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Abstract

Purpose: To investigate the penetration of 0.3% gatifloxacin ophthalmic gel, 0.3% gatifloxacin
ophthalmic solution and 0.5% levofloxacin ophthalmic solution into aqueous humor after topical
application.

Materials and Methods: Age-related cataract patients (150 eyes in 150 cases) receiving
phacoemulsification were randomly divided into three groups: a 0.3% gatifloxacin gel group (n=50),
a 0.3% gatifloxacin solution group (n=50), and a 0.5% levofloxacin solution group (n=50). Each
group was administered one drop of gel or solution every 15 minutes for four doses. Aqueous
samples were collected at different time points after the last drop. High pressure liquid chro-
matography (HPLC) was applied to determine the concentrations. The one-way ANOVA analysis
was performed.

Results: Our data indicated that the concentration of the gatifloxacin gel group was higher than
that of the gatifloxacin solution group at all time points (P <0.05); moreover, the gatifloxacin gel
group exhibited higher levels than the levofloxacin solution group at 120.0 min and 180.0 min
(P<0.05). Furthermore, the gatifloxacin gel produced the highest concentration at 120.0 min, and
the gatifloxacin and levofloxacin solutions reached their peak values at 60.0 min.

Conclusions: 0.3% gatifloxacin ophthalmic gel application produced highest aqueous humor drug
concentration, maintained the longest time, had the best penetration and bioavailability.

Key words: aqueous humor; levofloxacin; gatifloxacin; ophthalmic gel; ophthalmic solution

Introduction

Postoperative endophthalmitis is an inflammatory
condition of the eye, presumed to be due to an infec-
tious process from bacteria, fungi or, on rare occa-
sions, parasites that enter the eye during the periop-
erative period [1]. The incidence of endophthalmitis
after cataract surgery has been reported to be ap-
proximately 0.06%-0.20% [2]. It is one of the most se-

rious complications that can cause visual loss and
debilitation. Preoperative skin and conjunctival dis-
infection with povidone-iodine can decrease the bac-
terial colonization of the ocular surface and reduce the
relative risk of postoperative endophthalmitis [3-5].
The intracameral injection of cefuroxime at the end
of surgery is another effective prophylaxis to reduce
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the occurrence of endophthalmitis [6].

The perioperative usage of topical antibiotic
drops has been controversial. Some reports demon-
strated the application of topical antibiotic drops
preoperatively and/or postoperatively didn’t show a
lower endophthalmitis rate [7-9]. While the possibility
of different fluoroquinolone antibiotics may affect
the endophthalmitis incidence was also reported [10].
Currently, most countries still preoperatively apply
topical antibiotic drops. In Europe, the topical usage
prior to surgery are widespread used because some
clinicians believe they have a role [1]. Also in Asian
countries such as China and Japan, the topical appli-
cation is suggested in guidelines [11] and the fluoro-
quinolone drops are the most common perioperative
agents used in clinic [12].

Fluoroquinolone drops are favored agents in
some areas due to their broad-spectrum, highly effi-
cient, minimally toxic, ability to penetrate the corneal
epithelium, and commercial availability [1]. The
third-generation fluoroquinolone levofloxacin and the
fourth-generation fluoroquinolone gatifloxacin are
common drugs that are applied before ophthalmo-
logic operations [13]. Gatifloxacin has a broader an-
timicrobial spectrum [14-16], stronger antibacterial
activity[13], lower resistance [16, 17], less
anaphylaxis[18] and fewer toxic side effects[18] than
does levofloxacin, which confers great advantages to
the clinical application of gatifloxacin. However, a
study confirmed that 0.5% levofloxacin ophthalmic
solution reaches higher drug concentrations in the
human aqueous humor than does 0.3% gatifloxacin
ophthalmic solution [19]. Therefore, the increased
gatifloxacin concentration and bioavailability in the
human anterior chamber remains an issue that should
be urgently addressed. The appearance of ophthalmic
gels has provided a novel method to address this is-
sue. Compared to the ophthalmic solutions, ophthal-
mic gels have lower drug wastage rates and longer
residences and action times on the ocular surface.
Therefore, the bioavailability of gatifloxacin has been
greatly improved [20, 21]. Research has demonstrated
that 0.3% gatifloxacin ophthalmic gel can attain sig-
nificantly greater drug concentrations in the human
aqueous humor than can 0.3% gatifloxacin ophthal-
mic solution [22]. Thus far, no articles comparing the
intraocular bioavailabilities of gatifloxacin ophthalmic
gel and levofloxacin ophthalmic solution at different
time points in animal model or clinic research have
been published. Therefore, our research focused on
multiple time point comparisons of the drug concen-
trations of the three different fluoroquinolone antibi-
otics in the human aqueous humor to identify the
penetration of topical antibiotic ophthalmic agents
and provide data for clinical use.

