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A B S T R A C T

The purpose of this study was to investigate the concentrations of moxidectin in the plasma and milk of lactating
ewes and in the plasma of their nursing lamb. Four, single lamb bearing Border Leister x Dorset ewes were
administered a single oral dose of moxidectin (0.2 mg/kg). Plasma and milk samples were collected nine times
within the first 72 h and at 30 and 60 d post anthelmintic administration. Samples were measured using high-
performance liquid chromatography. A pharmacokinetic analysis of moxidectin was conducted on ewe plasma
and resulted in a CMAX of 13.1 ng/mL at 8.2 h (TMAX). Ewe milk and lamb plasma samples were reported de-
scriptively. Three of the four ewes on trial demonstrated quantifiable levels of moxidectin in milk at baseline
sampling. Ewe milk samples reached an average peak concentration of 151.1 ng/mL 12 h post administration.
Moxidectin levels were detected up to 60 d in all milk samples. Lamb plasma samples reached an average peak
concentration of 2.8 ng/mL 24 h post administration to the ewe. Results from the current study demonstrate that
orally administrated moxidectin is carried over into the milk and evident in the plasma of nursing lambs. Further
research is needed in order to understand how moxidectin concentrations and exposure time influences the fetus
and nursing lamb in regards to the development of anthelmintic resistance.

1. Introduction

In pasture based systems, gastrointestinal parasitic infection is one
of the greatest challenges that the small ruminant industry faces today
as it negatively affects the health and performance of infected in-
dividuals (Waller et al., 1995; Besier and Love, 2003; Goolsby et al.,
2017). This challenge is derived from either over or improper anthel-
mintic use, thus resulting in the global development of anthelmintic
resistance (AR) (Kaplan and Vidyashankar, 2012). Anthelmintic re-
sistance is described as the heritable capability of parasitic nematodes
to survive effective anthelmintic doses. Therefore, resistant heritable
genes passed within current and future parasitic populations may result
in limited anthelmintic efficacy (Coles, 2005).

Moxidectin, an anthelmintic chemical, is a broad-spectrum en-
dectocide categorized within the macrocyclic lactone family (Durden,
2007). Moxidectin’s mode of action results in disruption of the para-
site’s cell membrane via the inhibition of glutamate gated chloride
channels, thus resulting in muscle paralysis (Molento et al., 2004;
Godoy et al., 2015). Moxidectin is most effective on the Trichos-
trongylidae family of parasites including Haemonchus contortus, Os-
tertagia circumcincta, and Trichostrongylus colubriformis (Roeber et al.,

2013; Zarrin et al., 2015).
Moxidectin is a unique treatment option for sheep producers

(Howell et al., 2008; Sargison et al., 2012; Leathwick et al., 2015) as it
is labeled to be administered to non-pregnant, gestating, or lactating
ewes. In addition, moxidectin is also unique as it is highly lipid soluble
and remains in the body for a longer period of time, thus potentially
minimizing dosing frequency for the producer (McKellar and Jackson,
2004; Leathwick et al., 2015). However, each of the aforementioned
studies have demonstrated the development of anthelmintic resistance
against moxidectin and therefore further exemplifies the concerns of
small ruminant producers worldwide when combating parasitic infec-
tion.

Ultimately, decreasing AR within the sheep industry requires judi-
cious use of anthelmintics and long term development and maintenance
of non-resistant nematode populations (i.e. refugia populations). To
accomplish this, the industry must not only evaluate treatment proto-
cols for mature sheep, but understand the impact of anthelmintic
treatments on all life stages of offspring. To date, no published research
has quantified the transfer of oral moxidectin from the ewe to nursing
offspring via milk. Therefore, the objectives of the present study were to
1) determine the pharmacokinetic parameters of moxidectin in
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lactating ewes administered moxidectin orally and 2) quantify mox-
idectin carryover to nursing lambs via milk.

2. Materials and methods

The Ohio State University Institutional Animal Care and Use
Committee approved the protocol for this experiment. The animals
were cared for in accordance with the Guide for the Care and Use of
Agricultural Animals in Agricultural Research and Teaching (FASS,
2010).

2.1. Animals, housing and husbandry

Four, fall lambing Border Leister × Dorset cross ewes
(78.2 ± 12.7 kg, mean bodyweight ± standard deviation;
2.9 ± 1.1 years, mean age ± standard deviation), mated to a Dorset x
Hampshire cross ram were used in the present study. Each ewe reared a
single lamb (ewes, n = 2, wethers, n = 2) born between September 24
and September 27, 2015, with average lamb age of 24.5 ± 1.5 d at the
onset of trial.

Sheep were housed in one group pen (7.6 m length × 9.1 m width)
composed of concrete flooring, straw bedding, and an outdoor concrete
pad (outdoor area: 18.3 m length, 9.1 m width). Sheep were provided
water ad libitum via an automatic waterer and hand-fed a custom diet
consisting of ground corn, soybean meal, and minerals to meet or ex-
ceed recommended nutrient requirements (NRC, 2007). A total of
2.2 kg of feed and 4.1 kg of second cutting alfalfa x orchard grass hay
was fed communally at 08:00 h daily. One hundred and fifty seven days
prior to the initiation of the study, all ewes received an oral treatment
of moxidectin (0.2 mg/kg; Cydectin® Oral Sheep Drench, Boehringer
Ingelheim, Ingelheim am Rhein, Germany) to control for internal
parasitic infection. This permitted for a 157 day wash out period prior
to the initiation of the study.

