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ABSTRACT: A rapid, simple, and specific method based on ultra performance liquid chromatography (UPLC) with mass spectrometry detection has

been developed for quantitative analysis of ofloxacin in human aqueous humor using tobramycin as internal standard (IS). Chromatographic separation was
achieved on a Waters Acquity UPLC BEH C18 Shield column (150 X 2.1 mm, 1.7 um) eluted with 95:5 water: acetonitrile (v/v) containing 0.1% formic
acid and a flow rate of 0.3 mL/minute. The total analysis time was three minutes with ofloxacin eluting at 1.67 £ 0.03 minutes. The linearity of the method

ranged from 0.1 to 8 ug/mL with 7> = 0.998. The method was validated according to FDA guidelines with respect to linearity, accuracy, precision, specific-

ity, and stability. The limits of detection and quantification were 0.03 and 0.10 pg/mL, respectively. The developed method was successfully applied to the

analysis of samples that have been obtained from patients.
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Introduction

Fluoroquinolones structurally belong to the nalidixic acid fam-
ily. They are broad spectrum synthetic antimicrobial agents that
inhibit topoisomerase IT (DNA gyrase) and topoisomerase IV12
enzymes required for bacterial DNA replication. Ofloxacin is
a second generation fluoroquinolone with enhanced antimi-
crobial activity against aerobic Gram-negative and positive
bacteria.? It is a racemic mixture, which consists of 50% levo-
floxacin and 50% of its “mirror image” or enantiomer, dextro-
floxacin. Ofloxacin is one of the most commonly used topical
fluoroquinolones because of its high potency, high stability, low
toxicity, low allergenicity, high intrinsic solubility, low minimal
inhibitory concentration, and long half life.* There are several
routes of administration of ofloxacin: oral, intravenous, and eye
drops. Ofloxacin is used for the treatment of ocular infections
and is commonly applied in several ophthalmic surgeries, pre-
or postoperatively.

Many methods describing the determination of ofloxacin
concentration in biofluids have been reported; HPLC with
fluorescence or UV detection is the technique most commonly
used.”® LC-MS/MS has been used for the sensitive determi-
nation of ofloxacin in human plasma;’ the authors achieved
sensitivity of 78 ng/mL. Ofloxacin concentration has been
determined in aqueous humor by LC-UV or fluorescence
detection;*371% but with no mass detector. However, the high
selectivity and sensitivity of mass spectrometry coupled with
the rapid analysis offered by ultra performance liquid chro-
matography (UPLC) has not been exploited for analysis and
quantification of ofloxacin in aqueous humor.

The objective of this study was to develop and validate
a UPLC-ESI-MS analytical method for the quantification of
ofloxacin in aqueous humor. Validation was conducted based
on FDA international guidelines for bio-analytical assay

validation.M

ANALYTICAL CHEMISTRY INSIGHTS 2014:9 l 27


http://www.la-press.com
http://www.la-press.com
http://www.la-press.com/analytical-chemistry-insights-journal-j1
http://www.la-press.com/analytical-chemistry-insights-journal-j1
http://dx.doi.org/10.4137/ACI.S13857
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
mailto:micleon@upatras.gr

Plotas et al

Experimental

Materials and reagents. High purity ofloxacin and tobra-
mycin (Fig. 1) were purchased from Sigma-Aldrich, Germany.
UPLC-grade solvents; Acetonitrile, methanol, and formic acid
were purchased from Acros Organics, USA. Ultrapure water
was supplied by a Milli-Q, Malva purification system.

Apparatus. The chromatographic equipment consisted
of a Waters Acquity UPLC-ESI-MS system with a Waters
2966 Photodiode Array detector (PAD) coupled to a Waters
Micromass ZQ_mass spectrometer, a binary solvent delivery
pump, an autosampler with cooling device, and a thermostatic
column compartment. The column was an Acquity UPLC
BEH Shield C18 (1.7 wm, 2.1 x 150 mm). The software
packages for data acquisition and handling were the Waters
Empower and the Waters Mass Lynx 4.1.

Chromatographic conditions. The mobile phase con-
sisted of a mixture of A: 0.1% aqueous formic acid and B: 0.1%
formic acid in acetonitrile, delivered at a constant flow rate of
0.30 mL/minute. Separation was achieved by isocratic elution
under the following conditions: 95% solvent A and 5% solvent B
for three minutes at a flow rate of 0.30 mI/minute. Column
temperature was kept at 30°C, whereas sample temperature was
10°C. The monitoring wavelength was 230 nm, in which the
analyte shows the optimum absorbance. All mobile phases were
filtered through a 0.22-pum Millipore filter (durapore membrane
filter). The injection volume was 10 pL. After each injection, the
sample manager underwent a needle wash process with methanol.

