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a b s t r a c t

A rapid, sensitive and selective method for the simultaneous quantification of carteolol and dorzo-
lamide in rabbit aqueous humor (AH) and ciliary body (CB) has been developed and validated using
reversed phase-high performance liquid chromatography (RP-HPLC) with isocratic elution coupled with
atmospheric pressure chemical ionization mass spectrometry/mass spectrometry (APCI-MS/MS). The
analytes and nadolol (used as internal standard, IS) were purified from AH by protein precipitation. The
sample preparation from CB was based on a two steps extraction procedure at different pH, utilizing a
orzolamide
P-HPLC/APCI-MS/MS
uantitative determination
abbit aqueous humor
abbit ciliary body

liquid–liquid extraction with a mixture of ethyl acetate, toluene and isopropanol 50:40:10 (v/v) at pH 8,
followed by a second extraction with ethyl acetate at pH 11. The combined organic extracts were then
back extracted into 0.1% aqueous trifluoroacetic acid (TFA). The accuracy and precision values, calculated
from three different sets of quality control samples analyzed in sestuplicate on three different days, were
within the generally accepted criteria for analytical methods (<15%). The assay proved to be accurate and
precise when applied to the in vivo study of carteolol and dorzolamide in rabbit AH and CB after single

drops
administration of an eye

. Introduction

�-Blockers or �-adrenoceptor antagonists are a class of ther-
peutically important drugs widely used for the management of
ngina pectoris, cardiac arrhythmias, hypertension and myocar-
ial infarction. They are also used in the treatment of glaucoma
nd ocular hypertension [1,2] due to their property of lower-
ng the intraocular pressure (IOP) by decreasing the production
f aqueous humor (AH) at the ciliary process [3,4]. Carteolol
Fig. 1a) is a �-blocking agent with an intrinsic sympathomimetic
ction. All �-blockers, such as carteolol, with intrinsic sympath-
mimetic activity, are drugs that exert a partial agonism at the
drenergic receptor while simultaneously block natural endoge-
ous agonist from binding to the receptor. This activity has proved
ffective in a real reduction of some side effects [5]. Oral car-

onic anhydrase inhibitors (CAIs) have been used to lower IOP
or the past 40 years. However, the use of these agents have
een limited due to associated side effects that include gen-
ral malaise, fatigue, depression, loss of appetite, gastrointestinal

∗ Corresponding author. Tel.: +39 095 7385026; fax: +39 095 580138.
E-mail address: rsaletti@unict.it (R. Saletti).

570-0232/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2010.01.041
containing both drugs.
© 2010 Elsevier B.V. All rights reserved.

disturbances, weight loss, paresthesias and renal calculi [6,7]. Dor-
zolamide (Fig. 1b) is a potent and selective inhibitor of human
carbonic anhydrase II (CAII), an enzyme that is present in the
ciliary epithelium where it plays an important role in the for-
mation of AH [8–10]. The inhibition of CAII by dorzolamide, that
presumably takes place by slowing the formation of bicarbonate
ions with subsequent reduction in sodium and fluid transport,
decreases AH production and lowers IOP in patients with glau-
coma or ocular hypertension and who are insufficiently responsive
to �-blockers.

Modern fixed combinations pair �-blockers with either
prostaglandin analogs [11] or carbonic anhydrase inhibitors [12].
Potential benefits of these combinations include fewer drops per
day, fewer bottles of medication (and potentially fewer copay-
ments), reduction in exposure to preservatives, and elimination
of the washout effect. For these reasons, a fixed combination for
ophthalmic use containing carteolol and dorzolamide at various
concentrations has been formulated. Consequently, it is high desir-

able to have an analytical assay for the simultaneous extraction and
determination of carteolol and dorzolamide in the ocular matrices,
so as to reduce the time of analysis, with a considerable economic
saving, especially when the number of samples to be analyzed is
very large.

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:rsaletti@unict.it
dx.doi.org/10.1016/j.jchromb.2010.01.041
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Fig. 1. Chemical structure of

In the last years, mass spectrometry (ESI or APCI) coupled with
P-HPLC has become an alternative and powerful technique for
uantitative biological analyses. Chromatographic procedures have
een reported for the quantification of several �-blockers [13] and
orzolamide [14] in human plasma based on HPLC/APCI-MS. In this
aper we describe a rapid, sensitive and selective RP-HPLC/APCI-
S/MS method for the simultaneous determination of carteolol and

orzolamide in rabbit AH and ciliary body (CB) and its application
o an in vivo study.

