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ABSTRACT

The present invention relates to ivermectin formulations for administration to pet and
domestic animals. These formulations provide long term protection against Dirofilaria
parasites, without the risks for secondary adverse of conventional formulations. Preferred
formulations are collars, collar strips, or medallions, attachments for collars, ear tags, bands
which are affixed to limbs or parts of the body, adhesive strips and films, and peel-off films,
or spot-on or pour-on forms which are administered at least twice a year up to around once

a year.
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COMPOSITIONS FOR CONTROLLING HEARTWORM INFESTATION

FIELD OF THE INVENTION
10011 This invention relates an improved antiparasitic composition for controlling heartworm
disease infestation in an animal subject. The current invention also provides novel routes of

administration and new combinations related to such improved compositions.

BACKGROUND

[002] Heartworm is a parasitic roundworm (especially Dirofilaria immitis and Dirofilaria
repens) that is spread from host to host through the bites of mosquitoes. The definitive host 1s the
dog but it can also infect cats, wolves, coyotes, foxes and other animals, such as ferrets, sea hions
and even bovines and bumans. The parasite is commonly called "heartworm” because the adult
reproductive stage of its life cycle resides primarily in the right ventricle of its host where it can
live for many years. Heartworm infection oay result 1o serious disease for the host. When a
mosquito bites an infected animal, young heartworms called microfilariae enter into that
mosquito’s system. Within two weeks, the microfilariae develop into infective larvae inside
mosquitoes; these infective larvae can be transmitted to another ammal when mosquitoes take
their next blood meal. Upon entering the dog's circulatory system, the larvae develop and
migrate to the dog's heart where they mature and breed. Dirofilaria young, termed
“microfilariae,"” migrate throughout the hosts' circulatory system, where they may be mgested by
a mosquito that feeds upon the infected hosts. The Dirofilaria life cycle is completed when the
ingested microfilariae mature into infective Jarvae in the mosquito. Development of the larvae

into adult worms takes about 180 days in dogs.

[003] Dirofilaria inumitis presents as white threadlike round worms reaching up to 20 cm for
adult males (12-20 cm) and 31 cm for adult females {(25-31 cm), with a mean diameter of 1 mm.
They are characterised by a relatively smooth cuticle. Heartworms are primarily found in the
pulmonary artery in dogs with low parasitic burden (< 50 worms). In infestatons with high

parasitic burden (> S0 worms), they may reach the right ventricle, right atrium, and occasionally
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vena cava. The initial response includes swelling of small pulmonary arteries and blood clotting.
The physical presence of the heartworm parasite in the pulmonary artery and right ventricle of
the canine heart, and the resulting destruction of tissue, causes respiratory and arculatory
problems which can be fatal under conditions of stress or vigorous exercise. Pulmonary
hypertension and right-sided congestive heart failure may result. Because 1t takes a large number
of heartworms to clog up blood flow to a significant degree, heartworms can be present inside
the heart for up to 2 or 3 years before causing clinical signs. As the disease progresses, hung
tissue can be destroved leading to a worsening cough and liver and kidney damage can occur due
to reduced blood flow to these organs. If left untreated, heartworm disecase may result 1n death.
After adult heartworrns mate and produce immature heartworrns, an infected dog which 18 batten
by an uninfected mosquito will transmit microfilariae to the mosquito, beginning the cycle again.
The life cycle of the heartworm is approximately 6 roonths. The heartworm parasite bas aiso
been shown to be the cause of focal lung, liver, eve and cutaneous lesions in man (Hamilton,

R.G., et al., Exper. Parasitol., 56:298-313 (1983)).

[004] Heartworm disease due to Dirofilaria immitis and/or Dirofilaria repens continues to
cause severe disease and even death in dogs and other animals (cats, bovines, bumans, guinea
porcine and ferrets) in many parts of the world, even though safe, highly effective and
convenient preventatives have been available for the past two decades. Moreover, the parasite
and vector mosquitoes continue to spread into areas where they have not been reported
previously. The control of such parasites has long been recognmzed as an important aspect of
human and animal health regimens. Although a number of alternatives to control infestation are
in use. these suffer from a variety of problems, including a limited spectrum ot activity, the need

for repeated treatment (lack of corpliance) and, in some rare instances, resistance by parasites.

