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Abstract

Background

Several oral ivermectin (IVM) formulations for use in sheeg available in th
pharmaceutical veterinary market in different countries. Atheim are indicated at the same
dose rate to treat the gastrointestinal nematodes. However, gheetedk of information on
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the relative systemic exposure (plasma bioavailability) anaiceli efficacy among oral
formulations routinely used in sheep. The main goal of the work reported here peaform
a pharmaco-parasitological assessment of three differdvit dkal formulations in lamb
infected with multiple resistant gastrointestinal nematodes.cbhgarative drug syste
exposure (IVM plasma concentrations) and nematodicidal efficciegcal efficacy) in
lambs were determined for a reference (RF) and two diffaesit (T1, T2) IVM ora
formulations. One hundred and fifty six (n= 156) healthy Corriedatds$, naturally infected
with multiple resistant gastrointestinal nematodes werecatiéd into four experimen
groups (n=39). Animals in each group received treatment(g0@) with either the RF, orje
of the test IVM formulations or were kept as untreated controbd@kamples were collected
over 15 days post-treatment (n=8). The IVM plasma concentrationsmeasured by high
performance liquid chromatography with fluorescence detection. ddwalf nematode egg
count reduction test (FECRT) and evaluation of the clinical effieaere performed at dqy
14 post-treatment (n=6), where a predominance of IVM highly aedisiematodes was
observed.

Results and conclusions

Neither the overall kinetic behaviour nor the IVM systemic expodiffered among all th
tested oral formulations. Equivalent efficacy results were wobtaifor the different
preparations, with an evident therapeutic failure to contd@lemonchusspp. an
Teladorsagia circumcinctawhich correlates with a high degree of nematode resistance to
IVM.

Background

lvermectin (IVM), a member of the macrocyclic lactone anéipgic drugs, exhibits a broad-
spectrum of activity against gastrointestinal (Gl) and lung nasheat[1] as well as against
ectoparasites of clinical relevance in domestic animals [2,3héep and goats at the dose of
0.2 mg/kg, IVM efficacy claims includetiaemonchusspp., Teladorsagia circumcincta
Ostertagia trifurcata Trichostrongylus spp., Nematodirus spp., Cooperia spp.,
Oesophagostomurapp., Chavertia ovinaand Trichuris ovis among the most important
nematodes [4]. Additionally, its extensive tissue distribution, latrénsformation and high
plasma-gastrointestinal (Gl) recycling assure its persisctivity. Consequently, IVM is the
most widely used anthelmintic, and this extensive use has led seléwtion and emergence
of IVM-resistant nematode populations in several areas of the \&jtI This is particularly
relevant taking into consideration the rapid spread of parasite resistaheepnrematodes.

In Uruguay, the registration of a “new” anthelmintic formwatiis only based in a field
efficacy study; information related to the pharmacokinetic beaviof the specific
formulation is not required. Several oral IVM formulations for uskmbs are available in
the pharmaceutical veterinary market in Uruguay. All of theenirzdicated at the same dose
rate (0.2 mg/kg) to treat GI nematodes. However, the route ofnediration and the
formulation type strongly affect IVM plasma pharmacokinetibaweour [6,7]. Differential
systemic exposures were observed in cattle after the subsusaadministration of IVM
formulated as different commercial formulations [7,8]. Furthermmoseme drastic
pharmacokinetic differences were observed among generic albendfmrolelations
available for use in sheep [9,10]. However, there is a lack of iaftwm on the relative
bioavailability among oral IVM formulations in sheep. Additionally, thact on clinical



efficacy against either dose-limiting or resistant nematagdsted to drug-absorption
differences due to the type and/or quality of pharmaceutical matépa needs to be
addressed

Bioequivalence/Relative bioavailability of a given anthelmintic dmslgpuld serve as
additional evidence of equivalence in activity [11]. The estimation h&f telative
bioavailability is useful to compare the extent of absorption ofréffitedrug formulations of
the same active ingredient. Assuming that a relationship existedre plasma concentration
of the active moiety and clinical efficacy, knowledge of the Vmadability and disposition
kinetics of the active compound would be particularly useful in thelolevent of dosage
forms and for comparison of routes of administration/formulations [12].