. Experimental

.1. Chemicals and reagents

Carteolol hydrochloride (purity > 99%) was purchased from
tsuka Pharmaceutical (Tokyo, Japan), dorzolamide hydrochloride

purity > 98%) from Neuland Laboratories Limited (Andhra Pradesh,
ndia) and nadolol (purity 99.8%) from Sigma (Milan, Italy). Formic
cid (FA), acetic acid (AA) and trifluoroacetic acid (TFA) were
btained from Fluka (Milan, Italy). Sodium hydroxide, mono- and
ibasic sodium phosphate, ethyl acetate, toluene, isopropanol and
ethanol (HPLC grade) were purchased from Merck (Milan, Italy).
istilled water was prepared with a Milli-Q Synthesis A10 System

Millipore, Milan, Italy), HPLC grade water and acetonitrile were
rovided by Carlo Erba (Milan, Italy). Blank, drug-free AH and CB
amples were collected from adult, healthy male pigmented rabbits
n the SIFI’s laboratory. All chemicals and solvents were of the high-
st purity commercially available and were used without further
urification.

.2. In vivo study

Male pigmented rabbits, weighing 1.8–2.2 kg, used throughout
he study were purchased from Harlan (Italy). Prior to experiments
he rabbits were housed in standard cages and allowed free access
o food and water. The experiments using rabbits were carried out
ccording to the Guiding Principles in the Care and Use of Animals
DHEW Publication NIH 80-23) and the ARVO Resolution on the Use
f Animals in Research.

In vivo studies were carried out treating rabbits with a sin-
le administration of 50 �L of an eye drops containing carteolol
ydrochloride and dorzolamide hydrochloride at various concen-
rations. The vehicle was phosphate buffer isotonic and at different
H.

After euthanasia, AH and CB were collected from the rab-

its in polypropylene tubes after administration of the eye
rops in a time course of 15–360 min. All AH and CB samples
ere sealed and stored at −80 ◦C until analysis. The samples
ere extracted and processed as described in Sections 2.4.1 and

.4.2.
olol (a) and dorzolamide (b).

2.3. Preparation of standard and QC solutions

Stock solutions of carteolol hydrochloride, dorzolamide
hydrochloride and nadolol were prepared at a concentration of
1 mg/mL dissolving 10 mg of each compound in 10 mL of methanol
and stored at −20 ◦C.

For the validation of AH analytical procedure, the stock solu-
tions of carteolol, dorzolamide and nadolol were diluted daily with
methanol to obtain working solutions of appropriate concentra-
tion. 50 �L of each working solution were added to 150 �L of AH
blank to prepare six calibration standards at the following con-
centrations: 50, 125, 250, 500, 1000 and 2500 ng/mL for carteolol
and 125, 250, 500, 1000, 2500 and 5000 ng/mL for dorzolamide.
The IS concentration was 500 ng/mL. The QC samples for carteolol
were prepared in AH blank at the following three different con-
centrations: 100 ng/mL (the low QC, LQC), 400 ng/mL (the medium
QC, MQC) and 2000 ng/mL (the high QC, HQC). The QC samples
for dorzolamide were prepared in AH blank at the following three
different concentrations: 200 ng/mL (LQC), 1250 ng/mL (MQC) and
4000 ng/mL (HQC).

For the validation of the CB analytical procedure, the stock solu-
tions of carteolol, dorzolamide and nadolol were diluted daily with
methanol to obtain working solutions of appropriate concentra-
tion. Aliquots of the working solutions were then diluted with CB
blank in phosphate buffer to a final volume of 2 mL to achieve six
calibration standards containing carteolol and dorzolamide at the
following concentrations: 2, 5, 10, 20, 40 and 80 �g/g of CB for both
analytes. The IS concentration was 20 �g/g. QC samples were pre-
pared independently in CB blank at the following three different
concentrations for both analytes: 6 �g/g (LQC), 32 �g/g (MQC) and
64 �g/g (HQC).

