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Objective—To evaluate bioavailability and other pharmacokinetic variables of a commercial
formulation of ivermectin after IV administration to sheep.

Animals——6 healthy adult sheep.

Procedures—A single dose of a commercial formulation of ivermectin (200 ug/kg) was
administered IV to each sheep. After a washout period of 3 weeks, each sheep was
administered ivermectin by SC injection. Plasma samples were obtained for up to 36 and
up to 42 days after IV and SC administration, respectively. Ivermectin concentrations were
quantified by use of high-performance liquid chromatography with fluorescence detection.

Results—Resuits obtained indicated that after IV administration, ivermectin is cleared
slowly from plasma, tends to distribute and accumulate in the peripheral compartment, and
is slowly eliminated from the body. After SC administration, noncompartmental analysis
revealed that bioavailability of ivermectin is nearly complete (98.20%), has a slow mean
absorption time of 0.96 days, and reaches a maximum plasma concentration of 19.55 ng/
mL at 3.13 days.

Conclusions and Clinical Relevance—The commercial formulation of ivermectin used in
this study can be administered SC to sheep on the basis of a nearly complete bioavailability.
In addition, the maximum plasma concentration and interval from SC injection until maximum
plasma concentration is obtained are higher than those reported by other authors who used

other routes of administration. (Am J Vet Res 2007;68:101-106)

Ivermectin, a semisynthetic derivative of avermectin
B; produced by the soil-dwelling actinomycete Strep-
tomyces avermitilis, is a highly effective parasiticide
that belongs to the macrocyclic lactone class of com-
pounds.! The drug was introduced on the market in
1981, and since then, it has found wide use as an anti-
parasitic agent against endoparasites and ectoparasites
of animals, including cattle, sheep, swine, horses, and
dogs. It is also used as an extremely effective treatment
for humans with filarial worm infections.?>2

Anthelmintic activity relates to the action of a
drug on parasites and the effective concentrations of
the drug and its metabolites at the site of action. The
use of a pharmacokinetic evaluation for assessing the
efficacy of an anthelmintic assumes that the plasma
concentration pattern of the anthelmintic, its active
metabolites, or both is related to the concentration of
the active moiety at the site of action.* Therefore, ad-
equate knowledge of the pharmacokinetic character-
istics of the macrocyclic lactone endectocides, and of
ivermectin in particular, could be important for the
design of programs for the control of gastrointestinal
nematodes and lung worms.>
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ABBREVIATIONS
HPLC High-performance liquid
chromatography
A Plasma elimination rate constant
AUC Area under the plasma
concentration—-time curve
AUMC Area under the first moment curve

t1/23 Half-life associated with the A phase

MRT Mean residence time

MAT Mean absorption time

Cl Total body clearance

Vdgs Volume of distribution at steady
state

Vd, Apparent volume of distribution

Criax Maximum plasma ivermectin
concentration

tmax Time to reach Cpax

t1/2a Half-life associated with the o phase

ti2p Half-life associated with the  phase

Vd. Apparent volume of distribution for the
central compartment

t1/2k10 Half-life for elimination from the central

compartment

Although the pharmacokinetic behavior of iver-
mectin has been widely studied in sheep 519 reports on
the pharmacokinetic variables are scarce. On the other
hand, it has been reported?® that the pharmacokinetic
variables of ivermectin differ on the basis of the formu-
lation used, route of administration, and animal spe-
cies. The vehicle in which compounds are formulated
may play a relevant role in their absorption kinetics and
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plasma availability.®2! Thus, small differences in for-
mulation can alter disposition kinetics and may result
in important changes in activity against endoparasites
and ectoparasites in livestock.

The objective of the study reported here was to
evaluate pharmacokinetics of 2 commercial formulation
of ivermectin after SC administration to sheep. The SC
route of administration is recommended for this formu-
lation. Ivermectin was also administered IV to the same
sheep to establish the elimination kinetics and bioavail-
ability of this compound.

