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<> In addition to the broad spectrum of activities of antibacterial medications and their pharmacokinetic and
pharmacodynamic properties, their safety and bioavailability are important aspects of their function. Cur-
rently, there is no consensus on fluoroquinolone toxicity. The aim of the present study was to compare the
bioavailability and cytotoxic effect of three antibacterial fluoroquinolone eye drops, which are registered in
the Russian Federation, on the corneal epithelium: 1) Oftaquix™ [levofloxacin 5 mg/ml; preservative benzal-
konium chloride (BAC), 0.05 mg/ml; produced by Santen Oy, Finland], hereafter “levofloxacin (original)™;
2) Signicel® (levofloxacin 5 mg/ml; preservative BAC 0.1 mg/ml; produced by Sentiss Pharma Pvt. Ltd.,
India), hereafter “levofloxacin (generic)”; and 3) Vigamox® (moxifloxacin® 5 mg/ml; preservative-iree;
produced by Alcon Laboratories, Inc., USA), hereafter “moxifloxacin.” Their cytotoxic effects were evaluated
using in vivo methods. The effect of different concentrations of the preservative on minimal threshold con-
centrations of the antibacterial medications in the anterior chamber fluid was determined using high-yield lig-
uid chromatography combined with mass-spectrometric detection. The study revealed that the antibacterial
medications exert cytostatic effects on the corneal epithelium in vivo, and that they differ in their cytotoxic
potential. Confocal microscopy demonstrated that the presence of benzalkonium chloride in Signicef, at a
concentration twice that in Oftaquix, affects the corneal epithelium, and this may influence bioavailability
of the antibacterial medications.

<> Keywords: cytotoxicity; fluoroquinolones; eye drops; bioavailability.

CPABHUTEJIbHAS OLEHKA HUTOTOKCUYHOCTA AHTUMWKPOBHBIX M1A3HBIX
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<> TToMuMO LIMPOTHI CHiEKTPa aKTHBHOCTH aHTHOaKTepHaJbHbiX npenapatos (ABIT), a takxke ux dapma-
KOZAMHAMMYECKHX W (DapMaKOKMHETHUECKHX 0COOEHHOCTEH, BaXKHbIM acleKTOM siBJisieTcsi 0€30MacHOCTb
JIEKapCTBEHHOTO CPEJCTBA M ero OGHOAOCTYMHOCTh. B HacTosliee BpemMs HET €IWHOTO0 MHEHHUS O TOKCHY-
HOCTH (TOPXMHOJOHOB. Llesib JaHHOrO HCC/e0BaHUsl COCTOS1a B CPaBHEHUH 001Ero LHTOTOKCHYECKOTO
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JIeHCTBHUSI HA 3MUTEJHH POrOBOH 000J0UKH H OUOLOCTYITHOCTH TPEX aHTUOAKTePHAJIbHbIX IVIa3HbIX KameJb
(hTOPXMHOJIOHOBOTO psiia, 3apeructpupoBaHubix B Poccutickoit @enepaunn: 1) Odrakpuke™ (jgeBodJiok-
caluuMH 5 Mr/mJsi; KoHcepBaHT Gensankonus xjaopuia (BAX) 0,05 mr/mu; npoussoautens: AO «CaHTIH»,
Ounisnaus), nanee — «jeBodioKcaunt (OpUrHHAABbHbIN)»; 2) Curnuued® (neBodiokcaunn 5 mr/mi;
koncepsauT BAX 0,1 mr/mu; npoussogutesn: «Centuce ®apma [1pT. JIta.», Muaus), nanee — «ieBoc-
JoKcaluH (1xKeHepHK)»; 3) Buramoke® (Mokcudiokcaut 5 Mr/ma; 6e3 KOHCepBaHTOB; POU3BOLHTEb:
«Ankon JlaGoparopus, Muk.», CILIA), nanee — «MoKcudIOKCALUH» C UCMIOJIL30BAHHEM METOJIOB ifl Viv0 U
onpejeJseHHeM BO3MOXKHOTO BJHSIHUH HAJIMUUs] KOHCEPBAHTA (B PA3JIMUHON KOHLEHTPALIHH) HJIH €70 OTCYT-
CTBHS Ha IOCTHKEHHE MUHHUMaJbHbBIX MOPOroBbiX KoHUeHTpauuil (MIIK) antu6noTnKa Bo BJare nepeaHen
kamepsl ryaza (BIIKI), ¢ ncnosb3oBanneM MeTONOB BbICOKOI(PMEKTHBHON KUAKOCTHOH XpomaTorpaduu
(B2)KX) B couetanuu c macc-crieKTpomerpuueckuM jgetektupoanueM (MC). McenenoBanue nokasadio,
uto nporectupoBaHHble ABIT MoryT okasbiBaTh UMTOCTAaTHUYECKHH 3P (hEKT B yCJOBUSX in Vivo Ha 3MH-
TeJIUA POTOBHILBI U OTJIHUAIOTCS TI0 CBOEMY LIUTOTOKCHUYEeCKOMY MoTeHUHany. [IpucyrcTBrue GeH3a KoHUs
xJopuaa B npernapate CuUrHuied B KOHILEHTpAllMH, MpeBbIlIaONIed B Ba pa3a KOHIEHTpAlHI0 KOHCep-
BaHTa ocHoBHOro npenapara (OpTakBHKC), 0Ka3biBaeT BO3JEHCTBHE HA SMUTENHAJLHBIA CJ0H POrOBUILbI,
YTO MOATBEPXKAAETCS JaHHBIMH KOH(OKaJbHONH MHKPOCKONHH, U CIIOCOOHO MOBJHATH HA GHOJNOrHYECKYIO