(005] Currently for curative treatment, only two arsenic derivatives are available for clinically
infested dogs, namely thiacetarsamide (Caparsolate™ marketed by Abbott laboratories) which 13
an old medication, with severe adverse effects and melarsomine dihydrochloride (Immiticide”™

marketed by Merial}, which is a more recent drug with fewer side effects.
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1006] For chemoprophylaxis, two alternatives are possible to prevent heartworm disease 1
dogs: daily admunistration of diethylcarbamazine cirate, or monthly administration of

macrocychic lactones.

007] Number of macrocyelic lactones have commercialized, for example ivermectin under the
name of Ivomec® or Heartgard® marketed by Merial, doramectin (Dectomax ~, marketed by

Pfizer Animal Health). moxidectin and abamectin {Avomec™, marketed by Merial).

100&] Also, a slow release formulation of subcutaneously injected moxidectin-impregnated
lipid microspheres, providing single dose continuous protection in excess of six months, has
been marketed by Fort Dodge under the name of Moxidectin SR, ProHeart 6® or Guardian SR™.
However, this product was voluntarily removed from the US market in September 2004 for
issues related to safety, and currently has been ailowed once again by FDA under a risk

minimization and restricted distribution program.

[009] Ivermectin consists of a mixture of two homologous compounds, 22, 23-
dihydroavermectin Bla (H2B ta, not less than 80%) and 22, 23-dibydroavermectin Blb (H2B b,
not more than 20%) as described in U.S. Patent No. 4,199,569, The invention relates to use of

said mixture.

[0010] Ivermectin has been marketed for treatoient of various helminth intestinal parasues
including heartwormy  in animals. Currently  approved Hearteurd® chewable tablets are
administered orally at monthly intervals at the recommended minimum dose level of 6.0 meg of
ivermectin per kKilogram (2.72mcg/lb) of body weight. I~leaﬂgard® is available in three dosage
strengths for dogs of different weights (68, 136 and 272 mcgs). For other species like swine,
cattle, sheep, and horse, ivermectin is available in 10 mg/ml and 2.7 mg/ml igjectable form:

(0.133 percent and 1.87 percent paste form; 10 myg/ml hiquid oral form.

(o
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[0011] High plasma total ivermectin concentrations are however considered a tisk tactor for
diseases of the nervous systerns 1o dogs, In a 36-day study 1n beagle dogs in which ivermectin
was administered orally at 0.5 and 2.0 mg/kg of body weight (bw), the concentrations ot H2Bla
in plasma increased dramatically between days two and eight and reached steady-state after
about three weeks. A four-fold increase in the dose resulted in an average eight-fold increase
plasma levels. Such bigh plasma levels have been observed to cause adverse effects in dogs. In
beagle dogs, mydriasis was the most sensitive indicator of toxicity. More severe signs mcluded
ataxia and tremors. Deaths were preceded by a comatose state. Approximately 30% of colhe
dogs were highly sensitive to ivermectin (as estimated from reports from non recommended use
of the drug). In a [4-week oral study in beagle dogs (4/sex/group), mydriasis and slight weight
loss were observed at 1.0 and 2.0 mg/kg bw. Four dogs in the 2.0 mg/kg bw group developed
tremors, ataxia, anorexia and dehydration and were killed prior to the end of the study. The No
“Observable Effect Levels (NOEL) was 0.5 mg/kg bw. It is now reported that collies are the most

frequently affected dogs.

({00127 It is known, in humans and in several animal species, that altered expression or tunction
of p-glycoprotein could conceivably allow elevation of brain concentrations of ivermectin and
produce severe neurotoxicity. As a consequence of normal dosing regimen for wermecun. the
treated animals necessarily receive a relatively large quantity of the drug which is o remain
effective for an extended period. This in turn means that shortly after treatment the animal has a
very high concentration of ivermectin in his bloodstream, with this concentration tailing off

during the remainder of the period.

[0013] Further the currently marketed ivermectin formulations come with certain precautions for
usage. The American Heartworm Society {AHS) recognizes the safety-net (or reach-back eftect)
and adulticidal properties of some macrocyclic lactones, particularly ivermectin. However,
heartworm-positive working dogs might be more at risk to develop severe thromboembolism and

death. Worsened radiographic and echocardiographic images with greatly restricted exercise
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suggest that such treatment is contraindicated. Furthermore, even in asymtomatic dogs, it should

i

be administered only with much caution and with examination by a veterinarian at least once
every 4-6 months. Likewise, ivermectin must be used with caution in collies and related

shepherd dogs that are more susceptible to its neurotoxic effects than other dog breeds.