Materials and Methods

Animals—Six healthy nonlactating adult female
Merino sheep (age, 4 years; range of body weight, 43.5
to 65.0 kg) were used in the study. Health of the sheep
was closely monitored before and throughout the study.
Protocols and procedures for this experiment were ap-
proved by the Institutional Animal Care and Use Com-
mittee of the University of Leon.

Sheep were housed indoors in an adequately venti-
lated building. Sheep were fed lucerne hay mixed with
straw and concentrate each day; fresh water was avail-
able ad libitum. Sheep were housed in these conditions
for 2 weeks before drug administration to allow adapta-
tion to the environment and to prevent stressful situa-
tions during the experiment.

Study design—Each sheep was initially adminis-
tered a single dose of ivermectin® (200 ug/kg, 1V) in the
left jugular vein. Ivermectin was dissolved in a mixture
of propylene glycol“:glycerol formald (60:40 [vol:vol])
containing 5% polyvinylpyrrolidone.© Blood samples (5
mL) were collected from a jugular vein (alternating be-
tween left and right) into heparinized vacuum tubes.
Samples were obtained before administration (time
0) and 2, 4, 7, 10, 15, 21, 33, 45, and 57 hours and
3, 4, 5, 6, 8, 10, 14, 18, 24, 30, and 36 days after IV
administration.

After a washout period of 3 weeks that began af-
ter the last blood sample was collected on day 36 after
IV administration, the same sheep were administered a
single dose of a commercial formulation of ivermectin®
(200 pg/kg, SC). This dose was selected because it was
the dose recommended by the manufacturer. Injections
were administered in the shoulder area. Blood samples
(5 mL) were obtained from both jugular veins (alternat-
ing between left and right) before administration (time
0) and 6, 12, 24, 36, 42, 48, 54, 60, and 66 hours and
3,4,5,6,8,10, 14, 18, 24, 30, 36, and 42 days after SC
administration.

All blood samples were handled in a similar man-
ner. Plasma was immediately separated by use of cen-
trifugation (3,000 X g for 20 minutes), harvested, and
stored frozen in polypropylene vials at -80°C until ana-
lyzed. All samples were analyzed within 60 days after
they were obtained.

Analytical procedures—Ivermectin was assayed by
use of HPLC with liquid-phase extraction and fluores-
cence detection, in accordance with a validated meth-
o0d.2? Ivermectin was extracted from spiked and un-
known plasma samples. Briefly, 100 pL of plasma and

16 uL of internal standard (doramectin®) in a solution
of 0.1 pg of dimethylsulfoxide/mL of water were added
to a 1.5-mL tube. The mixture was vortexed vigorously
for 30 seconds, and 500 pL of chilled (-30°C) metha-
nol was added: Extraction was performed by shaking
the reaction tube for 30 seconds, which was followed
by incubation at —30°C for 10 minutes. The tube was
then centrifuged (16,000 X g for 12 minutes at 4°C),
and the upper phase was transferred to another tube,
evaporated in a water bath (50°C), and dried under a
gentle stream of nitrogen gas. The dried residue was
resuspended in 100 pL of a mixture of N-methylimid-
azole:acetonitrile (1:1 [vol:vol]). Subsequently, 150 uL
of a mixture of trifluoroacetic anhydride:acetonitrile
(1:2 [vol:vol]) was added as a derivative. After incuba-
tion for < 30 seconds, 2 aliquots (100 pl/aliquot) were
injected into the chromatograph.

The mobile phase consisted of a mixture of metha-
noli:acetonitrilel:0.2% acetic acid® in water (45:50:5
[vol:vol:vol]) at a flow rate of 2 mlL/min. The mobile-
phase solvents were all HPLC-grade quality. Fluores-
cence detection was performed at 365 nm (excitation)
and 475 nm (emission).

Analyses were performed on an HPLC system!
equipped with a scanning fluorescence detector™ by
use of a C18 reverse-phase column® (140 X 3.9 mm;
5-um particle size). Acquisition of chromatography
data was performed by use of a software package.®

Interday and intraday accuracy and precision were
within 10%. The quantification and detection limits of
the method (0.1747 and 0.0629 ng/mL, respectively)
were determined in accordance with an equation de-
scribed elsewhere.22 Mean = SD extraction recovery
from plasma was 86.50 + 5.12% for plasma samples
spiked with concentrations ranging from 0.25 to 100
ng/mL.