OPHTHALMOPHARMACOLOGY

JOCTYIHOCTbL JIEKAPCTBEHHOI'O CPEACTBA.

<> Karwuessie carosa: HUTOTOKCHYHOCTD;, q)TOpXI/IHOJlOHbI; rJ1a3Hble KallJin; 61/IOILOCTy1'IHOCTb.

Choosing antibacterial eye drops is an impor-
tant step in the prevention of postoperative infectious
complications. All generations of fluoroquinolones
play significant roles in the prevention of endo-
phthalmitis after ophthalmic surgery. Eye drops con-
taining ciprofloxacin, ofloxacin, or levofloxacin have
been used in ophthalmic practice since a long time.
However, a rapid development of microbial resistance
to first-generation fluoroquinolones during the last
few years has led to the use of fourth-generation
fluoroquinolones, namely moxifloxacin, gatifloxacin,
and besifloxacin (their use is currently limited to the
North American region), by ophthalmic surgeons in
several regions of the world [4]. There are several
important issues that should be taken into account
while choosing antibacterial eye drops for the pre-
vention of postoperative complications after ophthal-
mic surgery, including the spectrum of antibacterial
activity, pharmacodynamics and pharmacokinetic
factors, the presence of preservatives, and the speed
of the achievement of minimum threshold concentra-
tion (MTC) in the anterior chamber (AC), which may
depend on the cytotoxic effect of the preservative on
corneal epithelial cells. According to the standards
of good laboratory practice (GLP), the assessment
of drug cytotoxicity is a necessary stage in preclini-
cal trials [19]. Cytotoxicity is the quality of being
toxic to cells, i. e., the ability to cause pathological
changes exerted by several physical, chemical, and
biological agents. There is a wide spectrum of pos-
sible changes depending on the impact intensity,
from cytostatic to cytocidal effects and leading to
cell death [18, 20].

Currently, there is no consensus on the cytotoxic
effect of ophthalmic fluoroquinolones on different
structures of the eye [8]. Some authors attribute the
cytotoxicity of antibacterial eye drops to benzalko-
nium chloride (BAC), which is often added to such
drugs. BAC has been shown to have a cytotoxic ef-
fect on the corneal epithelium [13, 17]. Other authors
believe that the antibiotic molecule itself exerts cy-
totoxicity [6].

The aim of this study was to compare the bioavail-
ability and general cytotoxic effect of three fluoroqui-
nolone-containing antibacterial eye drops, registered
in the Russian Federation, on the corneal epithelium:
1) Oftaquix™ (levofloxacin, 5 mg/mL, preservative
BAC, 0.05 mg/mL, Santen, Finland), hereafter
“original levofloxacin”; 2) Signicel® (levofloxacin,
5 mg/mL, preservative BAC, 0.1 mg/mL, Sentiss
Pharma Pvt. Ltd., India), hereafter “generic levoflox-
acin”; and 3) Vigamox® (moxifloxacin, 5 mg/mL,
preservative-free, Alcon Laboratories, Inc., USA),
hereafter “moxifloxacin.” Besides, we aimed to evalu-
ate the possible impact of the preservative (at different
concentrations) on the achievement of MTC in the
AC of the eye.

