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a  b  s  t  r  a  c  t

The  goal  of the  current  study  was  to evaluate  the  comparative  efficacy  of  ivermectin  (IVM)  against
small  strongyles  (cyathostomins)  following  its oral  and intramuscular  (IM)  administration,  in naturally
parasitized  horses.  The  parasitological  data  were  complemented  with  the  assessment  of  the  plasma  dis-
position  kinetics  of  IVM.  The  trial  included  two different  experiments.  In  experiment  I, 40  horses  naturally
infected  with  small  strongyles  were  randomly  allocated  into  four  experimental  groups  (n  = 10)  and  treated
with IVM  (0.2  mg/kg)  as  follows:  IVM oral  paste,  animals  were  orally  treated  with  Eqvalan® (IVM  1.87%
paste,  as the  reference  formulation)  by  the  oral  route;  IVM  oral  solution,  animals  were  orally  treated  with
Remonta® (IVM  2%  solution,  as a  test formulation);  IVM  IM  solution,  animals  were IM treated  with  the
test  product  (Remonta® IVM  2%  solution);  and  control,  animals  were kept  without  treatment  as  untreated
controls.  In  experiment  II, 24  horses  naturally  parasitized  with  small  strongyles  were  randomly  allocated
into  the  same  four  experimental  groups  (n  = 6) described  for experiment  I. Faecal  samples  were  indi-
vidually  collected  directly  from  the rectum  of  each  horse  prior  (day  −1) and  at  7 and  15 (Experiment
I) or  7, 15  and  21  (Experiment  II)  days  after-treatment,  to  assess  the eggs  per gram  (epg)  counts  and
estimate  the  efficacy  of the  treatments.  Additionally,  the  comparative  plasma  disposition  kinetics  of  IVM
in treated  animals  was assessed  in  experiment  II.  In  both  experiments,  an  excellent  (100%)  IVM  efficacy
was  observed  after  its oral  administration  (test  and  reference  formulations).  However,  the  IM  adminis-
tration  of  IVM  resulted  in  a  low  efficacy  (36–64%).  Similar  IVM  plasma  concentration  was  observed  after

its oral  administration  as  a paste  or as a solution.  The  higher  IVM  plasma  profiles  observed  after  the  IM
administration  accounted  for  an  enhanced  systemic  availability.  The  improved  IVM  efficacy  observed
against  adult  cyathostomins  after  its oral  administration  can  be explained  by  an enhanced  drug  exposure
of the  worms  located  at the  lumen  of  the  large  intestine.  These  findings  may  have  a  direct  impact  on  the
practical  use  of  macrocyclic  lactones  in  horses.

© 2017  Elsevier  B.V.  All  rights  reserved.
. Introduction

The effectiveness of macrocyclic lactones against the most eco-
omically important nematode parasites of adult horses has made

hem the gold standard for control programs of equine para-
ites. Small strongyles (cyathostomins) represent a heterogeneous
roup of intestinal nematodes that affect horses and other equids
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E-mail address: lalvarez@vet.unicen.edu.ar (L. Alvarez).

1 Both authors have equally contributed to this work.

ttp://dx.doi.org/10.1016/j.vetpar.2017.01.025
304-4017/© 2017 Elsevier B.V. All rights reserved.
(Soulsby, 1987). Cyathostomins are the most prevalent gastroin-
testinal nematodes of adult horses in Argentina (Fusé and Saumell,
2002; Fusé et al., 2013), as well as in other parts of the world
(Matthews et al., 2004). Most cyathostomin infections may  develop
without clinical signs. In naturally parasitized horses, adult worms
are found in the large intestine, mainly in the cecum and ventral
colon (Ogbourne, 1976; Cirak et al., 1996; Steinbach et al., 2006),
and a larger number of parasites are found as encysted larvae in

the mucosa and submucosa of the large intestine. The massive
emergence of the encysted cyathostomin larvae from the large
intestinal wall has been associated with diarrhea, severe inflam-
mation of the mucosal wall, ventral edema, colitis and weight loss