2.4. Extraction procedures

2.4.1. Aqueous humor
For the preparation of AH samples for quality control (QC) and

calibration curve determination, 150 �L of rabbit AH blank were
spiked with 50 �L of the appropriate working solution of each ana-
lyte and 50 �L of IS solution at a concentration of 3 �g/mL. For the
in vivo study, 100 �L of methanol and 50 �L of IS at a concentra-
tion of 3 �g/mL were added to 150 �L of AH obtained from treated
rabbits. All samples were vortexed for 60 s and cooled for 30 min
in ice. After centrifugation at 12,000 rpm for 10 min at 4 ◦C, 250 �L
of the supernatant were evaporated to dryness under vacuum in a
concentrator (Eppendorf 5301). The residue was reconstituted in
250 �L of the HPLC mobile phase and 20 �L were injected into the

HPLC/MS system.

2.4.2. Ciliary body
For the preparation of CB samples for QC and calibration curve

determination, 25 mg of rabbit CB blank in 2 mL of phosphate buffer
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pH 8.0) were spiked with an adequate aliquot of working solu-
ion of each analyte and 25 �L of IS solution at a concentration
f 20 �g/mL. For the in vivo study, 25 mg of CB from treated rab-
its were added to 2 mL of phosphate buffer (pH 8.0) and spiked
ith 25 �L of IS solution at a concentration of 20 �g/mL. All sam-
les were vortexed for 60 s and a liquid–liquid extraction was
erformed by shaking the aqueous layer for 20 min with 5 mL of
thyl acetate, toluene and isopropanol 50:40:10 (v/v). After cen-
rifugation at 5000 rpm for 5 min at 25 ◦C, the organic layer was
ransferred into a flask. Then, 100 �L of 4% aqueous NaOH (pH
1.0) was added to the remaining aqueous phase and a second

iquid–liquid extraction was performed for 20 min with 5 mL of
thyl acetate. After centrifugation, the organic layer was combined
ith the first organic extract and 200 �L of 0.1% aqueous TFA were

dded to the resulting organic phase. The two layers were vor-
exed for 15 min and centrifuged for 5 min. The aqueous phase
as separated and evaporated to dryness under vacuum in a con-

entrator. The residue was reconstituted with 1 mL of the HPLC
obile phase and 20 �L were utilized for the RP-HPLC/APCI-MS/MS

nalysis.

.5. HPLC/APCI-MS/MS conditions

The quantitative analyses were performed using a Surveyor MS
ump and a Surveyor autosampler maintained at 25 ◦C. 20 �L of
ach sample were loaded onto a reversed phase Waters Simmetry
18 column (150 mm × 2.1 mm i.d., 100 Å, 3.5 �m) equipped with a
recolumn. The column was eluted at 25 ◦C with H2O + 0.5% (v/v)
A/CH3CN + 0.5% (v/v) FA 90:10 (v/v) (mobile phase) for 15 min. The
ow rate was 0.180 mL/min. The HPLC system was interfaced with
ThermoFinnigan LCQ-DECA ion trap mass spectrometer equipped
ith an APCI ion source operating in MS/MS positive ion mode
nder the following conditions: vaporizer temperature 420 ◦C; cap-

llary temperature 180 ◦C, sheat gas 80 a.u.; corona discharge needle
5 �A. MS/MS spectra were scanned in the m/z range 190–290 for
arteolol, 230–330 for dorzolamide and 200–300 for IS, consecu-
ively. The collision energy was 28% a.u. for carteolol and IS, and
5% a.u. for dorzolamide. The isolation width, activation Q and acti-
ation time were 3 mass units, 0.250 and 30.00 ms, respectively.
uantitative data was processed using the “Excalibur LCquan” soft-
are.

.6. Method validation

Validation was carried out on three different days for each
atrix, following the guidelines for Bioanalytical Method Valida-

ion published by the FDA [15].

.6.1. Selectivity, calibration linearity, detection and
uantification limits

AH and CB blank samples from six different rabbits were ana-
yzed with the described procedure for peaks interfering with the
etection of the analytes or the IS.