Materials and Methods

Patients

One hundred fifty cases (150 eyes) were selected
from among the patients with upcoming phacoemul-
sification procedures from June 2010 to September
2011 in the Eye Center of the Second Hospital Affili-
ated to the College of Medicine, Zhejiang University
(Hangzhou, Zhejiang Province, China); The following
patients were included in the study: (1) xanthoderm
Han Chinese people; (2) 50 years and older; (3) pa-
tients who were suffering from age-related cataracts.
(4) patients who were for phacoemulsification pro-
cedures. The following patients were excluded from
the study: (1) patients who were suffering blepharitis,
dry eye, ocular trauma, uveitis, high myopia or any
other ocular diseases in the study eye that might in-
terfere in the results; (2) patients who had any corneal
refractive surgery, drainage surgery, intraocular sur-
gery or any other ocular surgery in the study eye that
might interfere in the results; (3) patients who were
suffering from diabetes or any other systemic diseases
that might confound the results; (4) patients who had
the history of allergies to gatifloxacin, levofloxacin or
any other fluoroquinolones; (5) patients who had re-
ceived topical or systemic drugs or treatment that
might influence the study within 1 month, such as
local or systemic antibiotics usage.

Trial drugs

The 0.3% gatifloxacin ophthalmic gel was ob-
tained from Shenyang Xingi Pharmaceutical Co., Ltd.,
China, and it contained gatifloxacin, macromolecular
hydrophilic polymers of carbomer, hydroxypropyl
methyl cellulose and sodium hyaluronate [23], with
preservative (ethylparaben).The 0.3% gatifloxacin
ophthalmic solution was obtained from Chuxiong
Laoboyuntang Pharmaceutical Co., Ltd., China, and it
included gatifloxacin and preservative (benzalkonium
bromide)[24]. The 0.5% levofloxacin ophthalmic solu-
tion was obtained from Santen Pharmaceutical Co.,
Ltd., Japan, and it contained levofloxacin hydrate,
without preservative.

Methods

The study was approved by Ethics Committee
of The Second Affiliated Hospital of Zhejiang Uni-
versity School of Medicine, China (2010,No.18), and
consent was obtained from all participants.

Groups

The patients were divided into three groups
based on a random number table: a 0.3% gatifloxacin
ophthalmic gel group (24 females, 26 males; age:
76.24%7.11 years), a 0.3% gatifloxacin ophthalmic so-

http://www.medsci.org



Int. J. Med. Sci. 2015, Vol. 12

519

lution group (24 females, 26 males; age: 72.64+10.52
years), and a 0.5% levofloxacin ophthalmic solution
group (21 females, 29 males; age: 74.24+8.74 years).
The differences between groups were analyzed with
one-way ANOVAs, and no significant differences
were found between the groups (P=0.132). Every
group was divided into five subgroups based on a
random number table, and each subgroup contained
10 cases (Table 1).