Mass spectrometric conditions. A single-quadrupole
Quattro micro mass spectrometer (ACQUITY SQ Detector)
equipped with an electrospray ionization (ESI) interface was
used for analytical detection. ESI-MS was operated in posi-
tive mode under the following operating parameters: capillary
voltage 3.5 kV, cone voltage 30 V, source temperature 140°C,
desolvation temperature 250°C, desolvation gas (nitrogen)
500 L/hour, and cone gas (nitrogen) 50 L/hour. All data were
acquired and processed using Masslynx 4.1 software (Waters
Corp., MA, Milford, USA).

Collection of aqueous humor samples from patients
and preparation. The aqueous humor samples (approximately
50 uL) were aspirated from the anterior chamber of the eye
by puncturing the anterior chamber using a 30 G needle
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Figure 1. Structure of ofloxacin (A) and tobramycin (B).

connected to a tuberculin syringe. Aqueous humor samples
were collected and frozen within one hour at —70°C, pro-
tected from light, until analysis.

Frozen aqueous humor samples were thawed at room
temperature and subjected to protein precipitation as follows:
Humor aliquots of 50 and 10 UL of the appropriate internal
standard (IS) working solution were added to a 1.5 mL Eppen-
dorf tube and the mixture was vortexed for three minutes. Then,
300 pL of a methanol: acetonitrile (1:2, v/v) mixture was added
and the mixture was vortexed for three minutes followed by
centrifugation at 10,000 rpm for 8 minutes at 15°C. The super-
natant was transferred to a clean Eppendorf tube and evapo-
rated to dryness under a gentle stream of nitrogen. The residue
was reconstituted in 100 pL of the mobile phase, vortexed
for one minute, centrifuged again under the same conditions,
transferred into plastic autosampler vials with preslit septa, and
10 puL was injected into the UPLC-ESI-MS system.

Preparation of standard solutions and quality con-
trol (QC) samples. Primary stock solution of ofloxacin and
IS was prepared by dissolving appropriate amount of ofloxa-
cin and IS in diluent (water). The calibration curve was con-
structed using water due to the limited availability of blank
aqueous humor.!?13 These solutions were further diluted to
obtain working standard solutions (0.1-8 ug mL™) in dupli-
cate. The QC samples were prepared with blank aqueous
humor. The LOQ, low, medium, and high concentrations of
QC samples were 0.1, 0.4, 3, and 7 ug mL .

Clinical application. The validated UPLC-ESI-MS
method that has been developed was applied to quantify the
aqueous humor concentration of ofloxacin after topical admin-
istration. Fifty-seven diabetic study subjects, aged 60-80,
programmed for cataract surgery, were randomly selected
to form three groups. Group A consisted of 19 patients
who were assigned to receive four drops of topical ofloxacin
0.3% (Exocin®) in two hour intervals, one day before sur-
gery. Group B (19 patients) were administrated four drops of
ofloxacin (Exocin®) one hour before surgery, while Group C
(19 patients) received eight drops topical ofloxacin, four drops
the day before the surgery in two hour intervals and four
drops one hour before cataract surgery, instilled at intervals of
15 minutes. In Group B and Group C aqueous humor samples
were collected after 45 minutes of the last eye drop administra-
tion. The study has been approved by the Ethics Committee of
the University of Patras for human research. Written informed
consent was obtained from all the study subjects.

Results and Discussion

Mass condition and chromatographic condition opti-
mization. MS analytical parameters were carefully optimized
for the determination of ofloxacin in aqueous humor and of
tobramycin, the IS in the specific chromatographic method.
The mass spectrometer was tuned in positive ionization mode
because these pharmaceutical compounds produce much
stronger signal in positive ion mode than in negative ion mode,
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owing to the presence of nitrogen atoms in their structure. In
the precursor ion full-scan spectra, the most abundant ions were
protonated molecules [M + HJ* m/z 362.16 [M + H-CO,]*
m/z 318.11 and [M + H-CO,-C,;H NJ" m/z 261.13 for
ofloxacin and [M + HJ* m/z 468.17 [M + H-(amino-alpha-
D-glucopyranose)]* m/z 324.16 for tobramycin. The variety
of mass conditions so as to gain the maximum abundance of
the analyte’s ions was examined. All the mass spectrometric
parameters in positive ion mode, such as capillary and cone
voltage, ESI source and desolvation temperature, and flow rate
of desolvation and cone gas were further adjusted in order to
obtain the optimal intensity of protonated molecules [M + H]*
of the analyzed compounds.

