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Abstract A simple method using high-performance
liquid chromatography and fluorescence detection is
presented for the simultaneous determination of the anti-
parasitic agents avermectins (abamectin, ivermectin and
doramectin) in bovine liver. Samples were extracted using
acetonitrile and cleaned up on an alumina SPE column and
derivatized with trifluoroacetic anhydride. The derivatives
were detected using fluorescence detector set at 365 nm
excitation and 475 nm emission wavelengths. As the
results, the limit of quantification for three avermectins was
about 1 pg/kg. Inter-assay showed the mean recoveries of
avermectins in bovine liver ranged from 72% to 81%, with
RSD less than 9.9%.
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The Avermectins were originally isolated from cultures of
Streptomyces avermitilis. They are used in the treatment of
food producing animals by virtue of antiparasitic effects.
They are highly effective at extremely low dose levels
(0.2-0.5 pg/kg) against nematode and arthropod species in
cattle, sheep, pigs and horses. They are not mutagenic or
carcinogenic but may be embryotoxic in laboratory animal
test. In China (Regulation No. 235, 2002) and in EU
(Council Regulation EEC No. 2377/90, 1990), the Maxi-
mum Residue Limits (MRL) of avermectins in tissues
ranged from 10 to 100 pg/kg depending on the species. A
number of analytical methods for the determination of
avermectins in animal plasma have been described mostly
using high-performance liquid chromatography (HPLC)
and fluorescence detection (Prieto et al. 2003; Pierre et al.
1990). In general, a chemical dehydration of the parent
drug with trifluoroacetic acid and a basic catalyst (such as
methylimidazole) is adapted for routine monitoring their
residues in tissues. Although recently liquid chromatogra-
phy-tandem mass spectrometry (LC-MS/MS) methods
have been described for the analysis of avermectins (David
2007), fluorescence detection is still the most commonly
applied detection technique with respect to the limit of
detection and quantification.

Most of the previous HPLC methods with fluorescence
detection needs complicate clean-up procedures using C-18
SPE cartridges or using more than two SPE cartridges in
order to avoid matrix interferences. Liver is the target
tissue for avermectins residue control in cattle, however
determination of nitromidazoles residue in liver is more
difficult than plasma due to liver’s biological complexity.
Our objective was to develop a rapid analytical method for
the simultaneous determination of residues of three aver-
mectins (abamectin, ivermectin and doramectin) in bovine
liver.
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Materials and Methods

Acetonitrile was HPLC grade and was obtained from
Merck (Darmstadt, Germany). Trifluoracetic anhydride
was analytical grade and obtained from Sigma (St Louis,
MO, USA). N-methylimidazole (99%) was purchased from
ACROS (NJ, USA) and methanol was from Fisher (NJ,
USA). Water was purified using a Mill-Q system (Milli-
pore, USA). Solid phase extraction cartridges (Sep-pak
aluminum B, 3CC 500 mg) were obtained from Waters
(Milford, MA, USA).

Abamectin, ivermectin and doramectin (all >98%) were
provided by Sigma (St Louis, MO, USA). Standard stock
solutions of abamectin, doramectin, ivermectin (all at
1 mg/mL) were prepared in methanol. All standard stock
solutions were stored at —20°C. A working standard
solution (1 mg/L. of abamectin, doramectin, ivermectin)
was prepared from the standard stock solution, on the day
of use. The working standards were taken to dryness under
nitrogen, derivatized and injected onto the HPLC as
described below.

Bovine liver (2 g) was homogenized on a T-25 basic
mixer (IKA Germany) at 6000 rpm for 3 min and 6 mL
acetonitrile was added to 2 g of homogenized liver in a
tube. The tubes were stirred on an MS2 minishaker (IKA
Germany) for 3 min and centrifuged for 5 min at
7,000 rpm. The acetonitrile extract was applied to an alu-
minum B cartridge which had previously been conditioned
by irrigation with acetonitrile (4 mL). The extract was
loaded at a flow rate of about 1 mL min~' and the eluate
was collected in a 10 mL tube. Then the cartridge was
washed with 3 mL acetonitrile and the eluate was also
collected in the tube. All of the eluate was evaporated to
dryness with a stream of nitrogen on an Nitrogen evapo-
rator (N-EVAP, USA) under 50°C, and then dried in an
oven set at 50°C for 20 min in order to avoid the inter-
ference of water to derivatization procedure.