10014] Accordingly, in order to overcome the foregoing problems, to increase the ettectiveness
of avermectin in eradication of heartworms, and to provide for more predictable performance of
this drug, there is a need in the art for a dosage form which affords improved absorption and
bioavailability of avermectin and more precisely of ivermectin at a lower maximum plasma

concentration.

[0015] Further the present invention aims to provide novel formulations that are easier to
administer and are able to maintain the effective plasma concentration over a prolonged period of
time of at least 6 months up to at least 12 months. Generally topical applications are desirable
since many formulations are acceptably safe when used topically, but not when used wmternally.
However, developments of various topical pharmaceutical formulations have posed a number of
drawbacks. Some formulations require a large volume to be applied to the animal. This can cause
considerable mess and can lead to an unpleasant smell. Additionally, it the dosage of a topical
formulation is in a large volume, it can be easily shaken off by the animal, thereby reducing the
effectiveness of the formulation. Also, when the animal is a house pet, there is a further
complication in that the formulation should be safe for human contact. It should also not lead to
staining of furniture, carpeting and the like. Finally, even if safe, topical formulations should not

be irritating or lead to rashes, hair loss or exhibit other unpleasant side effects.
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SUMMARY OF THE INVENTION

[0016] There is therefore a need for an improved formulations for the control and/or the
treatment of endoparasites and ectoparasites that overcome drawbacks of the prior art. The
present invention provides herein such improved formulations, especially suitable for topical
application, most preferably as collars, collar strips, medallions, attachments tor collars, ear tags,
bands which are affixed to limbs or parts of the body, adhesive strips and films, and peel-ott
films, or spot-on or pour-on form that are capable of delivering ivermectin alone or 1n association
with at least one ectoparasitic or endoparasitic agent, thereby providing long term efficient

activity azainst endo-and/or ectoparasites for at least 6 to 12 months.

[0017] The present invention further relates to ivermectin, most preferably ftormulated as a
collar, a collar strip, a medallion, and attachments for collars, ear tags, bands which are atfixed to
limbs or parts of the body, adhesive strips and filims, or peel-ott films, or spot-on or pour-on
form for administration of pet and domestic animals. These 1mproved forruulations achieve
effective plasma levels faster and at lower concentrations of the drug, are stable on storage, and
exhibit cutaneous tolerability as well as good transdermal delivery characteristics. Also, these
formulations provide long term protection against parasites, for at least 6 months up to 12
months without the risks for secondary adverse effects of conventional formulations. Preterred
furmulations are collars, collar strips, or medallions which are administered at least twice & year

Ip 10 OnCe a year.

|0018] The present invention provides a method of controlling heartworm infestation such as tor
example dirofilariosis, comprising administering to an animal subject a composition comprising
an effective dose of ivermectin to achieve a reduction in Dirofilaria immitis and/or Dirofilaria
repens infestations, wherein said ivermectin composition is administered topicaily a least twice a

year up to around once a year.
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[0019] The present invention provides an improved method of controlling heartworm infestation
by administering a protective dose of an avermectin sufficient to achieve a reduction 1n
Dirofilaria immitis and/or Dirofilaria repens in a subject, at a lower plasma concentration of
avermectin as compared to plasma avermectin concentration obtained via conventional

avermectin formulations.

[0020] The present invention further provides avermectin formulations having sigmficant
parasiticidal activity for controlling heartworm infestation, at a lower plasma concentration when
compared to the conventional avermectin formulations. These formulations are safe to use and

avoid many common deleterious side effects of conventional formulations.

[002 1] The present invention still further provides topical formulations that confain an effective
dose of an avermectin which can be effective to control the heartworms infestation. The
compositions derived herein can also be useful to improve the speed of result and decrease the
reoccurrence, compared to other formulations. Preferably, the collars, collar strips or medallions

comprise an etfective or protective dose ot 1vermectin.

[0022] The topical formulations according to the present invention may be in the form of a
collar, a collar strip, a medallion, attachments for collars, ear tags, bands which are affixed o

limbs or parts of the body, adhesive strips and films, peel-oft films, or spot-on or pour-on form.

