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Milbemectin is a widely used veterinary antiparasitic agent. A high-performance liquid chromatography
with fluorescent detection (HPLC–FLD) method is described for the determination of milbemectin in
dog plasma. The derivative procedure included mixing 1-methylimizole [MI, MI-ACN (1:1, v/v), 100 �L],
trifluoroacetic anhydride [TFAA, TFAA-ACN (1:2, v/v), 150 �L] with a subsequent incubation for 3 s at the
room temperature to obtain a fluorescent derivative, which is reproducible in different blood samples
ilbemectin
PLC–FLD
og plasma
erivative

and the derivatives proved to be stable for at least 80 h at room temperature. HPLC method was developed
on C18 column with FLD detection at an excitation wavelength of 365 nm and emission wavelength of
475 nm, with the mobile phase consisting of methanol and water in the ratio of 98:2 (v/v). The assay
lower limit of quantification was 1 ng/mL. The calibration curve was linear over concentration range of
1–200 ng/mL. The intra- and inter-day accuracy was >94% and precision expressed as % coefficient of
variation was <5%. This method is specific, simple, accurate, precise and easily adaptable to measure

ther a
milbemycin in blood of o

. Introduction

Among canine intestinal parasites, Toxocara canis, Echinococ-
us granulosus, Ancylostoma spp., Giardia spp. and Cryptosporidium
pp., have received great attention due to their zoonotic potential
1]. Anthelmintics to those parasites had developed from metals or
lant extracts to phenothiazine, piperazine, thiabendazole and lev-
misole, the benzimidazoles and finally the macrocyclic lactones
include avermectins and milbemycins) [2]. The macrocyclic lac-
ones have selective toxicity to nematodicidal activity and no to
heir mammalian hosts.

Milbemectin (Fig. 1a and b) is a minor member of a group of
nalogues containing a 25-isopropyl substituent was isolated from
treptomyces hygroscopicus subspecies aureolacrimosus, which con-
ists of a mixture of milbemycin A3 and milbemycin A4 at a 30:70
atio [3,4], and the closely related chemical structure toavermectins
5–7] leads to its insecticidal activities against important pests, as
as been found with the avermectins abamectin and emamectin

8–11], it was mainly used as an acaricide/insecticide for plant
rotection [12]. Milbemycin oxime A3 and A4, a related molecule,

aunched as a parasiticide for the control of Dirofilaria immitis [13]
nd other nematodes and arthropods. Members of pharmacology

∗ Corresponding author. Tel.: +86 045155190674.
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lab (NEAU, Harbin China) tested the activity of milbemectin to Tox-
ocara canis, Ancylostoma caninum and Dirofilaria immitis, and it was
effective both in vitro and in vivo. It is necessary to develop a detec-
tion method to study pharmacokinetics of milbemectin in animals.

The most suitable methods at present for determination of ML
residues would appear to be LC fluorescence or LC–MS/MS [14,15].
Although recently a number of LC–MS/MS methods have been
described for the detection of avermectins and milbemycins, the
limit of detection (LOD) and quantification is not more satisfactory
than the fluorescence detection which is still the most commonly
applied detection technique [16–19]. Chou et al. determined milbe-
mectin A3 and milbemectin A4 in bovine muscle [20] and Yoshii and
coworkers developed a simultaneous analytical method for deter-
mining milbemectin in crops [21] using HPLC–FLD. To the best of
our knowledge, the method has not been used in the plasma sam-
ples. The objective of the present work was to develop a HPLC–FLD
method, considering the pre-column derivatization in blood and
fluorescence detection, for the HPLC analysis of milbemycin in dog
plasma.

2. Experimental
2.1. Chemicals and reagents

Milbemectin A3 [10 ng/�L in acetonitrile (ACN)] and A4
(10 ng/�L in ACN) were purchased from Wako Chemicals (Rich-

ghts reserved.
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used as calibrators and three in-house quality control standards
Fig. 1. Structures of milbemectin [milbemycin A4 (a) and milbemycin A3 (b)].

ond, VA, USA), trifluoroacetic anhydride (TFAA) (GC-grade), and
-methylimidazole of analytical-reagent grade, used in the deriva-

ization process, were purchased from Aldrich (Sigma-Chimie, St.
uentin Fallavier, France). HPLC grade ACN and methanol were

rom Merk (Darmstadt, Germany). Deionized water for HPLC was
repared using Milli Q50 (Millipore, Bedford, MA) water purifica-
ion system. Prepacked cartridges (Supelclean LC18, 200 mg, 3 mL)
or solid phase extraction were supplied by Sigma–Aldrich. For the
reparation of in-house quality control and calibration samples,
og plasma was collected from normal dogs.