The mail goals of the current work were: 1) to determinectiraparative IVM systemic
exposure (relative bioavailability) obtained after treatmenth wihree different oral
formulations available in Uruguay for use in sheep, and 2) to inaéstibe efficacy of the
three preparations against IVM resistant nematode parasites.

Results

Analytical procedures, including chemical extraction, derivabpaind HPLC analysis of
IVM in lamb plasma were appropriately validated. The lineareggon lines for IVM in

plasma in the range 0.1-2.0 ng/mL and 2.0-40 ng/mL showed correlation ieogsfirom

0.9994 to 0.9972 and the departure from linearity was not statistiggijicant. The intra
and inter assay precision of the analytical procedures obtairedH#LC analysis of VM
on different working days showed CV 3.54% and 4.25%, respectively. The wa&x)
established at 0.1 ng/mL.

Figure 1 depicts the mean (xSD) IVM plasma concentratioril@sobbtained following the
i.r. administration of the RF (pioneer product) and each of thgéesric (T1 and T2) IVM
commercial formulation in parasitized lambs. Table 1 summatiesain pharmacokinetic
parameters obtained after the administration of IVM as thereifteassayed commercial
formulations. IVM was first detected in plasma between 1 hGaddys post-administration.
The overall disposition kinetic of IVM was similar following ttegent with each
formulation. No statistical differences among formulationsewabserved in the different
pharmacokinetic variables, including those related to IVM distributiod,{¥F) and

elimination (MRT, T2y Ci/F) patterns (Table 1). IVM relative bioavailability was 13l a
117% for T1 and T2 formulation, respectively.

Figure 1 Mean (£SD) ivermectin plasma concentrations obtained after intrarurmal
administration of the Reference (RF) Test 1 (T1) and Test 2 (T2) formulations at2§Bg
in nematode infected lambs (n=8).




Table 1Mean (xSD) ivermectin pharmacokinetic parameters obtained after the
intraruminal administration of the Reference (RF), Test 1 (T1) and Tes® (T2)
formulations at 200png/kg in nematode infected lambs (n=8)

Parameters Reference Test 1 Test 2 P value

Cma» (Ng/mL) 5.14 £ 2.46 5.82 £2.53 496 +1.21 0.776
Tmas (days) 0.81+0.26 0.71£0.27 0.60 £0.22 0.341
AUCq..0q (ng.days/mL) 6.92 + 3.26 9.18 +5.20 8.11 + 3.27 0.568
AUC.,, (ng.days/mL) 7.20 £ 3.23 9.39+5.20 8.35+3.29 0.588
AUC..0o/AUC o 0.96 [3.9%] 0.98 [2.3%)] 0.97 [2.9%] -
MRT (days) 1.61+0.24 1.60 £ 0.40 1.75+0.39 0.724
T12¢ (days) 1.07 £0.35 0.90+0.21 1.12 £0.45 0.492
Cma/AUCo.L00 0.74 £0.13 0.67 £0.22 0.64 +£0.12 0.542
CL/F (L/days) 32.3+12.2 25.6 £10.2 27.3+10.9 0.505
Vdaed/F (L/days/kg) 48.5+19.5 32.4+135 40,5+ 13.2 0.189

Cmax peak plasma concentrationsg: time to peak plasma concentration; Allgg: area
under the concentration vs. time curve form 0 up to the limit of queattdn; AUCO,,: area
under the concentration vs. time curve extrapolated to infinity; MR8an residence time;

T1er €limination half-life. Cla/F: apparent total body clearance; MdF: apparent volume

of distribution (area method). ¥d, and Clx represent their true values divided by the
systemic availability (F) of either drug. In values withiroawmo statistical differences were
observed (P> 0.05). The percentage that ALY differs from AUG.. is reported in bracket

[l.