Table 1. The subgroups of the cataract patients at different time
points

Group Subgroups

15min 30min  60min 120min 180min
0.3% gatifloxacin oph- 10 cases 10 cases 10 cases 10 cases 10 cases
thalmic gel
0.3% gatifloxacin oph- 10 cases 10 cases 10 cases 10 cases 10 cases
thalmic solution
0.5% levofloxacin oph- 10 cases 10 cases 10 cases 10 cases 10 cases

thalmic solution

Drug administration and Sample collection

Phacoemulsifications and aqueous humor ex-
tractions for all patients were performed by an expe-
rienced surgeon (Yao, K.). Each group was adminis-
tered one drop of 0.3% gatifloxacin ophthalmic gel,
0.3% gatifloxacin ophthalmic solution or 0.5%
levofloxacin ophthalmic solution every 15 minutes for
a total of four doses. The first dose was 60, 75, 105, 165
or 225 minutes before the sample collection depend-
ing on the subgroup. Before the main incisions of
phacoemulsification, volumes of aqueous humor
greater than 100 pl were extracted by 1 ml syringes
with needles. The sample extractions were at 15, 30,
60, 120 or 180 minutes after the last dose according to
the subgroup. The anterior chambers were refilled
with sodium hyaluronate gel and the phacoemulsifi-
cation proceeded as usual. One hundred microliters of
each aqueous humor sample were immediately
transferred to 0.6 ml sterile eppendorf tubes and
stored in -80°C until analysis. All samples were col-
lected in the same way.

Assay of the drug concentrations

Chromatographic conditions

The samples were analyzed with high perfor-
mance liquid chromatograph (Agilent 1100LC, con-
tained, for instance, Agilent 1100 binary infusion
pump, fluorescence detector, and automatic sampler).
The specifications of the chromatographic column
were as follows: Agilent Zorbax XDB-C18 (4.6x250
mm, 5 pm);, mobile phase: acetonitrile-phosphate
buffer (containing 0.1% phosphoric acid and 0.15%
triethylamine), v/v=15/85; flow rate:1.0 mL/min;

fluorescence detection: A Ex295 nm, A Em495 nm; PMT
gain: 10; column temperature: 30°C; and sample vol-
ume: 20 pl. The gatifloxacin and levofloxacin reference
substances were purchased from the National Insti-
tute for the Control of Pharmaceutical and Biological
Products, China.

Sample processing

The internal standard method was applied in the
study. The gatifloxacin and levofloxacin reference
substances were used to performe linear regression.
The within-day precision, between-day precision,
recovery rate and extraction rate were tested to assess
the stability of the method. 150 samples were meas-
ured in two consecutive days. Each day, the aqueous
humor samples were compared to the standard curve
to ensure the stability and the samples were tested
separately. The 100 pl samples of aqueous humor
were pipetted into 1.5 ml centrifuge tubes, and 10 pL
of internal standard solution (10.6 mg/L) and 100 pL
methyl alcohol were then added. The samples were
oscillated for 30 s and centrifuged at high speed for 20
min (20000 r/min). Next 20 puL of the supernatant was
extracted for high-pressure liquid chromatography.

Statistical Analyses

This study was randomized. The drug admin-
istrations, surgeries, pharmaceutical tests and statis-
tical analyses were completed by different research-
ers. One-way ANOVA tests (SPSS 20.0) were used to
statistically analyze the differences in the drug con-
centration in the aqueous humor between the sub-
groups at the different time points. The differences
were considered significant when P <0.05.

Results

Chromatographic specificities and linearities
of gatifloxacin and levofloxacin

In our chromatographic conditions, the chro-
matographic  specificities of gatifloxacin and
levofloxacin indicated that endogenous substances
and other impurities present in the aqueous humor
would not interfere with the isolation of the samples,
and the resolutions (Rs) of gatifloxacin and levofloxa-
cin were >1.5. The matching of the peak area of sam-
ples and standards with the drug concentrations was
performed by linear regression. Gatifloxacin in the
aqueous humor exhibited good linear relationship
from 0.0216 to 5.40 mg/L, the regression equation was
y=0.8423x+0.0016 (r=0.9999), and the minimal con-
centration was 0.0108 mg/L. Levofloxacin in the
aqueous humor exhibited an excellent linear correla-
tion from 0.0212 to 5.30 mg/L, the regression equation
was y=1.0293x-0.0051 (r=0.9999), and the minimal
value was 0.0106 mg/L.
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HPLC precision and recovery

The HPLC precision and recovery are described
in (Table 2 and Table 3).

