
Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 618–623
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Abstract

A liquid chromatography–mass spectrometry (LC–MS) method for the determination of roxithromycin in rat lung tissue is described.
Liquid–liquid extraction was adopted for sample preparation with recoveries from 72.5 to 76.9% at levels of 0.1, 5.0 and 20.0�g/ml.
Chromatographic separation was performed on a Ccolumn using a mixture of methanol, water and formic acid (80:20:1, v/v/v) as mobile
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hase delivered at a flow rate of 0.5 ml/min. Positive selected ion monitoring (SIM) mode was used for the quantification of roxit
tm/z 837.7 and clarithromycin (internal standard) atm/z 748.7. The linearity was obtained over the concentration range of 0.05–20.0�g/ml
nd the lower limit of quantification was 0.05�g/ml. For each QC level of roxithromycin, the intra- and inter-day precisions relative sta
eviation (R.S.D.) were less than 4.1 and 7.5%, respectively, and accuracy (RE) was±10.0%. The proposed LC–MS method has b
uccessfully used for the determination of roxithromycin in rat lung tissue after oral administration of roxithromycin formulations t
ats. The present study demonstrates that the concentration of roxithromycin in rat lung tissues can be significantly increased b
hen they are formulated in combination.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Roxithromycin (Fig. 1), a semi-synthetic 14-membered-
ing macrolide antibiotic derived from erythromycin, is more
table than erythromycin under acidic conditions and ex-
ibits improved clinical effects on respiratory infections[1].

t was found that ambroxol (Fig. 1), an expectorant, could
ncrease the concentrations of such antibiotics as ampicillin,
rythromycin and amoxycillin in rat lung tissues[2]. But no
eferences are available concerning the effect of ambroxol
n the concentration of roxithromycin in the lungs of rats
hen they are used in combination. Based on the synergic
ffect between erythromycin and ambroxol, it was supposed

hat ambroxol might have similar effect on roxithromycin.

∗ Corresponding author. Tel.: +86 10 68912667; fax: +86 10 68913293.
E-mail address: mlqi@bit.edu.cn (M. Qi).

On the basis of the above supposition, a combination fo
lation of roxithromycin and ambroxol was developed in
laboratory.

In the preliminary phase of the development of this for
lation, a biopharmaceutical test in rats was necessary in
to demonstrate if the concentration of roxithromycin in
lung tissues can be increased by ambroxol when they ar
mulated in combination, which can provide the basis fo
development of this combination formulation. To achieve
purpose, an analytical method of simplicity and sensit
was required to determine the concentrations of
ithromycin in rat lung tissues. Among the analytical meth
for biopharmaceutical analysis, liquid chromatography
mass spectrometry detection (LC–MS) was preferred be
of its high sensitivity and selectivity. As a result of surv
several LC–MS methods related with roxithromycin w
available, some of which were just used for some q
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itative purpose or for the determination of other drugs
while using roxithromycin as internal standard, which
did not provide details in terms of accuracy, precision,
linearity and stability. In addition, there were several
methods used for the determination of roxithromycin
in biological samples[3–10] and most of them adopted
tandem MS or ion-trap MS detection[3,5–7,9,10]. Our
study focused on LC–single quadrupole MS because of
its wider availability in ordinary laboratories as well as
its sufficient sensitivity and selectivity for the present
work.

The present paper describes a rapid and sensitive
LC–single quadrupole MS method for the determination of
roxithromycin in rat lung tissue. The developed method was
validated in terms of selectivity, linearity, limit of quantifi-
cation, precision and accuracy and has been successfully ap-
plied for the determination of roxithromycin in rat lung tissue
after oral administration of roxithromycin formulations to 44
rats. The present study demonstrates that the concentration
of roxithromycin in rat lung tissues can be significantly in-
creased by ambroxol when they are formulated in combina-
tion.

2. Experimental
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24 nA; fragmentation voltage, 150 V for roxithromycin and
170 V for clarithromycin (IS). Selected ion monitoring (SIM)
mode was used for the quantification of quasi-molecular ion
[M + H] + at m/z 837.7 for roxithromycin andm/z 748.7 for
clarithromycin.