The mean (£SD) eggs per gram of faeces (epg) counts at 1afteygeatment for RF, T1,

T2 and untreated control (n=39) were 5029 (£3673); 5100 (x3817); 5481 (x3831) and 5413
(x4349), respectivelyHaemonchuspp. represented 99-100% of the totaldécovered from

fecal cultures in all group. The adult nematode counts and the efficacy resaitedlbor the
different treatments are shown in Table 2. Upon necropsy, worms were reclowered the

IVM treated groups. Thélaemonchuspp. genus resulted to be the most prevalent in the
untreated control group. Besidds, circumcincta Trichostrongylusspp.,Nematodirusspp.,
Cooperiaspp.,Oesophagostomuspp. andlrichuris oviswere recovered in a lower number.



Table 2Mean number of worms (range) and efficacy (%) from necropsy performed 14 daystaf the intraruminal administration of the
reference (RF) and each of test generic (Test 1 and Test 2) ivermedimmulations at 200pg/kg in nematode infected lambs (n=6)

Parasites Reference Test 1 Test 2 Untreated Control
Worm countsEfficacy (%) Worm countsEfficacy (%) Worm countsEfficacy (%)  Worm counts

Abomasum
Haemonchuspp. 3210 7 3117 8 2514 27 3362
(2190-4430) (1920-3850) (1591-3950) (2680-4360)
Teladorsagia circumcincta 292 39 189 57 272 44 520
(90-530) (100-310) (680-130) (240-1460)
Trichostrongylus axei 73 96 47 * 96 140 97 375
(0-220) (0-160) (0-440) (80-1160)
Small intestine
Trichostrongylus columbriformis 10 * 100 20 94 3* 100 140
(0-40) (0-50) (0-10) (10-380)
Cooperiaspp. 40 80 28 38 17 61 70
(0-150) (0-50) (0-40) (0-190)
Nematodirusspp. 25 83 38 78 5* 100 278
(0-60) (0-90) (0-30) (0-980)
Large intestine
Oesophagostomuspp. 0~ 100 0* 100 0* 100 16
(0-0) (0-1) (0-0) (2-19)
Trichuris ovis 0* 100 0* 100 0* 100 5
(0-0) (0-0) (0-0) (2-10)

The percentage of efficacy was calculated using geometric mean astsddgeWood et al. (1995).
* Nematode counts are statistically different (P< 0.05) compared to counts obtathedintreated control group.



In this field study, the indirect efficacy estimated by nweaf the FECRT showed a low
percentage of reduction for the RF (7.1%) as well as for the5T&%) and T2 (0%)
formulation in comparison to the untreated control (P> 0.05). The effichcsll the
formulations demonstrated th&taemonchusspp. was basically refractory to the IVM
treatment (<27%). The worm count data are in concordance witkERRT and larval
differentiation data in fecal cultures. Low efficacy (<80%diagtT. circumcinctaCooperia
spp. andNematodirusspp. was observed in the IVM treated groups. In contrast, IVM
demonstrated to be highly efficacious agaifgthostrongylusspp. in abomasum and small
intestine. Due to variations in individualrichostrongylus spp. counts, the observed
differences did not reach statistical significance (P>0.05) compautheé untreated control in
abomasums (RF and T2) and small intestine (T2). In all treamgpgr no worms were
recovered from the large intestine.

Discussion

The macrocyclic lactones are the most widely used broad-speeintiparasitic drugs in
veterinary medicine. Their notorious popularity is related to a éffitacy against ecto and
endo parasites (nematodes), high potency, persistent activity aridxdiowy. IVM, the first
commercially available macrocyclic lactone endectocide, wasoduced in the
pharmaceutical market in the early “80s. Since the IVM pateegiion expire, several
“similar” (generic) products entered the veterinary marketldwide. Uruguay was not an
exception, according official data more than 60 different IVMmigiations are currently
registered for use in veterinary medicine, from which thirtee@ solutions for oral
administration to be used in sheep. The large number of availableeroral formulations,
situation that is reflected in many other countries around the wadds the problem of a
lack of information on their absorption patterns, which seems to tieatgonsidering the
possibility of differences on manufacturing processes and qualitpmponents that may
exist among formulations. These differences may substantiédigt alrug dissolution and its
consequent Gl absorption, which in turns could affect drug effectivehlessomparison of
the systemic drug exposure (measured as plasma concentratitespedfer treatment with
different IVM generic formulation is an initial approach to dheiceir pharmacotechnical
quality, which has been shown to drastically affect the systawatability of other active
ingredients (i.e. albendazole) [10]. A RF and two generic IVMpan&tions were selected to
be tested in the work reported here. The selection of the forondadid not respond to any
particular interest to compare the quality among them. Howevecpthparison was done in
order to simulate a real practical situation that could rassdful to illustrate a market
situation with a great impact on parasite control.