2.2. Experimental design and sample collection

Baseline samples of milk and blood from the ewe and blood from the
lamb was collected five days prior to anthelmintic administration. All
four ewes were administered moxidectin orally at the beginning of the
trial (0.2 mg/kg). For the oral administration of the anthelmintic, each
dose was calculated based on ewe weight collected on the day of ad-
ministration. All blood and milk samples were collected at 0, 2, 4, 6, 8,
12, 24, 48, 72 h and at 30 and 60 d post anthelmintic administration.

Ewe and lamb blood samples were collected via jugular veni-
puncture using a 19.1 mm 20 gauge hypodermic needle with a 6 mL
luer-lock tip plastic syringe (Covidien™ Monoject™, Mansfield, MA,
USA). Once collected, blood samples were instantly transferred into a
7.0 mL K3 EDTA vacutainer blood collection tube (BD Vacutainer,
Franklin Lakes, NJ, USA) and remained on ice for no longer than 60 min

prior to centrifugation. Samples were centrifuged at 1500 x g for 12 min
at 0 °C. Collected plasma was placed into 1.8 mL cryovials (Nunc™
CryoTube™ Vials, Thermo Scientific, Suzhou, Jiangsu, China) and
frozen at −70 °C until analysis.

Milk samples were collected from each ewe at the same time points
as the blood collection. Milk was collected via manual stripping of the
udder and alternating sides between collection points. Lambs were
permitted free access to the udder during the entirety of the study ex-
cept during the milk collection period. Samples were collected directly
into 1.8 mL cryovials, immediately placed on ice, and frozen at −70 °C
until analysis.

2.3. HPLC analysis of moxidectin concentration

Serum and milk concentrations of moxidectin were determined
using high-performance liquid chromatography (HPLC), with the limit
of quantification (LOQ) set at 0.5 ng/mL, utilizing previously described
methods (Pairis-Garcia et al., 2013; Pairis-Garcia et al., 2015) at CYC-
ADS/Racing Chemistry Laboratory, Iowa State University, College of
Veterinary Medicine (Veterinary Diagnostic laboratory, Ames, IA,
USA).

Pharmacokinetic analysis
Non-compartmental analysis for plasma moxidectin concentrations

was performed with the NonCompart R package (Bae, 2017). The
parameters included the area under the curve from time zero to infinity
(AUCINF) based on the last observed concentration and determined with
the linear trapezoidal rule, the percent of the AUC extrapolated to in-
finity (AUCEXTRAP), the clearance by fraction dose (Cl/F) determined by
dose/AUCINF, the first order rate constant associated with the terminal
portion of the curve (λz), the half-life by λz (T½ λz) determined as ln
(2)/λz, the mean residence time extrapolated from zero to infinity
(MRT0-INF), the maximum plasma concentration (CMAX) and the time of
maximum plasma concentration (TMAX). For the calculation of all
parameters, plasma moxidectin concentrations below the lower limit
LOQ were set to zero.

3. Results

Following oral administration of 0.2 mg/kg moxidectin to the ewe,
no adverse effects were noted for either the ewe or the lamb. Given the
number of milk collections, ewes were monitored for mastitis and de-
monstrated no clinical signs of mastitis or irritation. Pharmacokinetic
parameters of plasma collected from lactating ewes demonstrated an
average CMAX of 13.1 ng/mL at a TMAX of 8.2 h post oral administration
(Table 1).

Moxidectin concentrations were detected in the plasma of lactating
ewes following 2 h post oral administration (Fig. 1). Three of the four
ewes demonstrated detectable levels of moxidectin (average: 1.6 ng/
mL) at the baseline milk sample. Moxidectin reached a maximum

Table 1
Pharmacokinetic parameters of moxidectin in the plasma of lactating ewes after oral administration (0.2 mg/kg).

Parameter1 Units Ewe from Pair 1 Ewe from Pair 2 Ewe from Pair 3 Ewe from Pair 4 Geometric Mean SD2

CMAX ng/mL 15.12 12.13 11.34 13.94 13.05 1.71
TMAX h 12 8 12 4 8.24 3.82
AUCINF h × ng/mL 427.94 3068.06 270.23a 329.12 756.02 1553
AUCEXTRAP % 12.94 35.76 – 13.52 18.43 13.0
Cl/F mL/h/kg 478.56 66.54 – 622.04 270.56 288
T ½ λz h 27.81 1169.98 – 19.28 85.60 661
λz 1/h 0.0249 0.0005 – 0.0360 0.0081 0.018
MRT 0-INF h 33.18 1443.77 18.43b 30.27 113.19 815

1 CMAX = maximum concentration, TMAX = time of CMAX, AUCINF = area under the curve extrapolated to infinity, AUCEXTRAP =% of AUC extrapolated, Cl/F = clearance by fraction
dose, T½ λz = half-life by λz, λz = negative of best fit terminal slope, MRT0-INF = mean residence time extrapolated to infinity.

2 Standard deviation.
a AUC from zero to last. Excluded from Mean and SD calculations.
b Using AUC from zero to last. Excluded from Mean and SD calculations.
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