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Abstract

This study aimed to evaluate the pharmacokinetics, the potential
accumulation in the body of treated animals and the efficacy of ivermectin long-
acting formulation (3.15%) against the cattle tick Rhipicephalus (Boophilus)
microplus in a scheme of three successive treatments. Fifteen 12-month-old
heifers, naturally infested with R. microplus, were divided into two groups (G).
Cattle from GI (n=10) were subjected to three treatments with ivermectin 3.15%
(IVOMEC GOLD®, Merial Argentina S.A.) at a rate of 1 mL/50 kg on days 0, 35,
and 70. Cattle from GIlI (n=5) were not treated. From day 1 to 202 post-
treatment blood samples were taken to measured ivermectin concentrations by
HPLC and female ticks (4.5-8 mm) were counted to evaluate the efficacy of the
treatment. The level of tick resistance to ivermectin was evaluated before and
after finishing the scheme of successive treatments by larval immersion test
(LIT) bioassay from engorged females collected from GI. The area under the
concentration vs. time curves (AUCy.35q) Obtained post-second treatment was
1.51 £ 0.39-fold higher than those observed post-first treatment (P<0.05). The
mean plasma concentrations of ivermectin 3.15% at 20 days after the first,
second -and third treatment were 17.0, 27.5 and 37.8 ng/mL, respectively
(P<0.01).. The elimination half-life of ivermectin post-third treatment was
significantly longer than that was previously reported after a single dose
(P<0.01). Values of therapeutic efficacy percentage reached 75.6% post-first
treatment and between 95.9 and 100% after the second treatment. Ticks
evaluated by LIT showed a significant increase in lethal concentrations after
treatments. Although the efficacy level was high, the successive treatments with

long-acting ivermectin formulation generate a significant accumulation of drug in
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plasma and could increase the levels of resistance to this drug in the tick

population.

Keywords: Rhipicephalus microplus, ivermectin 3.15%, therapeutic efficacy,

drug residues, pharmacokinetics
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1. Introduction

The cattle tick Rhipicephalus (Boophilus) microplus is one of the most
important pest of cattle in tropical and subtropical areas worldwide due to its
impact on animal production (Jongejan and Uilenberg, 2004). Rhipicephalus
microplus generates depression of milk production and weight gain, mortality,
hide damage and morbidity. In addition, the costs of its control and the effects
related to tick-transmitted hemoparasites (Babesia bigemina, Babesia bovis and
Anaplasma marginale) must be added (Spath et al., 1994; Reck et al., 2014).
Control of R. microplus infestations on cattle is almost entirely based on the
applications of synthetic chemical acaricides, but this method has drawbacks as
multidrug resistance and accumulation of chemical residues in meat and milk
(George et al., 2008; Guerrero et al., 2012; Klafke et al., 2017).

Ivermectin is an endectocide belonging to the class of macrocyclic
lactones and is characterized by high efficacy against endo- and ecto-parasites
and the long persistence of the antiparasitic activity (Campbell and Benz, 1984).
The use of long-acting formulations of ivermectin (3.15%) to control R.
microplus infestation on cattle is widespread. In Argentina, there are several
commercial formulations of ivermectin 3.15% officially approved for the control

of this tick (see http://www.senasa.gob.ar). However, the emergence of R.

microplus populations resistant to ivermectin (Rodriguez-Vivas et al., 2014;
Klafke et al., 2017; Torrents et al., 2020) and the long withdrawal period of the
long-acting commercial formulations (50 to more than 100 days) constitute a

constraint for these pharmaceutical preparations.
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The use of treatment schemes based on successive applications of
ivermectin 3.15% may result in a reduction of the tick refuge, which could lead
to the development of resistance. For example, if three successive applications
of most of the different commercial formulations of ivermectin 3.15% approved
for control-ticks in Argentina are made with an interval of 35 days, ticks
belonging to different generations could be exposed to the treatment (see the
population dynamics-patterns of R. microplus in Argentina in Canevari et al.
(2017) and Nava et al. (2020)). Furthermore, successive applications of the
drug could have an additive effect on the accumulation of residues in cattle,
extending the withdrawal period. Nava et al. (2019) observed that the
application of two successive treatments with ivermectin 3.15% may increase its
accumulation in cattle tissues. The knowledge about how the application of
successive treatments with ivermectin 3.15% determines the pharmacokinetic
patterns of the drug and its efficacy is fundamental for an appropriate design of
control methods for R. microplus. Therefore, this work aimed to: I) study the
pharmacokinetics of ivermectin 3.15% in a scheme of successive treatments
and the potential accumulation in the body of treated animals; Il) evaluate the

efficacy of three successive treatments with ivermectin 3.15%.
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2. Materials and methods
2.1.Experimental animals, treatments and sampling