Pharmacokinetic  analysis—Pharmacokinetic
analysis was performed on the basis of compartmental
and noncompartmental descriptions of the observed
data. For compartmental analysis, plasma ivermectin
concentration—time patterns were individually fitted
to the following exponential equation:

o= i:Cie_"it

i=1

where C, is the plasma concentration of ivermectin, n
is the number of exponential terms, C; is the y-inter-
cept, ¢ is the exponential function (base e), A; is the
slope of each n first-order rate process, and t is time.
Data were fitted to the equation by use of a weighting
factor (1/C2), where C is the ivermectin concentration.
The pharmacokinetic model best describing the plasma
ivermectin concentration—time curves was determined
by use of a computer program.P

The best fit was determined on the basis of Akaike
information criterion?3 and graphic analysis of weight-
ed residuals. Other compartmental variables were cal-
culated by the use of standard methods.***>

The same computer programP was used for the
noncompartmental analysis. The value for A was deter-
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mined by use of least squares regression of the loga-
rithm of plasma concentration—versus—time curve for
the terminal elimination phase. Values for AUC and
AUMC were calculated by the linear trapezoidal rule
with extrapolation to infinity. The t;2) was calculated
as the quotient of 0.693/A. The Cl was calculated as
dose/AUC. The MRT was calculated as AUMC/AUC,
and MAT was defined as MRTsc — MRTyy, where MRTs¢
and MRTy were the MRT after SC and IV administra-
tion, respectively. The Vdss was calculated as MRT X
(dose/AUC), and the Vd, was calculated as Cl/A. Values
for Cpmax and tyax were determined by direct observa-
tion of the data. The subcutaneously absorbed fraction
(ie, bioavailability) was calculated as (AUCs/AUCyy)
X 100, where AUCs¢ and AUC;y were the AUC values
after SC and IV administration, respectively.

Statistical analysis—All pharmacokinetic vari-
ables were calculated for each sheep. Values for each
sheep were used to calculate the mean + SD. Data were
analyzed by use of the skewness test (to determine nor-
mality) and Cochran test (to determine uniformity in
the variance). When the data were normally distributed
and there was uniformity in the variance, a t test was
used to evaluate differences between data sets. When
the data were not normally distributed or there was not
uniformity in the variance, a Wilcoxon test was used.
Values of P < 0.05 were considered significant for all
analyses. A statistical computer programd was used for
all statistical analyses.

Results

All sheep tolerated well the IV or SC administra-
tion of ivermectin. No adverse effects were observed in
any of the sheep.

Mean plasma ivermectin concentration as a func-
tion of time after IV and SC administration of a single
dose of ivermectin (200 pug/kg) was plotted (Figure 1).
Pharmacokinetics of ivermectin were best described by
a 2-compartment open model after IV administration
and by a 1-compartment open model with first-order
absorption after SC administration. However, the preci-
sion of estimates obtained by compartmental analysis
for several variables after SC administration was not
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Figure 1—Mean plasma concentrations of ivermectin after IV
(circles) and SC (triangles) administration of a single dose (200
ng/kg) to 6 sheep.

sufficient, so we considered the noncompartmental
analysis to be the best option for use in evaluating ki-
netics of ivermectin after SC administration.

Compartmental analysis after [V administration re-
vealed that ivermectin disappeared slowly from plasma,
with mean values for t;,4 and ty55 of 0.728 and 9.598
days, respectively (Table 1). Ivermectin tends to dis-
tribute and accumulate in the peripheral compartment,
as verified by values for the apparent first-order transfer
rate constant from the central compartment to the pe-
ripheral compartment and apparent first-order transfer
rate constant from the peripheral compartment to the
central compartment and from the fact that the value
for the apparent volume of distribution for the periph-
eral compartment (8.01 1/kg) was higher than the val-
ue for Vd, (3.01 L/kg). Finally, the value obtained for
Cl (1.166 L/kg/d) indicated that the drug was slowly
eliminated from the body.