In order to assess the pharmacokinetic behaviour of differentifations, absorption related
pharmacokinetic parameters must primarily be considered. The AW&h weflects the
extent to which the active drug is absorbed and is independent aft¢hefrthe absorption
process, and £ Which indicates the extent and the rate of drug absorption. Since
differences in body condition, breed, gender, feeding, and parasiitsstastially affect the
plasma disposition kinetics of macrocyclic lactones (reviewef Bl the current study was
conducted in lambs with similar characteristics, uniformly idisted among experimental
groups. This is particularly important for studies conducted uspayallel design, since this
experimental design has a lower power than the cross-over desigtatore bioavailability
[14]. However, the use of a parallel design can provide useful infematn gross
deficiencies in the absorption process of different anthelminticuiations [10]. Similar (P>
0.05) IVM plasma AUC and Cmax (Table 1) were observed among fations, suggesting



a similar extent of absorption among the addressed reference@mncgormulations. Tmax
and Cmax/AUC did not show significant differences among theliesdt formulations,

revealing a similar rate of the absorption process. Furtherroarestudy showed similar
values for other pharmacokinetic parameters (Table 1). Since iarspharmacokinetic

behavior was observed for IVM after the administration of the RFpaosd to both test
formulations in animals grazed on pasture, it could be concludethéhassayed commercial
preparations deliver IVM in an equivalent way which may indicatetdrttemufacturing and

overall pharmaceutical quality did not differ among them.

A lower IVM plasma drug exposure (expressed as Cmax and Al#S)observed in the
current experiment, compared to that previously reported [15]. This Ipe related to
differences in some experiment-related factors (parasibseed, body condition, feed, etc.)
which have shown to affect the pharmacokinetic behaviour of IVM [13]. Oottier hand
and as it was previously reported, IVM plasma concentrations isehigfter the SC
compared to the IR administration [16,17]. Although similar conceotrgtrofiles were
measured in the abomasal mucosa after treatment by both routdgdimdower VM
concentrations were recovered in the abomasal contents afteC iisjestion. While the
active secretion of IVM from the bloodstream to the abomasal lumen little relevance
[18], the adsorption of IVM to ruminal particulate material magoant for its low oral
bioavailability which was estimated in about 25% [19].

High prevalence of anthelmintic resistance has now been rdporéd parts of the world for
Gl helminth parasites, being nematodes of sheep and goats commaied [5,20,21]. In
Uruguay, the development of anthelmintic resistance in sheep ou#sas not an exception.
Resistance to IVM in sheep nematodes increased from 1.2% [B2P4d15] between 1996
and 2002. The trial described here demonstrated that current ISMMargce situation at the
farm in which the study was conducted, is dramatically serious.ifitially high IVM
efficacy against GI nematodes in sheep has now drasticdltofeh, with almost a complete
therapeutic failure to control some Gl nematodes. Efficacigalugted by means the
FECRT) as low as 7.1, 5.8 and 0% were observed for the RF, T1 aiuMTI@reparations
under assay, respectively.

The identification of adult worms in the untreated lambs permittegtablish that the lambs
were infected withHaemonchusspp., T.circumcincta Trichostrongylusspp., Nematodirus
spp.,Cooperiaspp.,Oesophagostomuspp. andTl.ovis Nematode resistance in the current
experiment was mainly related aemonchuspp., where all the IVM formulations failed to
control this abomasal parasite. However, the clinical efficacy studyealgaled a resistance-
mediated failure to control. circumcincta where only efficacies 57% were observed.
Resistance of. circumcinctato IVM in Uruguay is reported here for the first time, which it
may be useful as an indicator of the complexity of the resistdevelopment phenomenon
and its impact on livestock production.

