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Doramectin (DRM) is a broad spectrum macrocyclic lactone antiparasitic drug not approved for use
in dairy animals. However, DRM and other endectocide compounds are widely used extra-label to
control endo- and ectoparasites in dairy sheep. The plasma disposition kinetics and the pattern of
DRM excretion in milk were characterized following its subcutaneous administration to lactating dairy
sheep. DRM concentration profiles were measured in plasma and milk samples after validation of a
specific HPLC-based methodology. DRM was detected between 1 h and 30 days post-treatment.
DRM concentrations of 0.48 ng‚mL-1 (plasma) and 1.03 ng‚mL-1 (milk) were measured at 30 days
post-treatment. DRM was extensively distributed from the bloodstream to the mammary gland, and
large concentrations were excreted in milk. The peak concentrations and total amount of DRM
recovered in milk (expressed as area under the concentration versus time curve) were 3-fold higher
than those measured in plasma; 2.44% of the total DRM dose was excreted in milk. The long
persistence of DRM milk residues should be seriously considered before its extra-label use in dairy
animals is recommended.
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INTRODUCTION

The avermectins and milbemycins (16-membered macrocyclic
lactones) are naturally occurring compounds produced by
fermentation of soil-dwelling actinomycetes. The presence of
a cyclohexyl group at the C25 position characterizes doramectin
(DRM), an avermectin-type compound obtained by mutational
biosynthesis ofStreptomyces aVermitilis (Figure 1). DRM is
an endectocide compound with exceptional potency and a broad
antiparasitic spectrum (nematodes and arthropods) of activity
(1). This compound is largely used worldwide to control endo-
and ectoparasites in livestock animals (2).

The plasma pharmacokinetic behavior of different endectocide
molecules in different animal species has been extensively
investigated. Animal species (3), animal breeds (4), nutritional
condition and dietary management (5, 6), type of drug formula-
tion (7, 8), and route of administration (9, 10), among many
other factors, have been shown to affect the kinetic disposition
of endectocides in livestock animals. More recently, the
reversible exchange of ivermectin, moxidectin, and DRM
between the bloodstream and different tissues has been shown
in cattle. DRM is a highly lipophilic compound, which has been
shown to extensively distribute from plasma to different tissues,
particularly those with the highest fat content (11). Furthermore,

evidence of the important recycling of DRM between the
bloodstream and the digestive tract in sheep has been reported
(12).

Endectocides are distributed throughout the body by the
circulating blood and diffuse to target tissues to exert systemic
antiparasitic effects, reaching other nontarget tissues such as
the mammary gland. Drug concentrations attained in different
tissues depend on the ability of the drug to penetrate the capillary
endothelium and diffuse across biological membranes of lipid
nature (13). The relationship between drug concentrations
attained in the mammary gland and those in the bloodstream
will depend on the degree of ionization of the drug in both milk
and plasma, its lipid solubility, and the extent to which the drug
binds to the milk and plasma proteins. In general, only the
unbound, nonionized lipid-soluble molecules reach the mam-
mary gland and are excreted in milk (13, 14).

Dairy sheep in intensive milking systems are subjected to
high production pressure, which is associated with an enhanced
vulnerability to parasitic infection (15). Although different
management strategies are used to prevent or minimize produc-
tion losses, the use of antiparasitic drugs is still the main control
measure available against parasitism in lactating dairy sheep.
The use of strategic anthelmintic treatments in dairy animals
has been correlated with a significant enhancement in milk
production in both dairy sheep and cattle (15-17). However,
the implementation of anthelmintic treatments in lactating
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animals is still controversial, largely due to the potential negative
impact of drug/metabolites excreted in milk destined for human
consumption.

