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An HPLC-MS method has been developed and validated for the quan-
titative determination of milbemycin oxime (MBO) in dog plasma.
The developed method has been then applied in in vivo clinical
studies to obtain pharmacokinetics of MBO in blood after its oral ad-
ministration. Samples were extracted using solid-phase extraction
(SPE). Sample proteins were precipitated with acetonitrile (ACN) and
sodium chloride (NaCl) and then diluted with methanol and water.
Calibration standards were prepared by using plasma matrix and fol-
lowing the same SPE procedure. Chromatographic separation was
performed on a Waters C18 packed column (3.5 mm particles diam-
eter; 3 3 100 mm) with a C18 guard column (3.5 mm particles diam-
eter; 3 3 20 mm). The mobile phase was an 85:15 (v/v) mixed
solution of ACN and 5 mM ammonium acetate. The calibration curve
was linear over a concentration range of 2.0–500 ng/mL with a limit
of quantitation of 2.0 ng/mL. The oral administration of a pellet of
2.5 mg MBO produced blood concentrations ranging from 6.10+++++
0.92 to 78.81+++++4.38 ng/mL within 6 h, with a terminal half-time of
11.66+++++ 0.93 h. This study determined the suitability of the herein
proposed method to investigate the pharmacokinetics of MBO after
oral administration.

Introduction

Milbemycin oxime (MBO) (Figure 1) belongs to the group of

macrocyclic lactones (MLs), isolated from the fermentation of

Streptomyces hygroscopicus var. aureolaccrimosus, which con-

sists of milbemycin A4 oxime and milbemycin A3 oxime at an

80:20 ratio. MBO was discovered by a Sankyo group in 1967, and

the closely related chemical structure to avermectins leds to its

insecticidal activities against important pests, as has been found

with the avermectins abamectin and emamectin, and launched

as a parasiticide for the control of Dirofilaria immitis (1) and

other nematodes and arthropods. MBO, like avermectins and

other milbemycins, increases nematode and insect membrane

permeability to chloride ions via glutamate-gated chloride ion

channels (related to vertebrate GABA and glycine receptors).

This leads to hyperpolarization of the neuromuscular membrane

and flaccid paralysis and death of the parasite (2). And now, MBO

is used as a feline and canine anthelminitic, its efficacy in cats

against heartworms (3) has been recently investigated and

several studies have confirmed its suitability for the control of

Dirofilaria immitis (4), Toxocara canis, Ancylostoma

caninum (5) and Trichuris vulpis (6, 7) and some ectoparasites

(8–10) in dogs. In recent years, MBO has been used with other

anthelmintics, such as lufenuron (11, 12), praziquantel (13), spi-

nosad (14) to treat with Toxocara canis, Baylisascaris procyo-

nis, Toxocara cati and other canine intestinal nematode

parasites.

Even though some collies were reported sensitive to this drug

at higher dosages (15, 16), MBO appears to be safer and asso-

ciated with fewer side effects. Furthermore, the closely similar

structure of MBO to that of avermectins has provided MBO with

excellent parasiticide activities as well as cross resistance. The

wide usage in animal area has made the determination method

of MBO in animal matrix emergency.

The determination of avermectins, such as abamectin, iver-

mectin (17), eprinomectin (18), doramectin and selamectin

(19) and milbemycins (20) such as moxidectin (21) in animal

blood and tissues has been reported based on microbiology and

immunoassay methods, HPLC and liquid chromatography–

tandem mass spectrometry (LC–MS/MS) (22–24). The authors

have developed an HPLC-fluorescnece method for the detection

of milbemycin in dog plasma with a derivativation, which is not

related to this work. And the determination of MBO in animal

blood was reported by ELISA in the 20 century (1); however, the

sensitivity was low. HPLC-MS as a new method for the detection

of drugs has been widely used and, to some extent, added speci-

ficity for the detection of MBO compared with other methods;

however, to the best of our knowledge, the method has not

been used in the plasma samples of MBO.

The objective of the present work was to develop an HPLC-MS

method, considering the SPE for sample preparation and MS de-

tection, for the HPLC analysis and pharmacokinetics of MBO in

dog plasma.

Experimental

Chemicals and reagents

Milbemycin A4 oxime (98%) was purchased from Wako

Chemicals (Richmond, VA, USA). MBO pellets (2.5 mg/tablet)
were obtained from Zhejiang Hisun Pharmaceutical Co. Ltd.

