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Comparison of the pharmacokinetics of gatifloxacin ophthalmic gel in rabbit ocular tissues with different
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[ Abstract] Objective To establish a method for determining the concentration of gatifloxacin in rabbit ocular
tissue and compare the ocular pharmacokinetics of 0.3% gatifloxacin eye gel after a single and multiple topical
instillations in rabbits. Methods  Ninety-four healthy New Zealand rabbits were selected. Ten rabbits were

randomly selected without any treatment for blank tissue collection, and the remaining 84 rabbits were randomly
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divided into a single-dose group (36 rabbits) and a multiple-dose group (48 rabbits) equally between males and
females using a random number table. The left eye was taken as the experimental eye. The single-dose group was given
one drop of 0.3% gatifloxacin eye gel into the left eyes, and the rabbits were divided evenly into six subgroups. In
each subgroup,tear specimens and blood specimens were collected at 0.5,1,3,5,7,10 hours after gel application,
then cardiac blood samples were taken, after which animals were sacrificed immediately to collect ocular tissue
including aqueous humor, conjunctiva, cornea, sclera, iris-ciliary body, lens, vitreous body, retina, and choroid. The
multiple-dose group was given 1 drop of gatifloxacin ophthalmic gel in the left eye three times a day. At 0. 5 hour after
the first administration days 4 and 6,and 0.5,1,3,5,7,and 10 hours after the first administration on day 7, the
cardiac blood sampling and ocular tissue collection were performed. The methanol precipitation protein method was
used to pretreat samples, and the concentration of gatifloxacin in rabbit plasma and eye tissue was measured and
calculated by high-performance liquid chromatography-tandem mass spectrometry method to obtain pharmacokinetic-
) ,peak time (T, ) ,and area under curve ( AUC). The mobile

related parameters such as peak concentration (C

max max

phase was a methanol-0. 1% acetic acid aqueous solution ( volume ratio=70:30) ,and a positive ion multiple reaction
detection mode was used. Ciprofloxacin was used as the internal standard, the selectivity, standard curve and lower
limit of quantification,accuracy and precision, extraction recovery rate, matrix effect,and stability of the method were
validated in accordance with the 9012 Guidelines for Validation of Quantitative Analysis Methods for Biological
Samples in Chinese Pharmacopoeia (2020 edition) . Combined with the minimum inhibitory concentration ( MIC,,) of
gatifloxacin on common ocular infectious bacteria,C,  /MIC,, and AUC/MIC,, were calculated. The study protocol was
reviewed and approved by the Animal Ethics Committee of Shenyang Xingqi Pharmaceutical Co. ,Ltd. ( No. XQ-2016-
011). Results Gatifloxacin has a good linear relationship in various eye tissues and plasma. The between-run
precision in corneal tissue is within the range of —1.5% —6.0% , and the daytime precision was not greater than
15%. The extraction recovery rate in corneal tissue ranged from 92. 0% to 94. 8% , and the precision of the matrix
effect at low, medium, and high concentrations calculated by internal standard normalization was not greater than
3.3%. After a single topical instillation, gatifloxacin reached a high concentration in anterior and posterior segment

ocular tissues and its distribution ranked in order from the highest to the lowest by AUC,_, as follows, tears, cornea,

0-t
conjunctiva, iris-ciliary body, sclera, aqueous humor, choroid, retina, lens and vitreous body, with the C of

max

94.90 pg/g,7.34 ng/g, 3.65 png/g, 1.81 pg/g, 1.75 ng/g, 1. 31 pg/ml, 0.86 wg/g, 0.53 pg/g, 0.13 ng/g
and 0.07 wg/ml,respectively. T, was 1 hour in all ocular tissues except in the lens, choroid, and vitreous body
fluid, where T

tissues at 0. 5 hour on days 4,6 and 7 after multiple dosing (P>0.05) ,and the AUC

max

was 0. 5 hour. There was no significant difference among the concentrations of gatifloxacin in ocular

o, in the cornea, conjunctiva,
and sclera was approximately 2. 04,2. 12 ,and 2. 32 times that of the single dosing. The concentration of gatifloxacin
released into the systemic circulation after single and multiple dosing was less than 25.00 ng/ml. For both
Staphylococcus aureus and Staphylococcus epidermidis, pharmacokinetic/pharmacodynamics in the conjunctiva,
cornea, sclera, iris-ciliary body, aqueous humor, and choroid were satisfied with C 6 /MIC,;= 10 and
AUC/MIC,, =30 after continuous administration of gatifloxacin ophthalmic gel. Conclusions A rapid and
sensitive method for measuring gatifloxacin concentration in ocular tissues is successfully constructed. Gatifloxacin
ophthalmic gel administered three times a day for three days can achieve stable concentrations in ocular tissues, and
the concentration of gatifloxacin in ocular tissues is increased compared with a single dose. Effective treatment of
common bacterial infections of the conjunctiva, cornea, sclera, and iris-ciliary body can be achieved with topical
application of gatifloxacin ophthalmic gel.