The AH and CB calibrators at six concentration levels obtained
s described in Section 2.3 and subjected to the respective extrac-
ion procedures (see Sections 2.4.1 and 2.4.2) were used to verify
he linearity. The ratio of the peak areas of the analyte to the peak
reas of IS was calculated. Calibration curves for carteolol and dor-
olamide were constructed by unweighted (Equal) least-squares
inear regression analysis of the peak area ratios of analyte/IS ver-

us the concentration of analyte, were used to quantify carteolol
nd dorzolamide in AH and CB, and were employed to obtain QC
alues from their peak area ratios. The acceptance criteria for each
ack-calculated standard concentration were ±15% deviation from
he nominal value [15].
gr. B 878 (2010) 807–814 809

The limit of detection (LOD), and limit of quantification
(LOQ) were determined on the basis of the standard devi-
ation of the response and the slope using the equation
reported [16].

2.6.2. Accuracy and precision
QC samples (LQC, MQC and HQC), run in sestuplicate at each

concentration level on three different days, were used to assess the
accuracy and intra-day and inter-day precision of the method. The
accuracy and precision were calculated using the formulas pub-
lished elsewhere [17] and the criteria for acceptability of the data
included accuracy within ±15% standard deviation (SD) from the
nominal values and precision within ±15% relative standard devi-
ation (RSD) [15].

2.6.3. Stability experiments
All stability studies were conducted at two concentration lev-

els, LQC and HQC, using three replicates at each concentration level.
Freeze-thaw was evaluated to the third cycle. In each cycle samples
were frozen at −20 ◦C for 20 h, thawed and kept at room tempera-
ture (25 ◦C) for 4 h.

To estimate short-term stability QC samples were left at room
temperature and analyzed after 8 h. Analyte stability for long-term
storage was tested by analyzing QC samples after storage at −20 ◦C
for 35 days. For estimation of stability of the processed samples
under the conditions of HPLC–MS analysis QC, samples were left in
the autosampler at 25 ◦C and injected, under the routine analytical
run conditions, after 20 h.

Samples are considered to be stable if assay values are within
the acceptable limits of accuracy (±15% SD) and precision (±15%
RSD) [15].

2.6.4. Recovery, matrix effect and process efficiency
In order to determine the recovery, matrix effect and process

efficiency, two groups (pre-extraction and post-extraction spiked)
of LQC, MQC and HQC samples were prepared in quadruplicate.
The pre-extraction QC samples were obtained as described in Sec-
tions 2.4.1 and 2.4.2 for AH and CB, respectively. The post-extraction
spiked QC samples were prepared applying the same procedures on
AH and CB blank. The extracts were then spiked with the appropri-
ate amount of the working solutions of carteolol and dorzolamide
before drying the samples.

The recovery was calculated as the response ratio (carteolol or
dorzolamide peak area/IS peak area) measured in pre-extraction
spiked samples, as a percentage of that measured from post-
extraction spiked samples.

The matrix effect was determined by comparison of response
ratio in post-extraction spiked QC samples (value A) with that of
response ratio observed in HPLC mobile phase (value B). The matrix
effect was calculated as (1 − A/B) × 100.

The process efficiency was estimated as the analyte response
observed after the extraction versus the analyte response observed
in the HPLC mobile phase.

3. Results and discussion

3.1. Extraction procedures

Sample preparation is a basilar step for determination of ana-
lytes in biological samples. Protein precipitation using methanol
was found appropriate for the quantification of carteolol and dor-

zolamide in rabbit AH. In fact, this ocular fluid contains smaller
amounts of proteins compared to other samples. Therefore, sat-
isfying results were obtained adopting a simpler preparation
procedure. On the contrary, the quantitative extraction of the two
analytes together with the IS from CB required the development of
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much more laborious procedure. Liquid–liquid extraction with
arious organic solvents (methyl-tert-butyl ether, diethyl ether,
ichloromethane, hexane, ethyl acetate, toluene and isopropanol)
as evaluated. Finally, it was found that two extractive steps at
ifferent pH values were necessary. In the first extraction step at
H 8.0, only dorzolamide (pKa of the protonated secondary amino
roup 6.35; pKa of the sulphonamide group 8.5) is in the neu-
ral form and therefore is extracted by the organic phase (ethyl
cetate, toluene and isopropanol 50:40:10, v/v) while carteolol and
adolol (pKa of the protonated secondary amino group 9.75 and
.67, respectively), being mostly in the protonated form, remained
revalently in the aqueous layer. Increasing the pH to 11.0, these
wo compounds deprotonate and are consequently extracted by
thyl acetate. The analytes and IS were then back extracted from
he combined organic phase with 0.1% TFA and the acidic aque-
us phase, containing all the three compounds, was separated,
vaporated and redissolved in the mobile phase for the HPLC/MS
nalysis.