10023] The formulations according to the present invention., ie., collars, collar strips, or

S T

medallions may be administered at least twice a yvear up to once a year.

[0024] The present invention still further provides an antiparasitic combination, comprising an
effective dose of an avermectin such as ivermectin for controlling Dirofilaria immitis and/or
Dirofitaria repens infestation alone or in association with at least one ectoparasitic or

endoparasitic (control) agent.
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DETAILED DESCRIPTION

Definitions

100251 As used herein avermecuns refer to the most potent anthelmintic, insecticidal and
acaricidal compounds known. Several avermectins have been developed, including, ivermectin,
abamectin, doramectin, eprinomectin and sclamectin. Ivermectin 18 preferably used in the

compositions, topical formulations and methods according to the present invention.

[0026] “Conventional avermectin formulations” refers to Heartgard™ chewable tablets marketed
by Merial, Heartgard@’ 10 mg/ml and 2.7 mg/ml injectable form; 0.133 percent and 1.87 percent

paste form and 10 mg/ml Liquud oral form.

[0027] “Subject” or “amimal subject” refers to any animals able to develop pathologies related to
heartworms such as, for example, pet animals. Canines may be the preterred subjects of the
present invention. The subject 1s typically a non-human mammal, and may be any such anmmal

mentioned heren.

[0028] “Heartworms™ generaily may include roundworms that typically reside within the heart
of a host during the final reproductive stages ot its life cycle. Some specitic heartworms may
inciude Dirofilaria immitis and Dirofilaria repens and any other similar worms of the same class

or suibclass.

[0029] “Combination”™ as used herein broadly may include two or more elements or compounds
physically, chemically, and/or otherwise suitably coupled with each other to produce a desired
result. Both components of the combination may be administered simultaneously or sequentially

and may be separate dosage forms or may be part of same dosage form.

10030] “Controlling” as used herein broadly include the reduction, the treatment, the eradication
and/or the prevention of Dirofilaria immitis and Dirofilaria repens and any other similar worms

of the same class or subclass.

0
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[0031] The present invention thus aims at developing improved formulations of an avermectin,
particularly ivermectin, that overcorme the disadvantages and constrains of existing treatment and
provides a method of treatment and/or controlling infestaton, and dosage regimen and
formulations that can be easily and safely administered to produce an efficacious response across

many species susceptible to heartworm infection.

|0032] Currently approved dosages of ivermectin are about 6 mcg/kg orally or 200 mcg/kg
subcutaneously. It is generally reported that ivermectin administered per se at 6 mecg/kg 18 able to
kill efficiency one month aged Dirofilaria larvae. Cunningham CP er ¢i,, (Am. I. Vet. Res., 2006,
67) brought evidence that this effective rate might be superior or equal to 0.2 ng/mbL of

ivermectin in the plasma.

[0033] The background art does not teach or suggest a method or formulation of ivermectin,
providing a lower effective concentration of the active ivermectin drug relative to that resulting
from the administration of conventional ivermectin formulations, whilst maintaining the efficacy
and exhibiting improved safety profile. The applicant has surprisingly established an effective
rate at around 0.1 ng/mL of ivermectin in the plasma. Thus, the formulations according to the
present invention provide a long term protection, e.g., at least 6 months for the coliar, strip collar,

or medalfion formulation against infections caused by parasites.

[0034] Accordingly in a preferred embodiment, the current invention provides a method of
controlling heartworm infestation by administering a therapeutically effective or protective dose
of ivermectin which achieves a reduction in Dirofilaria immitis and/or Dirofilaria repens 1n an
animal subject, at a lower plasma concentration of ivermectin as compared to plasma ivermectin
concentration obtained via conventional ivermectin formulations as defined by Cunningham CP
et al. (Am. J. Vet. Res., 2006, 67). In a preferred embodiment, said lower plasma ivermectin
concentration is less than 0.2 ng/mL, or less to 0.15ng/mL., ranges from U.1ng/mbL to U.15ng/mL.,

or is about 0.1 ng/mL. In another preferred embodiment said lower plasma ivermectn
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concentration 1s about 5-95 % of conventional ivermectin formulations, particularly preterred

plasma concentration is about 30% of conventional ivermectin tormulations.