[Key words] Gatifloxacin; Ocular administration, gels; Liquid chromatography-tandem mass spectrometry,
high-performance; Rabbits; Pharmacokinetics
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MR PR R8T 1) 5% . AIESE 5 28 4 0 PH 2% 55 IR 24 i 0y
AR 2 F] 525 3l Y A0 P A 2 DL o AL HE (At S
2.X0-2016-011)

112 3l A0 g vb B IR 86 ke (o B
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130518-200402) | ¥ ¥ ¥ & Xt B8 & (it 5-: 130451-
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liquid  chromatography-tandem  mass

Biosystems 23 1] ) ; & it LC-2010AHT ¥ AH {4 35 {X ( H
7% Shimadzu 2\ &) ) ;Allegraw X-22R 1K I8 & 3 &0 ML
(Z£ 8 Backman 2\ ) ) ; Precellys Evolvtion 5] 3% #1 (32
[# Bertin technologies /3 7] ) ; XS105 Hi, 143 #1 K3 ( i
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1.2 F¥:

1.2.1 SR ghW)or HAb PR e MEA R 10 HBmy =
RAGTAATZ Y T 25 A LR, R R 84 H
BV 2% i BB AL B R E A BEDL 3y Bk 45 25 20
36 AMZ 254 48 H o HR 45 25 4 BE ML 70 1 6
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e, BRG A H R AR S T 1N b B IR T B
B, o3 T 45 2505 0.5.1.3.5.7.10 h i & FR 19 38 48
FOE TEE RS AL 30 s WG IBOH S 0 R B 29
2 ml, 3o PR IR AR BT S 53 0 B K L A L
RO I — DR S | e R A I A AL o R fk 2%
SU IR T 3 U B | 5T 2
FAR O REWRAZE0.5h, LIRS T RE KRS
255 0.5.1.3.5.7 .10 h .0 ECl I 5> B IR 2, fr 5
EWREA T -80 CHRAF .

1.2.2 PRUEFR N NARE BRI L& R R E I
bR IR 10. 0 mg, & F 10 ml 22 8 A, B
fIEE BB, 5, W45 1. 00 mg/ml 2 v 2 il
e 1o FH W s M R Al A L, BC I S. 00, 10.0,
20.0.50.0,200,500,1 000 ng/ml Jjn & ¥b 2 45 1 & 71
TAEH WA 10. 0,100,800 ng/ml Jit i 4% il 75 W, I T
4 CUKFIRAF 38 M o K BEPRE BN 20 B (AR ) X R
ai 10,0 mg, & F 10 ml 28 80 b, Y B 98 i OF €
BEZNE,#S), Ws E  1.00 mg/ml [ N AR fiF
ol 1, PP A R N bR Al A R T TG RS IR
9200 ng/ml (4 A AR AW, OF T 4 °C UK A R A7
w1

1.2.3 AYedh AL B THBORE AL 9% 1250 AR
KR 30 ming SR A BEOL 3, S A 45 R 2H L H%
1210 it AR K, F 185 A 34 5 15 7K RN 3% 35 14 TG 75 ©F )%
AFR . HCTH W/ I 3/ 45 IR A U S) 3RO 50 pl, BT
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MS/MS 434

1.2.4 HPLC-MS/MS 3£ 5& 25 Py A% i vh I 0 2L o
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261. 2( N VD B Al m/z 332. 1—>m/z 288. 1 ({1
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216.2

THOA A T 4R O B VR BE TSR A3 A i ) o R R
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1.2.6. 3 4 W [m] g 58 R0 5L o & fF I B v &
10. 0,100,800 ng/ml 3 /> J57 & W J3& i 17 Jk J57 %8007 0 [m]
WP E , WP 2 6 DREA S FEGL Al 50 pl
IR A 50wl A5 dERE (v 2 10.0,100,
800 ng/ml) I 150 pl P4 5 b3 BE IR &7, HL 50 pl jm A
500 pl FY 35 i e 1 29, 10wl g 47 HPLC-MS/MS
S AT AS I v B R b 0 AR . RE A B ) SOl
25 [ AR W RE A R 200 wl HE
i, 3% € 1 min, 12 000 r/min &

15 25
20 L 288.1 > 10 min, B F ¥ 50 ul,37 C
s of s | K N, T 5k E YA 200 pl
= w13 . PR e e
# o L e A BB, B 10 pl i3 A7
=70 “ l 3762 £ | .1 HPLC-MS/MS 4347 9 15 1 5 v &
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Figure 1 Mass spectrometry of gatifloxacin and ciprofloxacin A ; Gatifloxacin