.2. Mass spectrometry

The possibility of using electrospray ionization (ESI) or APCI in
he positive and negative ion mode was investigated. APCI in the

ositive ion mode was found to be the most sensitive ionization
echnique for the two analytes and IS. In a direct infusion exper-
ment, the mass spectra for carteolol, dorzolamide and IS showed
eaks at m/z 293.2, 325.0, 310.2, corresponding to the respective
rotonated molecular ions [M+H]+.

ig. 2. Full scan product ion mass spectra of the [M+H]+ at m/z 293.2 (carteolol) in the H
PLC mobile phase (c).
gr. B 878 (2010) 807–814

To eliminate possible isobaric ions that can interfere in the
quantitative analysis and improve sensitivity and selectivity, quan-
tification of the studied analytes was performed in MS/MS mode
rather than in MS full scan. The [M+H]+of carteolol at m/z 293.2
was then isolated and fragmented in the ion trap. The MS/MS
spectrum is characterized by an abundant signal at m/z 237.1,
due to a neutral loss of isobuthene from the [M+H]+ (Fig. 2a).
This fragment ion was chosen for the quantification of carteolol.
Similarly, the following fragment ions were used for quantifica-
tion purposes: for the dorzolamide fragment ion at m/z 280.0
(Fig. 2b), arising from the precursor ion at m/z 325.0 by the elim-
ination of ethylamine, and for the IS fragment ion at m/z 254.1
(Fig. 2c), corresponding to a loss of isobuthene from the m/z 310.2
precursor ion.

3.3. Liquid chromatography

In order to detect the two analytes together with the IS in a
single chromatographic run, several procedures were tested. In
particular, different stationary reversed phases, eluents and com-
position of ionization agents (FA, AA and TFA) in the mobile phase
were assayed. A Waters Simmetry C18 column, eluted at 25 ◦C with
H2O + 0.5% (v/v) FA/CH3CN + 0.5% (v/v) FA 90:10 (v/v) at a flow

rate of 0.180 mL/min, was selected because it provided the best
conditions for the elution of the compounds. In these conditions,
symmetric peaks and suitable short retention times were obtained
for all the molecules. Dorzolamide, carteolol and IS were eluted at
3.70, 7.57 and 7.93 min, respectively, as reported in Fig. 3a. Fig. 3

PLC mobile phase (a), m/z 325.0 (dorzolamide) (b) and m/z 310.2 (nadolol) in the
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ig. 3. (a) Total ion current (TIC) of dorzolamide, carteolol and nadolol, (b) single io
on at m/z 237.1 for carteolol, and (d) SIC of the fragment ion at m/z 254.1 for nadol

lso shows the single ion current (SIC) of the fragment ion at m/z
80.0 for dorzolamide (Fig. 3b), the SIC of the fragment ion at m/z
37.1 for carteolol (Fig. 3c) and the SIC of the fragment ion at m/z
54.1 for IS (Fig. 3d). Even if carteolol and IS eluted unresolved, no
ttempts were made to resolve the two components because the
uantification of each analyte is determined monitoring the area of

ts specific fragment ion, and therefore complete separation of the
ompounds is not required.

.4. Assay validation

The assay was found to be selective for all tested com-
ounds. No interfering peaks were observed in the extract of
H and CB samples. The six-point calibration curve, obtained
y unweighted (Equal) linear regression, showed good linearity
ver the whole concentration range (50–2500 ng/mL for carte-
lol and 125–5000 ng/mL for dorzolamide in AH; 2–80 �g/g for
oth analytes in CB), which covered the concentrations typ-

cally found in AH and CB, respectively, in treated rabbits.
he correlation coefficients for regression equations, generated
n three different days, were 0.9998 ± 0.0001 (mean ± standard
eviation) in AH and 0.9999 ± 0.0001 in CB for carteolol. For dor-
olamide, they were 1.0000 ± 0.0001 in AH and 0.9998 ± 0.0003
n CB.