dx.doi.org/10.1016/j.vetpar.2017.01.025
http://www.sciencedirect.com/science/journal/03044017
http://www.elsevier.com/locate/vetpar
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Murphy and Love, 1997). At this stage, cyathostominosis can be
atal in up to 50% of cases (Love et al., 1999). Resistance of cyathos-
omins to anthelmintic drugs, mainly pyrantel and benzimidazole
nthelmintics, is widespread (Kaplan, 2004; Traversa et al., 2007).
owever, resistance to macrocyclic lactones is beginning to emerge

n cyathostomins. A reduction of the egg reappearance period has
een proposed as an early indicator of a shift in nematode pop-
lation sensitivity towards anthelmintic resistance (Borgsteede
t al., 1993; Sangster, 1999; von Samson-Himmelstjerna et al.,
007; Edward and Hoffmann, 2008; Molento et al., 2008; Lyons
t al., 2008; Traversa et al., 2009; Kaplan and Vidyashankar, 2012;
anever et al., 2013). Furthermore, there is evidence that the
bserved shortened egg reappearance periods are due to resistance
n luminal L4-stages of equine cyathostomins (Lyons et al., 2009,
010; Lyons and Tolliver, 2013).

As a chemical group, macrocyclic lactones include several
olecules active against endo- and ecto-parasites. Ivermectin

IVM), the first macrocyclic lactone introduced as an antiparasitic
rug in 1981, is effective against endo- and ecto-parasites in a wide
ariety of hosts, including cattle, sheep, goats, dogs, pigs and horses,
s well as domesticated wild animals (Campbell et al., 1989). IVM
as the first macrocyclic lactone approved in horses as a broad

pectrum antiparasitic compound (Campbell et al., 1989). The first
ommercial formulations include a paste designed for oral admin-
stration (Eqvalan Paste, IVM 1.87%, Merck and Co., Inc., Rahway,
J), a solution which may  be administered by stomach tube (naso-
astric intubation) or as an oral drench (Eqvalan Liquid, IVM 1%)
nd a micellar formulation for intramuscular (IM) use (Eqvalan
njectable, IVM 2%). In all cases, the recommended dose of IVM was
.2 mg/kg. In the early days, shortly after the introduction of IVM

nto the market, nematode susceptibility was high and equivalent
fficacy patterns were observed against gastrointestinal parasites
fter parenteral or oral treatment in horses (Campbell et al., 1989).
n fact, most of the early studies on the efficacy of IVM in horses
sed IM injection of the drug (Campbell et al., 1989). These trials
emonstrated that the efficacy of parenterally and orally adminis-
ered IVM in horses was almost identical (Campbell et al., 1989).
or example, the reduction of small strongyles egg counts after the
dministration of IVM either by the oral or IM route was 100% at day
4 post-treatment and 90% at day 60 post-treatment (Baker et al.,
984). Similarly, no significant differences in the mean strongyle
gg counts were observed after the topical and oral administra-
ion of IVM to horses (Gokbulut et al., 2010). In controlled trials,
VM efficacy was compared after the administration of the paste
nd injectable preparations. Against adult Cyathostomum spp and
nidentified species of small strongyles the efficacy of both for-
ulations was higher than 99% (Wallace and Duncan, unpublished

ata cited by Campbell et al., 1989). Thus, the activity of the paste
nd the injectable formulations seemed to be similar in those trials.
owever, the manufacture and distribution of Eqvalan Injectable
as cancelled due to the adverse reactions related to the contam-

nation of the inoculation site with bacteria (Clostridium sp.) and
naphylactic reactions (Campbell et al., 1989).

The “Remonta y Veterinaria” section of the Argentine Army
anufactures its own veterinary pharmaceutical products includ-

ng a propylene glycol-based formulation of IVM prescribed for oral
r IM administration to horses (Remonta

®
, IVM 2%,). For many

ears, this product has been used for parasite control in horses
y IM route without reports of adverse reactions and/or reduced
fficacy. However, in 2010, after the IVM administration by the
M route, nematode egg counts were observed at 10 days post-
reatment, and anthelmintic resistance and/or poor quality of the

ormulation was suspected. The goal of the current study was to
valuate the efficacy of IVM against small strongyles in naturally
arasitized horses following treatment with the “reference” for-
ulation (Eqvalan

®
Paste, IVM 1.87%) by the oral route and the
sitology 236 (2017) 62–67 63

test preparation (Remonta
®

solution) administered by the oral and
IM route). Additionally, the plasma disposition kinetics of IVM in
horses after the different IVM treatments was  assessed.