HPLC-grade ACN and methanol were from Merk (Darmstadt,

Germany). Deionized water for LC–MS was prepared using a

Milli Q50 (Millipore, Bedford, MA, USA) water purification

system. Prepacked cartridges (Supelclean LC18, 100 mg, 1 mL)

for SPE were supplied by Sigma-Aldrich (St. Louis, MO, USA). For

the preparation of in-house quality control and calibration

samples, dog plasma was collected from normal dogs. All other

chemicals used in this study were of analytical grade.
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Instruments and analytical conditions

A Finnigan Spectrasystem (Thermo Fisher Scientific Hemel

Hempstead, UK) comprising a Finnigan Spectrasystem P2000

Binary Gradient Pump and a Thermo Separation Products TCP

Spectrasystem AS3000 autosampler was used. The HPLC system

was interfaced with a Finnigan MAT TSQ 7000 triple quadrupole

mass spectrometer (Thermo Fisher Scientific Hemel Hempstead,

UK) operated under the Xcalibur software (version 1.4, Thermo

Electron Corporation, Hemel Hempstead, UK), a 2000-40M air

compressor (JUN-AIR International A/S, Denmark) and a nitro-

gen generator system 75-72 (Parker Hannifin Corp, Kent, UK).

Analyses were carried out using a Waters (Milford, MA, USA)

Xterra C18 (3.5 mm particles diameter; 3 � 100 mm) with C18

guard column (3.5 mm particles diameter; 3 � 20 mm).

The mobile phase was a mixture of ACN at 85% and 5 mM am-

monium acetate at 15%. Themobile phasewas performed at a flow

rate of 0.25 mL/min. Mass spectral analysis for MBO was carried

out using electrospray ionization (ESI) in positive ion mode

(4.8 kV) at a capillary temperature of 3008C, capillary voltage of

29 V and a tube lens of 105 V. For single ion monitoring analysis,

the first quadruple was set to scan for m/s 558.85 and 570.85,

which represented [MH]þ and [MNa]þ, respectively.

In vivo MBO administration

The concentrations of MBO after its oral administration to

beagles 10+1 kg were measured. Blood samples were collected

from each dog before oral administration of the drug. No drug

was detected in the plasma samples collected from any dogs.

For the oral MBO administration, the animals were slightly

anesthetized and received an oral administration of MBO. Blood

samples 1 mL/sample were then collected at the end of adminis-

tration and after 0.5, 1, 1.5, 2, 4, 6, 8, 12, 24, 36 and 48 h. No med-

ications were given to dogs other than MBO. All procedures

were in accordance with the National Institute of Health’s guide-

lines on animal care.

Sample preparation

The blood samples were centrifuged at 2620g for 10 min after

their collection, then 0.8 mL of ACN and 60 mg NaCl were

added to 200 mL of supernatant and vortex mixed for 1 min.

After vortex mixing, the mixture was centrifuged at 2620g for

5 min and the supernatant was used. The supernatant �5 mL

was evaporated by drying in nitrogen flow. Then a 3 mL of

methanol–5 mmol/L of ammonium acetate (1:9) was added into

the tube, vortex mixed and cleaned up by a C18 solid-phase

column extraction. Automatic sample preparation was per-

formed as reference (20). Three milliliters of methanol was

applied to elute the cartridge and the elute was collected and

evaporated by drying in nitrogen flow. Two hundred microlitres

of mobile phase was added and after filtered with a 0.22-mm

nylon membrane, 5 mL was injected for the HPLC–MS analysis.

Method validation

The validation of analytical assay of MBO from plasma extracts

was performed according to current guidelines (25).

Selectivity

Selectivity was investigated by comparing chromatograms of

blank plasma obtained from six dogs with those of correspond-

ing standard plasma sample spiked with MBO and plasma sample

after an oral dose. All the six blank plasma samples were

extracted to ensure the absence of interfering peaks.

Calibration curve

Stock 5000 ng/mL and substock 100 ng/mL solutions of milbe-

mycin A4 oxime were prepared in ACN. A total of eight MBO

concentrations (2, 5, 10, 50, 100, 150, 200, 500 ng/mL) in drug-

free plasma were used as calibrators and three in-house quality

control standards (QCs) containing 5, 150 and 400 ng/mL of

MBO 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 2208C until being used.

Precision and accuracy

Quality control samples were prepared by spiking of substock so-

lution in the blank perfusion fluid. Accuracy was determined at

three different concentrations of QC samples (5, 150, 400 ng/mL)

each in five replicates. Similarly, precision was measured using five

determinations per concentration for all QC samples. Intra- and

interassay precision were measured by determinations on a par-

ticular day and also on three consecutive days.

Recovery

The analytical recovery of MBO was assessed by comparing the

peak area ratio of QCs extracted from plasma with the peak area

ratio of reference standards prepared in the same way at the

stock solution.