Main noncompartmental pharmacokinetic variables
determined after IV administration were MRT (10.30
days), AUC (197.03 ng X [d/mL]), and Cl (1.114 L/kg/
d; Table 2). Significant differences were found between
values for AUC and total body clearance obtained by
compartmental and noncompartmental methods. After
SC administration of the commercial formulation, non-
compartmental analysis revealed that ivermectin was
absorbed slowly from the site of injection and reached

Table 1—Mean + SD and range values for pharmacokinetic
variables obtained by use of compartmental analysis after IV
administration of a single dose of ivermectin (200 pg/kg) to 6
sheep.

Variable Mean = SD Range
A (ng/mL) 59.72 * 13.20 42.68-75.58
B {ng/mL) 10.32 + 5.81 5.80-21.30
o {/d) 1.254 + 0.481 0.364-1.744
Bi/d) 0.077 = 0.024 0.057-0.115
AUC (ng X [d/mL]) 189.83 =+ 56.20 96.40-229.54
Cl{L/kg/d) 1.166 = 0.473 0.796-2.075
Vd; (L/kg) 3.01 £0.75 2.14-4.12
Vdss (L/kg) 11.02 + 3.24 6.17-14.89
Vd, (L/kg) 15.54 + 4.80 7.55-21.23
Tijze (d) 0.728 = 0.579 0.397-1.903
Tizp (d} 9.598 = 2.490 6.005-12.143
Co (ng/mL) 70.04 = 17.45 56.42-93.47
A = Zero-time intercept for the o. phase. B = Zero-time intercept
for the B phase. o and B3 are apparent first-order disposition rate
constants for the o and 3 phase, respectively. Co = Addition of the o
and 3 zero-time intercepts.

Table 2—Mean + SD and range values for pharmacokinetic
variables obtained by use of noncompartmental analysis after
IV administration of a single dose of ivermectin (200 pg/kg) to
6 sheep.

Variable Mean + SD Range
Ad/d) 0.072 + 0.036 0.048-0.144
AUC {ng X [d/mL])* 197.03 = 57.16 104.56-259.77
AUMC (ng X [d¥mL]) 2,083.9 + 938.27 53.1-3,632.5
MRT (d) 1030 + 2.7 7.19-13.98
Cl {L/kg/d)* 1.114 = 0.424 0.770-1.913
Vdss (L/kg) 11.01 = 3.16 6.09-14.35
Vd, (L/kg) 17.61 =793 5.89-30.67
tya (d)* 10.982 * 3.447 4.823-14.507

*Value differs significantly (P < 0.05) with value for the same
variable in the corresponding compartmental analysis.
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Table 3—Mean + SD and range values for pharmacokinetic
variables obtained by use of noncompartmental analysis after
SC administration of a single dose of ivermectin {200 pa/kg) to
6 sheep.

Variable Mean + SD Range
Al/d) 0.148 + 0.075 0.062-0.283
AUC (ng X [d/mL}) 190.74 + 59.74 119.43-280.50
AUMC (ng X [d¥mL])* 1.860.1 = 840.6 695.3-3,177.5
MRT (d) 9.41 = 207 5.82-11.33
MAT, (d) 0.96 + 0.56 0.22-1.56
CI/F (L/kg/d) 1.135 = 0.345 0.713-1.675
Vd./F (L/kg) 8.36 + 1.88 5.93-11.53
ty, (d* 5771 + 2.981 2.454-11.207
Crmax (ng/mL) 19.55 + 5.03 12.88-25.54
tmax (d) 313+122 1.75-5.00

F (%) 98.20 +16.08 72.34-114.23

*Value differs significantly (P < 0.05) from the value for the same
variable for IV administration in the corresponding noncompartmental
analysis.

MAT; = MAT from time 0 to the last sampling time. F = Bioavailability.

a Cpax of 19.55 ng/mL at 3.13 days (Table 3). Bioavail-
ability after SC administration was 98.20%.

Curves had fewer experimental points after SC ad-
ministration than after IV administration because plas-
ma concentrations for the last sample collection time
points were less than the limit of detection. Because of
this fact, we considered the MAT from 0 to infinity (0.96
days) was most representative of the absorption rate.