2. Material and methods

2.1. Animals

The animal phase of the current experimental work was car-
ried out in two different years (2010 and 2012) in the farm “Haras
General Lavalle”. This farm belongs to the Argentine Army and
is located in Tandil, Buenos Aires province, Argentina. The farm
had approximately 1000 grazing horses destined for sports activ-
ities (polo and/or horse riding). The area of Tandil has rainfall
of 1.2 L/m2 per year and an annual mean temperature of 16 ◦C,
which represents ideal conditions for the development of nema-
tode populations. The horses were maintained over a surface of
670 ha of implanted and natural pastures. Since most of the animals
were grazing on pasture all year, nematode infection was com-
mon. The parasite control program at the “Haras General Lavalle”
was based on the treatment with IVM, which has been in use for
many years (five to six treatments a year). Two-year-old “Silla
Argentino” horses (Argentine Saddlebred) naturally infected with
gastrointestinal nematodes were involved in the two experiments
described here. All the animals had a similar weight, body con-
dition and parasite burden. Animal procedures and management
protocols were approved by the Ethics Committee according to
the Animal Welfare Policy (act 087/02) of the Faculty of Veteri-
nary Medicine, Universidad Nacional del Centro de la Provincia de
Buenos Aires (UNCPBA), Tandil, Argentina (FCV-UNCPBA, 2016).

2.2. Experimental design

2.2.1. Experiment I
Experiment I was  performed in May  2010 (autumn season in

Argentina). Forty animals were selected from a herd of 250 horses
based on egg per gram (epg) counts (≥100 epg). The horses were
weighed, identified with their specific record cards and kept on a
grazing pasture with free access to water throughout the experi-
ment. Horses (496 ± 53 kg) with an average of 401 ± 248 epg (trial
day −1) ranging from 100 to 1140 epg, were ranked accord-
ing to increasing epg. Groups of replicates of four animals were
formed based on increasing epg, and within each replicate, ani-
mals were randomly assigned to each experimental group (n = 10).
Experimental animals received the following treatments (trial day
0): IVM oral paste,  animals were orally treated with Eqvalan

®

(IVM 1.87% paste, Merial, Argentina, considered the reference for-
mulation); IVM oral solution, animals were orally treated with
Remonta

®
, a propylene glycol-based formulation (IVM 2% solution,

División de Remonta y Veterinaria, Ejército Argentino, Argentina,
considered the test formulation); IVM IM solution, animals were
intramuscularly treated with the test formulation (Remonta

®
, IVM

2% solution); and Control, animals were kept without treatment as
untreated controls. All treatments were performed at the dose rate
of 0.2 mg/kg. Faecal samples were individually collected directly
from the rectum pre-treatment (day −1) and at 7 and 15 days
post-treatment, to assess the epg counts.

2.2.2. Experiment II
Experiment II was  performed in April 2012 (autumn season in

Argentina). From a herd of 160 horses, 24 animals were selected

based on egg counts, weighted and identified with their specific
record cards. All the animals were maintained on a grazing pas-
ture during the experiment and had free access to water. Horses
(511 ± 26 kg) with an average of 163 ± 41 egg counts (trial day −1)



6 y Para

r
v
d
l
a
t
m
j
D
a
o
t
−
(

2

M
n
5
p
w
s
e
A
w
w
r
1
I

F

w
a
m
c
t
a

f
o
a
a
1
o
d

B
o
s
w
w
a
m
a
m
d
o
w
t
C
J
c
s

4 C. Saumell et al. / Veterinar

anging from 80 to 420 egg counts, were randomly allocated as pre-
iously explained, into the same four experimental groups (n = 6)
escribed for experiment I. Faecal samples were individually col-

ected directly from the rectum pre-treatment (day −1) and at 7, 15
nd 21 days post-treatment to assess the egg counts. Additionally,
he comparative plasma disposition kinetics of IVM in treated ani-

als was carried out. Blood samples (5 mL)  were taken from the
ugular vein using 10 mL  heparinised Vacutainer

®
tubes (Becton

ickinson, Franklin Lakes, NJ, USA), before administration (time 0)
nd at 2, 4, and 6 h and 1, 2, 3, 5, 7, 10, 15 and 21 days after the oral
r IM administration of IVM. Plasma was separated by centrifuga-
ion at 2000 × g for 15 min, placed into plastic tubes and frozen at
20 ◦C until analysis by high performance liquid chromatography

HPLC).