All the tested IVM formulations also failed to conti@boperisspp and Nematodirusspp..

However, the low number of these parasites in the untreated coninahls, limited the

relevance of this finding. Contrarily, IVM demonstrated to maintagh efficacy against
Trichostrongylusspp.,Oesophagostomuspp. andrl.ovis Only Haemonchuspp. L larvae

were recovered from the fecal cultures obtained from all\th& treated groups. However,
larvae obtained from fecal cultures are not necessarily delaieparasites found at
necropsies, since the high egg output observetlaeamonchus sppmay “mask” other
nematodes.



Oppositely to what has been observed for other anthelmintics (sutie d&enzimidazole
compounds), no significant differences on relative bioavailabilitigayse exposure were
observed among the tested IVM oral formulations in lambs. Itikslyl that any
pharmaceutical/manufacturing change may more deeply affectysiensc availability of
those compounds where Gl absorption largely depends on the dissolution ofatew w
soluble drug particles (suspension) in the abomasal lumen (i.e. albE)dammpared to the
more lipophilic compounds such as IVM, but formulated as a mixed orgguedus
solution. In spite of the fact that all the IVM formulations showedetach an equivalent
systemic exposure, all of them failed to control some common Ghtoeles. The resistance
status observed at the farm where the current trial was condsdikely to be an indicator
of the overall situation of the sheep flocks in Uruguay, and perhapsmy other regions of
the world, where IVM completely failed to contréd.contortus This overall picture
described in Uruguay, with resistance extended into other avimatygme compounds, may
be even worse if we consider that resistintircumcinctahas been reported for the first
time.

Conclusions

Neither the overall kinetic behaviour nor the IVM systemic expodiifered among all the
tested oral formulations. Equivalent efficacy results were wobtaifor the different
preparations, with an evident therapeutic failure to conktebmonchusspp. andT.
circumcincta which correlates with a high degree of nematode resistance to IVM.

Methods

Chemicals

Standards of IVM and abamectin (ABA), used as internal standamé o#ained from
Sigma Chemical Company (Saint Louis, MO, USA). Three oral fdihulations approved
and commercially available to use in sheep in the pharmaceutacketrin Uruguay, were
used in the current experiment. The comparison inclugednectina 0.2 oral&IVM 0.2%,
Rosenbusch, Uruguaylyermic 0.2%®(1IVM 0.2%, Microsules, Uruguay) arldomec® oral
(IVM 0.08%, Merial, The Netherlands). Ivomec® oral was consideredetieeence product
(RF) as it was the pioneer first authorized product with adafisier (NADA 131-392;
approval date: July 26, 1988). The two IVM generic formulations were rdgatesignated
as Test 1 (T1) and Test 2 (T2), respectively.

Animals

The study was conducted in a far@efitro de Investigacion y Experimentacion “Dr.
Alejandro Gallinal”, Florida, Uruguay where the failure of IVM to control GI nematodes
had been previously demonstrated by the fecal egg counts redusti¢hEERT) [23]. One
hundred and fifty six (n= 156) healthy male and female Corriddaibs, not older than 1
year, weighing 29.5 + 5.6 kg, body condition 3.1 + 0.6, FAMACHA 1 [24] and alltur
infected with Gl nematodes, were involved in the trial. The ooiteoif inclusion for selection
of the animals was based on worm egg per gram counts (epg) (>2608800 epg), body
weight & 20 and< 45 kg), FAMACHA 1 and body conditiorr (2 and< 4) [25]. Throughout
and 60 days before starting the experiment, animals grazed oaral paisture and had free
access to water. Animal procedures and management protocolsppeored by the Ethics



Committee according to the Animal Welfare Policy of the FgcoftVeterinary Medicine,
Universidad de la Republica, Montevideo, Uruguay (http://www.fvet.edu.uy).