2.3. Animals

Sprague–Dawley rats weighing 200 g on an average were
from Laboratory Animal Center of Shengyang Pharmaceuti-
cal University (certificate no. 042).

2.4. Preparation of calibration standards and quality
control samples

Stock solutions (1 mg/ml) of roxithromycin and clar-
ithromycin were separately prepared in methanol. The stock
solutions were further individually diluted with methanol to
give diluted standard solutions (100�g/ml). Calibration stan-
dards of roxithromycin (0.05, 0.1, 0.2, 1.0, 5.0, 10.0 and
20.0�g/ml) were prepared by spiking appropriate amount
of the standard solutions of roxithromycin in blank rat
lung homogenates. Quality control (QC) samples were pre-
pared in blank rat lung homogenates at concentrations of
0.1, 5.0 and 20.0�g/ml for roxithromycin. The Calibra-
tion standards and QC samples were then treated following
t ction
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.1. Chemicals and reagents

Roxithromycin reference standard was from the Nati
nstitute for the Control of Pharmaceutical and Biolog
roducts (NICPBP) (Beijing, China). Clarithromycin w
gift from Shenyang Pharmaceutical University and u

s internal standard (IS) in present work. A mixture
ension of ambroxol hydrochloride and roxithromycin (1
/w) in PEG 400 and a suspension of roxithromycin in P
00 were used as test formulation and reference formula
espectively. HPLC-grade methanol was from Tianjin C
ord Reagent Company (Tianjin, China). Sodium carbo
ormic acid,n-hexane, dichloromethane and isopropyl a
ol were from Shenyang Chemical Reagent Company a
nalytical grade.

.2. Instrument and LC–MS conditions

HP 1100 series LC/MSD G1946D (Agilent, USA) w
sed.

Chromatographic separation was performed o
iamonsilTM C18 column (150 mm× 4.6 mm i.d., 5�m,
ikma, China) at ambient temperature. The mobile p
onsisting of a mixture of methanol, water and formic a
80:20:1, v/v/v) was delivered at a flow rate of 0.5 ml/m
he injection volume was 20�l.

The mass spectrometer was operated in the positive
rospray ionization (ESI) mode. The optimized ioniza
onditions were: nitrogen flow rate, 8.0 ml/min; gas tem
ture, 325◦C; nitrogen pressure, 30 psig; capillary curre
he sample preparation procedure, as indicated in Se
.5.

.5. Sample preparation

Two hundred microliter aliquot of rat lung homogena
00�1 of the IS solution in methanol (13�g/ml) and
00�1of mobile phase were mixed well. And then 200�1
f sodium carbonate aqueous solution (0.1 mol/l) was a

nto the mixture and shaken well. Two milliliters of a mixtu
f n-hexane–dichloromethane–isopropyl alcohol (20:1
/v/v) were added and the contents were vortexed for 1
nd centrifuged for 5 min to separate the phases. Th
ernatant was separated and dried under a stream of
en at room temperature. The residue was reconstituted
00�l of mobile phase and 20�l was injected onto the L
olumn.

.6. Method validation

Validation runs were conducted on three separate
ach validation run consisted of a set of the spiked cal

ion standards at seven concentrations over the concent
ange (each in triplicate) and QC samples at three con
rations (n = 6 at each concentration). The linearity of e
alibration curve was determined by plotting the peak-
atio (y) of roxithromycin to internal standard versus the no
nal concentration (x) of the analyte. The calibration curv
ere obtained by weighted linear regression analysisx2

eighing factor). Calibration standards and QC samples
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evenly distributed throughout the run. The results from QC
samples in three runs were used to evaluate the accuracy and
precision of the method.

The selectivity of the method was investigated by com-
paring chromatograms of blank rat lung tissue, calibration
standards spiked with roxithromycin (5�g/ml) and the IS
(13�g/ml) and rat lung tissue samples after oral adminis-
tration of a suspension solution of roxithromycin in PEG
400.

The extraction recoveries of roxithromycin were deter-
mined at low, medium and high concentrations by compar-
ing the responses from QC samples spiked before extraction
with standard solutions without extraction. The recovery is
calculated by the formula: recovery (%) = (detector response
of extracted analyte/detector response for non-extracted an-
alyte)× 100, where detector response is the area of the chro-
matographic peak for extracted or non-extracted analyte di-
vided by the area of the chromatographic peak for the internal
standard added.