The dry residue was resuspended in 100 pL of a mixture
of N-methylimidazole solution in acetonitrile (1:1, v/v) and
subsequently 150 pL of a solution of trifluoroacetic anhy-
dride in acetonitrile (1:2, v/v) was added. All the tubes
were added 750 pL. methanol and mixed, the solutions
were transferred to autosampler vials and the vials were
kept protected from sunlight until the injection. HPLC
analyses were carried out within 6 h to avoid the degra-
dation of the fluorescent derivatives.

The HPLC system consisted of a model 600 HPLC
pump with a model 717 autosampler and model 474 fluo-
rescence detector. The separation was carried out on a
Novapak C18 analytical column (150 x 3.9 mm id), and
equipped with pBondapak C18 guard column (Waters).
The column oven temperature was 30°C, the flow rate was
1.0 mL/min, and the injection volume was 50 pL. The
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excitation and emission wavelengths were set at 365 and
475 nm, respectively.

Results and Discussions

The method was found to be suitable for the separation of
the three avermectins (Figs. 1, 2, 3). This mobile phase
gave baseline separation of the analytes, with the elution
order of abamectin, doramectin and ivermectin.

Linearity of the detector response was checked from a
set of eight working standards ranging in concentration
from 2.5 to 200 pg/L. Calibration curves were prepared by
plotting the peak area versus the analyte concentration,
least-squares linear regression analysis was used to deter-
mine the slope. The curves were found to be linear over
this range (** = 0.999).The limits of detection in the HPLC
system using the fluorescence detector were determined
from representative blank samples. It was equal to three
times signal-to-noise. The limit of quantification for the
method was 1 pg/kg. Repeatability was determined by the
analysis of five samples within a single run, reproducibility
was determined by analyzing samples on five different
days by different analysts to evaluate the run-to-run vari-
ation in the method. Accuracy was determined with the
data from the repeatability assays (intra-assay variation).
The extraction recovery of avermectins from bovine liver
was determined at low (1 pg/kg), medium (2 pg/kg) and
high (5 pg/kg) concentrations by comparing the ratios of
standards in bovine liver after extraction (standard sam-
ples) with the ratios of standard spiked samples (standards
in methanol, considered as 100% recovery). The specificity
of the method was determined by comparing the chro-
matograms of drug-free bovine plasma samples with the
chromatograms of bovine liver with ivermectin and bovine
liver with abamectin, and bovine liver with doramectin.
Intra-assay results showed the mean recovery of the ana-
lytes was between 81% and 93%. RSD were typically at
less than 7.1% (Table 1). Inter-assay results showed the
mean recovery of analytes was between 72% and 81% with
RSD at less than 9.9% (Table 2).

The lack of interferences in the separation suggests a
high specificity of the chromatographic method and a good
selectivity of the extraction procedure. In this study, basic
aluminum SPE cartridges were used instead of C-18 SPE
cartridges commonly appeared in previous methods. It
must be mentioned that the application of basic aluminum
SPE cartridges at least provided two advantages, firstly,
interferences from complex matrix, e.g., liver, kidney and
fat were avoided. Secondly, the new method provided
higher efficiency, the tedious SPE cleanup procedure was
shortened from at least five steps to three steps. It should be
noted that the presence of trace water in derivatization
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Fig. 1 Chromatograms of
standards with 50 pg/kg of
abamectin, doramectin and
ivermectin (the three peaks
are abamectin, doramectin and
ivermectin in sequence)

Fig. 2 Chromatograms of
bovine liver extracts fortified
with 0 pg/kg of abamectin,
doramectin and ivermectin