Experimental design and treatments

On day -1, the experimental animals had an average of 2063 = 1635 e@mimhés were
ranked from lowest to highest epg counts. Based on increasing epis,caplicates of 4
animals were formed. Within each replicate, animals wardomaly assigned to treatment.
The study was designed to have 39 animals per treatment grougrd@upeof lambs was
processed as the treated animals, but without drug treatment {@ehtoeatrol). Animals in
the other groups were treated with either the RF or each ofetherig (T1 and T2) IVM
formulations. All the IVM formulations were administered by ihigaruminal (i.r.) route at
the dose rate of 0.2 mg/kg bodyweight. The i.r. route of administnafisrchosen in order to
avoid leak/regurgitation of the administered dose and/or oesophagealofpeuee, which
commonly occurs after oral treatments affecting drug systemailability [26]. Eight
animals from each experimental group were randomly selectédefggharmacokinetic trial,
being six of them used for the clinical efficacy trial. Afteglection, animals from the
different groups involved in the pharmacokinetic and clinical efficdajsthave epg counts
of 1489+252.

Sampling
Pharmacokinetic trial

Heparinized blood samples (5 mL) were collected by jugular veniprengrior to drug
administration and at 1, 3, 6, 12, 18, 24, 36, 48 h, and 3, 6, 9, 12 and 15 daysapuosiitre
Blood samples were centrifuged at 3000 x g for 15 min and plasmiiamaterred to plastic
tubes. All the plasma samples were stored at —20°C until adalygehigh performance
liquid chromatography (HPLC).

Efficacy trial

Individual fecal samples were collected from the rectum of aachal (n= 29 each group) at
14 days post-treatment to assess the epg counts. Additionally, poolplgésavere carried
out in each experimental group for the coprocultures following thénadetlescribed by
Coles et al. [27]. Fourteen days after the treatment, six &jpea experimental group were
slaughtered for helminth recovery according of Veterinary Ralagy (WAAVP) guidelines
[11]. The genera present in each Gl compartment were identifnel counted for each
animal, separately, according the Ministry of Agriculture, Figlserand Food [28],
guidelines.

IVM Analytical procedures

Sample clean-up and derivatization

The extraction of IVM, from spiked and experimental plasma sesnplas carried out
following the well-established technique [29]; slightly modified@)yAliquots of plasma (1

mL) sample was fortified with 20L of ABA (20 ug/mL) (use as an internal standard) and
acetonitrile (1 mL). Deionized water (0.250 mL) was added th sample. The preparation



was mixed using MultiTubevortexer (VWR Scientific Products, U$#) 20 min and the
solvent-sample mixture was centrifuged at 2000 g during 10 min. Operratant was
manually transferred into a tube. The supernatant was applied to dawedlidisposable
C18 column (RP-18, 100 mg, Strata®, Phenomenex, CA, USA), previously conditigned
passing 2 mL methanol and 2 mL deionized water. After washing witih. Df deionized
water followed by 1 mL of water/methanol (4:1), the cartridgesevdried for 5 min and the
compounds were eluted with 1.5 mL of methanol and concentrated to drynessa stréam
of nitrogen at 56°C in a water bath. The resuspension wagdamut with 100uL of a
solution of N-methylimidazole (Sigma Chemical, St. Louis, MOAY& acetonitrile (1:1)
[30]. Derivatization was initiated by adding 1%Q of trifluoroacetic anhydride (Sigma
Chemical, St Louis, MO, USA) solution in acetonitrile (1:2). Attempletion of the reaction
(<30 sec), an aliquot (1Q€.) of this solution was injected directly into the chromatograph.

High performance liquid chromatography (HPLC) and validation

IVM concentrations were determined by HPLC using a Shimadzu 10ACH#stem with
autosampler (Shimadzu Corporation, Kyoto, Japan). HPLC analysis wasalkedeusing a
reverse phase C18 column (Phenomenaxnb4.6 mm x 250 mm) and an acetic acid 0.2%
in watermethanolacetonitrile (3.840/56.2) mobile phase at a flow rate of Insimdy’30°C.
IVM was detected using a fluorescence detector (Shimadzu,0RFSpectrofluorometric
detector, Kyoto, Japan), readings at 365 nm (excitation wavelengthd# nm (emission
wavelength). IVM concentrations were determined by the intstaaldard method using the
Class LC 10 Software version 1.2 (Shimadzu Corporation, Kyoto, Japam@n oM
compatible AT computer. The peak area ratios were consideredldalate the IVM
concentrations in spiked (validation) and experimental plasma sanigiese was no
interference of endogenous compounds in the chromatographic determin@hersolvents
(Baker, Phillipsburg, NJ, USA) used during the extraction and dratysis were HPLC
grade.