The patterns of milk excretion for ivermectin (18, 19) and
moxidectin (20, 21) have been characterized in different
ruminant species. Pour-on formulations of eprinomectin and
moxidectin are currently approved for use in dairy cattle in some
countries. Injectable and oral preparations of ivermectin and
DRM are used in an extra-label mode in dairy animals, although
their administration to lactating animals has not been authorized.
The extra-label use of different endectocide compounds in dairy
sheep is well-known. Nevertheless, a possible unapproved use
should be considered to take advantage of the benefits obtained
in controlling endo- and ectoparasites, particularly mange
infections that represent one the most serious health concerns
for dairy sheep farmers (22). However, the use of unapproved
endectocides in dairy animals should be made with care and
compatible with the production of high-quality milk and, more
importantly, with consumer health.

Antiparasitic drugs are required to achieve an acceptable
parasite control in dairy animals. Thus, there is a need for further
investigation on drug distribution and elimination by milk to
implement rational and pharmacokinetic-based antiparasitic
treatments in dairy animals. Such information should be helpful
to recommend parasite control strategies compatible with the
safety of the produced milk to the consumer. The relationship
between plasma disposition and the pattern of DRM excretion
in milk in lactating dairy sheep is reported here.

MATERIALS AND METHODS

Experimental Animals, Treatments, and Sampling.Five female
Pampinta dairy sheep (cross-breed 3/4 Milchschaf and 1/4 Corriedale)
with an average weight of 92 kg were used. The animals were kept
under field conditions during the whole experimental period. The health
of the animals was closely monitored prior to and throughout the trial.
Dairy sheep were milked twice a day with a milking machine, and
milk production was measured prior to and throughout the trial. The
average milk production during the trial was 640 mL‚day-1.

Doramectin was given by subcutaneous (sc) injection in the shoulder
area at 200µg‚kg-1 using a commercially available formulation
(Dectomax 1%, Pfizer, Sanidad Animal, Buenos Aires, Argentina; lot
704-54004 B) for use in cattle. Neither pain nor irritation was observed
at the site of injection at any time after treatment.

Blood samples were taken from the jugular vein in heparinized
vacutainer tubes (Becton Dickinson Vacutainer Systems, Franklin

Lakes, NJ) prior to treatment and at 12 h and 1, 2, 3, 4, 5, 7, 9, 11, 15,
20, 25, 30, and 35 days post-treatment. Milk samples were collected
in vials from each sheep prior to treatment and at 1, 4, 8, and 12 h and
1, 2, 3, 4, 5, 7, 9, 11, 15, 20, 25, 30, and 35 days post-treatment. The
blood samples were centrifuged at 2000g for 20 min, and the recovered
plasma was transferred to plastic vials. Plasma and milk samples were
frozen at-20 °C until analyzed.

Analytical Procedures. The extraction procedures and chromato-
graphic conditions to quantify DRM in fortified and experimental
samples (plasma and milk) were carried out following modifications
of a previously described method (23). Detailed information on the
chromatographic procedures, including the use of abamectin (ABM)
as internal standard to quantify DRM in plasma and milk, is described
below.

Drug Extraction and Derivatization. Drug-free plasma and milk
samples (1 mL) were fortified with DRM (lot 4E139-54QCS-06) to
reach the following final concentrations: 0.1, 0.25, 1, 2, 5, 10, 20, 50,
and 100 ng‚mL-1. Standard solutions of DRM were prepared by
successive dilutions in methanol from the parent stock solution (1
mg‚mL-1) and stored at 4°C. The fortified and experimental plasma
and milk samples were added with 100µL of ABM as internal standard
(100 ng‚mL-1). Acetonitrile (1 mL) was added to each tube containing
1 mL of plasma or milk sample. After thorough mixing for 15 min,
the batch of tubes was centrifuged at 2000g for 20 min. The supernatant
was collected, and the extraction and cleanup processes were performed
manually using a Lichrolut vacuum manifold (Merck, Nogent-Sur-
Marne Cedex, France) and Supelclean LC 18 cartridges (Supelco,
Bellefonte, PA). The cartridges were previously conditioned with 2
mL of methanol and 2 mL of water, and the plasma or milk sample
(supernatant) was passed through them. Cartridges were washed with
1 mL of water followed by 1 mL of water/methanol (4:1) and then
dried off for 5 min, and the sample was eluted with 1.5 mL of methanol
and collected. The elution was evaporated to dryness under a gentle
stream of nitrogen at 60°C in a water bath.