1.2.5  FRdE i &M ah i il e BOH W/ M/
FMRA L5 50 pl, BT 1.5 ml EP 4 KK
AWAR ARV IR 150 wl, b7 o A W sl o 45 AR 7
50 wl, #E 1 min, 12 000 r/min & .0 10 min, § 50 pwl
W5 500 wl HEEIE 5], i€ 30 s,12 000 r/min 2
> 10 min, BL 10 pl # /7 HPLC-MS/MS 4 #7, it 5
MRM A5 0 4 €2, 335 1], i Analyst 1.6, 1 3408 b 34 4%
R0 A n o b N N R R AT ARy, A5 0 T AR
VLA 0 v B Sl B e b, 55 T 400 5 R s 0 1) 0 T L L
P AR, AU /D e ik (R Ry 1/x7) #E AT
&G .

1.2.6 Jyik2eimik

1.2.6.1 BEFEMEMEAMERER  B6 HtA T RIEL
25 AR RE i 50wl B PN AR AV YR A B2 ) R Ry R
BESh, oA 4 4 1. 2.3 5 43 #F 47 T 4b #4584, 47
HPLC-MS/MS 434, K 153 25 11 IR 4 4UFF 5 19 €5 35 &
2 1.2.5 F 04 AF , RS B UIR 41 208% i i & T BR
B 5 L O B S 25 24 J5 (I MR AL 2 FE & 4% 1.2.3
T3 44, AT SE bR A U RE i 1 5 1

1.2.6.2 MEWRE AR B AR YRR A 50 pl,
PR 1. 2.5 FB 4y a5 i T R DL JAIG L TR VR
JE KV 1 5T 45 B i, #E 4T HPLC-MS/MS 43 #7 , i 5%
MRM A6 0 (4 €8 335 18], B A ok B P47 6 FEAR, 3% 2 3
17 3 M HEIR AR AR 0 Bt o 1 #7199 H AR IE #h 2k

B : Ciprofloxacin

800 ng/ml) Al 150 wl K5, i JiE
JG 12000 r/min & >
10 min, B F & ¥ 50 pl A 500 wl Y EE i e TR 57,
4 °CF 12 000 r/min &.{» 5 min, B 10 ul #£47 HPLC-
MS/MS Jp Afr I A5 hin 5 0 B2 0 P A e T AR . Ak T K
3 = B/AX100% ; [l % = C/Bx100% .
1.2.6.4 FaEMiliE B2 450 wl £ (10.0 ng/ml) |
(800 ng/ml) ¥ J K 7 7 5 BE &40 C N, 1K
T 50 wl A AR A IR, e R . ik B A& I
FEERAPIT (F R ACE 24 b -80 °C 3 K ¥ il 76 31
-80 CHC I K A7 A il Ak B S E AR A% 4 C O E
48 h) , I A WHR 150 wl, H EE 50 wl, %€ 1 min,4 C
T 12 000 r/min & .0» 10 min, B F & ¥ 50 wl, jim A
500 pl FEL, € 1 min, 4 °C F 12 000 r/min 5§ (>
5 min J5 , B 10 wl #E47 HPLC-MS/MS 43 #, 5k fE
il 7 3 MEA
1.2.6.5 2408 /2550 e Bot i wmw il
C,../ BN ¥ B ( minimun inhibitory concentration,
MIC,, ) Fl AUC/MIC,, £ 7~ 25 18 3l Jj 2/ 25 8% 2%
( pharmacokinetics/pharmacodynamics , PK/PD) $§ %, {2
B T R X MR v DL SO T A A S R A MG,
B OXF 465 B 65 7 2 BR B A9 MIC,0 = 0. 31 g/ ml; Xof 3 ¢
% OBR W MIC,, = 0.44 pg/ml), i+ & PK/PD
B
1.3 S5k

K F WinNonLin 8. VER {4 X5 A6 I v & 9E 17 58 11 70

1 min
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B, A3 BB 122 B AN TR E] B B
25 WECR N ZR T 2200 Fr o 2 DALl i 4 BTk 22
S BRI SLBEAS ¢ K o SR XU AR %6, P<0. 05
HESAGIFE L

2 #R

2.1 RIRHALZ M R

2.1.1 AL PFMYMAPRE MRM AR EA
RN 2 s, g5 R R S A SUR TR
Brvb B P AR I E

2.1.2 FRUEMLAE R TR A2 B bR e h
LM KRB r R T 0.99, AL R BEIF, E& T RN
5.00 ng/ml(F£ 1),

2.1.3 FEEEEREGG RS RS ARE R MERR BE A R AR,
5.00.10. 0,100 F1 800 ng/ml Ji 5 ¥ 2 75 fhe £ JIE 20 41
ARSI H R AERA B -1, 5% ~ 6. 0% , TE£15% LA,
HERGEE R 1.3% ~5.0% , AN KT 15% , 156 A K4
Py RE i o BT 7 B RIE SR (3% 2) .