Variables were determined after IV and SC adminis-
tration. Analysis revealed that AUMC and t12y, differed
significantly between the routes of administration.

Discussion
——eremar———

Pharmacokinetics of ivermectin after administra-
tion to sheep have been widely investigated.519 How-
ever, most of those investigations were not a complete
study with regard to compartmental and noncompart-
mental analysis. Some investigators believe that the
pharmacokinetic model that best fits the plasma con-
centrations for ivermectin after IV administration is a
2-compartmental model,® whereas others believe the
best fit may be a 1-compartmentall®.!7 or 2-compart-
mental'>26 model after SC administration.

In healthy sheep administered 200 pg of ivermectirvkg,
SC, the value of Cp,, calculated by other authors811.15.17.26
ranges from 12 to 35 ng/mL. Results of the study reported
here (mean + SD, 19.55 + 5.03 ng/mL) are similar to results
in another study'® but are lower than most of the values cal-
culated by other authors.

Pharmacokinetic analysis has been conducted in
parasitized sheep. Mean + SD C,,, was 35 + 11 ng/mL
in sheep infected with Nematodirus battus'!; 4121 +
16.23 ng/mL in sheep infected with Psoroptes spp'’; and
21.7 + 3.96 ng/mL in lambs infected with Ostertagia
spp, Trichostrongylus spp, and Cooperia spp.!° In com-
parison to healthy sheep, values obtained for t,,, were
2.5 days,® 2.60 + 0.55 days,!5> and 2.67 + 0.52 days.17
Nevertheless, authors in another study® reported that
tmax is reached before 0.5 days, and other researchers
obtained intermediate values (1.5 days,' 1.92 + 0.35
days,'' 1.24 + 0.14 days,26 1.70 + 0.65 days [lactating
sheep],!®and 1.75 + 0.1 days!9).

In the study reported here, mean + SD tmax Was 3.13
+ 1.22 days, and C,,,, was higher than in the aforemen-

tioned studies. Values for ty,, have varied in livestock
with various parasitic infections (N battus, 1.59 + 0.72
days'?; Psoroptes spp, 0.90 + 0.22 days!’; and lambs
infected with Ostertagia spp, Trichostrongylus spp, and
Cooperia spp, 1.7t + 0.01 days!9).

The value of AUC determined after 1V administra-
tion of ivermectin (300 pg/kg) in another study’ was
374.58 ng X (d/mL), which is a value greater than the
mean + SD value determined in the study reported here
in which we administered a single dose of 200 ug/kg
(compartmental, 189.83 + 56.20 ng X [d/mL]; noncom-
partmental, 197.03 + 57.16 ng X [d/mL]). When a dose
of 200 pg/kg was administered SC to healthy sheep in
other studies, the value reported for AUC was 238 ng
X (d/mL),% 281.00 + 80.80 ng X (d/mL),!> and 207.47
*+ 46.54 ng X (d/mL).!” However, lower values have
been obtained by other researchers (101.67 + 30.42
ng X [d/mL],!! 63.99 + 28.34 ng X [d/mL] in lactating
animals,!¢ 82.06 + 50.41 ng X [d/mL],2¢ and 1343 +
15.7 ng X [d/mL]'). The value for AUC found after
SC administration in the study reported here (190.74 +
59.74 ng X [d/mL]) is intermediate to values reported
by other investigators117 but is considerably higher
than the value in another study.16

Values of AUC have been determined in sheep with
parasitic infections. Mean + SD AUC in sheep infect-
ed with N battus!! was 175.00 + 38.75 ng X (d/mL),
whereas it was 179.96 + 90.59 ng X (d/mL) in sheep in-
fected with Psoroptes spp!7 and 75.2 + 15.5 ng X (d/mL)
in lambs infected with Ostertagia spp, Trichostrongylus
spp, and Cooperia spp.19

Bioavailability has been determined after SC ad-
ministration. In another study,® investigators indicated
that bioavailability after SC administration was 22%,
whereas the mean + SD value for bioavailability in the
study reported here was 98.20 + 16.08%.