The slope and the intercept were calculated for each cal-

bration curve. A slope of 0.00202 ± 0.00006 (mean ± standard
eviation) and an intercept of 0.04418 ± 0.00602 for carte-
lol and a slope of 0.00040 ± 0.00002 and an intercept of
.00519 ± 0.00572 for dorzolamide were determined in AH. A
lope of 0.10488 ± 0.01204 and an intercept of −0.02914 ± 0.04682
rent (SIC) of the fragment ion at m/z 280.0 for dorzolamide, (c) SIC of the fragment

for carteolol and a slope of 0.01286 ± 0.00085 and an inter-
cept of 0.00338 ± 0.00249 for dorzolamide were calculated
in CB.

The accuracy observed for the mean back-calculated concen-
trations, calculated as the percentage deviations from nominal
concentration (DEV%), were less than ±3% for each analyte in each
matrix; while the precision values, calculated as the relative stan-
dard deviation (RSD%), were less than 4% for each analyte in each
matrix (Table 1). This indicates that the data of the unweighted
(Equal) linear regression equation is in accordance with the accept-
able criteria. The LOD was determined as 0.25 ng/mL for carteolol
and 0.58 ng/mL for dorzolamide in AH, and 2.53 ng/g for carteolol
and 0.35 �g/g for dorzolamide in CB. The LOQ values were 0.75 and
1.77 ng/mL for carteolol and dorzolamide, respectively, in AH, and
7.68 ng/g and 1.06 �g/g for carteolol and dorzolamide, respectively,
in CB.

The accuracy and precision of the assay were determined as
described in Section 2 and the data is shown in Table 2. The within-
run and between-run precision values were less than 1% for both
analytes in both matrices. Likewise, the accuracy was less than
±0.5% of the nominal value for both analytes in both matrices. The
accuracy and precision values were found to be within the accepted
limits.

The mean observed concentrations deviated less than ±2% at
LQC and HQC concentrations for carteolol and dorzolamide in both

matrices for all stability tests (Tables 3 and 4). The results were
found to be within the assay variability limits during the entire
process.

Recovery, matrix effect and process efficiency were determined
as described in Section 2 and the data is shown in Table 5. The



812 A. Zammataro et al. / J. Chromatogr. B 878 (2010) 807–814

Table 1
Back-calculated concentrations from calibrators run in duplicate on three different days in AH and CB (N = 6).

Carteolol concentration in AH (ng/mL)

50 125 250 500 1000 2500

Mean (ng/mL) 48.64 126.76 254.47 508.47 1001.13 2498.16
SD (ng/mL) 1.78 1.39 4.35 6.25 5.13 6.59
RSD (%) 3.65 1.10 1.71 1.23 0.51 0.26
DEV (%) 2.71 −1.41 −1.79 −1.69 −0.11 0.07

Dorzolamide concentration in AH (ng/mL)

125 250 500 1000 2500 5000

Mean (ng/mL) 124.50 249.84 501.37 1004.45 2504.60 4997.02
SD (ng/mL) 0.80 1.95 3.60 7.42 6.78 8.53
RSD (%) 0.64 0.78 0.72 0.74 0.27 0.17
DEV (%) 0.40 0.07 −0.27 −0.45 −0.18 0.06

Carteolol concentration in CB (�g/g)

2 5 10 20 40 80

Mean (�g/g) 2.03 5.02 10.02 19.80 40.02 80.04
SD (�g/g) 0.06 0.05 0.13 0.35 0.27 0.19
RSD (%) 3.18 0.90 1.29 1.74 0.69 0.24
DEV (%) −1.41 −0.37 −0.19 1.02 −0.06 −0.05

Dorzolamide concentration in CB (�g/g)

2 5 10 20 40 80

Mean (�g/g) 2.00 5.02 10.12 19.99 40.23 80.06
SD (�g/g) 0.05 0.05 0.19 0.15 0.58 0.20
RSD (%) 2.38 0.96 1.92 0.77 1.44 0.25
DEV (%) −0.06 −0.37 −1.19 0.07 −0.56 −0.08

Table 2
Back-calculated concentrations of carteolol and dorzolamide resulting from 18 QC samples in three analytical runs in AH and CB (N = 18).