Fifteen 12-month-old Braford heifers were used as experimental animals
in the Estacion Experimental Agropecuaria Colonia Benitez, Instituto Nacional
de Tecnologia Agropecuaria (INTA EEA Colonia Benitez), Colonia Benitez
(27°20'S, 58°56'W), Chaco Province, north- eastern Argentina. These heifers,
naturally infested with R. microplus, were divided into two groups. Cattle
belonging to Group | (n=10) were subjected to three treatments with a
subcutaneous injection of a commercial formulation of ivermectin 3.15%
(IVOMEC GOLD®, Merial Argentina S.A.; lot# 88164/19, expiration date
05/2022) at a rate of 1 mL/50 kg of body weight (630 pg/kg) on day 0 (8th
January 2020), 35 (12th February 2020) and 70 (18th March 2020) (Fig. 1). The
interval between treatments was determined based on the residual
effectiveness for absolute tick control (23 days in the case of IVOMEC GOLD®)
plus a period of 12 days. Cattle did not receive other antiparasitic treatments
and they did not interact with other animals until the end of the trial (November
2020). Cattle belonging to Group Il (control group) (n=5) were not treated. Blood
samples were taken from the jugular vein from all the treated animals into
heparinized tubes (Fig.1). The blood was subsequently centrifuged for 10 min at
750 x g and 24 °C to separate the plasma, which was frozen at —20 °C until
processing for high-performance liquid chromatography (HPLC) analysis
(Section 2.2). For practical purposes, in the rest of this text the days post-
treatment will be expressed according to the last treatment applied and only if
necessary will they be expressed in another way. Handling of animals was

made in accordance with the institutional guide for the care and use of
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experimental animals, with the approval of the Institutional Committee for Care
and Use of Experimental Animals, CICUAE-INTA, Argentina (Council resolution

number P21-025).

2.2.Pharmacokinetic study

Ivermectin concentrations in plasma samples were analyzed following
the methodology described by Lifschitz et al. (1999, 2000) .The ivermectin
chemical extraction process used an aliquot of 0.25 mL of plasma and 1 mL of
acetonitrile (J.T. Baker®, Center Valley, PA, USA) as solvent. Moxidectin
(Sigma-Aldrich, USA) was included in each sample as internal standard. The
mixture of samples and the solvent were shaken (Multi Tube Vortexer, VWR
Scientific Products, West Chester, PA, USA) for 20 min (2400 rpm) and then
samples were sonicated (ultrasonic frequency kHz 35) for 10 min (Transsonic
570/H, Laboratory Line Instruments Inc., Melrose Park, IL, USA). Finally, the
samples were centrifuged at 2000 x g for 15 min and the supernatant was
recovered in the khan tubes. The supernatant was concentrated to dryness
under a stream of nitrogen. The dry residue of ivermectin was derivatized as
previously described by de Montigny et al. (1990).

Ivermectin concentrations were determined by HPLC using a Shimadzu
10A HPLC system with an autosampler (Shimadzu Corporation, Kyoto, Japan).
HPLC analysis was performed using a reverse phase C18 column (Kromasil,
Eka Chemicals, Bohus, Sweden, 5 um, 4.6x250mm) and a mobile phase of
0.2% acetic acid in water/methanol/acetonitrile (1.6/60/38.4) at a flow rate of 1.5
mL/min at 30°C (Lifschitz et al.,, 1999). Ivermectin was detected with a
fluorescence detector (Shimadzu, RF-10 Spectrofluorometric detector, Kyoto,

Japan), reading at 365 nm (excitation) and 475 nm (emission wavelength).
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Linearity was established to determine the ivermectin concentrations/detector
responses relationship. Calibration curves were prepared within the 0.5-
100 ng/mL range. Calibration curves were established using least squares
linear regression analysis and correlation coefficients (r) and coefficient of
variations (CV) were calculated. Mean percentage of ivermectin absolute
recovery from plasma were >78.4%. The method precision measured with the
coefficient of variation was between 3.16 and 9.27%. The limit of quantification

was established at 0.5 ng/mL.