The AUMC in healthy sheep administered ivermectin
SC in another study’® was 1,628 + 138 ng X (d%/mL). The
value in that study is similar to the value reported here
(1,860 + 840.6 ng X [d¥mL]) and higher than the value
in another study'® of healthy (496.8 + 138 ng X [d%mL])
and parasite-infected (228 + 58 ng X [d%mL]) lambs.

Mean + SD values for MRT after SC administra-
tion of ivermectin to healthy sheep in other studies
have been high (5.9 + 0.4 days,!5 5.2 + 2.8 days,'6 8.6
+ 0.7 days,!” and 3.81 + 0.29 days!9). The mean value
for MRT determined in the study reported here (9.41 +
2.07 days) is in concordance with, but slightly higher
than, the aforementioned results. In parasitized sheep,
investigators obtained an MRT of 6.7 + 1.9 days in 1
study!”and 2.93 + 0.16 days in another study.!?

Various volumes of distribution have been reported
after IV administration of ivermectin to healthy sheep.
In 1 study,® the value for Vd, was 4.6 L/kg after admin-
istration of a dose of 300 ug/kg, whereas Vd,, was 5.3
L/kg after administration of a smaller dose (200 ng/kg)
in another study.” The SC administration of ivermec-
tin to lactating sheep yielded a mean + SD quotient for
the volume of distribution divided by bioavailability of
12.8 + 9.4 1/kg in 1 study,'® whereas in another study,!?
SC administration yielded a mean Vd, of 8.8 + 2.6 L/kg.
These high values reflect the wide distribution of iver-
mectin in the body.
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After TV administration in the study reported here,
we determined mean + SD values for Vd. (3.01 + 0.75
L/kg), Vdss (compartmental, 11.02 + 3.24 L/kg; non-
compartmental, 11.01 + 3.16 1/kg), and Vd, (compart-
mental, 15.54 + 4.80 L/kg; noncompartmental, 17.61
+ 7.93 L/kg). After SC administration, the mean value
obtained for Vd, (8.15 + 2.20 L/kg) was much lower
than the value after IV administration. Similar to results
of other authors, the results reported here revealed a
large volume of distribution for ivermectin.

In another study,'” mean + SD Vd, in sheep affect-
ed with scabies was 6.5 + 1.7 L/kg. However, the val-
ues obtained for Vd, after SC administration vary (3.7
days,8 7.02 + 2.05 days,’> 2.85 + 1.97 days,!° 5.57
1.25 days,'7 and 1.67 + 0.40 days29).

In the study reported here, mean + SD values after
IV administration were 9.598 + 2.490 days for t,3 and
1.954 + 0.705 days for ty2x10. After SC administration,
the value for tin0 (4.719 + 0.990 days) was higher
and that for ti, (5.771 + 2.981 days) was lower than
the value obtained for t,/,p after IV administration. The
half-life (t1/,) reported in sheep infected with Psoroptes
spp!7 was 5.54 = 1.44 days.

Mean + SD value for Cl/bioavailability in healthy
lactating sheep that were administered ivermectin SC in
another study!® was 3.238 + 1.270 L/kg/d. That value
is more than twice the value determined for the study
reported here (1.135 + 0.345 L/kg/d).

On the basis of the aforementioned results, it can
be deduced that there are large variations among indi-
vidual animals with regard to the pharmacokinetics of
ivermectin. This fact has been reported in cows,?!-*
sheep, 21116 goats,?® pigs,?® and deer.’*-3! This has been
attributed to several factors, such as differences in
breed, age, body weight, body condition, physiologic
status, type of feed, or quantity of feed. These factors,
as well as others that can influence plasma concentra-
tions of ivermectin (such as route of administration),
give rise to differences between our results and results
reported by other authors.

In addition, it is important to remember that dif-
ferences in formulations of ivermectin can be one of
the major factors for reported differences. In the study
reported here, we evaluated bioavailability and other
pharmacokinetic variables for the commercial formula-
tion. For the IV administration, we used a formulation
that had the same potency as that for the commercial
formulation but that involved another vehicle. Thus,
one of the factors that could have affected bioavailabil-
ity in our study was the vehicle used.