.2. HPLC chromatographic conditions

Quantitative analysis of milbemectin in dog plasma was per-
ormed using an HPLC–FLD analytical system. The separation of
ompounds was carried out using an Agilent binary system consist-
ng of an Agilent 1200 well plate auto-sampler fitted with a 20 �L
ample loop, a quaternary pump, a column oven and a Model RF551
uorescence detector. Chromatographic software HP ChemStation

as used for data collection and processing. Separations were per-

ormed using elite C18 analytical column, 4 mm × 250 mm (elite,
alian, China) packed with 5 �m particle size.

The fluorescence intensity was measured on a PerkinElmer
uminescence spectrometer equipped with a xenon lamp and a
878 (2010) 2013–2017

Dell model 110 L, computer working with WinLab software. All the
measurements were performed in a 10 mm pathlength quartz cell
thermostated at 25 ± 0.5 ◦C, with 5 nm band-widths both emission
and excitation monochromators.

Four mobile phases were tested for the elution step onto
the analytical column based on acetic acid (0.2%)–methanol–ACN
(8:30:62; v/v/v), 100% methanol, methanol–water (95:5, v/v), and
methanol–water (98:2, v/v). The mobile phases were delivered at a
constant 1.0 mL/min flow. Fluorescence detection was performed
at an excitation wavelength of 365 nm and emission wavelength of
475 nm.

2.3. Extraction and cleanup

Blood samples were centrifuged for 15 min at 3000 rpm, and
the supernatant was filtered through a Minisart plus syringe filter
(0.2 �m pore size, Supelo) to remove remaining blood elements
and high molecular weight proteins. 3 mL ACN was added to 1 mL
of plasma and 1 mL of water, mixing for 20 min, and centrifuging at
2620 × g for 5 min, the supernatant was used.

The supernatant (≤5 mL) was manually transferred into a tube
which was then placed on the appropriate rack of a Benchmate
II (Hopkinton, MA, USA). Automatic sample preparation was per-
formed as follows. Condition of the cartride: the column, positioned
on the holder, was first conditioned with 3.0 mL of methanol and
3.0 mL of water (flow-rate 6 mL/min). Loading of the plasma sam-
ple: all of the supernatant was applied to the cartridge (flow-rate
3.0 mL/min). The cartridge was washed with 2 mL of water fol-
lowed by 1 mL of water–methanol (75:25, v/v) at a flow-rate of
3.0 mL/min before elution, the cartridge was dried with nitrogen for
10 s (flow-rate 6.0 mL/min), then, 3.0 mL of methanol was applied
to the cartridge at a flow-rate of 3.0 mL/min and the elute was
collected.

2.4. Derivatization

The eluate was evaporated to dryness under a gentle stream
of dry nitrogen at 50 ◦C in a water bath. The derivatization was
started by adding 100 �L MI-ACN (1:1, v/v), then 150 �L TFAA-ACN
(1:2, v/v) was added to the mixture, resulting in an exothermic
reaction, coloring of the solution and the release of fumes. Exclu-
sion of daylight for 30 s, the solution was evaporated for 10 min
under a gentle stream of dry nitrogen at 50 ◦C in the water bath,
1 mL mobile phase was added, vortexed for 1 min, filtered through
a Minisart plus syringe filter (0.2 �m pore size, Supelo) to remove
the dopant, transferred into sample vials and analyzed using HPLC
with fluorescence detection. The optimized procedure was tested
in blood samples fortified with 1 ng/mL of milbemectin (milbe-
mycin A3: milbemycin A4 = 30:70). Subsequently, the stability of
the derivatised sample extracts was tested by storing for 80 h at
room temperature with exclusion of daylight.