[0033] In another embodiment, the present invention provides a composition for controlling
heartworm mfestation in a subject, wherein the composttion is effective at a lower plasma
concentration of 1vermectin as compared to conventional ivermectin formulatons, and exhibits a
reduced side effect profile as compared to a conventional formulation. In a preferred
embodiment, said lower plasma ivermectin concentration 1s less than O.2ng/ml., or less to
0.{5ng/mL, ranges from O.Ing/ml to 0.15ng/ml., or 1s about O.Ing/ml.. In another preferred
embodiment said lower plasma ivermecun concentration ts about 5-95 % of conventional
ivermectin formulations, particularly preferred plasma concentration 18 about 50 % of

conventional ivermectin forrmulations.

[0036] The present invention also provides novel active composition for controlling Dirofilana
immitis and/or Dirofilaria repens infestation in subject, comprising a combination of an
avermectin, preferably ivermectin and at least one other ectoparasitic or endoparasitic (control)
agent. Said composition may be administered and used in the manner described herein for other

compositions, including the dosage, time period or topical form.

10037] The formulations of the present invention are preterably administered via shaped articles.
Shaped articles are, inrer alia, collars, collar strips, medallions, pumps, attachments for collars,
ear tags, bands which are affixed to limbs or parts of the body, adhesive strips and films, peel-off

films or spot on or pour-on forms.

[003R] When compared to the existing treatment options, e.g., chewables, which are
administered monthly, injectable suspensions which a long term action, Le., 6-12 months, the
present topical formulations has the advantage of being easily applied, not beng invasive, does
not contain any aggressive solvent, and has a long duration of action. Also, treatment may be

easily discontinued in certain rare cases, like for example 1if there 18 any issue of toxicty,

10
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incompatibility with another treatment or surgery, which cannot be done in case of an injected
product. Preferably, the formulations according to the present invention are administered to the

animal subjects at least twice a year and up to once a year.

10039] Furthermore, the collars of the present invention are novel when compared to the other
marketed collars, strips, or medallions, in the sense that the latter only contain external anti-
parasites, but lack an active countrolling infestation agent such as an avermectin, and preterably

ivermectin, having a systemic action and/ or an agent active agamst iternal parasites.

[0040] The compositions of the present invention may be 1n the form of collars, collar strips, or
medallions, attachments for collars, ear tags, bands which are affixed to himbs or parts ot the
body, adhesive strips and films, peel-off films, or spot-on and pour-on form COMPristig an
amount of ivermectine sufficient to achieve a plasma concentration of less than 0.2 ng/mL, or
less to 0.15ng/mL, ranging from O.Ing/mL to 0.15ng/mL, or about of 0.1 ng/mL for 4 period of

at least 6 months up 12 months.

[0041] To produce collars, strips or medallions, polyvinyl resins, polyurethanes, polyacrylates.
epoxy resins, cellulose, cellulose derivatives, polyamides and polyesters are used in known
manner, and these are sufficiently compatible with avermectin and particularly ivermectin. The
polvmers should have sufficient strength and pliability so as not to tear or become brittle when
shaped into a band. They must be sufficiently long-lasting so as to be resistant to normal wear
and tear. In addition, the polymers must allow the active ingredients to migrate satistactorily to
the surface of the moulded collar. These requirements are fulfilied in particular by sohd
polyvinyl resins, Le., polymerisation products formed by polymerisates of a vinyl double bond.
Typical vinyl resins are, for example, polyvinyl halides, such as polyvinyl chlonde, polyviny!
chloride-vinyl acetate and polyvinyl fluoride; polyacrylater and polymethacrylate esters, such as
polymethyl acrylate and polymethyl methacrylate: and polyvinyibenzenes, such as polystyrene

and polyvinyltoluene.

i1
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[0042] Appropriate plasticizers may be used for making collars, collar strips or medailions.
Which plasticizer is to be used depends on the resin and its compaubility with the plasticizer.
Suitable plasticizers are, for example, hydrogenated castor oil, octyl dodecanol, vegetable oils (ie
coconut oil...), esters of phosphoric acid, such as tricresyl phosphate, esters of phthalic acid,
such as dimethyl phthalate and dioctyl phthalate, and esters of adipic acid, such as dusobutyl
adipate. Other esters may also be used, such as the esters of azelaic acid, maleic acid, ricinoleic
acid, myristic acid, palmitic acid, oleic acid, sebacic acid, stearic acid and trimelhitic acid, as well
as complex linear polyesters, polymeric plasticizers and epoxidised soy bean oils. The amount of
plasticizer is about 10 to 50% by weight, preferably 20 to 45% by weight, of the total

COMPOSIIO.