2.1.4 RBUEICR LR 100,100,800 ng/ml
TR Vb B DL e N AR AE 5 2 23 v 1 6 5 Sk B 43 )
(107.0£3.5)% . (106.0+1.8)% . (108.0+ 1.6) % Al
(110.0£2.3) %, 32 B E Y 2R 43 31k (92.423.6) % .
(92.0+2.7)% . (94.8+2.1) % F1(85.5+2.0) %,

2.1.5 FRoEtklEe Y H REAT il 2T R R e T
FEGVETE  RE Y76 £15% L)y, 45 5 3¢ W Jn & v 2L 76
BB IRE(E3) .

k=00

F1 EYERBMEDERAE L
Table 1 Standard curve for gatifloxacin in biological samples
HHYURE P o h £k LEES38 2PV
TH & y =0.000 17x-0.004 19 0.995 2 250-50 000 ng/ml
1fiL 3% y =0.002 24x-0. 006 09 0.993 9 5.00- 1 000 ng/ml
B K y =0.002 29x-0. 002 5 0.994 8 5.00- 1 000 ng/ml
B E RN y =0.003 89x-0.006 71 0.991 9 5.00- 1 000 ng/ml
£ i y =0.001 7 x+0.003 0.9940 50.0 —10 000 ng/g
S i y =0.001 71x—0.000 878 0.996 7 50.0 —10 000 ng/g
I y =0.002 324-0.002 16 0.9917 50.0 —-10 000 ng/g
WL -y =0.001 82x—0.003 61 0.9923 50.0 -10 000 ng/g
NS
fk 2% s y =0.005 63x-0.021 9 0.990 8 50.0 —10 000 ng/g
A y =0.002 53x-0.000 139 0.9932 50.0 -10 000 ng/g
ERINES y =0.009 82x+0.015 8 0.9933 15.0 - 3000 ng/g

%2 HPLC-MS/MS (M ERAEFMBLENBEE
5&®mE
Table 2 Precision and accuracy of gatifloxacin
in rabbit cornea by HPLC-MS/MS method

" FiR R BE (ng/ml)

5.00 10.0 100 800
S B {1 5.30 9.85 102 825
b 22 0.1 0.5 1.3 15.4
RE (%) 6.0 -1.5 1.6 3.1
HEPY RSD (%) 3.4 2.8 1.5 1.0
#E18] RSD (%) 2.5 5.0 1.3 1.9

T - HPLC-MS/MS : iR 20 €4 335 — 8% B 0 v 5 RE < AW 3 22 5 RSD
A XA iy 22
Note; HPLC-MS/MS: high performance liquid chromatography-tandem

mass spectrometry ; RE : relative error; RSD :relative standard deviation

HADR

2.2 [RALZUR M3 o 2
g o ;7)2 2 - 1) 2548 Jy 2 k58
5 ol T hngs v B IR e UK AR
o - i i o - AR J5 & v AL A IR AT 41 4
0.0 05 1.0 é%ﬁ%{zﬁ%(éii) 3.0 35 40 0.0 05 1.0 1;?1%%%‘%(5&) 3.0 3.5 4.0 i,i—,% EI/J m E ﬁj\ %ﬁ , /E\: l;';, E {H {& .
4000 W 270 A A A5 DU | 5 — IR
= L i Bik i T, #% 1.0h,C. 4
B . 101 Wk 94.9 pg/g. 7.34 pe/s.
0(;.0 0.5 1.01/%%5%:&%(13;2)3.0 3.5 4.0 0'0(;.0 0.5 1.0{}&%3[2':‘%(&15]) 3T 3.65 pg/g.1.75 pg/g. 1. 81 png/g.
«  40x10" Z:l 1.9x10° 220 1.31 we/ml; Fifi 5 22 12 15 B, AR
JER I JFi 10 h BRI B R B S 5 5 4
S i
% = N E;.jo.sx:f;. - " AC,. 1 8.6%.3.4% 11.1% .

0.0 05 1.0 15 2.0 25 3.0 35 4.0
PR R B] (min)

E2 mEREAATMEBEDSENMNRTRDEREE MRM & E
Figure 2
tissue

00 05 1.0 1.5 20 2.5 3.0 3.5 40

11.1% 6. 7% . 2. 1% ; i %5 70 5L B

’ﬁ':%’uj 58] (min)

MRM mass spectrum of gatifloxacin and internal standard ciprofloxacin in corneal

JH 5 2 B A MR T it R A R Y
T,. A C.. 4¢3 % 0.5h A
134 ng/g o J 8 U A2 IR T BE 2
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Table 3 Stability of gatifloxacin rabbit cornea homogenate samples under

different conditions

Cou 77 51 %9 857 ng/g.529 ng/g.