2.3. Pharmacokinetic analyses

A non-compartmental pharmacokinetic analysis was performed with the
PK Solutions 2.0 computer software (Ashland, Ohio, USA). The peak
concentration (Crax) was read from the plotted concentration-time curve in each
animal. The area under the concentration vs. time curves (AUC) was calculated
by the trapezoidal rule (Gibaldi and Perrier, 1982). The plasma concentrations
and systemic exposure calculated as AUC of ivermectin after the successive
treatments were simulated using PCModfit 6.9 software (Allen, 1990). The
estimated values were compared to those observed after ivermectin
guantification in plasma for each treatment. The terminal (elimination) half-life
(T12 €el) was calculated as In2/);, where In2 is the natural logarithm of 2 and A,
the slope of the terminal phase. The A, was determined performing regression
analysis using six points of the terminal phase of the concentration-time plot.
Plasma concentrations and the pharmacokinetic parameters are reported as
mean + standard deviation (SD). Mean pharmacokinetic parameters were
statistically compared using Student’s t test or ANOVA. Significant differences

among SD were subjected to a non-parametric Mann Whitney test or Kruskal
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Wallis test. The statistical analyses were performed using the Instat 3.0

software (GraphPad Software, CA, US).

2.4.Efficacy assessment

Counts of R. microplus females (4.5-8.0 mm long) were performed on
the left side of each bovine and the whole tail between days 14 and 202 post-
first treatment (see details in Fig. 1). This is due to the fact that on day O,
animals from Group | had a low abundance of countable ticks, with presence of
immature stages and that animals from Group Il were incorporated to the trial
after day 10 post-first treatment due to logistic reasons. The number of half-
body counted ticks was multiplied by two for statistical analyses. Prevalence
(number of infested hosts / nhumber of examined hosts) and median with first
and third quartiles (1Q-3Q) were caiculated. Data were subjected to the
Shapiro-Wilk’'s test of normality prior to statistical analysis. Because the test
revealed significant deviations from the normal distribution, statistically
significant differences in the distributions of R. microplus numbers between
groups were determined by using the non-parametric Mann-Whitney test.
Differences were considered significant at P<0.01. Therapeutic efficacy
percentage was calculated with the Abbot’s formula using the mean number of
ticks (Abbott, 1925): Corrected % = (1- n in T after treatment / n in Co after
treatment)*100, where n is the mean number of ticks, T is the treated group

(Group 1) and Co is the untreated group (Group II).

2.5.Larval immersion test for ivermectin resistance in ticks
To determine the level of tick resistance to ivermectin by in vitro tests,
engorged females were obtained from cattle belonging to Group | before and

after finishing the scheme of successive treatments. The progeny of these
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female ticks (14-21 days old larvae) were used in the in vitro tests. The larval
immersion test (LIT) bioassay with ivermectin was performed as described in
Klafke et al. (2012) and Torrents et al. (2020), by using technical grade
ivermectin (22,23-dihydroavermectin B1, batch number MKCKO0618, Sigma-
Aldrich, USA). Briefly, an initial solution prepared with technical ivermectin, 1%
acetone, Triton X-100 and distilled water was used to prepare 10 mL of the
following solutions (in ppm) 4, 5.8, 8.2, 11, 16.8, 32.4, 43.96, 51.4, and 100.
The control solution consisted of diluent without ivermectin. Approximately 100
larvae were exposed during 10 min to 1 mL of each solution in 1.5 mL
microcentrifuge tubes.

Mortality data were analyzed through a probit analysis with POLO PLUS
software (LeOra Software, 2003). Lethal concentrations (LC) for 50% and 99%
with their confidence intervals (Cl) and the slope of the regression line were
estimated by means of a regression equation analysis to the probit transformed
data. LCsp and LCgyy values obtained for the post-treatment sample were
compared with those values of the pre-treatment sample. Differences between
LC values of tick samples were considered significant when its 95% Cls did not
overlap. Resistance ratios (RR) were determined considering both LCso and
LCgo values as follow: LCx of post-treatment sample / LCx of pre-treatment
sample. The criterion considered a priori to interpret the results obtained with
the LIT bioassay is based on that established by Castro-Janer et al. (2011): -
Susceptible: LCso (Cl 95%) of the post-treatment sample is not statistically
different from the susceptible strain considered as reference (pre-treatment
sample); -Incipient resistance: LCso (Cl 95%) of the post-treatment sample is

statistically different from the susceptible strain considered as reference and
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RRspis <2; -Resistant: LCso (Cl 95%) of the post-treatment sample is statistically

different from the susceptible strain considered as reference and RRsg is = 2.