2.5. Calibration curve

Stock (1000 ng/mL) and substock (500 ng/mL) solutions of
milbemectin (milbemycin A3: milbemycin A4 = 30:70) were pre-
pared in ACN. A total of seven milbemectin concentrations (1, 2,
5, 10, 40, 80, 100, 150, and 200 ng/mL) in drug-free plasma were
(QCs), containing 2, 10 and 150 ng/mL of milbemectin were used to
estimate the accuracy and precision of the assay. All the stock and
diluted stock solutions, calibrators and QC standards were stored
at −80 ◦C until being used.
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ig. 2. Typical chromatograms: (a) blank plasma; (b) standard of milbemectin (mi
ilbemectin(milbemycin A3: milbemycin A4 = 30:70).

.6. Method validation

For selectivity, analysis of blank samples of the biological matrix
blank perfusion) was obtained from six different animals and each
as tested for interference and selectivity was ensured at LOQ level

or the drug.
Quality control samples were prepared by spiking of substock

olution in the blank perfusion fluid. Accuracy was determined at
hree different concentrations of QC samples (2, 40, 150 ng/mL)
ach in five replicates. Similarly, precision was measured using
ve determinations per concentration for all QC samples. Intra-
nd inter-assay precision was measured by determinations at a
articular day and also at three consecutives days.

The analytical recovery of milbemectin was assessed by com-
aring the peak area ratio of QCs extracted from plasma with the
eak area ration of reference standards prepared in the same way
t the stock solution.

Stability of milbemectin after freeze and thaw cycles was deter-
ined at all three QC concentrations in triplicate. The QC samples
ere frozen at −20 ◦C for 24 h and then thawed unassisted for next

4 h, this cycle was repeated three times before analysis. Bench-
op stability of milbemectin in the blank matrix was determined
y holding separate QC samples at above three concentrations and

n triplicate at room temperature for 24 h. Samples were analyzed

hereafter with the same method, and comparing the accuracy
gainst freshly prepared stock solution. Stability of the stock solu-
ion stored at −20 ◦C for seven days and subsequently for 6 h at
oom temperature was also determined. Stock solution was spiked
n blank perfusion fluid as mentioned above to produce three QC
cin A3: milbemycin A4 = 30:70) (5 ng); (c) plasma sample fortified with 5 ng/mL of

concentrations in triplicate and analyzed against the QC samples
prepared from fresh stock solution.

2.7. Application of the method

Tablets of milbemectin (1 mg, tablets were made in pharmacol-
ogy lab of NEAU, China) were used for oral administration in two
healthy beagles (5.1 kg and 5.0 kg) with no clinical sighs of either
acute or chronic illness. The trial was started after an overnight fast
which continued for another 4 h after dosage. Blood samples were
taken by jugular vein puncture 1 h, 2 h and 4 h after administration
of a single dose of 1 mg table. Blood specimens were stored at−20 ◦C
until analysis. After reconstitution, the samples were treated in the
same procedure as for the plasma calibration line.

3. Results and discussion

3.1. Method development

The validation of avermectins [22–24] and milbemycins [25] in
animal blood and tissues has been reported based on microbiol-
ogy, immunoassay, HPLC and liquid chromatography–tandem mass
spectrometry (LC–MS/MS) [26–31]. Only Chou et al. reported deter-
mination of milbemectin A3, and milbemectin A4 residues in bovine

muscle using HPLC with fluorescence detection [20].

In the extraction portion, modified method of De Montigny et
al. [32] was used, while the amounts of ACN, and water or NaCl
were tested. That is protocol A: 1 mL ACN was added to 1 mL of
plasma and 0.25 mL of water; protocol B: 3 mL ACN was added to
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Table 1
HPLC method validation parameters for determination of milbemectin with excita-
tion at 365 nm and emission at 475 nm.

Parameter

Regression equation
Range (ng/mL) 1–200
Slope (±S.D.) 0.12 ± 0.00
Intercept (±S.D.) 0.76 ± 0.33
Regression coefficient 0.9999

Validation Concentration (ng/mL) Accuracy (%) %R.S.D. (CV)

LOQ 1 105.22 3.85

Precision
Intra-assay 2 98.58 1.28

40 99.24 1.52
150 99.67 1.25

Inter-assay 2 94.44 1.42
40 96.42 3.25

150 99.59 2.76

Stability
Freeze–thaw 2 95.06 3.26

40 95.43 1.86
150 97.84 2.33

Bench-top 2 98.96 2.99
40 96.63 1.24

150 95.12 2.25

Stock solution 2 101.15 1.58
40 95.42 4.65

150 97.89 3.32

Table 2
Results of dog plasma samples after administration of tablets. Concen-
trations are expressed in ng/mL ± S.D.