67.9 ng/ml, fEIMFE PN B N FFakE it 24 h Ab )5 48 h 3 YR U 7R A -80 C 35d
Byb B W ¥ /N F 25.0 ng/ml, (ng/ml) RE(%) RSD(%) RE(%) RSD(%) RE(%) RSD(%) RE(%) RSD(%)
TR v R AR PR I B S IR S . 10-0 2.2 5.5 1.9 1.6 3.3 4.5 3.5 7.7
Bevb B MR 4140 AUC,. M 1 51 800 -2.8 1.7 2.6 2.0 10.2 1.1 10.2 3.6
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Figure 3 Distribution of gatifloxacin in ocular tissue and plasma of rabbit at different time after

a single dose of gatifloxacin ophthalmic gel

BB R AR AR Ry T, A L h, C 205l
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25 J5 TETHIR A B 45 B LR | S — BE AR AR L K ik
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Table 4 Pharmacokinetic parameters of gatifloxacin in ocular tissues and blood of
rabbits after single or multiple administrations

. IR Y ZIRGH
" C,.. AUC,_, AUC,_, T,..(h) MRT(h) C,.. AUC,_, AUC,,  T,,(h) MRT(h)
itk 94.9 pg/s 293 pg - h/g 322 pg - /g 1.0 3.4 148 wg/s 391 pg-h/g 709 pg-h/g 0.5 3.7
% 0.02 pg/ml 0.02 pg« h/ml - 0.5 0.7 0.0l pg/ml  0.04 pg-h/ml 0.08 ug-h/ml 0.5 2.1
Bk 1.31 pg/ml 3.37 pg-h/ml 3.48 pg-h/ml 1.0 2.1  2.22 pg/ml  5.54 pg- h/ml 5.62 pg-h/ml 0.5 2.2
Rk 0.07 pg/ml 0.09 pg - h/ml - 0.5 1.1  0.05pg/ml 0.16 pg-h/ml 0.19 pg-h/ml 0.5 3.2
o 7.34 pg/g  19.0 pg- h/g  20.0 pg - h/g 1.0 2.2 13.0pg/s 388 pug-h/g 43.1pg-h/g 0.5 3.2
s 3.65 we/g 143 pg-h/g 165 pg - h/g 1.0 3.2 10.6 pe/s  30.2pg-h/g 104 pg-h/g 0.5 4.3
TR 1.75 pg/s  5.18 pg-h/g  7.25 pg- h/g 1.0 3.3  3.40 pg/s 120 pg-h/g 30.5pg-h/g 0.5 4.2
M- BEIRIK 1,81 pe/g  5.33 pg- h/g  5.90 pg - h/g 1.0 2.6 2.39pg/s  6.75ug-h/g T.44pg-h/g 1.0 2.7
ik 46 1 0.86 pg/s 316 pg-h/g  5.64ug-h/g 0.5 3.3 1.7l pg/s S.74pg-h/g 2L.7pg-h/g 0.5 4.3
L J 0.53 pg/g 2.8l pg-h/g  8.87 ug - h/g 1.0 41  0.62pg/s 2.8 ug-h/g 434 pg-h/g 0.5 4.2
RIS 0.13 ug/s 0.73 pg-h/g 3.0l pg-h/g 0.5 4.7 0.15ug/s 1.17pg-h/g 2.9 pg-h/g 1.0 4.8
i C, B IEWREE S AUC :0—t /NI N AL ; AUC_, :0—oo /NI R TR 5 T, 35 WIS [H] s MRT « 24 ) 76 4 P 1) F 34 ¥ B B 0D 5 — < TE 33080

. area under the curve at 0— o hours; T

5 L max

Note: C, . : peak concentration; AUC_, : area under the curve at 0—t hours; AUC_, : peak time; MRT: mean

retention time of drugs in the body;—:no data



S IO IR B s 2024 4E 7 HEE 42 455 7 ] Chin ] Exp Ophthalmol, July 2024, Vol. 42, No. 7 . 627 -

799 234 57.2.43.2.166.9, X T3 B 5 A BR B , &
U IR 8 e 22 W 25 2 5 7R TH R AR B 5 TR 2 2 i)
C.,../MIC,, {4851y 336.29.5 24. 1, AUC/MIC,, 7 |
WAL RE S 08 1 611 .98.0.236,

