 min), R IR A X TR, 0 1.3.2 T F @i,
ARFLIREE (20.914 min ) JEAKIF (21,431 min ) RFLEEE (n-C o Hys AT, LA S/N=3 Sy Al R ( LOD) LI S/N=10 HEHBR (LOQ),
I 21.014 min .n-C,,H,, % 22.373 min )XTEEDE(%‘(& s, DB AR (X, ng/mL), WEEIFUMGAETR (Y), dFA74rEml
VR RSSO RE F DL 2 Sl fR A ] 5 5 Al I, 25 SRR R I rﬂﬁaé%ﬁz r B/ 09990, £

BRI S R R T e éﬁﬁo FRIF, SRR
7.800 Peak 1 8.643 Peak 1 “02215?92“‘1 3 0012948 Peak 1
228 5 e 13.1 TR 1 ] - 2
i AKHE 3005 y .
- LT 1oo] LR s 2> il
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0.00- 0.004 goty) ———— 000 T
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Fig.2 PDA scan of each bacteriostatic agent (210~400 nm)
3 &, TERSHNRER
Table 3 Results of linearity, quantitation limit and detection limit
popiiin MR MRZRE (r) JWH (pg/mL) FERR (pg/mL) KrmFR ( pg/mL )
AR y=6099x-1365 0.9997 2.5794~103.1767 1.5 0.5
2 e y=1491x-847 0.9996 5.1220~102.4400 5.1 15
LLAYAR y=247184x-6786 0.9996 0.2547~10.1893 0.05 0.02
FEORHI g y=107337x-2931 0.9996 0.2524~10.0979 0.05 0.02
BRI y=20801x-54812 0.9991 3.8173~38.1730 1.9 0.6
PR y=100958x-1674 0.9996 0.2575~10.3000 0.05 0.02
fi e O y=61282x-34144 0.9996 1.0028~40.1140 0.6 0.2
AN TR y=94526x-2047 0.9996 0.2541~10.1658 0.05 0.02
FEoR T R y=87353x-3836 0.9994 0.2592~10.3672 0.05 0.02
LI y=1007x-1025 0.9997 5.1000~102.0000 5.1 1.5
JERIT y=2613x-1721 0.9993 2.5209~100.8379 25 0.8
HHLEEE n-C\,H,s y=1130x-712 0.9999 7.5360~75.3600 5.7 1.9
L n-C ,Hy y=1073x-369 0.9990 2.4115~24.1152 1.8 0.6
234 HEAE FROR TR, ZRFLIRERE . BOKIY . RFLEEE n-C Hys AIORFLA R
B 13,1 TR IR A HE A R R FL A BT B R, #% n-C\ Hy, WETETAAY RSD 2309114 0.2%. 0.8%. 0.1%. 0.3%. 0.4%.

13230 N i 5, LR 6 YR, TR RS SR EHEL . 0.1%. 0.2%. 0.1%. 0.3%. 0.3%. 0.7%. 0.3% Fl 1.2%, ¥J/]\
AR R H TG | BRMISREN R AT B EE 8 REAIR . T 2.0%, RS E R
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235 EAM

W 13,1 R X ARSI AR, FHZS IR RO RS, IR
0.05 mg/mL ZH % . 0.05 mg/mL ZEFHEL, 0.005 mg/mL 115LHR |
0.005 mg/mL A4S . 0.02 mg/mL HRMIRAT. 0.005 mg/mL 4
g, 002 mg/mL BERSAC E . 0005 mgmL FATNREE. 0005 mg/mL
BTl . 0.05 mg/mL ZFLIRAEL A 0.05 mg/mL BEKIFIR AN TE
FIRTHEIRE (1) AR 0.05 mg/mL AL AR (2). ¥
1Tl 6 6y, ¥ 1.3.2 WUF G Skt bE b, HhMRikiT RS
PR & RSDY% (n=6 ) . &5 SL R , G FH R R F B
INALRR . BRIPEE, BMIoREN ., BARC ., BARACE . R
WBE . FER T, ARFLIREL . KSR ZRFLEEL n-CH,s AR
FLEAEL n-C  Hyy EE L RSD 435170 0.6%. 0.5%. 0.3%. 0.2%.
1.0%., 0.2%. 0.7%. 0.5%. 0.5%. 0.5%. 0.4%. 0.3% £ 0.4%
(n=6), YINTF 2.0%, EEMHRNE
23.6 ELLE

i 2 ISR R L AU AN 11 R B R A 0T B A,
1.3.1 TR 25 FURPRHE ROR R, T JSORH X TR 6 X6 B ot e YO B
80%. 100% F1 120% MY MRS, 4 3 65 A3 B BURFLA
BiORT RV, 1301 TR S DRI R RS, T BURR N L
SO IR IR E N 80%,  100% FI 120% (R2EHL 8% [T %
VIR, 4531 % 132 TN RS S ERE b, THEAC A A7)
1 a1 %6 K RSD% (n=9), 45 547 24 [l R 7E 92.8%~105.7%
ZIE), [ RSD BB/ 2%, UL 4, WHEHE R4,

F4 OKERER (0=9)
Table 4 Results of accuracy (n=9)

2 [ IE (%) RSD (n=9) (%)
AR 105.7 0.3
AHIE 103.7 0.8
1AL 104.9 0.3

FEORHT g 104.3 0.4
AR 96.3 0.2
FOKZ R 103.3 0.4

fit e e 102.9 0.9
PR PR 101.1 0.7
FORT PR 92.8 1.9
IR 103.3 0.5
BEKTF 98.9 0.9

HRH B n-C o Hs 99.7 0.4
ARH B n-C yHy 97.1 1.0

237 AR

B 1.3, 9IRGBt A R AL S e X B VW 43 S
FEWAE, FO0.2, 4,6, 12, 24, 48hJi, H132W {1
T SRAFIERE BT . 25 12 M B 7] FE 0% A RSD B/h T 2%,
FEWAEE IR 48 h WERAE .