Method validation

A complete validation of the analytical procedures used foaetxtn and quantification of
IVM was performed before starting analysis of the experimesataiples obtained during the
pharmacokinetic trial. Calibration curves in the range between 0.l¢@rBLnand 2.0-40
ngmL were plotted using the peak area ratios between analgteha internal standard.
Calibration curves were established using least squares lirgagssion analysis and
correlation coefficients (r) and CV calculated. Linearity veasablished to determine the
IVM concentrations/detector responses relationship. Percentageghbfrdcovery from
plasma were obtained in the range between 0.2 and 20 ng/mL. The satermpascision of
the extraction and chromatography procedures was estimapdd®ssing replicate aliquots
(n = 6) of pooled sheep plasma samples containing known IVM concensr§d.1-2.0 and
2.0-40 ng/mL) on different working days. The CV for recovery and oigrprecision of the
method were calculated. The limit of detection (LOD) wasneded according to the
following equation [24]: LOD= A/B + (SD * 3), where A is the bése threshold at the
retention time of each compound (n= 6) in spiked plasma sampleg Be#k area of the
internal standard (ABA), and SD the standard deviation obtained fromhd.limit of
guantification (LOQ) was defined as the lowest measured congentvath a CV <20% an
accuracy of +20% and an absolute recover9%. Concentration values below the LOQ
were not considered for the kinetic analysis of experimental data.



Pharmacokinetic analysis of the data

Non-compartmental pharmacokinetic calculations for the concentratisnsvéme curves
for IVM in plasma for each individual animal after the differ&neiatments were conducted
using the R software (version 2.14.0). The peak concentratigg) (&nd time to peak
concentration (fay were recorded directly from the measured concentration dag. T
elimination half-life (T..) was calculated as In)2; where the terminal elimination rate
constant X)), was calculated by performing regression analysis usingpaatés belonging
of the terminal phase concentration-time plot. The area under gmaleoncentration-time
curve from zero up to the limit of quantification (Al o) was calculated by means of the
trapezoidal rule [31] and further extrapolated to infinity (AUWE by dividing the last
experimental concentration by the terminal elimination ratetaohg.). Statistical moment
theory was applied to calculate the mean residence time (MRU¥ing the formula MRT=
AUMC/AUC . 0q [32] where AUMC is the area under the curve of the product & &nd
the plasma drug concentration vs. time from zero to infinity [31],AG0..00 is as defined
above. Ga/AUCo.00. Was calculated by dividing thepx by AUCy. .00 The distribution
and elimination were calculated as plasma clearance peaofradtthe dose absorbed (CL/F)
calculated using AUE&Log and apparent volume of distribution during the elimination phase
per fraction of the dose absorbed (M&). Relative bioavailability (F%) was measured by
comparing the AUgoq of the Test formulation with the AUWCGoq of the RF, using the
following equation [33]:

F% = AUCyes/AUCgg * 100

Efficacy assessment

The FECRT were calculated according to the method describedhen WAAVP
recommendations for detection of anthelmintic resistance [27]. Themage of efficacy (%
E) of each anthelmintic treatment against a given parasitdesp@as determined by the
comparison of worm burdens in treated (groups RF, T1 and T2) versusteohtoeatrol
animals using the following formula [11]:% E = (geometric m@4& controls — geometric
mean of treated/geometric mean of controls) x 100. The generaendsspf the third stage
larvae recovered from faecal pool cultures or adult nematodes redofrem parasitized
lambs (Groups RF, T1, T2 and untreated control) were identified follothiedMinistry of
Agriculture, Fisheries and Food [28] guidelines.