Drug concentrations in the aqueous humor at
different time points

The drug concentrations in the aqueous humor
from each subgroup after the final doses at different
time points are described in (Table 4). Our study
suggested that the concentrations of the gatifloxacin
ophthalmic gel group were significantly higher than
those of the gatifloxacin ophthalmic solution group at
all time points (P<0.05). The gatifloxacin ophthalmic
gel group also achieved markedly higher concentra-
tions than did the levofloxacin ophthalmic solution
group at 120 and 180 min after the last dose (P<0.05).
Furthermore, the gatifloxacin ophthalmic gel reached
the maximum concentration of 3.61+1.41 mg/L at 120

min after the last administration, while the other an-
tibiotic peaked at 60 min after last drop at 1.62+0.57
mg/L and 2.37+0.76 mg/L, respectively. The areas
under the curve (AUCs) for the bioavailabilities of the
drugs[25] were determined by calculating trapezoidal
areas (Figure 1). The AUC for the 0.3% gatifloxacin
ophthalmic gel group was 482.1 mg min L versus
238.8 mg min 'L for the 0.3% gatifloxacin ophthalmic
solution group; thus, the gel exhibited a bioavailabil-
ity that was approximately 2-fold greater than that of
the solution. Thus, with this mode of administration,
bioavailability was increased by 1-fold via the use of
the gel preparation. The area of the 0.5% levofloxacin
ophthalmic solution group was 311.0 mg min ‘L, and
gatifloxacin ophthalmic gel was 1.55-fold of the
levofloxacin ophthalmic solution group. Therefore,
the bioavailability of gatifloxacin was 55% higher than
that of levofloxacin.

Table 2. The precision and recovery of gatifloxacin in the aqueous humor (n=5)

concentration within-day precision between-day precision
(mg/L) (X£SD) RSD(%) (X£SD) RSD(%)
0.0216 0.0203+0.000646 3.19 0.0207+0.000728 3.52
1.08 1.10+0.00274 0.25 1.10+0.0186 1.69
5.40 5.41+0.0219 0.41 5.47+0.0420 0.77
concentration recovery rate (%) extraction rate (%)
(mg/L) (X£SD) RSD(%) (X£SD) RSD(%)
0.0216 93.90+2.99 3.19 96.28+2.08 2.16
1.08 102.0+0.25 0.25 97.88+0.12 0.12
5.40 100.2+0.41 0.41 97.08+0.45 0.46
(RSD: relative standard deviation)
Table 3. The precision and recovery of levofloxacin in the aqueous humor (n=5)
concentration within-day precision between-day
(mg/L) (X£SD) RSD(%) (X£SD) RSD(%)
0.0212 0.0214+0.000444 2.08 0.0224+0.0006 2.68
1.06 1.07+0.00455 043 1.09+0.0390 3.59
5.30 5.2620.0144 0.27 5.25+0.0159 0.30
concentration recovery rate (%) extraction rate(%)
(mg/L) (X£SD) RSD(%) (X£SD) RSD(%)
0.0212 100.8+2.10 2.08 96.74+2.50 2.58
1.06 100.8+0.43 043 94.21+0.37 0.39
5.30 99.19+0.27 0.27 99.22+0.35 0.35

(RSD: relative standard deviation)

Table 4. Drug concentrations in the aqueous humor from the three groups of cataract patients at different time points after admin-

istration(mg/L,xs)
Group Drug concentrations at different time points(min)

15 30 60 120 180
0.3% gatifloxacin ophthalmic gel 1.24+0.23 2.00£0.39 2.38+0.70 3.61+1.41 3.47+1.21
0.3% gatifloxacin ophthalmic solution  0.88+0.302 1.3610.41a 1.6210.572 1.57+0.452 1.15+0.31a
0.5% levofloxacin ophthalmic solution 1.24+0.45 1.91+0.47 2.37+0.76 1.90+0.52b 1.26+0.50v

a: The difference between the gatifloxacin ophthalmic gel subgroup and the gatifloxacin ophthalmic solution subgroup was significant at P<0.05.

b: The difference between the gatifloxacin ophthalmic gel subgroup and the levofloxacin ophthalmic solution subgroup was significant at P<0.05.
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Figure 1. Drug concentrations in the human aqueous humor at different time points after the final administration. *0.3% gatifloxacin ophthalmic gel and 0.5%
levofloxacin ophthalmic solution both compared to 0.3% gatifloxacin ophthalmic solution, P<0.05, the difference was statistically significant. ** 0.3% gatifloxacin ophthalmic gel
compared to 0.5% levofloxacin ophthalmic solution, P<<0.05, the difference was statistically significant.

