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Abstract6)

A high ly se nsitive and spec ific m ethod for the
de term ination of roxithrom yc in in bro iler tissues by
LC/MS w as de ve loped and valida ted. A dich loro-
m ethane ex tract of the sam ple w as se parated on C18
reversed-phase co lum n w ith ace ton itrile -50 m M am -
m onium ace ta te (80:20, v /v ) as the m obile phase and
ana lyzed by LC/MS via atm ospheric pressure ion i-
zation /e lec trospray ion ization in te rface . The lim it of
de tection and lim it of quantita tion w ere 1 ng /g and 5
ng/g . The m ethod has be en successfu lly applie d to
de term ine for roxithrom yc in in various tissues of
broilers . Res idue concentra tions w e re assoc iated w ith
adm in istered dose . At the te rm ination of trea tme nt,
roxithrom yc in w as found in all collec ted sam ple s for
both dose groups. Liver w as de tec ted to have the
h ighe st re sidual concentra tion of roxithrom yc in . Re-
sidue concentrations of rox ithrom ycin w ere low er
than its LOQ in a ll t issues from both dose groups 10
days a fter the trea tm ent o f roxithrom yc in m ixed w ith
drinking w ater a t a dose rate o f 15 m g/L or 60 m g/L
to each broiler for 7 days .
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Introduction

Roxithromycin is a semisynthetic macrolide antibiot ic de-
rived from erythromycin [12]. Roxithromycin was reported
to be absorbed rapidly with the long elimination half t ime,
giving higher plasma levels than erythromycin [9]. There-
fore, it can be effect ive at lower doses with less frequent
administrations, which is regarded as an advantage in cli-
nical set tings. Due to these advantages, it could be applied
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in human and veterinary medicine [8].
Several methods have been reported for determination of

roxithromycin in biological fluids. Microbiological assays in
plasma, urine and milk have been reported [4]. However,
microbiological assays have several disadvantages in terms
of the limit of quantitat ion, specificity and rapidity. Some
methods based on the reversed-phase HPLC have been
developed for the qunatitation of roxithtomycin or other
macrolides. UV absorption [2, 11, 14], fluorescence and elec-
trochemical detect ion [3, 5, 13, 15] methods have been used,
but these methods achieved only relat ively high detect ion
limits in the range of several hundred ng/g or ng/ml. They
are not suitable to determine low levels of roxithomycin in
the biological fluid.

More recently, the advent of mass spectrometer combined
with HPLC offers a significant advantage for the absolute
confirmation and quantitat ion of chemicals. The high-per-
formance liquid chromatography (HPLC) coupled to elec-
trospray mass spectrometric detector could be a more
powerful technique for separat ion, identificat ion and quan-
titat ion of roxithromycin [4, 7, 10, 6]. Electrospray mass
spectrometry and part icle beam mass spectrometry have
been coupled to LC for the analysis of roxithromycin in
biomatrixes [10, 16], as well as for the simultaneous
analysis of marcrolides[4, 7].

In this study, a rapid and sensitive method was deve-
loped to determine roxithromycin in poultry t issues with
electrospray LC/MS and used to evaluate for residue deple-
tion profiles after its treatment with mixed drinking water
for 7 days.

Materials and Methods

Chem ica ls
Roxithromycin was given by Shin-il Chemical (Seoul,

Korea). HPLC grade water, methanol, acetonitr ile and
dichloromethane were purchased from TEDIA (USA).
Reagent grade ammonium acetate, sodium borate, sodium
hydroxide were purchased from SIGMA (USA).
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Chrom atograph ic cond itions and extractions
Samples were analyzed on a Hewlett-Packard LC/MSD

system. Separat ion was achieved on Nova-Pak C18 reverse
phase column (4 ㎛, 3.9 mm×150 mm I.D., Waters, USA).
Flow rate was operated isocratically at 0.4 ml/min. The
mobile phase consisted of 50 mM ammonium acetate and
acetonitr ile (2:8, v/v). The mass spectrometer was run in the
posit ive mode and select ive ion monitoring mode focused on
m/ z = 837.5.

The extraction of roxithromyicin in poultry t issues was
carried out by the liquid-liquid extract ion with borate buffer
(pH 9.0) and dichloromethane. In short , each 1 g muscle
sample was added to 2 ㎖ of borate buffer and homogenized,
and then shaken for 10 min. The homogenized sample was
added with 2 ㎖ of dichloromethane and vortexed for 5 min.
The samples were centrifuged at 1,300 g for 10 min, the
lower phase being transferred into other tubes and evaporated
to dryness under a stream of nitrogen. The residue was
reconst ituted with 1 ml of methanol and vortexed for 30 s.
Aliquot of 10 ㎕ was injected after filt rat ion.