.3. Analytical procedures

Parasitological analysis: The epg count was performed by a
cMaster technique (MAFF, 1986), with a detection limit of 10

ematode eggs per g of faeces. Three g of faeces were mixed in
7 mL  of saturated sodium chloride solution (SG 1.2). The sus-
ension was sieved through a gauze. The filtered suspension
as thoroughly mixed before the filling of the INTA McMaster

lide chambers (consisting in a four-chambered slide of 0.5 mL
ach) (Instituto Nacional de Tecnología Agropecuaria, Buenos Aires,
rgentina). After 5 min, eggs were counted and the total number
as multiplied by 10 to obtain the final epg counts. All samples
ere processed within four days of collection. The faecal egg count

eduction (FECR) was calculated for each group of horses at 7 and
5 (experiment I) or 7, 15 and 21 days post-treatment (experiment

I), using the following formula (Coles et al., 1992):

ECR (%) = 100 × (1 − Ct/Cc);

here Ct is the arithmetic mean of epg counts in the treated group
t time t (7, 15 or 21 days post-treatment, according the experi-
ent) and Cc is the arithmetic mean of epg counts in the untreated

ontrol group at time t (7, 15 or 21 days post-treatment, according
he experiment). The 95% confidence intervals (CI) were calculated
s reported by Coles et al. (1992).

Faecal cultures (approx. 100 g faeces each group) were per-
ormed pre- (trial day −1) and post-treatment with equal amounts
f faeces obtained from each animal (approx. 10 g), and then pooled
ccording the experimental group. The faeces were broken up finely
nd incubated in glass culture dishes for 14 days at 27 ◦C (MAFF,
986). After Baermann sedimentation (24 h), one hundred larvae
r the number of larvae recovered were examined for strongyle
ifferentiation using the key of MAFF (1986).

HPLC analysis: The extraction of IVM (22,23 dehydro-avermectin
1a), from spiked and experimental plasma samples was  carried
ut following a well established technique (Alvinerie et al., 1993,
lightly modified by Lifschitz et al., 1999). IVM concentrations
ere determined by HPLC using a Shimadzu 10 A HPLC system
ith autosampler (Shimadzu Corporation, Kyoto, Japan). HPLC

nalysis was undertaken using a reverse phase C18 column (Kro-
asil, Eka Chemicals, Bohus, Sweden, 5 �m,  4.6 mm × 250 mm)

nd 0.2% acetic acid in water/methanol/acetonitrile (1.6/60/38.4)
obile phase at a flow rate of 1.5 mL/min at 30 ◦C. IVM was

etected with a fluorescence detector (Shimadzu, RF-10 Spectroflu-
rometric detector, Kyoto, Japan), reading at 365 nm (excitation
avelength) and 475 nm (emission wavelength). IVM concentra-

ions were determined by the internal standard method using the

lass LC 10 Software version 1.2 (Shimadzu Corporation, Kyoto,

apan). The peak area ratios were considered to calculate the IVM
oncentrations in spiked (validation) and experimental plasma
amples. There was no interference of endogenous compounds in
sitology 236 (2017) 62–67