Various isocratic as well as gradient mobile phases in
various volume ratios of the elution system were evaluated
for chromatographic behavior, sample throughput, and the
ionization responses of ofloxacin and the IS. Two different
mixtures for mobile phase were tested. The first one con-
sisted of water (0.1% formic acid) as solution A and methanol

(0.1% formic acid) as solution B. In the second one, methanol
was replaced by acetonitrile. The ratio for isocratic elution was
at first 70% A: 30% B and then the solution B was reduced
by 5% each time. Similarly, the starting ratio for the gradient
elution was 70% A: 30% B.

The isocratic elution system with conditions of 95%
water (0.1% formic acid): 5% acetonitrile (0.1% formic) indi-
cated the best response and peak shape (Fig. 2). The overall
chromatographic run time was completed within three minutes
at a flow rate of 0.3 mL/minute.

Method validation.

Selectivity. Selectivity was studied by comparing chro-
matograms of six different drug-free samples of aqueous
humor from six subjects with those of corresponding calibra-
tion standard humor samples spiked with ofloxacin and IS. All
blank aqueous humor samples that were analyzed under the
same conditions, were found to be free of interference peaks
from aqueous humor ingredients at the #, of the analyte and
the IS, demonstrating the selectivity of the assay.
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Figure 2. Representative UPLC—ESI-MS chromatograms of ofloxacin and the IS. (A) Blank aqueous humor, (B) aqueous humor spiked with ofloxacin
(2 ng mL7"y and IS (0,4 ug mL™") (C) aqueous humor sample collected after four drops administration of topical ofloxacin (SIR: 362.84 and 468.46 ofloxacin
and IS respectively). Y-axis shows the % relative intensity and X-axis the elution time. The { for ofloxacin and IS are 1.67 and 1.35 minutes, respectively.
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Table 1. Calibration equation parameters for the determination
of ofloxacin in aqueous humor by the developed UPLC-ESI-MS
methodology.

CALIBRATION EQUATION Y =0.9742*X + 0.3566

Slope 0.9742
Intercept 0.3566
Correlation coefficient (r) 0.999
LOD (ug/mL) 0.03
LOQ (ug/mL) 0.1
Range (ng/mL) 0.1-8

Calibration model and LLOQ. Calibration curve con-
struction was based on the analysis of the calibration stan-
dards (n = 6) at eight concentration levels ranging from 0.1
to 8 ug mL™ (0.1, 0.5, 0.8, 1, 2, 4, 6 and 8 ug mL!) and
plotting the peak area ratios of ofloxacin to IS against the
nominal calibration standard concentration. Two different
samples were prepared at each concentration and each sample
was analyzed four times. Four reference curves in four differ-
ent days were constructed and equations of the straight lines
(y = ax + b), the slope (a4, slope), the ordinate on the start
(&, Y-intercept), the coeflicient of determination 7%, and stan-
dard deviation of the intercept on the top (SD, Y-intercept)
were calculated. The results are presented in Table 1. The cor-
relation coefficient (7) of the calibration curve was 0.9988,
indicating good correlation whereas the equation of the fitted
model is shown in Table 1.

Accuracy and precision. The accuracy of an analytical method
describes the closeness of mean test results obtained by the
method to the true value/concentration of the analyte. Accu-
racy is determined by replicate analysis of samples contain-
ing known amounts of the analyte. Accuracy of the developed
method is determined by conducting recovery experiments.
The precision of an analytical method expresses the closeness
of individual measures of an analyte when the procedure is
applied repeatedly to multiple aliquots of a single homoge-
neous volume of biological matrix. For the determination of
intra-day precision and accuracy, samples were spiked with the
analyte and the IS at four different levels. Those were analyzed
with six replicates for each level, whereas analysis on three

different days provided data for the determination of inter-
day precision and accuracy. According to the FDA guidance,
the precision determined at each concentration level should
not exceed 15% of the coefficient of variation (CV) except for
the LLOQ, where it should not exceed 20% of the CV. The
accuracy and precision data are presented in Table 2.

Recovery-matrix effect (ME). The % relative recovery
(R%) of ofloxacin was tested and evaluated in comparison with
five replicates of QC samples at the three QC concentration
levels (0.1,0.4 and 7 ug mL?) for ofloxacin and at 0.4 pg mL™
for the tobramycin with those of post-extraction spiked humor
samples. The recovery data are presented in Table 3.

In order to evaluate the ME on the ionization of the ana-
lyte, the potential suppression or enhancement due to humor
components, five aliquots of blank aqueous humor were pro-
cessed according to the sample pretreatment procedure and
then reconstituted with suitable volumes of ofloxacin work-
ing solution at the four concentration levels and tobramy-
cin, as above. The corresponding peak areas of the samples,
(A), were compared with those of equivalent concentrations of
the analyte and IS working standard solutions in the mobile
phase (B). The extraction recoveries of ofloxacin from QC
samples were 96.2, 95.4, and 92.9% at low, medium, and high
concentrations, 0.1, 0.4 and 7.0 ug mL7, respectively, whereas
the recovery was 93.3% for tobramycin as IS. In terms of ME,
all the ratios defined above, were within the acceptable lim-
its (85-115%). No significant ME for ofloxacin was observed,
indicating that ion suppression and enhancement from aque-
ous humor were negligible for this method. The results are
tabulated in Table 3.