3. Results

Mean ivermectin 3.15% plasma concentrations measured in cattle after
the three treatments are shown in Fig. 2. After the first treatment, there was an
increase from day 1 (mean value 8.78 ng/mL) to day 7 (mean value 27.5 ng/mL)
and then a decrease to day 35 post-first treatment when cattle received the
second treatment. After the administration of the second and third treatment of
ivermectin, a significant drug accumulation was observed. The AUCy.35q
obtained post-second treatment was 1.51 + 0.39-fold higher than those
observed post-first treatment (P<0.05). The mean plasma concentrations of
ivermectin on day 20 post-treatment were significantly different (P<0.01) after
the administration of the three successive treatments. Whereas post-first
treatment drug plasma level was 17.0 ng/mL, it was 27.5 and 37.8 post-second
and third treatment, respectively. The observed ivermectin accumulation in the
experimental animals after the successive treatments agreed to that estimated
by pharmacokinetic simulation (Fig. 3). This simulation predicted the same
degree of accumulation that those observed in the field, being the AUC and the
Cmax 57 and 48% higher, respectively, after the third treatment than after the
first treatment.

The elimination half-life of ivermectin was calculated from the day 20
post-third treatment with the long-acting formulation. The mean value was 42 +
11 days, that resulted significantly longer than the values previously reported for
the same formulation administered in a single dose (16.5 + 0.70 days) (P<0.01)

(Lifschitz et al., 2007).
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The therapeutic efficacy of the successive applications of ivermectin
3.15% is shown in Table 1, where data of mean number of ticks, median,
prevalence and therapeutic efficacy percentage are presented. Group | and
Group Il showed similar tick infestation on day 14 post-first treatment (P>0.01).
Differences in tick infestation between the two groups were statistically
significant in all counts (P<0.01) from day 20 post-first treatment (Table 1).
From day 20 post-first treatment, the number of ticks in cattle from Group |
remained low throughout the entire trial. Tick abundance in animals without
treatment (Group 1) showed a natural variation over time, but its decrease was
not enough to affect significantly the calculation of efficacy percentage. Values
of therapeutic efficacy percentage reached 75.6% post-first treatment and
between 95.9 and 100% after the second treatment (Table 1). There was a
negative correlation (r= 0.651; P= 0.034) between the ivermectin systemic
exposure measured as AUC and the cumulative number of ticks on day 70
post-first treatment when the therapeutic efficacy was 100% (Fig. 4). The
cumulative number of ticks in cattle from Group | was significantly lesser than
that from the controls (1158 and 3226, respectively) (P<0.01).

The results obtained by LIT in vitro bioassay to test the evolution of the
level of resistance of ticks after application of successive treatments with
ivermectin 3.15% are showed in Table 2. The samples of ticks evaluated in pre
and post-treatments periods showed significant differences in the values of LCsp
and LCgyy. The values of LCsp increased from 8.73 ppm (pre-treatment sample)
to 10.5 ppm (post-treatment sample). According to the criteria described in
“‘materials and methods”, the sample post-treatment is classified as “incipient

resistance” (RRsg 1.2).
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4. Discussion

The pharmacokinetics and efficacy of three successive treatments with a
long-acting formulation of ivermectin 3.15% to control the cattle tick R.
microplus was evaluated in this work. A significant accumulation in plasma of
ivermectin 3.15% was observed after two and three successive treatments. The
ratio of exposure accumulation was between 1.51 and 1.57 after the second
and the third treatment. These results agreed with a previous study performed
by Nava et al. (2019) where accumulation of ivermectin 3.15% in plasma and fat
after two successive treatments with a long-acting formulation was observed.
An important issue is related to the potential influence of drug accumulation on
the established withdrawal period. Ivermectin is a very lipophilic drug that is
widely distributed from the blood to different tissues including fat which may act
as drug reservoir (Lanusse et al., 1997, Lifschitz et al., 2000). The
pharmacological rationale of the long-acting formulations is based on the
vehicle innovation that favors a slow absorption from the subcutaneous site and
prolongs the persistence of ivermectin concentrations (Lifschitz et al., 2007).
However, the potential advantage of long-acting ivermectin formulation
addressed to extend the period of drug protection and to reduce the labor costs
of farmers. The withdrawal period of IVOMEC GOLD® is 122 days and the
accumulation ratio measured in the current trial was slightly higher than that
obtained after the successive treatments with a chemical formulation with a
withdrawal period of 55 days (1.42) (Nava et al., 2019). The elimination half-life
of ivermectin after the third treatment in the current trial was significantly longer
compared to the values previously reported after a single treatment with the