[0043] The collars, collar strips, or medallions, attachments for collars, ear tags, bands which are
affixed to limbs or parts of the body, adhesive strips and filros, and peel-oft tilms may also
contain further constituents, such as stabilizers, lubricants, fillers and colorants, without

changing the underiying properties of the composition.

[0044] Suitable stabilizers are antioxidants and agents which protect the collars, collar strips, or
medallions from ultraviolet radiation and undesired degradation during processing, such as
extrusion. A few stabilizers, such as epoxidised soy bean otls, additionally serve as secondary

plasticizers.

(00451 The lubricants used may be, for example. oils, waxes, stearates, stearic acid and

polvethylenes of a low molecular weight.

100461 Colorants are all colorants which are licensed for use on amimals and which can be
dissolved or suspended. Adjuvants are also spreading oils such as isopropyl myristate,
dipropylene glycol pelargonate, silicone oils, fatty acid esters, triglycerides and tatty alcohols.
Antioxidants are sulphites or metabisulphites such as potassium metabisulphite, ascorbic acid,

butylthydroxytoluene, butylhyvdroxyanisole and tocopherol.

|2

E
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00471 The choice of processing method in the production of the collars, collar staps, or
medallions according to the invention depends on a technical basts on the rheological properties
of the collar material and the shape of the desired collar. The processing method may be adjusted
according to the processing technology or according to the type of shaping. In the processing
technology, the processes may be classified according o the continuous rheological conditions

therein.

[(048] According to these, for viscous collar materials pouring, pressing, injecting and coating
may be considered, and for elastoviscous polymers injection moulding, extrusion, calenderning,
rolling and optionally edging may be comsidered. When classitied according to the type of
shaping, the moulded collars according to the 1nvention may be produced by pouring, urunersion,

pressing, injection-maoulding, extrusion, calendering, stamping, bending, cupping, etc.

10049] Preferred collars, collar strips, medallions, attachments for collars, ear tags, bands which
are affixed to limbs or parts of the body, adhesive strips and films, and peel-oft films may be
composed of a polymer matrix comprising ethylene/vinyl acetate (EVA) copolvmer blended with
a polyvether block amide (PEBAX). The polymer matrix being charged in the active composition
with a ratio by weight of less than 0.66. The collars, stnps, medallions etc., so obtained may be
administered or applied to the antmal subject as a fit-on, 80 as 10 ensure close contact between
the hair of the animal subject and the present formwlaton and subsequent penetration ot

ivermectin, as the endoparasiticide in the bloodstream ot the animal.

[0030] According to another embodiment the jvermectin may be delivered by a device that
applies a predefined specific dose of ivermectin at one or more time points to the skin of the
animal. The ivermmectin 18 not admumistered continuously by the device, and preterably 18
administered at time points in accordance with those described herein for admuustration of
ivermectin. The device is typically fixed to the animal and is preterably mcorporated 1nto any of

the delivery means mentioned herein, such as a collar. The device preferably comprises a

13
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minipump which delivers the ivermectin from a store of ivermectin to the skin of the animal. The
device may comprise a controlling means which 1s capable of operating the minmpump to

administer the ivermectin at the required times.

[0051] According to the present invention, collars, collar strips, medallions, attachments for
collars, ear tags, bands which are affixed to limbs or parts of the body, adhesive stnips, films, and
peel-off films dosage forms may be administered at a single ume {e.g., as one dose) or at
separate time points {e.g., as divided doses). When the dosage form i1s administered at separate
time points, the interval between the separate administrations of the divided dose may be from

several months, preferably every 6 months to at least 12 months. Indeed, the administration of

ivermectin for example in a collar, collar strip, or medallion provides a long term protection

against parasites for a period of at least 6 months to around 12 months.

[0052] In an additional preferred embodiment, the compounds 1 these amounts may be

combined with other ectoparasitic or endoparasitic control agents.