MATERIALS AND METHODS

No standard methods for the assessment of the
cytotoxicity of eye drops (including antibacterial
eye drops) are currently available. Historically, tox-
icological examinations have been based on acute,
sub-acute, chronic, and other special experiments
performed on warm-blooded animals [3]. Until re-
cently, animal experiments were considered as the
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gold standard; however, these studies are costly
and time consuming and cause harm to the animal
and may lead to their death. Currently, a strategy
based on a new concept of rational combination of
in vivo, in vitro, and in silico (computer modelling)
experiments is used to optimize the assessment of
drug cytotoxicity [2]. There is a growing interest
in in silico studies because they allow reducing
the number of animals used in biological testing.
Computer modelling is a highly informative meth-
od for the assessment of drug cytotoxicity, which
provides a quantitative estimation and has a high
practical value in terms of the choice of drugs,
although it cannot be used for investigating the
exact molecular mechanisms underlying the drug
activity because of the structural and functional
heterogeneity of cells.

Assessment of the impact of antibacterial
drugs on cells

Following methods were used for the quantitative
and qualitative assessments of the toxicity of antibac-
terial eye drops on epithelial cells:

1. Quantitative assessment: confocal microscopy us-
ing the ConfoScan4 confocal microscope (Nidek,
Inc., Freemont, CA)

2. Qualitative assessment: the analysis of pleomor-
phism and polymegathism using the ConfoScan4
confocal microscope by the photofixation of one
point with subsequent image construction by
scanning.

Thirty patients underwent confocal microscopy
examination before and after the instillation of an-
tibacterial drops in the conjunctival cavity. Patients
were divided into three groups (10 patients in each):
those in the first group received 0.5% moxifloxa-
cin solution (Vigamox®) and those in the second
and third groups received 0.5% levofloxacin solu-

Age and gender distribution of the examined patients

tion (Oftaquix™ and Signicef®, respectively). The
first examination was conducted prior to the instil-
lation of eye drops and the second was conducted
after the instillation according to a fixed schedule.
We evaluated the quantitative parameters of corneal
epithelial cells, pleomorphism, and polymegathism.
Demographic data of the examined patients are
shown in Table 1.

Assessment of MTC of antibacterial drugs in
the anterior chamber

We used high-performance liquid chromatog-
raphy (HPLC) combined with mass spectrometry
(MS) to assess the MTC of the studied antibacte-
rial agents.

The analysis of the AC fluid requires the de-
tection of very low concentrations of tested sub-
stances; however, a small volume of a sample with
no possibility to concentrate it creates substantial
difficulties for the procedure. Hence, we used an ef-
fective method for the quantitative assessment that
allowed working with a small volume of biomaterial
[4]. The bioavailability of antibacterial drugs was
evaluated by measuring their concentrations in the
AC fluid.

A total of 90 patients were included in the MTC
assessment. They were divided into three groups (30
in each). The first group received 0.5% moxifloxacin
solution (Vigamox®) and the second and third groups
received 0.5% levofloxacin solution (Oftaquix™ and
Signicef®, respectively). Antibacterial eye drops were
instilled on the day of surgery in all patients accord-
ing to the following schedule: one drop every 15 min
1 hour prior to surgery (total four times). Before the
phacoemulsification of cataract (PEC), we took a 0.1-
mL sample of the AC fluid using an insulin syringe for
further assessment of the concentration of antibacte-
rial agent. We performed the HPLC/MS analysis of

Table 1

Tabauya 1

Pacnpeueneuue NauueHTOB, yYaCTBYIOLHUX B UCCJA€JOBAHHUU MO BO3PACTY U NOJaY

Antibacterial eye drops

Patients Group 1 Group 2 Group 3
Vigamox® Oftaquix™ Signicef®
(moxifloxacin, 0.5%) (levofloxacin, 0.5%) (levofloxacin, 0.5%)
Mean age
(Fmax/l min) o 68.1 (43/85) 60.3 (39/73) 68.2 (40/89)
N‘:“;a s ”(y( o) 92 (73.3) 14 (46.7) 12 (40)
ales, n (%) 8 (26.7) 16 (53.3) 18 (60)
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specimens using the Shimadzu LCMS-2010 EV lig-
uid chromatography mass spectrometer (electrospray
jonization) with the Agilent Extend-C18 column.