Discussion

Endophthalmitis causes severe damage to the
eyesight and is one of the most serious complications
that can occur following cataract surgery. The most
common pathogens are gram-positive Staphylococcus
epidermidis (approximately 30-80%) and Staphylo-
coccus aureus (approximately 10-20%). The other
causative pathogens include Streptococci (i.e.,
$-haemolytic streptococci, S pneumoniae,
a-haemolytic streptococci, including S mitis and S
salivarius, which comprise approximately 10-35%),
Enterococci (<5%), Gram-negative bacteria (rarely
including Pseudomonas aeruginosa, approximately
5-20%), fungi (Candida sp, Aspergillus sp, Fusarium
sp, up to 8%), and polymicrobial cultures (<5%) [26,
27].

Currently, topical antibiotics are applied peri-
operatively in most countries [1, 11, 12, 28, 29]. Fluo-
roquinolones possess the advantages of broad antibi-
otic spectra, high efficiency, low toxicity and high
corneal penetration, and they exert antimicrobial ef-
fects by affecting the activities of DNA gyrase and
topoisomerase IV [30, 31]. The third-generation fluo-
roquinolone levofloxacin has a broad spectrum, is the
levorotatory isomer of ofloxacin and has better anti-
biotic ~ properties against gram-positive and
gram-negative bacteria; its antibacterial activity is
2-fold greater than that of ofloxacin [32, 33]. The
fourth-generation fluoroquinolone gatifloxacin re-
tains the superior antimicrobial activity of levofloxa-
cin against Gram-negative bacteria and exhibits an
enhanced antimicrobial activity against
Gram-positive bacteria particularly streptococcus.
The bactericidal action of gatifloxacin against atypical
pathogens, such as mycobacterium tuberculosis, le-
gionella, mycoplasma and chlamydia pneumoniae,
and anaerobes, such as Bacteriodes fragilis, Fusobac-
terium, Peptostreptococcus and Clostridium, are also

improved [34]. A study confirmed that, compared to
the third generation of quinolones, the fourth can re-
duce the incidence of bacterial endophthalmitis fol-
lowing cataract surgery from 0.197% to 0.056% [10].
Moreover, gatifloxacin exhibits reduced less anaphy-
laxis [18] and resistance [16, 17] and is thus widely
used in clinics. However, the drug concentration of
clinically applied gatifloxacin ophthalmic solution is
0.3%, while that of levofloxacin ophthalmic solution is
0.5%. A previous study reported concentrations of
0.5% levofloxacin ophthalmic solution in the human
aqueous humor following topical administration that
were higher than those of 0.3% gatifloxacin ophthal-
mic solution at all time points [19]. Therefore, in-
creasing the bioavailability of gatifloxacin by in-
creasing the drug concentration has become the cur-
rent focus of the attention of researchers in this field.
In our study, the operations were based on the
reported experimental methods of Koch [35]. Each
group was administered one drop of drug every 15
minutes for a total of 4 doses, the aqueous humor was
extracted at different time points after last dose up to
180 min, and the concentrations of drugs in the
aqueous humor were dynamically observed. Our re-
sults revealed that the concentration of the 0.3% gat-
ifloxacin ophthalmic gel was significantly higher in
the human aqueous humor than that of the 0.3% gat-
ifloxacin ophthalmic solution at all time points; these
findings are similar to those of Liu X [22]. The con-
centration of the 0.3% gatifloxacin ophthalmic gel
subgroup took longer to reach its peak value than did
that of the 0.3% gatifloxacin ophthalmic solution
subgroup. This result demonstrates that ophthalmic
gel agents can effectively increase drug concentrations
in the aqueous humor and improve bioavailability.
Ophthalmic solutions are easily diluted by tears
and quickly eliminated through the lacrimal duct;
thus, frequent administration is required to maintain
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their bioavailability. To prolong the action time, en-
hance the efficacy, reduce the frequency of admin-
istration and decrease drug side effects, abundant
research in to sustained-release ophthalmic agents has
been performed around the world [36, 37]. Currently,
0.3% gatifloxacin ophthalmic gel is one of the sus-
tained-release agents that are used in China. This gel
contains macromolecular hydrophilic polymers (car-
bomer, hydroxypropyl methyl cellulose, and sodium
hyaluronate) as the drug carrier to prolong drug res-
idence time on the ocular surface and reduce drug
wastage. Resultantly, the sustained drug release effect
is superior to that of water-based agents and other
viscous solutions and effectively increases the con-
centration and bioavailability of gatifloxacin in the
aqueous humor. Moreover, the time to reach the peak
concentration is prolonged, which aids in reducing
the frequency of drug administration, which increases
the acceptability of the treatment for patients [23, 38].
Additionally, gatifloxacin cannot achieve perfect cor-
neal penetration to due to its more acidic pH and its
lower lipophilicity compared to human tears [19].
However, the inclusion of sodium hyaluronate in the
gel can regulate the surface tension and the refractive
index such that they are close to those of normal tears,
which counteracts the shortfalls of gatifloxacin. Oph-
thalmic gels also overcome the shortcoming of
‘blurred vision” and can be comfortably applied and
thus are more acceptable for patients [19, 23, 38]