Carteolol concentration in AH (ng/mL)

100 400 2000

Mean (ng/mL) 100.00 401.36 2002.15
SD (ng/mL) 0.64 2.09 3.45
RSD (%) 0.64 0.52 0.17
DEV (%) 0.00 −0.34 −0.11
Within-run precision (%) 0.66 0.54 0.17
Between-run precision (%) 0.20 0.18 0.02

Dorzolamide concentration in AH (ng/mL)

200 1250 4000

Mean (ng/mL) 199.07 1252.04 4003.86
SD (ng/mL) 0.95 2.06 5.78
RSD (%) 0.48 0.16 0.14
DEV (%) 0.46 −0.16 −0.10
Within-run precision (%) 0.44 0.15 0.15
Between-run precision (%) 0.23 0.07 0.05

Carteolol concentration in CB (�g/g)

6 32 64

Mean (�g/g) 6.01 32.03 64.02
SD (�g/g) 0.02 0.04 0.04
RSD (%) 0.36 0.12 0.07
DEV (%) −0.25 −0.08 −0.02
Within-run precision (%) 0.35 0.13 0.07
Between-run precision (%) 0.13 0.05 0.02

Dorzolamide concentration in CB (�g/g)

6 32 64

Mean (�g/g) 6.03 32.02 64.03
SD (�g/g) 0.02 0.04 0.05
RSD (%) 0.38 0.12 0.08
DEV (%) −0.45 −0.05 −0.05
Within-run precision (%) 0.41 0.12 0.07
Between-run precision (%) 0.16 0.01 0.02
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Table 3
Stability of carteolol in AH and CB (N = 3).

Nominal concentration (ng/mL) Matrix Stability Mean (ng/mL) RSD (%) DEV (%)

100 AH

0 ha 100.00 0.64 0.00
3rd freeze–thaw 99.76 0.06 0.24
8 h (short term) 100.07 0.06 −0.07
35 days at −20 ◦C 100.08 0.11 −0.07
20 h (autosampler) 100.03 0.02 −0.03

2000 AH

0 ha 2002.15 0.17 −0.11
3rd freeze–thaw 2003.54 0.27 −0.07
8 h (short term) 2000.89 0.01 0.06
35 days at −20 ◦C 2000.35 0.04 0.09
20 h (autosampler) 2003.56 0.27 −0.07

Nominal concentration (�g/g) Matrix Stability Mean (�g/g) RSD (%) DEV (%)

6 CB

0 ha 6.01 0.36 −0.25
3rd freeze–thaw 6.00 0.15 0.21
8 h (short term) 6.00 0.14 0.29
35 days at −20 ◦C 6.03 0.14 −0.26
20 h (autosampler) 6.00 0.07 0.28

64 CB

0 ha 64.02 0.07 −0.02
3rd freeze–thaw 63.99 0.12 0.03
8 h (short term) 63.99 0.06 0.03
35 days at −20 ◦C 63.95 0.04 0.10

ample

r
9
t
a
f
c

s
e
F
a
6
a

T
S

20 h (autos

a 0 h indicates the mean back-calculated concentrations reported in Table 2.

ecovery of the compounds from both matrices was greater than
3% at LQC, MQC and HQC concentrations. The matrix effect of
he analytes from both matrices was less than 9.5% at LQC, MQC
nd HQC concentrations. The process efficiency of the molecules
rom both matrices was greater than 88% at LQC, MQC and HQC
oncentrations.

The procedure has proven to be applicable in the analy-
is of authentic AH and CB samples from rabbits treated with

ye drops containing carteolol and dorzolamide. For example,
ig. 4 shows the concentration–time profiles for carteolol (a)
nd dorzolamide (b) in rabbit AH at different times (15, 30,
0, 120, 240, 360 min) after a single administration of 50 �L of
n eye drops containing carteolol hydrochloride (2%, w/v) and

able 4
tability of dorzolamide in AH and CB (N = 3).