Sample stability was determined by analyzing QC samples
containing roxithromycin of 0.1, 5.0 and 20.0�g/ml after
sample preparation and exposed to ambient temperature over
a time period of 4 h.

2.7. Application of the LC–MS method
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the care of use of animals and with related codes of prac-
tice.

3. Results and discussion

3.1. Method development

Sample preparation is usually required for the determina-
tion of pharmaceuticals in biological samples owing to com-
plex matrices such as fluids, tissues and organs in order to
remove possibly interfering matrix components and increase
the selectivity and sensitivity. Liquid–liquid extraction (LLE)
was a widely adopted method and often achieved satisfac-
tory extraction recoveries of analytes from biological sam-
ples. The LLE procedures reported differed greatly in extrac-
tion solvents (diethyl ether, dichloromethane) and samples
(urine, flounder muscle, broiler and rat tissues). In present
work, a mixture ofn-hexane–dichloromethane–isopropyl al-
cohol (20:10:1, v/v/v) was finally used for the extraction of
roxithromycin from rat lung tissue, which produced a clean
chromatogram for a blank tissue sample and offered satisfac-
tory extraction recoveries for the analyte from 72.5 to 76.9%
at levels from 0.1 to 20.0�g/ml.

A DiamonsilTM C18 column (150 mm× 4.6 mm i.d.,
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The LC–MS method has been successfully applied
he determination of roxithromycin in rat lung tissues
er oral administration of test or reference formulation
ats. Forty-four SD rats were divided randomly into t
roups, test group and reference group, with 22 ra
ach group. Test and reference formulations were o
dministered at a dose 10 mg/kg (on the basis of

thromycin) to rats in test group and reference group
er 12 h fast, respectively. Animals were allowed free
ess to food and water. Six hours after administration,
ere sacrificed and lung tissues were excised and wei
portion of accurately weighed tissues (1 g) was hom

nized in 2 ml methanol and centrifuged for 10 min.
upernatant was separated and stored at−20◦C until anal-
sis. The research complied with national legislation

Fig. 1. Chemical structures of ro
�m) was used for the chromatographic separation. For
ile phase, a mixture of methanol, water and formic
80:20:1, v/v/v) was found to be optimal for this work, wh
rovided symmetric peak shapes of the analyte and int
tandard as well as short run time. For the selection of int
tandard, structural analogs became the first choice. S
acrolides were tried and clarithromycin was finally use

he internal standard in this work.
ESI in positive mode was used in this work. Par

ters involving capillary temperature, vaporizer temp
ure and flow rate were optimized to obtain the proton
olecules of the analytes. The fragmentation voltage
ptimized at 150 eV for roxithromycin and 170 eV for cl

thromycin. Selected ion monitoring was used for the qu
ification of roxithromycin atm/z 837.7 and clarithromyci
t 748.7. Two detection channels were adopted, chan

ycin (left) and clarithromycin (right).
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(MSD1) for roxithromycin and channel 2 (MSD2) for clar-
ithromycin.

3.2. Selectivity

The results for selectivity are shown inFig. 2. The quasi-
molecular ions for the quantification werem/z 837.7 for rox-
ithromycin andm/z 748.7 for clarithromycin.Fig. 2indicates
no significant interferences from endogenous substances in
rat lung with the analyte and internal standard.

3.3. Linearity and limit of quantification

Weighted linear regression analysis was used to construct
the calibration curve. Representative regression equation for
the calibration curve wasy = 0.0505x −0.0033 (r = 0.9955,
n = 7) over the concentration range of 0.05–20.0�g/ml for
roxithromycin. The lower limit of quantification (LLOQ) for
roxithromycin was found to be 0.05�g/ml. At this level,
the intra- and inter-day precisions relative standard devia-
tion (R.S.D.) were 6.3 and 15.5%, respectively, and accuracy