same formulation (Lifschitz et al., 2007). The withdrawal time is influenced by
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the terminal half-life and therefore, an estimation of this period may be done
using the tissue tolerance and the initial drug concentration (Riviere and
Sundlof, 2009). The main target tissues for residues evaluation in the case of
ivermectin are liver and fat (Chiu and Liu, 1989). Therefore, if the fat tolerance
adopted by European Union is used (100 ng/g) (EMA, 2014), the ivermectin
accumulation and longer elimination half-life observed after the successive
treatments may prolong the withdrawal period beyond 120 days. On the other
hand, using the higher tolerance established by FAO for fat tissue (400 ng/g)
(FAO, 2016) and recently adopted in Argentina, the accumulation of ivermectin
should not prolong the withdrawal period. Althougli this estimation is theoretical,
it is useful to gain a perspective on what the withdrawal time may be altered by
pharmacokinetic modifications.

The therapeutic efficacy of three successive treatments with ivermectin
3.15% against R. microplus achieved high values of efficacy. The therapeutic
efficacy values on day 20 and 35 post-first treatment were 75.6 and 74,
respectively, but the therapeutic efficacy values obtained from day 20 post-
second treatment (day 55 post-first treatment) were always higher than 95%,
reaching values of 100% between days 35 post-second treatment and 49 post-
third treatment (days 70 and 119 post-first treatment, respectively) (Table 1).
These results coincide with previous studies performed with a single dose of
ivermectin 3.15% which failed to achieve 100% of therapeutic efficacy (Lopes et
al., 2013; Nava et al., 2019; Torrents et al., 2020). As drug uptake by ticks after
the subcutaneous treatment is related to the feeding habits, the systemic
exposure measured as AUC is relevant for obtaining therapeutic concentrations

(Lifschitz et al.,, 2007). In fact, there was a negative correlation between
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ivermectin systemic exposure and cumulative number of ticks on day 70 post-
first treatment.

Although this scheme based on successive treatments with ivermectin
3.15% allows obtaining high levels of therapeutic efficacy, it implicates long
periods of exposure of the tick population to the same drug. The concept of
refuge refers to the part of the parasite population untreated and thus, free from
the selection pressure applied by exposure to drug (Hodgkinson et al., 2019).
Therefore, three successive applications of a long-acting acaricide, as the
commercial formulations of ivermectin 3.15%, could reduce the refuge in the
pasture and increase the selection pressure by eliminating susceptible
individuals from the population. This selection could be enhanced as the
elimination half-life of the drug was prolonged due to the repeated
administration. The selection of individuals carrying resistance genes that are
inherited by subsequent generations can affect the efficacy of the drug. The few
ticks that were observed on cattle between days 35 post-first treatment and 20
post-second treatment (day 55 post-first treatment) (from early February to early
March) could correspond to resistant specimens that were not affected by the
treatment. According to the seasonal dynamics of the non-parasitic phase
described by Nava et al. (2020) for the same study area, the progeny of those
ticks observed on the treated cattle between February and March could
correspond to the ticks observed on cattle in late May and June (see Table 1).
The results obtained with the LIT bioassay suggest that the R. microplus ticks
collected after the application of three successive treatments with ivermectin

3.15% could have increased levels of resistance to this drug. These results
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empirically show the high risk of increasing the selection pressure for resistance

when a tick population is exposed for long periods to a same long-acting drug.

5. Conclusions
The treatment with long-acting formulations of ivermectin (3.15%) based
on successive applications in order to suppress or reduce the population of R.
microplus is a common practice in livestock establishments from Argentina. The
results of this study showed that, although the efficacy level of this scheme of
treatments to control ticks was high, it has drawbacks as the significant
accumulation of drug in plasma and the potential increase in the selection

pressure for resistance on the tick population.
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Table 1. Prevalence (P), mean number, median (M) and first and third quartiles

(1Q-3Q) of Rhipicephalus (Boophilus) microplus females 4.5-8.0 mm long of

the treated (Group I; Gl) and untreated (Group II; Gll) groups of cattle. The

therapeutic efficacy percentage (EP) is also shown. Cattle from Group | were

treated with ivermectin 3.15% on days 0, 35 and 70.