Doramectin is a nonfluorescent molecule; therefore, a derivatization
process is needed to make it fluorescent. The dry residue of the elution
was dissolved with 100µL of N-methylimidazole (Sigma, St. Louis,
MO) solution in acetonitrile (1:1) and 150µL of trifluoroacetic
anhydride (Sigma) solution in acetonitrile (1:2) (24). After the reaction
took place, an aliquot (100µL) of this solution was injected directly
into the chromatographic system.

Chromatographic Conditions. One hundred microliters of each
sample was injected into the Shimadzu LC-10 AS HPLC system
(Shimadzu Corp., Kyoto, Japan) fitted with a Selectosil C18 (5 µm,
250× 4.60 mm) reverse phase column (Phenomenex, Torrance, CA)
and a fluorescence detector (Shimadzu, RF 551) set at an excitation
wavelength of 365 nm and an emission wavelength of 475 nm. The
mobile phase was composed of acetic acid (0.2%), methanol, and
acetonitrile 6:40:54 v/v/v at a flow rate of 1.5 mL‚min-1. DRM and

Figure 1. Chemical structure of doramectin [25-cyclohexyl-5-O demethyl-25-de (1-methylpropyl) avermectin B1].
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ABM retention times were determined after chromatographic analysis
of pure reference standards. The areas under the peaks were calculated
using the integrator software (class LC 10 software 1.2, Shimadzu) of
the HPLC system. The solvents used for sample extraction and drug
analysis were of HPLC grade (Baker, Phillipsburg, NJ).

Method Validation. A complete validation of analytical procedures
for the extraction and quantification of DRM was performed before
the start of the analysis of experimental samples from the pharmaco-
kinetic trial. Calibration lines for DRM in the ranges of 0.1-5 and
5-100 ng‚mL-1 were prepared using pooled drug-free plasma and milk.
Calibration lines were plotted using the peak area ratios between each
analyte and the internal standard. The data were analyzed for linearity
using a linear least-squares regression analysis, using the Run Test and
ANOVA to detemine if the data differed from a straight line. The
extraction efficiency (recovery) of the drug under study was measured
by comparison of the peak areas from spiked plasma and milk samples
with the peak areas resulting from direct injections of standards in
methanol, carried through the derivatization procedure. The recoveries
of DRM from sheep plasma and milk samples were obtained at 0.1,
0.5, 10, and 50 ng.mL-1, using three replicates for each drug
concentration. The interday precision of the extraction and chroma-
tography procedures was evaluated by processing four replicate aliquots
of pooled sheep plasma and milk samples containing known amounts
of DRM (2 and 20 ng‚mL-1) on different working days. The accuracy
of the analytical method was estimated both in plasma and in milk at
DRM concentrations of 0.1, 10, and 50 ng‚mL-1. The coefficient of
variation (CV) for recovery and interday precision of the method were
calculated (25). The limit of detection (LOD) was established by HPLC
analysis of blank plasma and milk samples (n ) 5) fortified with the
internal standard and measurement of the baseline noise at the time of
retention of the DRM peak. The mean baseline noise plus 3 standard
deviations was defined as the theoretical LOD. The limit of quantifica-
tion (LOQ) was defined as the lowest concentration that can be
measured with acceptable precision (CV< 20%) and accuracy ((20%)
(26).

Drug Quantification. Pharmacokinetic and Statistical Analyses
of the Data.Drug concentrations in experimental samples (plasma and
milk) were determined by HPLC calculating the ratio between the areas
under the peaks of DRM and ABM (internal standard) using the CR10
software (Shimadzu) and interpolating these areas on the calibration
lines prepared for each biological matrix (plasma and milk). The
statistical program (Instat 3.0, GraphPad Software Inc., San Diego, CA)
was used for linear regression analyses and linearity tests.