Stability. Analyte stability in aqueous humor was stud-
ied by repeated analysis (five replicates) of QC samples at
two concentration levels (low and high) after various storage
and handling conditions. Short-term stability was assessed at
room temperature for 12 hours, whereas long-term stability
was evaluated at =70°C for 20 days. Freeze—thaw stability
was evaluated after three freeze—thaw cycles, which consisted
of storage at —35°C for a minimum of 18 hours, followed
by thawing at room temperature. Finally post-preparative
stability was assessed by analyzing pre-treated QC samples
stored in the autosampler at 10°C for 20 hours. The results
from the stability tests are presented in Table 4, and indicated

Table 2. The accuracy and precision for the ofloxacin analysis in aqueous humor.

ADDED FOUND ACCURACY, INTRA-DAY INTER-DAY
CONCENTRATION CONCENTRATION RE (%) *CV *CV
(ng mL™) (ng mL™)

LLOQ 0.1 0.094 0.003 -6.0 3.2 9.1

LQC 0.4 0.457 0.026 14.3 5.7 5.6

MQC 3 3.29 0.13 9.6 4.0 9.5

HQC 7 7.41 0.26 5.9 35 8.6

*Intra-day: n = 6; inter-day: n = 6 series per day within three days.
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Table 3. The recovery and ME of ofloxacin.

STATISTICAL VARIABLE

NOMINAL CONCENTRATION (pg mL-")

OFLOXACIN TOMBRAMYCIN
(ng mL™") 041 0.4 7.0 0.4

Mean R (%) + SD 96.2+7.2 95.4+7.9 92.9+59 93.3+5.0
Mean ME (%) + SD 96.8+2.8 95.6+ 2.1 924+4.4 94.9+3.1

Table 4. The stability of ofloxacin in aqueous humor at low and high QC levels (n = 6).

STORAGE NOMINAL CONCENTRATION MEAN VALUE % NOMINAL

(ng mL™) (rg mL™)

0.4 0.42 0.035 8.4 105
Freeze—thaw stability

7 75 0.43 57 107

0.4 0.43 0.042 9.8 108
Long-term stability

7 7.6 0.50 6.6 109

0.4 0.39 0.036 9.3 97
Short-term stability

7 6.8 0.41 6.0 97
Post-preparative 0.4 0.43 0.033 7.6 108
stability 7 7.3 0.30 41 104

that ofloxacin could be characterized as stable under routine Conclusion

laboratory conditions. The method is therefore proved to be
applicable for routine analysis.

Clinical application. The validated UPLC-ESI-MS
method was successfully applied to the analysis of clinical
samples obtained after topical administration of ofloxacin. The
mean aqueous humor concentration of ofloxacin is shown in
Table 5.

As it is figured out from Table 5, the mean value in group C
is statistical significantly higher than the other two groups
(P < 0.001, ANOVA test with Bonferroni correction).

The results showed that patients in group A and B who
were assigned to receive ofloxacin four times one day or one
hour prior to surgery achieved similar aqueous humor anti-
biotic levels. However, patients in group C who received a
repeated ofloxacin regimen (one day and one hour prior to
surgery) yielded an aqueous humor antibiotic concentration
approximately 1.7 times higher than those in patients of group
A and B.

Table 5. The mean concentration of ofloxacin in aqueous
humor samples.

PATIENTS (n = 57) OFLOXACIN (pg mL™)

MEAN SD P*
Group A 1.099 0.273
Group B 1.078 0.303
Group C 1.797 0.314 <0.001

*ANOVA test.

The described UPLC-ESI-MS validated analytical meth-
odology enables the rapid and selective assay of ofloxacin in
aqueous humor. This is the first application of UPLC-MS
for the determination of ofloxacin in aqueous humor and the
method is equally sensitive as LC-fluorescence applied in
aqueous humor’ or LC-MS/MS determination in plasma.”
Furthermore, the developed method is advantageous in its high
speed (analysis time of 3 minutes) and the selectivity. It can
be automated and is completely validated according to FDA
guidelines with satisfactory data for all the parameters under
scrutiny. We also describe the application of the UPLC-ESI-
MS method to the analysis of clinical samples. Therefore, the
developed UPLC-ESI-MS method allows the reproducible
sensitive measurement of ofloxacin with improved throughput
in aqueous humor and can be applied to studies of bioavailabil-
ity of ofloxacin in the anterior chamber of the eye.
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