the chromatographic determinations. The solvents (Baker, Phillips-
burg, NJ, USA) used during the extraction and drug analysis were
HPLC grade. A complete validation of the analytical procedures
used for extraction and quantification of IVM was performed before
starting the analysis of the experimental samples obtained during
the pharmacokinetic trial. Calibration curves in the range between
0.2–5 ng/mL and 5–50 ng/mL were prepared for each compound.
Calibration curves were established using least squares linear
regression analysis and correlation coefficients (r) and CV were
calculated. Linearity was established to determine the IVM concen-
trations/detector response relationship. IVM recovery from plasma
was obtained for the range between 0.2 and 50 ng/mL. The inter-
assay precision of the extraction and chromatography procedures
was estimated by processing replicate aliquots (n = 4) of pooled
horse plasma samples containing known IVM concentrations (0.2,
5 and 50 ng/mL) on different working days. The limit of quantifica-
tion (LOQ) was defined as the lowest measured concentration with
a CV <20%, an accuracy of ±20% and an absolute recovery ≥70%.
The LOQ obtained for IVM was  0.2 ng/mL. Values below LOQ were
not included in the pharmacokinetic analysis. The linear regres-
sion lines for IVM showed correlation coefficients to ≥0.999. Mean
absolute recovery percentage for concentrations ranging between
0.2–50 ng/mL were 85%. The inter assay precision of the analyt-
ical procedures obtained after HPLC analysis of IVM on different
working days showed a CV < 7%.

Pharmacokinetic analysis of the data: Non-compartmental phar-
macokinetic analysis for the plasma concentration versus time
curves of IVM for each individual animal after the different treat-
ments was  conducted using the PK Solution 2.0 software (Summit
research services, CO, USA). The peak concentration (Cmax) and
time to peak concentration (Tmax) were displayed from the plotted
concentration-time curve of IVM. The area under the concentration
time-curve (AUC) was calculated by the trapezoidal rule (Gibaldi
and Perrier, 1982) and further extrapolated to infinity by divid-
ing the last experimental concentration by the terminal slope (ˇ).
The elimination (T½el) and absorption (T½ab) half-lives were cal-
culated as ln2/  ̌ and ln2/k, respectively. The mean residence time
(MRT) was  determined as AUMC/AUC (Perrier and Mayersohn,
1982), where AUMC is the area under the curve of the product
of time and the plasma drug concentration vs. time from zero to
infinity (Gibaldi and Perrier, 1982), and AUC is as defined above.

Statistical analysis of the data: Faecal eggs counts (reported as
arithmetic mean ± SD) were analysed by nonparametric ANOVA
(Kruskal–Wallis test). The pharmacokinetic parameters and con-
centration data are reported as arithmetic mean ± SD. Parametric
(ANOVA + Tuckey) and non parametric (Kruskal–Wallis) tests were
used for the statistical comparison of the pharmacokinetic param-
eters obtained from the different experimental groups. The
statistical analysis was performed using the Instat 3.0 Software
(Graph Pad Software, San Diego, CA, USA). In all cases, a value of
P < 0.05 was considered statistically significant.

3. Results

The strongyle egg counts (mean ± SD) and FECR obtained at days
−1, 7 and 15 for the different experimental groups involved in
experiment I are shown in Table 1. An excellent (100%) efficacy
was observed after IVM oral administration, either with IVM oral
paste or the Remonta oral solution. However, the parenteral (IM)
administration of IVM (IVM IM solution) resulted in a lower FECR
(36% at day 15 post-treatment).
In experiment II, an increase in egg counts between days −1
and 21 was observed in the untreated control group, reflecting the
progression of the parasite infection. IVM administered by the oral
route as a paste (IVM oral paste) or as a solution (IVM oral solution)
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Table  1
Mean nematode egg counts1 (±SD) and faecal egg count reduction (FECR) after administration of different ivermectin (IVM) formulations: Eqvalan® by the oral route (IVM
oral  paste) and Remonta® by the oral (IVM oral solution) and intramuscular (IM) (IVM IM solution) route, to parasitized horses (experiment I).

Experimental groups Egg counts FECR1 (CI)

Day −1 Day 7 Day 15 Day 7 Day 15

Control 386 ± 290a 346 ± 235a 362 ± 257a – – – –
IVM  oral paste 334 ± 93a 0b 0b 100% – 100% –
IVM  oral solution 526 ± 336a 0b 0b 100% – 100% –
IVM  IM solution 358 ± 191a 128 ± 80a 232 ± 185b 63% (80-32) 36% (68-0)

1 FECRT estimated according to Coles et al. (1992); CI = 95% confidence intervals (upper and lower); nematode egg counts at −1, 5 or 15 days post treatment with different
superscript (a or b) are statistically different at P < 0.05.