Our findings for noncompartmental analysis after
SC administration of a commercial formulation of iver-
mectin revealed that the bioavailability (98.20%) was
characterized by almost total absorption at a slow rate
(MAT from time O to infinity of 0.96 days). The Cpax
was 19.55 ng/mL, and tpm,, was 3.13 days. On the ba-
sis of these results, we conclude that the commercial
formulation used in this study is a good option when
administering ivermectin to sheep.

a.  Laffont CM. Factors affecting the disposition of ivermectin in the
target species. Doctoral thesis, Department of Veterinary Phar-
macology, Faculty of Veterinary Medicine, University of Utrecht,
Utrecht, The Netherlands, 2002.
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Lwv o s

Ivermectin, Sigma SA, Madrid, Spain.

Propylene glycol, Scharlau Chemie SA, Barcelona, Spain.
Glycerol, Sigma SA, Madrid, Spain.

Plasdone C-30, International Specialty Products, Barcelona, Spain.
Venoject, Terumo Europe, Leuven, Belgium.

Zoomectin, Laberatorios SYVA, Leon, Spain.

Doramectin, Pfizer SA, Madrid, Spain.

Methanol, Merck SA, Barcelona, Spain.

Acetonitrile, Merck SA, Barcelona, Spain.

Acetic acid, Merck SA, Barcelona, Spain.

Waters HPLC system, Waters Chromatography SA, Madrid, Spain.
Waters 474 scanning {luorescence detector, Waters Chromatog-
raphy SA, Madrid, Spain.

Novapak, Waters Chromatography SA, Madrid, Spain.
Empower, Waters Chromatography SA, Madrid, Spain.
WInNONLIN, version 4.0.1, Pharsight Corp, Mountain View, Calif.
Statgraphics Plus, version 4, Manugistic Inc, Rockville, Mass.

References

1.

2.

10.

11.

12.

13.

14.

15.

16

17.

18.

19.

Campbell WC.
1985;1:10-16.
Campbell WC, Benz GW. Ivermectin: a review of efficacy and
safety. J Vet Pharmacol Ther 1984;7:1-16.

Steel JW. Pharmacokinetics and metabolism of avermectins in
livestock. Vet Parasitol 1993;48:45—47.

Baggot JD, McKellar QA. The absorption, distribution and elim-
ination of anthelmintic drugs: the role of pharmacokinetics.
J Vet Pharmacol Ther 1994;17:409—-419.

McKellar QA, Benchaoui HA. Avermectins and milbemycins.
] Vet Pharmacol Ther 1996;19:331-351.

Lo PKA, Fink DW, Williams JB, et al. Pharmacokinetic studies of
ivermectin: effects of formulation. Vet Res Commun 1985;9:251—
258.

Prichard RK, Steel JW, Lacey E, et al. Pharmacokinetics of iver-
mectin in sheep following intravenous, intra-abomasal or in-
traruminal administration. J Vet Pharmacol Ther 1985;8:88-94.
Marriner SE, McKinnon 1, Bogan JA. The pharmacokinetics of
ivermectin after oral and subcutaneous administration to sheep
and horses. J Vet Pharmacol Ther 1987;10:175-179.

McKellar QA, Marriner SE. Comparison of the anthelmintic
efficacy of oxfendazole or ivermectin administered orally and
ivermectin administered subcutaneously to sheep during the
periparturient period. Vet Rec 1987;18:383-386.

Bogan JA, McKellar QA. The pharmacodynamics of ivermectin
in sheep and cattle. J Vet Pharmacol Ther 1988;11:260-268.
McKellar QA, Jackson E Coop RL, et al. Effect of parasitism
with Nematodirus battus on the pharmacokinetics of levamisole,
ivermectin, and netobimin. Vet Parasitol 1991;39:123-136.
Taylor SM, Mallon TR, Blanchflower W], et al. Effects of diet
on plasma concentrations of oral anthelmintics for cattle and
sheep. Vet Rec 1992;130:264-268.