3 itig

AR S B 5 5 0 e R 4 R I S v i D
W Z ) HPLC-MS/MS ¥ , R85 & H o3 i [l 4o X
TR PR (L PE MER R RS W AR M R R AL
JO7 K% il e A& R AT B AE , 245 5 Al 5 25 W0 W DK i 254X 5
TR BRI S AEIE HL BN v 2 IR 8 e
PRV 22 U 45 25 e AE S AR 4 4 R il 3 b i 2510 8 2
SRR RIR B S 255 3 d RS
WHE, 245 25 )5 IR 241 21 AUC,, g BLIR 45 25 11
1.3~2.3 4% 4R 78 2 U 45 2 )i AR 20 2125 1y ok B2 o A 384
I B AR R T SR R T 2K 24 W e A R A
38 8 B — P LR BISR A PK/PD B8 1900 4 0 45 i
20 B A0 B R 00, X T 4R S 2R 25 1 A BRI R
7 R 45 B . R I PK/PD S8 80 2 €,/
MIC,, =10 H AUC/MIC,, =30 ¥ KA %", hE
VL AE R 2 G IR B AL 1 B30 S 7 TR 70 Ja 20 g it 7 24
80% Sy s > FHAE B , L3 B 0 4 BR B e i DL, LUl 4
WO AT ER T L SO BT S 40 ) B s v o
DA b 2 Fof B35 5 DL J% e T 19 MG, 8R40 S R 9, 35
PK/PD $5 5, I vb 2 IR T 88 22 WK 25 2 )5 S I K
AR5 1A e Xl 2 B A 4 BR TR <6 B €0 7 A R TR
{5 C,../MIC,, =10 H AUC/MIC,, =30, 55 K 3 &
TR v MR P I 3 8 R B4 20 4T S BN 4y
0 4 R TR R 8 B A R A R . 2 R AR
HEAMR S 19 19 1 42 7] BB A 48 2 MR /IR J5 35 - LR L 8
BB AR SE A R AR L ARBESE R B I R R
T RUR S 7E R G 55 2 80 [l A B AT A v 9 9 B2 0 A
5] TR 4 TS (L e R e ARG, AR o 28 B
F IR IR AR, W o v B AT AR SR o BRI R i
R BA IR G A

PR — R R - 2R K - R IR HY 2 )2 A WD I, X 5t
JK TR R SR DR T I 25 ) B AT W AR R AR T . R4
R TR SRS, R 2 10% 25 9 AR N, H 4 K
T 23 24 W i ) TR A i 0 2 T | B RS 2 I A WSO I R
Gik , PR AR AN . IR T AA IR
N B T IA) R AR W R T RE e A 0 A I IR B A 2
PRI IR v IR R R R B R o
[ R AR AUR & LA (& RS : CN102078284B)
136 [ & ) (% A5 USB901131B2) ™4 A ff 9 45

R I IR BE R 4 25 S AE A IR T,
Co 1, HIHBR S, LUK 25 2 )5 10 h 45 IR 41 21
HATR R 25 e B o 78 AROR BB 5 v, il o >4 488
SRR il B B[R] A, DA S e 5 RO 0 B AR R 2
AOTHBRAFAE o 73 oh, e v 2 FR T R6 e B T 45 245 16 TR
22 e R AN 2 T s v 2 IR 22 D 4 25 R AT 2
TR ERR AR

ABITFE IR N 25 58 T Sl 2 PO U0 B B W R,
PR Z 0 45 255 2k C, /b T 2500 ng/ml,
H B W T0 35 22 57, 8 g v 2 MR FH 956 G =) 34
ZUWH A e , AR R 2 2k .

AT G 2% E BEAT LA I 20 S5l X B v
BAE ESTIE GBS 2 Rl i s, R BUE B 74 4 T
T Vb S O Ko X R A P AT D AR I, X B
W —7R RN =K A G S A, A BRI K U
JBLII A U 2 g Y A5 B T 3 L 3R o B 6
[F] FR 5 7K AR AR 500 A 0. 1% FH R B e ok 7 2R B
R DUVE W~ TRCAE IR AR A IO A A ot i Ak L
3 Fh EBHOR A T IR SURIR 9 A AL B, L
B ULTE vk 2 e o] LR 9 J7 o AP ST LB,
BT K 11 75 35 B0 4 Il e A A5 45 220K, IR 40
I BOR PR AT AEAS BUAR 2L