Table 2
Mean nematode egg counts1 (± SD) and faecal egg count reduction (FECR), after administration of different ivermectin (IVM) formulations: Eqvalan® by the oral route (IVM
oral  paste) and Remonta® by the oral (IVM oral solution) and intramuscular (IM) (IVM IM solution) route, to parasitized horses (Experiment II).

Experimental groups Egg counts FECR1 (CI)

Day −1 Day 7 Day 15 Day 21 Day 7 Day 15 Day 21

Control 160 ± 95a 380 ± 307a 653 ± 467a 703 ± 402a – – – – – –
IVM  oral paste 173 ± 88a 0b 0b 0b 100% – 100% – 100% –
IVM  oral solution 170 ± 124a 0b 0b 0b 100% – 100% – 100% –
IVM  IM solution 150 ± 42a 143 ± 160a 233 ± 262a 433 ± 412a 62% (89-0) 64% (89-0) 38% (76-0)

1 FECRT estimated according to Coles et al. (1992); CI =–95% confidence intervals (upper and lower); nematode egg counts at 5, 15 or 21 days post treatment with different
superscript (a or b) are statistically different at P < 0.05.
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Table 3
Plasma pharmacokinetic parameters (mean ± SD) for ivermectin (IVM) obtained
after the administration (0.2 mg/kg) of different IVM formulations: Eqvalan® by
the  oral route (IVM oral paste) and Remonta® by the oral (IVM oral solution) and
intramuscular (IM) (IVM IM solution) routes.

Pharmacokinetic
parameters

Experimental groups

IVM oral paste IVM oral solution IVM IM solution

T½abs (d) 0.10 ± 0.06a 0.08 ± 0.02a 0.73 ± 0.37b

Cmax  (ng/mL) 30.1 ± 6.78a 33.7 ± 9.61a 25.9 ± 10.2a

Tmax  (d) 0.33 ± 0.33a 0.50 ± 0.39a 2.80 ± 0.45b

AUC0–LOQ (ng d/mL) 108 ± 10.9a 128 ± 35.1a 276 ± 94.8b

AUC0–∞ (ng d/mL) 114 ± 12.7a 138 ± 36.6a,b 347 ± 91.9b

T½el (d) 5.48 ± 2.10a 6.32 ± 1.18a 9.16 ± 4.77a

MRT0–LOQ (d) 5.10 ± 0.60a 5.20 ± 0.16a 8.10 ± 0.84b

Cmax: peak plasma concentration; Tmax: time to the Cmax; AUC0–LOQ: area under
the plasma concentration vs. time curve from time 0 to the quantification limit;
AUC0–∞: area under the concentration vs. time curve extrapolated to infinity; T½el:
o  parasitized horses: IVM oral paste (Eqvalan® ) and IVM solution (Remonta® ) both
y  the oral route and IVM IM solution (Remonta® ) by the intramuscular (IM) route
Experiment II).

lso showed an excellent anthelmintic efficacy (100%) at every eval-
ated day (Table 2). However, a low efficacy level was observed
fter the IM administration of IVM (IVM IM solution) at day 15
ost-treatment in both, experiment I (efficacy 36%, 95% CI = 68-0)
nd experiment II (efficacy 64%, 95% CI = 89-0).

The faecal cultures of pooled samples showed in all cases the
resence of small strongyles (100%).