Gogolewski RP, Allerton GR, Langholff WK, et al. An ivermectin
tablet for sheep: efficacy against gastrointestinal nematodes and
bioavailability comparison with a liquid ivermectin formula-
tion. Vet Parasitol 1995;60:297-302.

Ali DN, Hennessy DR. The effect of level of feed intake on
the pharmacokinetic disposition and efficacy of ivermectin in
sheep. J Vet Pharmacol Ther 1996;19:80-94.

Atta AH, Abo-Shihada MN. Comparative pharmacokinetics
of doramectin and ivermectin in sheep. J Vet Pharmacol Ther
2000;23:49-52.

Cerkvenik V, Grabnar I, Skubic V, et al. Ivermectin pharmacoki-
netics in lactating sheep. Vet Parasitol 2002;104:175-185.
Echevarria ], Mestorino N, Errecalde J. Comparative pharmaco-
kinetics of ivermectin after its subcutaneous administration in
healthy sheep and sheep infected with mange. J Vet Pharmacol
Ther 2002;25:159-160.

Mestorino N, Turic E, Pesoa ], et al. Pharmacokinetics in plasma
of ivermectin after its oral (solution and tablets) administration
to sheep. J Vet Pharmacol Ther 2003;26:307-309.

Pérez R, Palma C, Cabezas 1, et al. Effect of parasitism on the
pharmacokinetic disposition of ivermectin in lambs. J Vet Med
2006;53:43-48.

Ivermectin: an update. Parasitol Today

AJVR, Voi 68, No. 1, January 2007

105




20.

21.

22

23.

24,

25.

26.

Fink DW, Porras AG. Pharmacokinetics of ivermectin in ani-
mais and humans. In: Campbell WC, ed. Ivermectin and abam-
ectin. New York: Springer-Verlag Inc, 1989;113-130.

Lanusse CE, Lifschitz A, Virkel G, et al. Comparative plasma
disposition kinetics of ivermectin, moxidectin and doramectin
in cattle. J Vet Pharmacol Ther 1997;20:91-99.

Prieto JG, Merino G, Pulido MM, et al. Improved method to determine
ivermectin in piasma. J Pharm Biomed Anal 2003;31:639-645.
Yamaoka K, Nakagawa T, Uno T. Application of Akaike’s infor-
mation criterion (AIC) in the evaluation of linear pharmacoki-
netic equations. J Pharmacokinet Biopharm 1978;6:165-175.
Gibaldi M, Perrier D. Multicompartment models. In: Gibaldi
M, Perrier D, eds. Pharmacokinetics. 2nd ed. New York: Marcel
Dekker Inc, 1982;45-111.

Wagner JG. Simple linear models and more complicated linear
models. In: Wagner ]G, ed. Pharmacokinetics for the pharmaceu-
tical scientist. Lancaster, Pa: Technomic, 1993;1-41.

Barber S, Bowles V, Lespine A, et al. The comparative serum

27.

28.

29.

30.

31.

disposition kinetics of subcutaneous administration of dora-
mectin, ivermectin and moxidectin in the Australian Merino
sheep. ] Vet Pharmacol Ther 2003;26:343-348.

Gayrard V, Alvinerie M, Toutain PL. Comparison of pharmaco-
kinetic profiles of doramectin and ivermectin pour-on formula-
tions in cattle. Vet Parasitol 1999;81:47-55.

Scott EW, Kinabo LD, McKellar QA. Pharmacokinetics of iver-
mectin after oral administration to adult milking goats. J Vet
Pharmacol Ther 1990;13:432-435.

Scott EW, McKellar QA. The distribution and some pharma-
cokinetic parameters of ivermectin in pigs. Vet Res Commun
1992;16:139-146.

MacKintosh CG, Mason PC, Manley T, et al. Efficacy and phar-
macokinetics of febantel and ivermectin in red deer (Cervus ela-
phus). N Z Vet ] 1985;33:127~-131.

Andrews SJ, Ferrari MM, Pow JDE, et al. Nematode egg output
and plasma concentration of ivermectin after its administration
to red deer. Vet Rec 1993;132:161-163.

106

AJVR, Vol 68, No. 1, January 2007