Conditions of the chromatographic separation
were as follows: flow rate, 0.25 cm?/min; volume of
injected sample, 0.005 c¢m?; column temperature,
40 °C; and mobile phase composition: component
A, 0.2% formic acid water solution and component
B, acetonitrile.

Conditions of MS were as follows: pressure of dry-
ing gas, 0.1 MPa; velocity of the spray gas, 1.5 1/
min; heater temperature, 200 °C; curved desolvation
line (CDL) temperature, 200 °C; spray voltage, 4000
V; electron multiplier voltage, 1500 V; and single ion
monitoring (SIM) positive mode.

Data were analyzed using the Statistica 6.0 soft-
ware.

(x100000)

RESULTS

Mass chromatogram and mass spectra of levo-
floxacin and moxifloxacin are shown in Figure 1.

We observed that the mean concentration of levo-
floxacin in the AC fluid was 1.5 pg/mL in patients in
the third group and 0.9 pg/mL in those in the second
group (Figure 2), whereas that of moxifloxacin (Vi-
gamox®) in patients prior to PEC was 1.0 pg/mL
(Figure 1). Maximum concentrations of levofloxa-
cin (Signicef®) were 1.55 + 0.86 pg/mL (detected
30—60 min post instillation) and 1.29 + 1.08 pg/mL
(detected 60—120 min post instillation). The preven-
tive instillation of antibacterial eye drops up to 30 min
prior to PEC and 120—240 min prior to surgery re-
vealed lower concentrations of antibiotics in the AC
fluid: 0.96 + 0.81 pg/mL and 0.99 + 0.72 pg/mL,
respectively. The results of the quantitative assess-
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Mass-chromatogram and mass-spectres of levofloxacin and moxifloxacin. a) Mass-chromatogram of levofloxacin and

moxifloxacin, b) Levofloxacin mass-spectrum, ¢) Moxifloxacin mass-spectrum

Puc. 1.

Macc-xpomarorpamma U Macc-CHeKTphbl JieBO(JIOKCaLMHA U MOKCH(JIOKCALMHA: @) MAcC-XPOMaTOrpaMma JieBo(JIoKcallnHa

1 MokcuJloKcalHa; b) macce-crekTp JieBoJoKcalliHa; ¢) Mace-CreKTp MOKCH(JIOKCAMHA
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ment of corneal epithelial cells in patients from the
first group are shown in Figure 2.

Figures 3 and 4 demonstrate the results of the
quantitative assessment of corneal epithelial cells in
the second and third groups.

According to our results, cytotoxicity of the drugs
tested in the study may be presented as generic le-
vofloxacin cytotoxicity > moxifloxacin cytotoxicity >
original levofloxacin cytotoxicity.

DISCUSSION

Our results suggest that all antibacterial eye drops
are cytotoxic to corneal epithelial cells, but they ex-
hibit different levels of cytotoxicity and MTCs, which
correlate with the degrees of cytotoxicity evaluated by
confocal microscopy.

The penetration of antibiotics into the AC depends
on several factors. Corneal epithelium has strong in-
tercellular connections; hence, a drug must be able
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Fig. 2. Quantitative assessment of corneal epithelial cells before and after antibiotic drop (Moxifloxacin) instillation in 1st group

patients according to confocal microscopy data

Puc. 2. [lanHble KOJHUECTBEHHON OLEHKH COCTOSIHUSI KJIETOK SMUTEJIHsI POTOBHILLI JI0 U MOCJIe 3aKalblBaHUsl aHTHOAKTEPHAJILHOTO
npenapara (MokcudJokcalyt) y naiueHToB 1-ii rpymnmbl Mo JaHHBIM KOH(OKaJIbHOH MUKPOCKOTIMH
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Fig. 3. Quantitative evaluation (by confocal microscopy) of the corneal epithelium cells state of health before and after antibacte-
rial medication instillation (branded levofloxacine) in patients of the 2nd group
Puc. 3. [laHHble KOJHUECTBEHHON OLEHKH COCTOSTHUSI KJIETOK SMUTEJIHSI POTOBHILBI JI0 U MOCJIe 3aKalbiBaHUsl aHTHOAKTePHAJILHOTO

npenapara (JIeBoyiokcallii OpUrHHAJBHBIN) Y NALMEHTOB 2-H IPYIIbl 110 JaHHBIM KOH(OKAJIbHOH MHKPOCKOTIHH
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Quantitative assessment of corneal epithelial cells before and after antibiotic drop (Levofloxacin generic preparation)
instillation in 3rd group patients according to confocal microscopy data