The mean (±SD) IVM plasma concentration profiles obtained
fter the different treatments are shown in Fig. 1. IVM was quan-
ified in plasma between 2 h and 21 days post-treatment in all
he experimental animals. Table 3 summarizes the IVM plasma
harmacokinetics parameters obtained for the different exper-

mental groups. A similar plasma exposure was observed after
he oral administration of IVM either as a paste or as solution.
he IVM AUC0–LOQ were 108.3 ± 10.9 ng d/mL (IVM oral solution)
nd 128.3 ± 35.1 ng d/mL (IVM oral solution) and the Cmax val-

es were 30.1 ± 6.78 ng/mL and 33.7 ± 9.61 ng/mL, respectively.
urthermore, there were no differences in the absorption and elim-
nation patterns after the oral administration of both formulations.
owever, higher IVM plasma AUC0–LOQ (P < 0.05) was obtained after
elimination half-life; T½abs: absorption half-life; MRT: mean residence time from t0

to the quantification limit. Pharmacokinetic parameters with different superscript
letters (a or b) among groups are statistically different at P < 0.05.

the IM administration compared to that observed following the
oral treatment (Table 1). A longer MRT  was  observed after IVM IM
administration to horses compared to the oral treatment. Whereas
AUC0–LOQ values represent 95% (IVM oral paste) and 93% (IVM oral
solution) of the AUC0–∞, a lower value (74%) was observed after the
IM administration of IVM, which indicates the need of an extended
sampling period.

4. Discussion

In the current trial, IVM administered by the oral route as a
paste or as a solution resulted highly efficacy (100%) against small
strongyles. However, a low efficacy was observed after the IM
administration of the solution (IVM IM solution) in both experi-
ments. Previous data also showed that an injectable formulation
was 63% effective against adult Poteriostomum,  while the efficacy
of the paste was  100% (Yazwinsky, unpublished data cited by

Campbell et al., 1989). This result would be an early indicator of
the fact that the oral administration has some advantage over
the parenteral administration, at least against small strongyles.
The lack of IVM efficacy observed in the current work after the
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M administration cannot be considered as evidence of resis-
ance because the drug administered by the oral route showed
n excellent anthelmintic efficacy. However, we  consider that
he cyathostomin population involved in the current work has

 “reduced susceptibility” to IVM, since a lower efficacy was
bserved after its IM administration. It is important to highlight
hat the efficacy of parenterally and orally administration of IVM in
orses was almost identical after the introduction of IVM into the
arket (Campbell et al., 1989). A short egg reappearance period

s currently used as an early indicator of resistance to macrocyclic
actones in cyathostomins (Nielsen et al., 2014). Unfortunately, we
id not measure egg reappearance period in the study population,
hich could confirm the potential emerging resistance in the
arasite population involved in the current work.

Anthelmintic drugs can reach target helminth parasites by
ither oral ingestion (from the host’s blood, and/or gastrointestinal
ontents), diffusion through the external surface or some combina-
ion of both (Thompson et al., 1993; Thompson and Geary, 1995).
lthough the oral route cannot be ruled out, there is clear evi-
ence that transcuticular diffusion from the surrounding medium

s the most important access route for non-nutrient and non-
lectrolyte substances, including anthelmintics, in nematodes (Ho
t al., 1990; Sims et al., 1992; Cross et al., 1998; Alvarez et al., 2001;
loberas et al., 2012). Thus, the administration of anthelmintic
rugs by different routes may  account for significant differences

n the final parasite drug accumulation, since the amount of drug
eaching the target parasite is influenced by drug concentration
n the tissues/fluids where the parasite is located (Alvarez et al.,
000; Mottier et al., 2006). Similarly to the situation observed in
he current study, treatment by the oral route results in a greater
nthelmintic efficacy of macrocyclic lactones against IVM resistant
ematodes of sheep (Gopal et al., 2001; Alka et al., 2004) and cattle
Leathwick and Miller, 2013; Canton et al., 2015), compared with
he parenteral (subcutaneous) administration. These results can
e explained by differences in drug accumulation in the parasite
elated to the route of administration. In fact, IVM concentrations
f 74.4 ng/g and 5.19 ng/g were quantified in adult Haemonchus
ontortus recovered from lambs treated by the intraruminal and
ubcutaneous routes, respectively (Lloberas et al., 2012). The higher
oncentrations measured in the abomasal content after the intraru-
inal administration of IVM accounted for a greater amount of

rug being measured in H. contortus recovered from treated sheep
Lloberas et al., 2012). These remarkable differences highlight the
mportance of the in vivo IVM entrance into gastrointestinal nema-
odes and confirm the relevance of the transcuticular diffusion
rocess. A similar situation may  explain the results observed in
he current study. After the oral administration of IVM to horses,