Anim als
The experiment was conducted in farms housing broilers

of around 1 kg body weight . Roxithromycin was given for 7
days in drinking water at a dose rate of 15 mg/L (low
dosage) and 60 mg/L (high dosage) to each broiler. Six
broilers were taken at random and killed before the start of
the experiment and 0, 1, 3, 5, 7 and 10 days after the last
dose. Samples of liver, kidney, muscle, adipose t issue and
serum were collected and stored in the freezer at -20℃ and
allowed to thaw at room temperature before processing.

Data va lida tions
Roxithromycin was used to prepare calibrat ion curves in

the range of 0.1 ng/ml~10 ng/ml and 10 ng/ml~10,000 ng/ml,
respectively. Recovery and precision were evaluated in
accordance with the guideline of residual analysis of veterinary
drugs in National Vetrinary Research and Quarantine
Service (NVRQS). Limit of detection and limit of quan-
t itation were based on the signal-to-noise rat io based on
their areas. The signal-to-noise rat io of 3 was accepted for
the limit of detect ion and that of 10 for the limit of
quantiat ion.

Results

Mass spec tra o f roxithrom yc in
The mass spectra of roxithromycin showed that [M+H]+

was the predominant ion (Fig. 2). Each relat ive abundance
of adduct ions, [M+Na]+ or [M+K]+, was less than [M+H]+.
The fragment ions were [M-desosamine + H]+, m/ z = 679.5;
[desosamine + H]+, m/ z=419.3; [cladinose-OCH3 + H]+,
m/ z=115.1. These fragment ions were only detected with
fragmentat ion voltage 100 V. Attempts to increase the
abundance of these ions with even high fragmentat ion

voltages resulted in lower molecular weight fragments.

D ata valida tions
As a result of analysis of blank muscle samples, matrix

interferences were not detected (Fig. 3) .The suspected peak
of roxithromycin was shown about 6.5 min and increased in
proport ion to concentrations. The liner regression line for
roxithromycin showed high correlat ion coefficients of 0.999.
Limit of quantitaion and limit of detect ion was 5 ng/g and
1 ng/g, respectively. Precision and recovery are shown in
Table 1 and was sat isfied with the guideline of NVRQS.

Res idue conce ntration in various tissues
Residue concentrations were associated with admini-

stered dose (Table 3 and Table 4). At the termination of
treatment, roxithromycin was found in all collected samples
for both dose groups. Liver was detected to have the highest
residual concentrat ion of roxithromycin, followed by skin,
kidney, serum, adipose t issue and muscle. Residue concen-
trat ions of roxithromycin were lower than its LOQ in all
tissues from both dose groups 10 days after the treatment

Discussion

The highly sensit ive and specific method for the deter-
mination of roxithromycin in the broiler t issues by LC-MS
has been established. The limit of detection and limit of
quantitat ion were 1 ng/g and 5 ng/g. These values satisfied
the acceptance criteria of the limit of detection and limit of
quantitat ion. The LOQ of this method is more sensitive
than other HPLC methods previously reported [2, 2, 3, 11,
13, 14, 15]. South Korea has already set the maximum
residue limits (MRLs) for macrolide antibiot ics in edible
tissues of food-producing animals. The MRLs of erythromycin
and tylosin are 0.1 ㎎/kg in catt le and pigs. In case of
poultry, those are 0.125 ㎎/kg for erythromycin and 0.1 ㎎
/kg for tylosin. However, there is no legislative framework
controlling the use of roxithromycin at the moment. LOD
and LOQ in the present studies for roxithromycin were
much lower than the MRLs set by the South Korea for other
macrolides.

Marcrolides are among the safest antibiot ics for the
treatment of mild-to-moderate community-acquired bacterial
infect ions. Additionally, roxithromycin was regarded as a
safe antibiotic compared to erythromycin [8, 9]. Therefore,
we assumed that the MRL of roxithromycin was 0.1 ㎎/kg
for edible t issues for the calculat ion of withdrawal t ime. Due
to high interindividual variablility observed in kinetic
studies in broilers, stat ist ical approach should be regarded
as the method of first choice for the calculat ion of the
withdrawal t ime, it is important to establish a withdrawal
time that guarantees consumer safety. In this study, the
withdrawal time of roxithromycin was est imated by the
linear regression analysis of the log-transformed tissue
concentrations, and was determined at the time when the



Determination of Roxithromycin by Liquid Chromatography/Mass Spectrometry after Multiple-Dose Oral Administration in Broilers 37

upper on sided tolerance limit, with a confidence of 95%,
was below the MRLs [16]. Roxithromycin was then depleted
from edible t issues of broiler up to the concentration of 0.01
㎎/kg at 5 days after treatment. The withdrawal t ime of
roxithromycin using the stat ist ical method for the calcu-
lat ion of withdrawal t imes as adopted by Committee for
Veterinary Medicinal Products (CVMP) was 4.47 ± 1.18 days
in edible t issues of broilers after treatment of roxithromycin
mixed with drinking water (15 mg/L) for 7 days.