[0053] In a particularly embodiment, the present invention provides a kit usetul in the control of
heartworin infestation in a subject, which comprises a dose of ivermectin which achieves a
reduction or control of infestation of Dirofilaria inunitis and/or Dirofilaria repens in animal
subjects, at a lower plasma concentration of ivermectin as compared to plasma ivermectin
concentration obtained via conventional ivermectin formulation, optionally in combination with
ectoparasitic (ticks, fleas...) or endoparasitic (Ascaris, Ancvlostoma ..), optionally a carrier, and

instructions for the treatment of a parasitic infestation.

14



CA 02806133 2013-01-21

WO 2012/013782 PCT/EP2011/063102
EXAMPLES
EXAMPLE 1: Preparation and Testing of collars containing ivermectin

The following two types of collar containing 0.45% of invermectin as listed in the following

Table [ were prepared.

Table |;

" Constituants T Collar 0.45% |
Ivermectin S ] T 045 :;
{Pebax { E;Glyamide}' ) | 60 i
:‘EVA PA 538 T 55 _
} ISOE;‘:)panol i j ) 0.75 _—ﬁ
Coconut oil N R 1R j
- Soft-n-safe (hvdrogenated castor oil) | 4.5
I —— {
}Eijtzm ol -a"{w{v)(’:ly]. dode(.anol) 4.5 :
Total 100
| - ~ — —

For the tests, 2 adult dogs have received a collar of 0.45% for at least 120 days. The
concentrations of ivermectin in the plasma, collected in the jugular vein at day 0 (D0) to day 120

(D120), from each groups are presented in Table 2 in ng/mL.
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Table 2:

CA 02806133 2013-01-21

Dogs with Collar 0.45%

Ivernmectin (ng/mi.;

PCT/EP2011/063102

Avera ge ; “Standard deviation
0 0250 | 0113 0.83 0,095
2 0530 | 0472 0,501 | 0,041
4 028 | 0313 0300 | 0.019
10 0.229 ! 0.162 | 0,196 0,047
15 272 | o168 | 0220 | 0.074
30 0159 | 0230 0195 | 0,050
42 0.020 | 0330 0226 0,148
71 0248 | 0,423 0336 0.124
99 0347 | 0817 0582 0.332
120 | 0,391 ' 0.334 0,363 0.040
80 | 0200 | 0.150 0175 | 0.025
05 | 0450 | 0113 0132 | 0,018

EXAMPLE 2: Dirofilariosis infestation test

For the tests. 7 adult dogs are divided into two groups: one group of 4 dogs receives an
ivermectin collar as described in Example | and the second control group of 3 dogs does not
receive any treatroent.

These 7 dogs are challenged by a subcutaneous injection of 2mL of 75 Dirofilaria immitis L3
farvae at 120 days (D 120), after first wearing the collars.

Dirofilaria immitis infestations are evaluated by serological tests done by Elisa detection test of

Dirofilaria immitis (Canine Heartwormn Antigen Test Kit, PetChek™ HTWM PE- Idexx) 150
days (D270}, 195 days (D313) or 240 days (D360) after the dirofilaria challenge (D120).
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The D315 and D260 serological test are realized after removing the collar at D150 days. The
necropsy of the control dogs showed that half of the worms were in the lung artery, and half 1n

the heart.

Infestation results demonstrate no Dirofilaria immitis infestation of the dogs which receive with

the collar of Example 1, at D270, D313 and D360 post challenge.
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CLAIMS
{. A method of controlling heartworm infestation, comprising administering to an non

I

e

A

0.

human animal subject a composition comprising ivermectin in an effective dose so as (o
control Dirofilaria immitis and/or Dirofilaria repens intestations, wherein said ivermectin

composition is administered topically a least twice a year up to around once a year.

The method of claim [, wherein the composition 1s adounistered by means of collars,
collar strips, medallions, attachments for collars, car tags. bands which are affixed to

hmbs or parts of the body, adhesive strips and films, and peel-off films, spot-on an or

pour-on {orns.

The method of claim | or 2, wherein the non human animal subject 15 a pet, such as a

canue.

The method according to any one of the preceding claims, wherein said composition
comprises an amount of 1vermectin sufficient to achieve plasma concentration in the
animal of ivermectin less than 0.2 ng/mlL, less to 0.13 ng/mlL., or from 0.1 ng/mL t0 0.15

ng/mkb, or about of 0.1 ng/mL for a period of at least 6 months up to around 12 months.