The plasma and milk concentration versus time curves obtained after
treatment in each individual animal were fitted with the PK Solution
2.0 (Ashland, OH) computer program. Pharmacokinetic parameters were
determined using a noncompartmental method. The peak concentration
(Cmax) and time to peak concentration (Tmax) were read from the plotted
concentration-time curves in each individual animal. The terminal half-
life (T1/2 el) and absorption half-life (T1/2 ab) were calculated as ln 2/λz

and ln 2/kab, respectively, whereλz is the elimination rate constant and
kab represents the first-order absorption rate constant. The appearance
half-life (T1/2 app) for DRM in milk was estimated as ln 2/kapp, kappbeing
the rate constant for the appearance of the drug in milk. Thekab and
kapp rate constants were estimated using the method of residuals.λz

was determined by performing regression analysis using at least five
points of the terminal phase of the concentration-time plot. The areas
under the concentration-time curves (AUC) were calculated by the
trapezoidal rule (27) and further extrapolated to infinity by dividing
the last experimental concentration by the terminal slope (λz). Statistical
moment theory was applied to calculate the mean residence times
(MRT) for DRM as follows: MRT) AUMC/AUC, where AUC is as
defined previously and AUMC is the area under the curve of the product
of the time and drug concentration versus time from zero to infinity
(27). The DRM plasma and milk estimated pharmacokinetic parameters
are reported as mean( standard error of the mean (SEM). The
Kolmogorov-Smirnov test was employed to verify the normal distribu-
tion of the data, and the unpairedt test was used to estimate the
differences between kinetic parameters obtained in plasma and milk.
Values were considered to be significantly different atP < 0.01.

RESULTS AND DISCUSSION

The analytical procedures, including chemical extraction,
derivatization, and HPLC analysis of DRM in sheep plasma
and milk, were validated appropriately. Typical chromatograms
of drug-free and DRM-fortified (b) plasma samples are shown
in Figure 2. Retention times were 12.05 min (ABM, used as
internal standard) and 14.5 min (DRM).Figure 3 shows
chromatograms of drug-free (a) and DRM-fortified (b) milk
samples, where retention times were 12.1 and 14.7 min for ABM
and DRM, respectively. The linear regression lines for DRM
showed high correlation coefficients for each concentration
range investigated (r ) 0.999), and the departure from linearity
was not statistically significant.

DRM recovery percentages ranged between 72.2 and 98.7%
(plasma) and between 68.0 and 83.6% (milk). The estimated
LODs were 0.03 ng‚mL-1 (plasma) and 0.02 ng‚mL-1 (milk).
The LOQ was 0.1 ng‚mL-1 with a CV e7% and an accuracy
e11% in both biological fluids under study. Accuracies were
e9% (plasma) ande11% (milk) at the different concentrations
analyzed. The interday precision of the analytical procedures,
obtained after HPLC analysis of DRM-spiked standards (2 and
20 ng‚mL-1) on different working days, showed a CV between
4.15% (milk) and 6.30% (plasma), which is analytically
considered as highly satisfactory. The results of the complete
validation of the analytical method developed to measure DRM
in plasma and milk are summarized inTable 1. The results
obtained in this validation procedure ensure that a reliable
method for the detection of DRM residues in sheep plasma and
milk at concentrations as low as 0.1 ng‚mL-1 is available. The
development and testing of an HPLC method to quantify DRM
residual concentrations may help the milk industry work with
safe residue levels in dairy products, as well as for the

Figure 2. HPLC chromatograms of blank (a) and doramectin (DRM)
fortified (10 ng‚mL-1) sheep’s plasma samples (b). ABM ) abamectin
(internal standard).

Figure 3. HPLC chromatograms of blank (a) and doramectin (DRM)
fortified (10 ng‚mL-1) sheep’s milk samples (b). ABM ) abamectin (internal
standard).

Disposition of Doramectin Residues in Sheep’s Milk J. Agric. Food Chem., Vol. 51, No. 10, 2003 3187



application to in vivo pharmacokinetic trials. However, mass
spectral analysis may be required to undertake proper drug/
metabolite identification in tissue residue analysis.