Stability

Freeze and thaw stability. The stability of MBO after freeze

and thaw cycles was determined at all the three QC

concentrations in triplicate. The QC samples were frozen at

2208C for 24 h and then thawed unassisted for the next 24 h,

and this cycle was repeated three times before analysis.

Bench-top stability. Bench-top stability of MBO in the blank

matrix was determined by holding separate QC samples at above

three concentrations and in triplicate at room temperature for

24 h. Samples were analyzed thereafter with the same method

and comparing the accuracy against freshly prepared stock

solution.

Figure 1. Structure of milbemycin A4 oxime.
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Stock solution stability. The stability of the stock solution

stored at 2208C for 7 days and subsequently for 6 h at room

temperature was also determined. Stock solution was spiked in

blank perfusion fluid as mentioned above to produce three QC

concentrations in triplicate and analyzed against the QC samples

prepared from fresh stock solution.

Application to pharmacokinetics of MBO

Tablets of MBO (2.5 mg) were used for oral administration in six

healthy dogs with no clinical sighs of either acute or chronic

illness. The trial was started after an overnight fast which continued

for another 48 h after dosage. Plasma samples were taken by

jugular vein puncture after administration of a single dose of a

2.5 mg pellet. Blood specimens were stored at 2208C until analysis.

After reconstitution, the samples were treated in the same proced-

ure as for the plasma calibration line. The dose–time curve was

analyzed by the pharmacokinetic software 3P97, and then fitted by

nonlinear regression and algebra processing. The pharmacokinetic

parameters of each animal were analyzed by 3P97 according to

compartment model, and demonstrated using �x þ SD.

Results

Method validation

The employment of SPE is pivotal to achieving a fast separation

combined with a reliable quantitative determination of MBO in

biological matrix. The peak shape of target compound was char-

acterized by high symmetry. No interfering compounds or loss of

chromatographic efficiency was observed for MBO peaks with

the developed program. Under optimal LC–MS conditions, the

positive ion signals were chosen for larger than the negative ion

signals, which was coincidence with results of David et al. (26).

Scanning mass spectra of milbemycin A4 oxime was shown in

Figure 2 for milbemycin A4 oxime, the m/z 558.85 and 570.85

was chosen as monitoring ion.

Separation and specificity

Protein precipitation could be used for the determination of

many chemical materials; however, it can induce interfering

peaks and general baseline noise and contamination of the LC–

MS system. To provide additional sample cleanup, an SPE method

was developed. Chromatograms obtained from the preparation

of control plasma when using a generic SPE method are shown

in Figure 3a–c, in which the typical chromatograms of blank dog

plasma, plasma fortified with 5 ng/mL of MBO and a plasma

sample collected from a dog 0.5 h after oral administration of

MBO (0.25 mg/kg) are shown.

Linearity

The standard curves showed good linearity over the concentra-

tion range of 2–500 ng/mL (2, 5, 10, 50, 100, 150, 200, 500

ng/mL) for MBO in dog plasma. The concentration ranges were

selected on the basis of drug concentration anticipated while

analyzing the samples in the above conditions, the concentra-

tion–peak area relationships were described by simple regres-

sion analysis and analytical procedure was in a given range to

obtain the test results which were directly proportional to the

concentration (amount) of analyte in the defined range for the

samples. A 1/x weighted least-square linear regression equation

of y ¼ 94.2379x 2 60.4477 was observed with a correlation co-

efficient of r ¼ 0.999551 for the plot of concentration versus re-

sponse (peak area).

Accuracy and precision

Precision was expressed as a coefficient of variance (%CV:

[standard deviation/mean concentration] � 100) of the quality

control samples. Accuracy was determined by calculating the

percentage bias of the quality control samples (%bias ¼

[measured concentration 2 mean nominal concentration] �
100/measured concentration). Interassay variability was

expressed as the accuracy and precision of the mean QC con-

centrations of six separate assays. Intra-assay variability was

determined as the accuracy and precision of the eight individual

QC concentrations within 1 day, which was within the general

assay acceptability criteria for quality control samples (27). The

inter- and intra-assay accuracy and precision was within 10% for

the three concentrations (Table I).

Limits of detection and quantitation

The LOD was calculated by equation 3.3s/S, while for the LOQ

equation 10s/S was used, where s is SD of response from blank

and S is the slope of standard curve (28). LOQ was further con-

firmed by analyzing the blank perfusate spiked with the com-

pound at the same concentration as described in specificity and

selectivity procedure. The lower and upper limits of quantification

(LQC and (HQC) were arbitrarily set as the bottom (2.0 ng/mL)

and top (500 ng/mL). The LODwas 0.8 ng/mL for this assay.

Recovery

MBO recovery for plasma fortified 5, 150 and 400 ng/mL of MBO

was 89%+2%, 91%+3% and 92%+4%, respectively (n ¼ 6).