238 &AM

13,0 TR IR X IR A AL AN IR AT, 5 5%
AN ETERE . AR AL £10% . AR AL £5°C A
A ¥ pH HAEfL £0.2 S BANLES, 45 TR R 22 5] 14 73 28 FE 4 7°F
BELR, RYIJ M ARG
24 HRFEHER

ST 7 48 I A B VR 55 e 5 i IR PE S (s v i, IR
1.3.1 T A TR G 0 JE i v R R A L S B 0 IR VR R, 4% 1.3.2
TR B G S AF IR BT, (I 1o 1Al A I Aioll 2
K 55 AL TR B X O R B I ) — B (e, T Al R AR H
0 AR A 12 R R R IR — B i, oAb, TV ki
B bm s b T7 2H RS A AR LS B A R , AR HLETE I (18] 1-F)
SRFLA R A @R (& 1-B) M, 8 C iy,
{E IV b S B9 SRR 85 1 5 R 24 i e B A PR ey B
VERT ) — B0, AR SRR " AR A EURM 1A SR
5, HHER AR L Z2ALREAR T €, BURIY R R 2, BVE A
PR 2 0Y o IF ARSI TV AL BN A ER) SAT
HET, UL IV AW B R 8o S R A AR s — B Wik,
i A 5 R 4 G P Al A 7 (0 A R V5L 5 5 i MR 4T 7
FIRNEI 5 AT R 7R — BEOR AR, ELR % Bid as
AT
25 HRAasNENER

SR 48 I A B VR 55 e 5 i R PR S (s v i, IR
1.3.1 T A 55 0 o BRI, 4 1.3.2 00T B (3 Akt
FEOHT, DA S Bl P R g S i, SRR 5.

x5 Hi@EEBNEER (%, n-2)
Table 5 Results of sample test (%, n=2)

Al R WEGRRE AR (mg/mL)  FE (%)
I 14 ARFLIR S 0.05 79~83
1l 15 Kasm Johin it /
11 1 I 0.05 24
v 18 LG 0.05 83~102

2.6 FMOEEMNEREITHEF ZmMALER

Fie (P E 23 ) 2020 45 R PR IE I 9001 JR} 244 5 il 511
R P 4 R 0] e 5 i PR 23R 50 A 56 1 £ Y, 7
EIR (60°C ), JEHR (45004500 1x ) FINGE 514 (40°C, 25% )
RIS, BEHCL, LI, IV k4 —HERE 4 1.3.2 J0F 1 i
S HERE M. TEESIR (60°C ), YR (4500+500 1x ) A jH
ZAF (40°C. 25%) B R, T ARFLIREL & R FEILT 10%.,
12% F1 11%, I Al R FLIRE S R IR T 6% 8% Fl 6%, IV
AP R FL A B R T 2%, 5% I 15%. 1 4lb A Aik i
MR R CARN, T A AR AN I B 23R o, ek
HE(4500+500 1x ) T, T Al g 2 LR B L TIL Al i 17 %2
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(EEZj - FEZRA TR ) 2024 4 MUE I <341> HLE: IR
INE ) ek R b . EEAL L P RTHR P R R B B
TSR0 (0 VIR B AE 7 Sk A DR T P P BB Sevsi . BRI, A 7 e
SE I R TR S5 FR AR, 9 L7 it % T ) g 0 e 7 i 4
AR PUBATIZOK . FEAZRE, 7 SN A bR P
BIIBSH (72 £20% LAY, AFRiEr=far st ) . 454 (o
FEI 24 L) 2020 4T R 58 A S )08 4Tk R A o o %o IR 32 g 22
SRR A T TR T MR AR R 51 4 R PR R s
Y 80%~120%.

IR AE LW, AL AR 2 Rl 3%
A5 5 HERE A B ) S I S R A R, AR T Al
44k, T Al T T Al A LIS e 5 o 42 0 (I B
A 4 AR T 80%, FARAIN R R A i n] e ST PR UE 2 50 i
HRVRE A RO Y B . T A 1 HEVCE LR R & B b
/i (0.05 mg/mL ) 1 24%, B4 0.0012% ( g/mL ), SCik#RiHE "
FALREAEARSMI IS P, Sl 0.005% Xt #5150 b A7 1
MBI, Ea AR R0 R 0.003% MZEFLIREL il
AT PRI JE 5 T ARV P e AR AT S RV B o L Al 1 1 SR
TARFLIRE SR T 0.003%, AT RERZ MR Fh A R L 2k

AL AN BB TV Al 18 SRR 5 0 T ) o
T 25 SR AR A BRI S R Y . TV Aol il FH A AL SR R
25y Cp, BURKIIR R A, e Sk ", ¢, BURAY I
RV IAT RN R R AP HI], Cu F1 Cy BURMIIR R
TN REAS 53 S0 P 2 P RS T, B s — 24055 €,
2l AT RO AN AT, P RERS AL AL E RN Aot
32 #ig

FIRG, =T AR PR S JE e T IR TR 1 500 B i o
WSS, AL 2R Rl as i T,
PRl BRA T R S A I R A T4 ), O A R IR B
ST R 12 5 B R s D B ARG AR 0T, RS0 59 £ Aol
KRR, AW T HPLC [REHNE 12 Fheiy &
ik, WOFERTIR . mAL. MERG. Rk mEMEE, AN A
TR TR i LY P BT 70 4 J s R o 482 2 AR 24
B, SRl R T TR AR S
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