 higher drug concentration in the intestinal content could be
xpected in comparison to that achieved after the IM adminis-
ration. In fact, it has been previously demonstrated that horses
reated by the oral route with the macrocyclic lactone doramectin
ad higher and earlier faecal concentrations than those treated by
he IM route (Perez et al., 2010). Since the concentration gradient
s one of the major determinants of drug accumulation within a
arget parasite (Alvarez et al., 2007), the higher IVM concentra-
ions at the parasite’ surrounding medium (intestinal fluid), the
reater IVM accumulation into the parasites (i.e. adult cyathos-
omins). When nematode population behaves fully susceptible to
VM, it is expected that differences in parasite drug accumulation
elated to the route of administration do not affect the anthelmintic
fficacy. However, differences in efficacy have been observed when
he nematode population has attained reduced drug susceptibility

Gopal et al., 2001; Alka et al., 2004; Leathwick and Miller, 2013;
anton et al., 2015; Leathwick et al., 2016), as apparently occurs
ith the cyathostomin population involved in the current study. In

his case, the oral route results in much higher concentrations of
sitology 236 (2017) 62–67

IVM in the gut tissue and in the worms  themselves compared to
the parenteral administration, and consequently a higher efficacy
could be expected. However, further research is needed to mea-
sure IVM concentrations in cyathostomins in order to confirm this
hypothesis.

To minimize the different variables that may  affect drug plasma
concentrations, our study was conducted in horses of similar age,
weight, body condition and parasite burdens. The rate and extent
of absorption were compared after the oral administration of IVM
as a paste and as a solution. Similar (P > 0.05) IVM plasma phar-
macokinetic parameters (Table 1) were observed after the oral
administration of both formulations under study. These results sug-
gest a similar extent of absorption and plasma disposition for the
reference (Eqvalan

®
) and test formulation (Remonta

®
) despite the

different composition of their excipients.
The IVM plasma disposition kinetics in horses showed sig-

nificant differences according to the route of administration, as
previously shown by Pérez et al. (2003). Although the plasma dis-
position kinetics of a different IVM formulation was  previously
evaluated after the IM route (Pérez et al., 2003), the main phar-
macokinetic parameters obtained in the current trial after the
oral and IM administration of IVM were similar. The parenteral
administration of IVM resulted in a more prolonged period of drug
absorption compared to the paste and solution administered orally,
which were rapidly absorbed as was reflected in the significantly
shorter T½ab. After the IM administration (IVM IM solution), a
higher plasma concentrations and a delayed Tmax were obtained.
The higher IVM plasma profiles observed in the IM treated group
accounted for an enhanced systemic availability, which represents
an increase between 115 and 155% compared to the oral admin-
istration. In addition, a longer MRT  was observed after the IM
administration of IVM. These results are similar to those previously
reported for IVM in sheep (Marriner et al., 1987; Imperiale et al.,
2004; Lloberas et al., 2012), in which plasma systemic availabil-
ity was  higher after the parenteral injection compared to the oral
treatment. The high degree of association of IVM to the particulate
material of digesta and the action of the transmembrane transport
protein P-glycoprotein (P-gp) appear as relevant factors modulat-
ing the IVM gastrointestinal absorption process, which may  also
reduce the amounts of drug absorbed after oral administration
(Lifschitz et al., 2005).

The greater systemic availability and the longer persistence of
IVM concentrations observed after its IM administration to horses
have been associated with a longer egg reappearance period (Pérez
et al., 2003). However, this potential therapeutic advantage will
be lost in the presence of parasites with reduced susceptibility. In
these cases, the high concentrations of a lipophilic drug such as IVM
in the gastrointestinal tract following its oral administration may
be relevant to maintain an acceptable efficacy threshold.

In conclusion, this study demonstrated that the route of IVM
administration (oral vs. IM)  in horses results in significant differ-
ences in the drug systemic availability and in the efficacy against
small strongyles. The low IVM efficacy against adult cyathostomins
obtained in horses after its IM administration could be explained
by a lower drug exposure of the worms  located at the lumen of the
large intestine, compared to the conventional oral administration.
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