In contrast to previous results [19], our results
first suggested that the concentrations of 0.3% gat-
ifloxacin ophthalmic gel in the human aqueous humor
were higher than those of 0.5% levofloxacin ophthal-
mic solution at 120 min and 180 min after administra-
tion (P<0.05), and these differences were 1.9- and
2.75-fold, respectively. Gatifloxacin ophthalmic gel
exhibited an extended action time and better bioa-
vailability compared to the levofloxacin ophthalmic
solution.

Additionally, another important aspect of
choosing the appropriate antibiotic is whether the
concentration in the aqueous humor can reach the
minimum inhibitory concentration (MIC) required to
inhibit common pathogens. The MIC90 is the minimal
concentration of an antibiotic that will inhibit 90% of
the pathogens’ activities [39]. A previous study re-
ported the MICos of common bacterial pathogens
responsible for infectious endophthalmitis [40] (Table
5). In our study, the concentrations of gatifloxacin and
levofloxacin both exceeded the MICgs of common
bacterial pathogens, and the maximum values were
several, or even dozens, of times of higher than the
MICgos. Consequently, the concentrations of both gat-
ifloxacin and levofloxacin in the aqueous humor
reached the level to inhibit common pathogenic bac-

teria.

In conclusion, this study demonstrated that gat-
ifloxacin ophthalmic gel achieved the highest concen-
tration, exhibited the longest action time and had the
best bioavailability in human aqueous humor com-
pared to 0.3% gatifloxacin and 0.5% levofloxacin
ophthalmic solutions. We believe that our results will
provide scientific data for the penetration of the three
antimicrobial agents.

Table 5. Comparisons of the MICs of common bacterial patho-
gens that cause infectious endophthalmitis [40]

bacterial pathogens drug MIC90(mg/L)
Staphylococcus epidermidis gatifloxacin 0.25
levofloxacin 0.50
Staphylococcus aureus gatifloxacin 0.13
levofloxacin 0.25
Streptococcus pneumoniae gatifloxacin 0.50
levofloxacin 2.00
Streptococcus pyogenes gatifloxacin 0.50
levofloxacin 1.00
Bacillus cereus gatifloxacin 0.25
levofloxacin -
Enterococcus faecalis gatifloxacin 2.00
levofloxacin 2.00
Proteus mirabilis gatifloxacin 0.25
levofloxacin 0.25
Haemophilus influenzae gatifloxacin 0.016
levofloxacin 0.06
Escherichia coli gatifloxacin 0.008
levofloxacin 0.03
Klebsiella pneumoniae levofloxacin 0.13
levofloxacin 0.13
Neisseria gonorrhoeae gatifloxacin 0.016
levofloxacin 0.016
Bacteroides fragilis gatifloxacin 1.00
levofloxacin 2.00
Propionibacterium acnes gatifloxacin 0.50
levofloxacin 0.75
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