Statistical analysis of the data

The pharmacokinetic parameters, concentration data, epg and nel@iote are reported
as arithmetic mean + SD. Parametric (ANOVA + Tuckey) or pamametric (Kruskal-
Wallis) test were used for the statistical comparison opttemacokinetic and efficacy data
obtained from the different experimental groups. The assumption thdathebtained after
treatments have the same variance was assessed. Priorywisartbe individual epg and
nematode counts were transformed usingi{l@g A value of P< 0.05 was considered
statistically significant. The statistical analysis vp&sformed using the R software, version
2.14.0 [34].
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1 Tables
2
3 Tablel
4  Mean (£SD) ivermectin pharmacokinetic parameters obtained after the intraruminal
5 administration of the Reference (RF), Test 1 (T1) and Test 2 (T2) formulations at
6  200ug/kg in nematode infected lambs (n=8).
7
Parameters Reference Test 1 Test 2 P value
Chax (ng/mL) 5.14 £ 2.46 5.82+253 496+1.21 0.776
Tinax (days) 0.81 £0.26 0.71£0.27 0.60+0.22  0.341
AUC.Log (ng.days/mL) 6.92 +3.26 9.18+5.20 8.11+£3.27 0.568
AUCy. (ng.days/mL) 7.20 £3.23 9.39+520 835+3.29  0.588
AUCy.Loq/ AUCq, 0.96 [3.9%] 098[2.3%] 0.97 [2.9%] -
MRT (days) 1.61 £0.24 1.60+0.40 1.75+£039 0.724
T1pe (days) 1.07 £0.35 0.90 +0.21 1.12+0.45 0492
Cmax/AUCq.109 0.74 £0.13 0.67+£0.22 0.64+0.12  0.542
CL. /F (L/days) 323+£12.2 25.6+102 273+109  0.505
Vdareo/F (L/days/kg) 48.5+19.5 324135 405+132  0.189

Ciax: peak plasma concentration; T, time to peak plasma concentration; AUC,. oq: area under the
10 concentration vs. time curve form O up to the limit of quantification; AUCO.,: area under the
11 concentration vs. time curve extrapolated to infinity; MRT: mean residence time; T} : elimination half-
12 life. CL./F: apparent total body clearance; Vd,.,/F: apparent volume of distribution (area method). Vd,,
13 and CL. represent their true values divided by the systemic availability (F) of either drug. In values
14 within a row no statistical differences were observed (P> 0.05). The percentage that AUC,.oq differs
15  from AUC,., is reported in bracket [].

Figure 2



1
2
3

4
5
6

Mean number of worms (range) and efficacy (%) from necropsy performed 14 days after the intraruminal administration of the

reference (RF) and each of test generic (Test 1 and Test 2) ivermectin formulations at 200pg/kg in nematode infected lambs (n=6).

Reference Test 1 Test 2 Untreated
Parasites Control
Worm Efficacy Worm Efficacy Worm Efficacy Worm counts
counts (%) counts (%) counts (%)
Abomasum
3210 3117 2514 3362
Haemonchus spp- 519044300 7 (192038500 O (1591-3950) 27 (2680-4360)
Teladorsagia 292 39 189 57 272 44 520
circumcincta (90-530) (100-310) (680-130) (240-1460)
Trichostrongylus 73 9 47 * 96 140 97 375
axei (0-220) (0-160) (0-440) (80-1160)
Small intestine
Trichostrongylus 10 * 20 3% 140
columbriformis (0-40) 100 (0-50) 94 (0-10) 100 (10-380)
. 40 28 17 70
Cooperia spp. (0-150) 80 (0-50) 38 (0-40) 61 (0-190)

. 25 38 5% 278
Nematodirus spp. (0-60) 83 (0-90) 78 (0-30) 100 (0-980)
Large intestine
Oesophagostomun 0* 0* 0* 16

spp. (0-0) 100 (0-1) 100 (0-0) 100 (2-19)
Trichuris ovis 0~ 100 0~ 100 0~ 100 >
(0-0) (0-0) (0-0) (2-10)

The percentage of efficacy was calculated using geometric mean as suggested by Wood et al. (1995)

* Nematode counts are statistically different (P< 0.05) compared to counts obtained in the untreated control group.
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