The LC-MS method has solved previous problems
existing in both microbiological and HPLC methods for
roxithromycin in biological matrixes [1, 2, 3, 5, 11, 13, 14, 15]:

specificity, limit of detect ion, accuracy, etc. Determination of
roxithromycin by HPLC with UV detector has been deve-
loped [2, 11, 14], but these methods are difficult to detect
roxithormycin due to its weak UV absorbance. The fluorimetric
detect ion with precolumn derivat izat ion procedures requires
long separat ion times and is less sensit ive than LC/MS. In
addit ion, fluorimetric detection is limited for simultaneous
determination because of the different derivat izat ion method
of each drug [15]. Many researchers have reported the
determination methods of erythromycin and roxithromycin
using HPLC with electrochemical detector, which is more
sensit ive than UV detector [3, 5, 13]. But, these methods are

Fig . 1. Structure of roxithromycin (left) and erythromycin (right).

Fig . 2. Representative mass spectrum of roxithromycin (as scan mode from m/ z 100 to m/ z 1000).
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Fig . 3. Representat ivc total ion chromatogram (as SIM at m / z=837.5) of roxithromycin for blank muscle (A), standard
solut ion with roxithromycin at 10 ng/g (B), and spiked muscle with roxithromycin at 10 ng/g (C).

Table 1. Recovery and precision of roxithromcyin in various tissues

Spiked tissues Spiked conc. (㎍/ml) Detected conc. (㎍/ml) Recovery (%) Precision (%)

Liver
Kidney
Serum
Muscle
Skin
Adipose tissue
Intestine

0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.074±0.002
0.073±0.010
0.082±0.015
0.075±0.006
0.075±0.016
0.070±0.021
0.077±0.013

74.4±5.6
73.1±9.0
82.0±6.7
75.1±8.7
75.1±8.3
70.3±7.3
77.2±5.4

7.5
12.3
8.2
11.6
11.1

10.47
7.0

Table 2. Concentrat ion of roxithromycin in various t issues obtained at different t ime points after treatment of roxithromcyin
mixed with drinking water (15 mg/L) for 7 days

Mean ± S.D. (㎍/g)

Tissues 0 day 1 day 3 day 5 day 10 day

Liver
Kidney
Small intest ine
Skin
Muscle
Adipose tissue
Serum

0.74±0.53
0.30±0.11
0.05±0.02
0.79±0.24
0.11±0.07
0.16±0.05
0.22±0.13

0.32±0.10
0.15±0.10
0.03±0.02
0.32±0.18
0.08±0.05
0.07±0.02
0.05±0.01

0.07±0.05
0.02±0.04
0.01±0.03
0.05±0.02
0.02±0.01
0.03±0.02
0.01±0.02

0.01±0.0
－
－
－
－
－
－

－
－
－
－
－
－
－

－, not detected or under LOQ.
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difficult to set up analytic condition because the determination
methods by electrochemical detect ion are very sensit ive to
environmental condit ion.

In conclusion, LC/MS with electrospray is a simple, rapid
and effective technique for the determination of roxithromycin
in broiler tissues. The optimal withdrawal t ime of roxi-
trhomycin for edible tissues of broiler is suggested to be 7
days after treatment of roxithromycin mixed with drinking
water at a dose rate of 15 ㎎/L.
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Table 3. Concentration of roxithromycin in various tissues obtained at different t ime points after treatment of
roxithromycin mixed with drinking water (60 mg/L) for 5 days

Mean ± S.D. (㎍/g)

Tissues 0 day 1 day 3 day 5 day 10 day

Liver
Kidney
Small intest ine
Skin
Muscle
Adipose tissue
Serum

2.98±0.85
0.73±0.38
0.32±0.17
0.90±0.42
0.42±0.30
0.55±0.42
0.56±0.09

1.08±0.54
0.31±0.12
0.16±0.06
0.39±0.19

0.210±0.13
0.16±0.15
0.15±0.05

0.08±0.02
0.05±0.03
0.01±0.03
0.07±0.02
0.06±0.01
0.04±0.03
0.04±0.01

0.02±0.01
－
－

0.01±0.03
0.02±0.03
－
－

－
－
－
－
－
－
－

－, not detected or under LOQ.