Puc. 4. [lanuble Ko/iMUeCTBEHHON OLEHKH COCTOSIHUSL KJIETOK SMUTEJ/IMsl POrOBHULIbI 10 U N0CJle 3aKallblBaHUsl aHTHOAKTePHAIbHOTO
npenapara (JIeBoduiokcalut fKeHepUK) y NauleHToB 3-i rpymibl M0 JaHHbIM KOH(OKaJIbHOH MUKDPOCKOMHUH

Table 2

Quantitative assessment of corneal epithelial cells before and after antibiotic drop instillation in the third group (generic
levofloxacin) according to confocal microscopy data

Tabauya 2

JlaHHble KaueCTBEHHOH OLLEHKH COCTOSIHUS KJIETOK 3MUTEUsl POroBULbI Y NaLMEeHTOB 3-i rpynnbl (JleBodiokcauut JxKeHepUK)

no jaHHbIM KOH(‘)OKa.ﬂbHOﬁ MUKPOCKOIIUH

Polymegathism Pleomorphism
Patient Before eye drop After eye drop Before eye drop After eye drop
instillation, % instillation, % instillation, % instillation, %
1 34.3 47.1 44.6 43.0
2 29.5 24.7 53.5 76.7
3 50.2 63.2 34.7 48.9
4 34.0 32.6 54.2 57.0
5 51.3 35.9 28.6 56.4
6 49.7 51.6 35.1 42.2
7 33.0 26.5 55.2 62.3
8 37.2 29.7 56.3 53.3
9 35.5 28.8 59.2 71.2
10 45.8 76.8 43.2 20.3
Number of cells: normally 1650—3200 cells/mm?2. Polymegathism: normally >30%
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Table 3

Quantitative assessment of corneal epithelial cells before and after antibiotic drop instillation in the second group (original
levofloxacin) according to confocal microscopy data

Tabauya 3

JlaHHble Ka4yecTBEHHO! OLLEHKH COCTOSIHUS KJETOK 3MUTeNUsl POroBUlibl Y NalMeHToB 2-i rpynnbl (JIeBodiokcaumH opuruHadb-
HbIi) M0 JaHHBIM KOH()OKAJIbHONH MUKPOCKOMUH

Polymegathism Pleomorphism
Patient Before eye drop After eye drop Before eye drop Aiter eye drop
instillation, % instillation, % instillation, % instillation, %
1 33.4 47.8 59.3 34.3
2 41.5 35.0 52.5 53.4
3 35.2 37.1 48.1 53.3
4 39.6 46.4 53.5 41.4
b) 32.8 28.6 59.7 43.1
6 49.0 32.9 377 53.9
7 56.5 37.0 3L.5 55.1
8 38.8 34.8 47.8 65.2
9 37.5 40.6 52.6 39.7
10 45.8 39.4 49.3 45.3

Table 4

Quantitative assessment of corneal epithelial cells before and after antibiotic drop instillation in the second group (moxiflo-

xacin) according to confocal microscopy data

Tabauya 4

JlaHHble KaueCTBEHHOH OLEHKH COCTOSIHUSI KJIETOK 3MUTEJNUsl POroBULbl Y nauueHToB 2-ii rpynnbl (MokcudiokcauuHt) no aam-

HbIM KOH()OKaJIbHON MUKPOCKONUHU

Polymegathism Pleomorphism
Patient Before eye drop After eye drop Before eye drop After eye drop
instillation, % instillation, % instillation, % instillation, %
1 38.3 45.5 56.1 35.1
2 39.2 48.4 47.5 47.0
3 35.0 42.0 46.2 38.1
4 32.9 38.7 57.3 38.7
5 43.4 63.4 48.1 20.5
6 33.3 49.9 63.4 47.5
7 46.4 42.8 50.7 43.6
8 38.1 28.5 57.5 56.3
9 36.6 31.6 56.2 53.1
10 49.1 42.8 36.0 37.9
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to directly penetrate through the hydrophobic epithe-
lium to reach the AC. Therefore, liposoluble drugs
have obvious advantages. However, when the corneal
epithelium is injured or inflamed, a drug penetrates
much quicker.