L LR IR AT D S 1 A bR SR ARG IR 4
U U0 BB I 5 Ty 3, o Bk s 2 RO U 2
MR FH 456 Ji A TR T YH 98 L A REE L 405 S L DL JE o EE — IR
PR B3 K ebR A R D JBE L K 2% 158 3 A AR 2 2L I
I AT AR, B g 6 4 g v 2 R R AN AX
TESANRE A5 55K A5 AL UA I3 A 78 AR O I B
ik 2 IR A IR W7 AU A o A, E ARG IR A, 2o 4
Phwm o TR B NR A OB i DL AR R 3 U IR 2R 2y
3 d JRTEMRAL AT I8 B R AWk, HLAE IR 241 280 o) A
=T AR 2y, T O i R 25 07 R AR RO SR, (1
BTG 1 A7 AE — BB KL, 07 A ) o A R 5 A ok 2%
RESEE , Fhy 50 P 22 G AN A7 A 3R X LA S B 1 52
BT, B AR AR A 22, ROk T S5 S )
Pt — LR
FISEARZE /R LG D A L 534 O I 2% 5 IR 24
M 5 ML S BT A o4 e o I R AR 2 W% (%
F5 : CN102078284B) 1 3% [51 % Fil (% F1 5 : US8901131B2) fy i 5 1 2.
WP 5 R 32 45 W 2508 0345 L6 ) o i
TEHETMAR T/ 5 R S 0T/ O e %
CESS -G S NI 35 S N TP N
b B 5 DR - 55 8 0 92 e R RS/ 50 5 BR LM - 2 5 3 96
SRR S ST 5 5« T/ 56 5 X0 R S 1A 25
B B 3 7



- 628 - B S IR B AR

2024 4E 7 HE5 42 3255 7] Chin ] Exp Ophthalmol, July 2024, Vol. 42,No. 7

&% ik

[1] Pawar P, Katara R, Mishra S, et al. Topical ocular delivery of
fluoroquinolones[ J ]. Expert Opin Drug Deliv,2013,10(5) :691-711.
DOI:10. 1517/17425247.2013. 772977.

[2] Christopher KL,Hood CT,Mian SI,et al. Endophthalmitis in advanced
microbial keratitis; risk factors and examination findings[ J]. Cornea,
2020,39(9) : 1096-1101. DOI:10. 1097/ICO. 0000000000002349.

[3] Hezhen T, Shuying W, Xiaoli Z, et al. Effect of gatifloxacin in the
treatment of ophthalmological diseases and continuous nursing
intervention [ J ]. Pak J Pharm Sci, 2018, 31 ( 4 ( Special ))
1707-1712.

[4] Scoper SV. Review of third-and fourth-generation fluoroquinolones in
ophthalmology : in-vitro and in-vivo efficacy [ J ]. Adv Ther, 2008,
25(10) :979-994. DOI; 10. 1007/512325-008-0107 -x.

[5] Mather R, Karenchak LM, Romanowski EG, et al. Fourth generation
fluoroquinolones : new weapons in the arsenal of ophthalmic antibiotics
[J]. Am J Ophthalmol, 2002, 133 (4) : 463 — 466. DOI. 10. 1016/
50002-9394(02)01334-x.

[6] Jensen MK, Fiscella RG, Moshirfar M, et al. Third- and fourth-
generation {luoroquinolones: retrospective comparison of endophthalmitis
after cataract surgery performed over 10 years [ J]. 2008,34 (9) :
1460-1467.

[7] Gao W,Xia T,Chen HB,et al. Ocular bacterial infections at a tertiary
eye center in China; a 5-year review of pathogen distribution and
antibiotic sensitivity[ J]. Int J Ophthalmol,2020,13( 1) : 54-60. DOI.
10. 18240/ijo. 2020. 01. 08.

[8] Gaudana R, Ananthula HK,Parenky A, et al. Ocular drug delivery[ J].
AAPS J,2010,12(3) :348-360. DOI.10. 1208/512248-010-9183-3.

[9] Durairaj C. Ocular pharmacokinetics[ J]. Handb Exp Pharmacol,2017,
242:31-55.DO0I:10. 1007/164_2016_32.

[ 10] Urtti A. Challenges and obstacles of ocular pharmacokinetics and drug
delivery[ J]. Adv Drug Deliv Rev,2006,58 (11) : 1131-1135. DOI.
10. 1016/j. addr. 2006. 07. 027.

[11]Pandey M,Choudhury H,Binti Abd Aziz A, et al. Potential of stimuli-
responsive in situ gel system for sustained ocular drug delivery: recent
progress and contemporary research[ J/OL]. Polymers ( Basel) ,2021,
13(8) : 13402023 -09 - 10 ]. http://www. ncbi. nlm. nih. gov/
pubmed/33923900. DOI; 10. 3390/polym13081340.

[ 12] Alkholief M, Kalam MA, Almomen A, et al. Thermoresponsive sol-gel
improves ocular bioavailability of Dipivefrin hydrochloride and
potentially reduces the elevated intraocular pressure in vivo[ J]. Saudi
Pharm J,2020,28(8) : 1019-1029. DOI: 10. 1016/j. jsps. 2020. 07.
001.