Using the described methodology, DRM was detected in both
plasma and milk samples as early as 1 h after its sc administra-
tion to lactating dairy sheep. Mean DRM concentrations greater
than 0.45 ng‚mL-1 (plasma) and 1.00 ng‚mL-1 (milk) were
measured at 30 days post-treatment. The plasma and milk
concentration profiles measured after sc administration of DRM
are compared inFigure 4. A delayed absorption of DRM was
reflected in theTmax values obtained in plasma, which were
attained at 2 days post-treatment. The low water solubility of
DRM, its formulation in nonaqueous formulation, and its
deposition in subcutaneous tissue favor a slow absorption from
the site of injection, which accounts for its prolonged residence
in the bloodstream and the detection of sustained high tissue
concentrations in cattle (11). The oil-based formulation of DRM
and, perhaps, a slow metabolic rate due to the presence of the
cyclohexyl group at C25 (1) may contribute to the high plasma
availability (AUC) and large excretion in milk observed in the
current trial. The kinetic parameters summarizing the disposition
of DRM from plasma and milk are presented inTable 2.

The plasma availability of DRM obtained after its sc
administration in lactating dairy sheep differs from that reported
in cattle (23, 28) nondairy sheep breeds (29), and goats (30).
The plasma AUC value (217( 17.2 ng‚day‚mL-1) was lower
than those reported for DRM in cattle (between 511 and 627
ng‚day‚mL-1) and sheep (404 ng‚day‚mL-1) and higher than
that reported in goats (102 ng‚day‚mL-1). These differences
among species are not surprising considering the number of
factors that have been shown to affect the disposition kinetics
of endectocide compounds in ruminants. The larger size, greater
body weight, and higher fat content of the dairy sheep used in
this trial compared to other sheep breeds (29) may account for
the differences observed in drug availability and/or disposition
from the bloodstream. Similarly, a prolonged detection of higher
moxidectin tissue residue levels was observed in sheep with
higher fat content and greater body weight (31).

The milk residues of DRM increased progressively to reach
a peak concentration of 79.8( 14.9 ng‚mL-1 at 3.0 days post-
treatment. The concentrations of DRM measured in milk were
greater than those recovered in plasma at all of the sampling
times. The kinetics of DRM excretion in milk of sheep differs
from that reported in goats (21). Total DRM availability in milk
(AUC ) 641( 113 ng‚day‚mL-1) was higher than that reported
in goats (144 ng‚day‚mL-1). Similarly, the peak concentration

Table 1. Validation Parameters of the HPLC Method Used To
Measure Doramectin (DRM) Concentrations in Milk and Plasma
Samples from Dairy Sheepa

milk plasma

limit of quantification (ng‚mL -1) 0.1 0.1
accuracy (%) e11 e9
recovery (%) 72.2 80.5
coefficient of variation (%) 10.5 15.3
interday precision (CV %) 4.15 6.30
linearity (r) 0.999 0.999

a The limit of quantification was defined as the lowest concentration that can
be measured with acceptable precision (CV < 20%) and accuracy (±20%). Accuracy
was defined as the closeness of the measured value in milk and plasma samples
to the true value (concentrations of 0.1, 10, and 50 ng‚mL-1). Recovery values
are mean percentages of DRM recoveries from fortified sheep’s milk and plasma
samples (concentrations range between 0.1 and 50 ng‚mL-1) (n ) 3). Coefficient
of variation values represent CV for the recovery assays. Interday precision values
express the CV for the interday precision studies (n ) 4). Linearity is the coefficient
of correlation obtained from the linear regression lines in the ranges 0.1−5 and
5−100 ng‚mL-1 in milk and plasma DRM fortified samples.

Figure 4. Comparative mean (± SEM) (n ) 5) plasma and milk concentration profiles of doramectin (DRM) obtained after its subcutaneous administration
(200 µg‚kg-1) to lactating dairy sheep. The insert represents the mean concentration values measured in plasma and milk at 30 days post-treatment.