[f the antibiotic or preserving agent has toxic ef-
fects on the corneal epithelium, then permeability
may also increase [12].

We found that the instillation of Signicef® en-
sures the highest concentration of the antibiotic in
the AC fluid (1.5 pg/mL) compared with that of other
antimicrobial eye drops. This may be attributed to
the presence of hypromellose in Signicef®, which is
highly viscous and increases the duration of contact
between the antibiotic and the surface of cornea and
conjunctiva. Signicef® contains twice as much BAC
as does Oftaquix™; it has an impact on the corneal
epithelium (confirmed by confocal microscopy) and
may potentially influence the bioavailability of the
drug.

In terms of cytotoxicity, our data largely coin-
cides with those published by foreign authors. Ear-
lier studies have demonstrated that fluoroquinolones
could suppress the proliferation of keratocytes [14],
while a high concentration of fluoroquinolones may
exhibit cytotoxic effect on the corneal epithelium and
endothelium [12]. Previous studies have suggested
that ciprofloxacin has the lowest cytotoxicity to cor-
neal epithelium compared with norfloxacin, ofloxacin,
gentamicin, and tobramycin [9]. More recent stud-
ies that evaluated the cytotoxic effect of third- and
fourth-generation fluoroquinolones have revealed
that levofloxacin is less toxic than are moxifloxacin
or gatifloxacin [7]. Other studies have confirmed this
by demonstrating that levoiloxacin exerts the lowest
cytotoxic effect on human corneal endothelium and
keratocytes among the five ophthalmic fluoroquino-
lones, whereas ciprofloxacin exerts the most cytotoxic
effect [8]. Kim et al. (2007) have revealed that the
viability rate of human corneal epithelial cells after a
24-h incubation with levofloxacin was 64%, whereas
that after the incubation with moxifloxacin was only
5%. Besides, the assessment of cellular migration
ability showed that the re-epithelialization rate after
a 24-h incubation with levofloxacin was 95% (which
did not significantly differ from the control), whereas
that after an incubation with moxifloxacin was 60%;
this is important because quick corneal re-epitheli-
alization helps in preventing secondary infection of
the ocular surface and other possible complications
[11]. Despite multiple studies suggesting a potential
cytotoxicity of fourth-generation fluoroquinolones,
some recently published reports have challenged this.

R. Watanabe et al. (2010) observed no significant
difference in the cytotoxicity and unfavorable effects
of levofloxacin and moxifloxacin on the corneal epi-
thelium in healthy volunteers; both drugs were safe
and well tolerated. These data correlate with those
of another study, which also failed to demonstrate
significant differences in the speed of corneal healing
in patients receiving moxifloxacin and levofloxacin eye
drops after PEC, although re-epithelialization seemed
to be faster in patients receiving levofloxacin [11]. The
authors concluded that the prophylactic use of eye
drops with fourth-generation fluoroquinolones dur-
ing the postoperative period should not cause serious
concerns regarding drug cytotoxicity.

CONCLUSION

We demonstrated that third- and fourth-genera-
tion fluoroquinolones may exert cytotoxic effects of
various degrees in vivo. The results of our analysis
should be extrapolated to clinical signs, which are
usually non-specific. The cessation of an antibiotic
or its substitution by a less toxic one may solve the
problem of adverse effects of eye drops.

The mean concentration of third- and fourth-gen-
eration fluoroquinolones in the AC in patients receiv-
ing Oftaquix™ and Vigamox® was similar (0.9 and
1.0 pg/mL, respectively). Patients receiving Signi-
cef® had a higher (1.5 pg/mL) concentration of the
antibiotic in the AC. The optimal time for the instil-
lation of antibacterial eye drops is 30—120 min prior
to PEC, which allows the achievement of MTC of the
antibiotic in the AC. A broad implementation of an-
tibiotic concentration assessment using HPLC/MS
will increase the efficacy and safety of fluoroquinolone
therapy in patients after ophthalmic surgery. For all
tested eye drops, the concentration of the antibiotic in
the AC was several times higher than the MTC mea-
sured for 90 bacterial strains recovered from clinical
specimens, which ensures postoperative safety and
prevention of infectious complications.
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