[13]Ding W, Ni W, Chen H, et al. Comparison of drug concentrations in
human aqueous humor after the administration of 0. 3% gatifloxacin
ophthalmic gel, 0. 3% gatifloxacin and 0. 5% levofloxacin ophthalmic
solutions[ J]. Int J Med Sci, 2015,12(6) :517-523. DOI. 10. 7150/

ijms. 11376.

[T4TNI, K, R, 55 I v 22 MR 35 M o 90 5 m o v 2 3 MR

WA 2F R R[] B2 5 2, 2017,46(2) = 116-119.
DOI:10. 11969/j. issn. 1673-548X.2017. 02. 030.
Sun S,Zhou TY, Xia HY, et al. Comparion of the pharmacokinetics of
gatifloxacin ophthalmic gel with gatifloxacin rye drops in rabbbits[ J].J
Med Res,2017,46(2) : 116-119. DOI; 10. 11969/j. issn. 1673-548X.
2017.02. 030.

[15]Callegan MC, Ramirez R, Kane ST, et al. Antibacterial activity of the
fourth-generation fluoroquinolones gatifloxacin and moxifloxacin against
ocular pathogens[ J]. Adv Ther, 2003,20(5) : 246 —-252. DOI; 10.
1007/BF02849853.

[16]Wright DH, Brown GH, Peterson ML, et al. Application of
fluoroquinolone pharmacodynamics[J].J Antimicrob Chemother,2000,
46(5) : 669-683. DOI:10. 1093/jac/46.5. 669.

[ 17]Craig WA. Does the dose matter? [J]. Clin Infect Dis,2001,33 Suppl
3:8233-237. DOI.10. 1086/321854.

[18]Gao W,Xia T, Chen HB,et al. Ocular bacterial infections at a tertiary
eye center in China: a 5-year review of pathogen distribution and
antibiotic sensitivity[ J]. Int J Ophthalmol,2020,13( 1) :54-60.

[19]Liu C,Ding B,Ji J,et al. Microbial spectrum and resistance patterns in
ocular infections; a 15-year review in East China [ J]. Infect Drug
Resist,2021,14:2165-2171. DOI.10. 2147/IDR. S314647.

(20075 Bk, i, 5k H 35, 55 S0 S AR BB 43 15 40 o7 S 1 Ak 24 ) ik

PERYASTE [ 1], b4 IR B 24 7%, 2012, 48 (6) : 542 - 547. DOI. 10.
3760/cma. j. issn. 0412-4081.2012. 06. 013.
Sun ST, Wang LY, Zhang YQ, et al. The changes of ocular bacterial
isolates and in witro antimicrobial susceptibility in the past six years
[J]. Chin J Ophthalmol ,2012,48(6) : 542-547. DOI 10. 3760/ cma.
j. issn. 0412-4081.2012. 06. 013.

[21]Mizuno K, Koide T, Shimada S, et al. Route of penetration of topically
instilled nipradilol into the ipsilateral posterior retina [ J]. Invest
Ophthalmol Vis Sci, 2009,50(6) : 2839-2847. DOI. 10. 1167/iovs.
08-2922.

[22]Gote V, Sikder S, Sicotte J, et al. Ocular drug delivery: present
innovations and future challenges [ J]. J Pharmacol Exp Ther, 2019,
370(3) : 602-624. DOI.10. 1124/jpet. 119. 256933.

[23]Khan S, Warade S, Singhavi DJ. Improvement in ocular bioavailability
and prolonged delivery of tobramycin sulfate following topical
ophthalmic administration of drug-loaded mucoadhesive microparticles
incorporated in thermosensitive in situ gel[ J].J Ocul Pharmacol Ther,
2018,34(3) :287-297. DOI:10. 1089/jop. 2017. 0079.

[24]Liu JD, Yang YC, Tang H. Gatifloxacin-containing ophthalmic gel and
preparation method thereof: US8901131B2 [ P/OL]. 2014 - 12 - 02
[2023-10-18]. http://patents. google. com/ patent/US8901131B2/en.

IS F9:2023-11-23 £ [ FH 31 :2024-06-04)
(A3 ok5 357

W - e - G

WRAB AT 58 € Hh 4 5L 36 AR 7 2 75D

(A Sz MR A ) S v B R HE38 SCEETHIEIY T AN Hh [ op SOAZ 0 30 ) b R 22 5 | SC8E A2 (CSCD) AZ 0 39 F)L A 11,96 T,
A 10 BB, S E AN 26 6, MR ACS :36-13, [ W AN TF 4 AT, Wl 3 4% M M & 07 8] s B4 S A Rl MR R 9T, BRARH

1% :0371-87160872,

(A T BT )