Table 2. Mean (± SEM) Pharmacokinetic Parameters Describing the
Disposition of Doramectin from Milk and Plasma Following Its
Subcutaneous Administration at 200 µg‚kg-1 in Lactating Dairy Sheep
(n ) 5)a

kinetic parameter milk plasma

Cmax (ng‚mL-1) 79.8 ± 14.9 25.0 ± 4.03b

Tmax (days) 3.00 ± 0.32 2.20 ± 0.37
T1/2 app (days) 0.80 ± 0.20 1.17 ± 0.27
T1/2 el (days) 3.90 ± 0.99 4.06 ± 0.75
MRT (days) 6.70 ± 0.88 7.00 ± 0.87
AUCtotal (ng‚day‚mL-1) 641 ± 113 217 ± 17.2b

ratio AUCtotal milk/plasma 2.88 ± 0.30
dose fraction recovered in milk (%) 2.44 ± 0.44

a Cmax ) peak milk or plasma concentration; Tmax ) time to peak concentration;
T1/2 app ) appearance half-life in milk or absorption half-life in plasma (T1/2 ab);
T1/2 el ) elimination half-life; AUCtotal ) area under the concentration vs time curve
extrapolated to infinity; MRT ) mean residence time. b Values are statistically
different at P < 0.01.
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obtained in milk (79.8 ng‚mL-1) was higher than that obtained
in goats (22.8 ng‚mL-1) and theTmax occurred later (3.00(
0.32 days) than in goats (1.65 days). The values ofCmax and
AUC for DRM in milk were 3-fold higher than those obtained
in plasma (Figure 5). DRM MRT in milk (6.7 days) was similar
to that obtained in plasma (7 days), being longer than that
reported in goats (4.68 days). A large milk-plasma partitioning
value was obtained for DRM (2.88) in dairy sheep (Table 2).
The kinetic results obtained here indicate that DRM is excreted
in milk in dairy sheep. These lactating animals, with a milk
production of 640 mL‚day-1 , excreted 2.44% of the total DRM
dose in milk.

Different drugs extensively used in veterinary therapeutics
are organic bases with high lipid solubility. In milk with pH
values between 6.5 and 6.8, large milk excretion and milk/
plasma ratios between 2 and 3.5 have been reported for different
antibacterial drugs in sheep (14) and cattle (32). DRM, as other
avermectin-type compounds, is highly lipophilic (1, 33) and
presents an exceptional ability to penetrate into the mammary
gland and, thus, to be excreted in milk. The excretion of high
levels of residues of DRM in milk has been clearly demonstrated
in the work reported here. Milk-to-plasma ratios close to 3 were
observed for DRM in lactating dairy sheep, which are larger
than those obtained for DRM in goats (1.4) (21) and for
ivermectin subcutaneously administrated in different species
including sheep, goats, camels, and buffaloes, for which milk/
plasma ratios close to 1 have been reported (19, 34-36).

The high lipophilicity of endectocide drugs and the high fat
content of sheep’s milk (7.8%) compared to that of other dairy
animal species account for this large milk excretion pattern. A
positive relationship between the milk-plasma concentration
ratios and milk fat content has been shown for ivermectin (19).

A similar correlation may be expected for DRM, considering
both the observed milk disposition pattern and steady increment
of fat content during the lactation period. Several factors
including interspecies’ differences, physiological status of the
treated animals, climatic conditions, and differences in volume
and fat contents in the milk of different animal species may
drastically affect the resultant plasma-milk distribution of
endectocides in lactating ruminants and the pattern of milk
residue elimination.

In conclusion, the high concentration profiles and the long
persistence of DRM residues in sheep’s milk are worthy of
concern. Milk maximum residues limits (MRL) have been
established for ivermectin, eprinomectin, and moxidectin in dairy
cattle. In the meantime, the characterization of the relationship
between plasma and milk residue disposition of DRM in dairy
sheep reported here may be useful in the development of kinetic-
based models to optimize the use of these types of drugs for
parasite control in dairy animals and to establish suitable
withdrawal times to ensure the quality of milk-derived products,
which will contribute to consumer safety.

ABBREVIATIONS USED

DRM, doramectin; sc, subcutaneous; ABM, abamectin;
HPLC, high-performance liquid chromatography; SEM, standard
error of the mean; CV, coefficient of variation.
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