Fig. 3 Chromatograms of
bovine liver extracts fortified
with 50 pg/kg abamectin,
doramectin and ivermectin
(the three peaks are abamectin,
doramectin and ivermectin

in sequence)

Table 1 Intra-assay variation for the recovery of the analytes from

bovine liver
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Table 2 Inter-assay variation for the recovery of the analytes from

bovine liver

Analyte Fortification Recovery (%) Analyte Fortification Recovery (%)

level ngfke Mean =+ s RSD level pglke Mean =+ s RSD
(n=15) (n=75)

Abamectin 1 82 +52 6.3 Abamectin 1 75 £72 9.6
2 81 £45 55 2 76 £ 7.1 9.3
5 89 + 4.1 4.6 5 81 £ 6.1 7.5

Doramectin 1 86 £ 5.5 6.4 Doramectin 1 72 £ 7.1 9.9
2 85 £ 5.1 6.0 2 75 £ 6.1 8.1
5 90 + 4.6 5.1 5 83 £ 6.0 7.2

Ivermectin 1 91 £ 6.5 7.1 Ivermectin 1 70 £ 6.5 9.3
2 93 £6.2 6.7 2 73 £ 6.2 8.5
5 93 £ 4.1 44 5 80 £ 5.0 6.3
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should be avoided, or it might produce the hydrolysis of the
trifluoroacetylated derivatives and lead to the formation of
more polar products, which could be seen from the pres-
ence of interfering peaks on the chromatogram.

The limits of quantification were validated at 1, 2, and
5 pg/kg. The good and reproducible recoveries obtained
for all the analytes at different fortification levels, clearly
show that the method is applicable to determine aver-
mectins residues in liver.

In the proposed method, the sample preparation and
extraction procedure is simple, rapid and quantitative. The
technique uses a small sample size and has a minimum
number of steps which requires minimum amounts of
solvents. No extensive sample clean-up procedure is
required. The method described is sensitive, precise and
accurate. It meets the requirements of methods used for
monitoring drug residues in animal tissues (Decision
93/256/EEC) and a technician can easily perform for 30
samples a day.

Acknowledgements Funding supports from Natural Science
Foundation of China (20621703) and the Foundation of Ministry of

@ Springer

Science & Technology of China (2002BA906A75) are gratefully
acknowledged.

References

Regulation No. 235 (2002) Ministry of Agriculture, People’s Repub-
lic of China, 24 Dec, Maximum residue limit in food of animal
origin

Council Regulation (EEC) No. 2377/90 of 26 June 1990 (1990)
Maximum residue limits of veterinary medicinal products in
foodstuffs of animal origin. Off J] Eur Commun L.224:1

David AD (2007) Positive and negative electrospray LC-MS/MS
methods for quantitation of the antiparasitic endectocide drugs,
abamectin, doramectin, emamectin, eprinomectin, ivermectin,
moxidectin and selamectin in milk. J Chromatogr B 850:134—
146. doi:10.1016/j.jchromb.2006.11.014

Pierre M, Shim Jung-Sook K, Pivnichny James V (1990) Liquid
chromatographic determination of ivermectin in animal plasma
with trifluoroacetic anhydride and N-methylimidazole as the
derivatization reagent. J Pharm Biomed Anal 8:507-511. doi:
10.1016/0731-7085(90)80060-3

Prieto JG, Merino G, Pulido MM, Estevez E, Molina AJ, Vila L,
Alvarez Al (2003) Improved LC method to determine ivermectin
in plasma. J Pharm Biomed Anal 31:639-645. doi:10.1016/
S0731-7085(02)00720-3


http://dx.doi.org/10.1016/j.jchromb.2006.11.014
http://dx.doi.org/10.1016/0731-7085(90)80060-3
http://dx.doi.org/10.1016/S0731-7085(02)00720-3
http://dx.doi.org/10.1016/S0731-7085(02)00720-3

	Rapid Method for Multi-Residue Determination of Avermectins �in Bovine Liver Using High-Performance Liquid Chromatography with Fluorescence Detection
	Abstract
	Materials and Methods
	Results and Discussions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