Time (h) Concentration (ng/mL ± S.D.)
016 Q. Xu et al. / J. Chromat

mL of plasma and 1 mL of water; protocol C: 3 mL ACN was added
o 1 mL of plasma and 0.5 g NaCl, mixing for 20 min, and centrifug-
ng at 2620 × g for 5 min. The recovery were protocol B > protocol
> protocol C, so protocol B was selected, 3 mL ACN was added to
mL of plasma and 1 mL of water, mixing for 20 min, and centrifug-

ng at 2620 × g for 5 min, the supernatant was used.
The derivate of milbemectin was stable, the Alvinerie [33]

ethod were used here. This method was easier compared with
hou et al. used for determination of milbemectin A3 and A4 in
ovine muscles, which contained 60 ◦C sand bath for 30 min and
◦C ice bath for 5 min [20].

Mobile phase composition used in the test was methanol–water
98:2, v/v), which was different from the reference [acetic acid (0.2%
n water)–methanol–ACN (4:15:31, v/v/v)] [25], and the two peak
eparate perfectly.

.2. Method validation

Fig. 2a–c shows the typical chromatograms of blank dog plasma
nd a plasma sample collected from a dog 0.5 h after oral admin-
stration of milbemectin (1 mg/kg). The derivatives of milbemectin

as well resolved and had retention times of 10.03 min. There was
o chromatographic interference to the derivatives of milbemectin

rom endogenous compounds or reaction by-products.
Calibration curve for the milbemectin was prepared in the range

f 1–200 ng/mL. These concentration ranges were selected on the
asis of drug concentration anticipated while analyzing the sam-
les in the above conditions, The concentration–peak area relation-
hips were described by simple regression analysis and analytical
rocedure was in a given range to obtain the test results which
ere directly proportional to the concentration (amount) of ana-

yte in the defined range for the samples, i.e. correlation coefficient
f r2 = 0.9992 for the plot of concentration versus response (peak
rea). Standard curve was constructed and regression parameters,
ange, slop and intercept were determined as shown in Table 1.

Accuracy and precision are the closeness between experimen-
al and true value, and closeness amongst experimental value with

ultiple monitoring of same sample, respectively. Both are the
rerequisite for determining the concentration of any unknown
ample concentration. Three concentration level quality control
QC) samples (n = 5) were used to measure accuracy and preci-
ion of the method. The percent recovery with the drug, which is
n indication of accuracy, did not deviate more than 5% from true
alue at all three concentrations with %R.S.D. of 3.25%. All the val-
es are within the limits prescribed by FDA-CDER guidelines for
ioanalytical method validation. %R.S.D. of inter-day and intra-day
f slopes for each standard curve obtained within day (intra-assay)
nd between three consecutive days (inter-assay) proved interme-
iate precision of inter-day and intra-day validation (Table 1). In
onclusion, the method was judged to be accurate and precise for
ntended purpose and minor variation like time and day did not
ffected the analysis.

Determinations at LOQ were found accurate (105.22%) and pre-
ise (3.85%) for milbemectin. All the values complied with the
pecified limits.

Freeze–thaw, storage at room temperature of samples and stock
olution did not affect the stability of the samples. The accuracy and
R.S.D. values for all stability samples are given in Table 1 and all
f them are under the required limits.

.3. Application of the method to real samples
The method was applied to determination of mean plasma con-
entration of milbemectin 1, 2, 4 h after oral administration of
.0 mg of tablets to four healthy dogs. The results of analysis were
iven in Table 2.

[
[
[
[

1 5.7 ± 0.2
2 53.8 ± 2.3
4 93.6 ± 3.4

4. Conclusions

In summary, a simple HPLC–FLD method for the assay of milbe-
mectin in dog plasma has been developed and validated. To our
knowledge, this is the first report of an HPLC method for the anal-
ysis of milbemectin in animal plasma. The proposed HPLC–FLD
method is reliable, free of interference, precise and with a broad
linear range.
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