Nominal concentration (ng/mL) Matrix Stability

200 AH

0 ha

3rd freeze–thaw
8 h (short term)
35 days at −20 ◦

20 h (autosampl

4000 AH

0 ha

3rd freeze–thaw
8 h (short term)
35 days at −20 ◦

20 h (autosampl

Nominal concentration (�g/g) Matrix Stability

6 CB

0 ha

3rd freeze–thaw
8 h (short term)
35 days at −20 ◦C
20 h (autosample

64 CB

0 ha

3rd freeze–thaw
8 h (short term)
35 days at −20 ◦C
20 h (autosample

a 0 h indicates the mean back-calculated concentrations reported in Table 2.
r) 63.98 0.15 0.05

dorzolamide hydrochloride (2%, w/v) at pH 6. Pharmacokinetic
parameters are as follows: for carteolol Tmax is 60 min, Cmax

is 715.40 ± 152.23 ng/mL and AUC is 92.69 ± 17.61 (min �g)/mL;
for dorzolamide Tmax is 60 min, Cmax is 1224.20 ± 214.48 ng/mL
and AUC is 155.89 ± 26.51 (min �g)/mL. It is worth to observe
that the pharmacokinetic profile for carteolol and dorzolamide
in AH is comparable to that reported when these drugs were
administered alone [18,19], thus suggesting that no drug–drug

interaction occurs when carteolol and dorzolamide are adminis-
tered together.

The presented assay is the first validated procedure for the
simultaneous determination of carteolol and dorzolamide in rabbit
AH and CB.

Mean (ng/mL) RSD (%) DEV (%)

199.07 0.48 0.46
202.87 1.60 −1.91
200.25 0.17 −0.59

C 200.58 0.12 −0.76
er) 200.10 0.05 −0.51

4003.86 0.14 −0.10
4002.94 0.06 0.02
4000.81 0.02 0.08

C 4000.10 0.02 0.09
er) 4002.11 0.04 0.04

Mean (�g/g) RSD (%) DEV (%)

6.03 0.38 −0.45
5.98 0.26 0.70
6.00 0.43 0.47
6.01 0.19 0.32

r) 5.99 0.39 0.54

64.03 0.08 −0.05
64.05 0.02 −0.03
63.96 0.09 0.11
64.03 0.04 0.00

r) 64.01 0.09 0.03
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Fig. 4. AH concentration–time profiles for (a) carteolol and (b) dorzolamide after a
single administration of an eye drops containing carteolol hydrochloride (2%, w/v)
and dorzolamide hydrochloride (2%, w/v) at pH 6.

Table 5
Recovery, matrix effect and process efficiency for carteolol and dorzolamide in AH
and CB (N = 4).

Carteolol concentration in AH (ng/mL)

100 400 2000

Recovery (%) 99.82 99.72 99.99
Matrix effect (%) 1.76 3.30 1.10
Process efficiency (%) 98.06 96.42 98.89

Dorzolamide concentration in AH (ng/mL)

200 1250 4000

Recovery (%) 98.87 98.99 98.68
Matrix effect (%) 8.94 7.35 9.32
Process efficiency (%) 90.94 92.63 90.68

Carteolol concentration in CB (�g/g)

6 32 64

Recovery (%) 94.66 97.98 97.39
Matrix effect (%) 5.14 7.58 4.90
Process efficiency (%) 89.79 90.56 92.62

Dorzolamide concentration in CB (�g/g)

6 32 64

Recovery (%) 95.82 93.24 97.73
Matrix effect (%) 5.47 5.95 7.58
Process efficiency (%) 90.58 87.70 90.33

[
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[
[

[

[

[

[

[

[

gr. B 878 (2010) 807–814

4. Conclusions

A sensitive, selective and rapid method was developed for the
simultaneous quantification of carteolol and dorzolamide in rabbit
AH and CB by HPLC–MS/MS. Because no gradient elution and no
chromatographic separation are necessary, the need of “fine tun-
ing” of the HPLC is eliminated. After the extraction procedures,
the recovery of two analytes is greater than 98% and 93% in AH
and CB, respectively. The results obtained for selectivity, accuracy
and precision, short-term and long-term stability and stability fol-
lowing freeze–thaw cycles were found to be within the acceptable
limits. The analytical method here presented proved to be linear,
accurate and precise for the simultaneous determination of carte-
olol and dorzolamide concentrations in rabbit ocular matrices and
was used for the in vivo studies of these drugs in rabbit AH and
CB.
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