Stability

Determination of MBO stability following showed that for all QC

samples, freeze–thaw, storage at room temperature of samples

and stock solution had no significant impact on the MBO con-

centrations measured (Table II).Figure 2. Scanning mass spectra of milbemycin A4 oxime.
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Quantification of dog samples

Figure 4 reports the plasma MBO concentrations detected in

dog following oral administration of a 0.25 mg/kg dose of the

drug. No drug was detected in the plasma samples collected

before MBO administration or collected from dogs that did not

receive the drug. The peak concentration obtained at the end of

the infusion process was 79.33+5.08 ng/mL, and then the

values decreased with a terminal half-life of 11.09+0.54 h, as

calculated by the terminal portion of the semilogaritmic plot

reported in inset of Figure 4.

Discussion

There was little method reported about MBO detection in

animal plasma (1), and here a validated, accurate, precise and

sensitive LC–MS method has been developed for the detection

of MBO in dog plasma. HPLC–MS allows added specificity for

the detection of MBO compared with that obtained with HPLC.

None of the MBO ions was detected at any time in extracted

drug-free plasma samples.

The final composition of the mobile phase was a mixed solu-

tion of ACN and 5 mM ammonium acetate (85:15, v/v).
Increasing the percentage of the ammonium acetate in the

mobile phase enhanced peak symmetry. Ammonium acetate

with pH in the range of 3–6 was tested. Peak symmetry

increased with decreasing pH of buffer, while simultaneously

the retention times of analyte were shortened. Eventually, 5 mm

ammonium acetate was chosen as a compromise between the

discussed parameters. Separation of the analyte acquired a run

time of 3 min.

Figure 3. (a) Typical chromatograms of blank dog plasma. (b) Plasma sample fortified with 5 ng/mL of MBO. (c) Plasma sample collected from a dog 0.5 h after oral administration
of MBO (0.25 mg/kg).

Table I
Inter- and Intra-Assay Precision and Accuracy for the Measurement of MBO in Dog Plasma as

Determined by HPLC-MS

Nominal concentration
(ng/mL)

Accuracy (%biasa;
mean+ SD)

Precision (%CVb; mean measured
concentration)

Intra-assay Interassay Intra-assay Interassay

5.0 4.2+ 2.1 4.0+ 1.9 5.1+ 0.3 (5.9) 5.0+ 0.2 (4.0)
150.0 3.5+ 2.3 3.1+ 2.0 148.7+ 7.6 (5.1) 147.4+ 5.6 (3.8)
400.0 3.2+ 2.7 2.8+ 1.9 407.3+ 17.9 (4.4) 403.9+ 14.5 (3.6)

Table II
MBO Concentrations (ng/mL) Were Determined in Freshly Spiked Dog Plasma, for 6 Months at

Freeze, for 12 h at Ambient Temperature and three Freeze–Thaw Cycles (2808C Cycles/Room

Temperature)

Treatment Low
concentration

P-value Medium
concentration

P-value High
concentration

P-value

Untreated 4.93+ 0.15 – 147.2+ 6.0 – 404.1+ 14.4 –
6 months at
freeze

4.97+ 0.21 0.519 148.8+ 5.9 0.956 403.5+ 15.1 0.884

12 h at
ambient
temperature

5.00+ 0.26 0.275 152.2+ 7.5 0.522 408.6+ 12.8 0.918

3� freeze/
thaw

4.83+ 0.06 0.184 149.2+ 10.5 0.465 403.3+ 28.2 0.297

Figure 4. Plasma MBO pharmacokinetic profiles in six dogs receiving MBO (0.25 mg/
kg PO).
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Early methods for the seperation of MLs from plasma usually

involved extensive cleanup based on different combinations of

liquid–liquid extraction (LLE), liquid–liquid partitioning (LLP)

and sorbent chromatography. We extracted MBO using aceto-

nitrile/water before purifying on a C18 SPE catridges. The C18

column was selected for the assay because it exhibited excellent

peak shape and had sufficient response for MBO. The rapid and

easy sample treatment by precipitation as well as the short

runtime of the assay 3 min allows rapid sample processing and

analysis.

Conclusions

An HPLC-MS method for the quantification of MBO in samples

obtained by SPE extraction from 200 mL dog plasma has been

successfully applied to determine MBO in plasma extracts and

its pharmacokinetics was evaluated after oral administration to

dogs. The herein propose method takes the advantage of lower

LOQ without negatively affecting its use for clinical pharmacoki-

netic studies. Satisfactory sensitivity and specificity of the assay

are addressed, together with a fully reliable HPLC-MS method of

analysis characterized by good linearity, accuracy and precision.
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