F
(
d
(

ig. 2. Representative SIM chromatograms of: (A) blank rat lung homogen
5�g/ml) and clarithromycin (IS) (13�g/ml); (C) a rat lung sample after oral
rochloride (5:1, w/w) in PEG 400. Two channels were used for the quantific
tR = 2.7 min).
ate sample; (B) blank rat lung homogenate sample spiked with roxithromycin
administration of a suspension solution of roxithromycin and ambroxol hy-
ation, MSD1 for roxithromycin (tR = 2.7 min) and MSD2 for clarithromycin (IS)
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Fig. 3. Representative SIM chromatograms of blank rat lung homogenate sample spiked with roxithromycin (0.05�g/ml) and clarithromycin (IS) (13�g/ml).
Two channels were used for the quantitation, MSD1 for roxithromycin (tR = 2.7 min) and MSD2 for clarithromycin (IS) (tR = 2.7 min).

Table 1
Accuracy and precision for the determination of roxithromycin in rat lung tissues (three runs, six replicates per run)

Nominal concentrationC (�g/ml) Observed concentrationC (�g/ml) Intra-day R.S.D.a (%) Inter-day R.S.D. (%) Relative error (%)

0.10 0.10 4.1 7.5 4.7
5.00 4.84 2.6 4.6 −3.1

20.00 21.99 1.7 1.9 10.0

Relative error: RE (%) =[(mean concentration− nominal concentration)/nominal concentration]× 100.
a Relative standard deviation.

(RE) was 2.2%. Representative SIM chromatogram with rox-
ithromycin at LLOQ level is shown inFig. 3.

3.4. Accuracy and precision

The accuracy and precision of the method were evaluated
based on the data from QC samples at three concentrations
(0.1, 5.0 and 20.0�g/ml) for roxithromycin in three valida-
tion runs (Table 1). The intra- and inter-day precision was
expressed as the relative standard deviation (R.S.D.). The
accuracy was determined by calculating the percentage devi-
ation observed in the analysis of QC samples and expressed
in the relative error (RE).Table 1shows that for each QC level
of roxithromycin, the intra- and inter-day precisions (R.S.D.)
were less than 4.1 and 7.5%, respectively, and accuracy (RE)
was±10.0%, indicating the acceptable accuracy and preci-
sion of the present LC–MS method for the determination of
roxithromycin in rat lung tissue.

3.5. Extraction recovery

The extraction recoveries of roxithromycin from rat lung
tissue were 74.4± 1.9, 72.5± 1.9 and 76.9± 1.3% at con-
centration levels of 0.1, 5.0 and 20.0�g/ml, respectively.

3

at
r ined.
R am-

bient temperature with an accuracy (RE) within±10.0% and
precision (R.S.D.) less than 5.3% at three levels of QC sam-
ples.

3.7. Application of the developed LC–MS method

The LC–MS method has been successfully used for the
determination of roxithromycin in rat lung tissue at 6 h after
oral administration of a test or reference formulation to 44
rats. The mean concentrations (mean± S.D.) for the analyte
from the test group and reference group were 4.06± 1.71 and
3.20± 0.95�g/ml, which proved to be significantly different
by two-sidedt-test (p < 0.05). The concentration in test group
is 26.9% higher than that in reference group, indicating that
ambroxol can significantly increase the concentration of rox-
ithromycin in rat lung tissues when they are formulated in
combination. The results justified the combination formula-
tion of roxithromycin and ambroxol hydrochloride and can
provide the basis for the further study of the formulation in
healthy volunteers.

4. Conclusions

A simple and sensitive liquid chromatography–single
q deter-
m ent
L ion
p cient
s for
.6. Stability

The stability of roxithromycin in rat lung homogenate
oom temperature after sample preparation was determ
oxithromycin was found to be stable for at least 4 h at
uadrupole mass spectrometry was developed for the
ination of roxithromycin in rat lung tissues. The pres
C–MS method adopted a simple liquid–liquid extract
rocedure for the sample preparation and offered suffi
ensitivity and satisfactory selectivity and can be used
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the pharmacokinetic studies of roxithromycin formulation
products in animals and volunteers. Besides, the results of
the present study demonstrate that the concentration of rox-
ithromycin in rat lung tissues can be significantly increased
by ambroxol when they are formulated in combination, which
provides the basis for clinical trials.
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