Group | Group Il

5:‘;’”‘:]0;;; P (%) nt”;%gr M (1Q-3Q) P (%) n'l\J/Iriabr:ar M(1Q-3Q)  EP (GI-GIy* p-value*
14 (22 Jan 2020) 100 66 41(21-89) 100 97 94 (21-177) NA 0.48
20 (28 Jan 2020) 90 13.2 7 (2-25) 100 54 65 (18-80) 75.6 0.01
35 (12 Feb 2020) 60 7.8 3(0-11) 100 30 30 (11-49) 74.0 0.01
55 (03 Mar 2020) 10 0.2 0 (0-0) 75 20.5 11 (1-50) 99.0 0.009
70 (18 Mar 2020) 0 0 0 (0-0) 75 21.2 12 (0-47) 100 0.008
90 (07 Apr 2020) 0 0 0 (0-0) 100 56 62 (27-82) 100 0.0001
119 (04 May 2020) 0 0 0 (0-0) 100 924 96 (23-160) 100 0.0001
140 (27 May 2020) 10 0.2 0 (0-0) 100 50.4 38 (23-84) 99.6 0.001
170 (26 Jun 2020) 20 1 0 (0-1) 100 32.4 26 (17-51) 96.9 0.001
195 (21 Jul 2020) 30 1 0 (0-2) 100 41.6 42 (26-57) 97.6 0.001
202 (28 Jul 2020) 70 3.6 4 (0-7) 100 86.8 88 (59-115) 95.9 0.002

*Mann-Whitney test. Values are considered significantly different if P<0.01.

*x The therapeutic efficacy percentage is presented only when the number of

ticks in the treated group was significantly lower than the number of ticks in the

control group.

NA: not applicable
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Table 2. Results of the larval immersion test (LIT) with ivermectin applied to
larvae of Rhipicephalus (Boophilus) microplus obtained from cattle after three

successive treatments with ivermectin 3.15%.

. . LC LC

Tick population Slope + S.E 50 Cl95% LC 99 Cl95% LC RR RR
pop p (ppm) 0 LCso (ppm) 0 LCgg 50 99

) Pre-treatment 11.74 +1.44 8.73 7.6-9.1 13.2 11.9-15.34 - -
sample

II) Post-treatment
sample 4.06 + 0.20 10.5 9.7-11.2 39.2 33.2-48.6 1.2 2.9

(November 2020)

LC: lethal concentration; ppm: parts per million; Cl. confidence interval, RRs:

resistance ratio for LCsp; RRgg: resistance ratio for LCgg.
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Figure captions:
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DPF 0 1 2 7 14 21 35 36 37 55 70 90 119 140 170 195 202
DPS 1 2 20 35 55 84 105 135 160 167

DPT 20 49 70 100 125 132

Fig. 1. Scheme of treatments with ivermectin 3.15%: i) arrows indicate the date
of the application of each treatment; ii) numbers indicate the days post-
treatments where counts of Riphicephalus (Boophilus) microplus females and
take blood samples were performed. R. microplus counts began on day 14.
DPF: days post-first treatment; DPS: days post-second treatment; DPT: days

post-third treatment.
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Fig. 2. Mean ivermectin (IVM) plasma concentrations (ng/mL) obtained after
three successive treatments with a long-acting formulation (3.15%) at a dose
rate of 630 pg/kg to cattle. The treatments were administered on days 0, 35 and

70. The arrows indicate the date of the second and third treatment.
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Fig. 3. Simulation of plasma ivermectin concentrations profiles obtained after
three successive treatments with a long-acting formulation (3.15%) (days 0, 35
and 70). The simulation was made using the observed concentration profiles of
ivermectin obtained after its administration on day 0. The insert shows the
comparative concentration profiles observed after the first and third treatment.

The arrows indicate the date of treatments.
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Fig. 4. Correlation between ivermectin systemic exposure measured as area
under the concentration vs. time curves (AUC) and the cumulative number of

ticks on day 70 post-first treatment.
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