The method according to any one of the preceding claims, comprising administering to
satd subject a composition comprising an etfective dose of ivermectin to control
Dirofilaria immitis and/or Dirofilaria repens intestation, at a plasma concentration of
ivermectin lower than the plasma ivermectin concentration obtained via conventional

ivermectin formulations.

The method according to any one of the preceding claims, wherem said lower plasma

vermectin concentration i1s about 5-95 % of conventional ivermectin formulations.
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0.

[ 1.

The method according to any one of the preceding clauns, wherein said lower plasma

ivermectin concentration i1s about 50 % of conventional itvermectin formulations.

the method according to any one of the preceding claims, wherein said lower plasma
concentration s less than 0.2 ng/mL, less to 0.15ng/mL, or trom O.1ng/mL to 0.15ng/mL.

or about of 0.1 ng/mL for a period ot at least 6 months up to around 12 months.

The method according to according to any one of the preceding claims, wherein said

tower plasma tvermectin concentration 1s less than 0.2 ng/mlL.

A veterinary drug composition for use in controlling heartworm infestation in a non
human animal subject, wherein said composition is 1n the form of shaped articles such as
collars, collar strips, medallions, attachments for collars, ear tags, bands which are
affixed to limbs or parts of the body, adhesive strips and films, peel-ott films, or spot-on
or pour-on form, and wherein said composition coinprises an effecuve dose of

ivermectin, and 1s administered topically at least twice a yvear up to around once a year.

A composttion according to claim [0, wherein the composition 1s administered by the
spot-on or pour-on form and wherein the composition is preferably administered by
means that conmiprises a munipunip capable of administering the composition to the skin of

the animal only at the required time points

. The composition according to claim 10 or 11, wherein said subject 1s a pet, such as a

canine.

. The composition according to any one of claims 10 to 12, comprising an effective dose ot

ivermectin sutficient to control Diroftiaria imimitis and/or Dirofilaria repens intestation,
at a plasma concentration of ivermectin lower than the plasma ivermectin concentration

obtained via conventional ivermectin formulations.

9
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14.

£S5,

| 6.

1%,

19,

The composition according to any one of claims 1 to 13, comprising an eftective dose of
ivermectin sufficient to yield a lower plasma concentration ot ivermectin as compared (o

conventional 1vermectin formulations.

The composition according to any one of claims 13 and 14, wherein the said lower
plasma ivermectin concentration 1s about 3-95 % of conventional ivermectin

formulations.

The composition according to claim 13, wherein said lower plasma 1vermectin

concentration is about 50 9% of conventional ivermectin formulanons.

. The composition according to any one of claims 10 to 16, wherein said composition

comprises an amount of ivermectin sufficient to achieve plasma concentration in the
animal subject of ivermectin less than 0.2 ng/mL, less to 3.13ng/ml., or from (. Ing/mlL to
0.1 5ng/mL, or about of (.1 ng/mL for a period of at least 6 months up to around 12

months.

The composition according to claim 17, wherein said Jower plasma concentration 18 about

0.1 ng/mal. or at least 6 months up to around 12 months.

The composition as defined in any one of clavms 10 to |8, wherein said composition
comprises other ectoparasitic and/or endoparasitic agents and wheremn optionally the
ivermectin may be replaced with a therapeutically effective amount of another
avermectin, for treating and/or preventing Dirofilaria immitis and/or Dirofilaria repens

infestation.
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20.

A kit for treating and/or preventing parasitic infestation of heartworm in a non human
animal subject, which comprises a effective dose of ivermectin for control of Dirofilaria
mmatts and/or Dirofifaria repens infestation, at a lower plasma concentration of
ivermectin as compared to plasma ivermectin concentration obtained via conventional
tvermectin formulation, and instructions for the treatment and/or prevention in said

subject.

. The kit according to clarm 20, which further comprises ectoparasitic and/or endoparasitic

control agents optionally with a carrier.

. The kit according to any one of claims 20 and 21, wherein said lower plasma ivermectin

concentration is about 5-95 % of conventional ivermectin formuiations.

. The kit according to claim 22, wherein said lower plasma ivermectin concentration is

about 50 % of conventional ivermectin tormulations.

. The kit according to any one of claims 20 to 23, wherein said tower plasma ivermectin

concentration is less than 0.2 ng/mlL., or less to 0.15ng/ml., or hetween O.Ing/mlL to
0. [5ng/mL. or 1s about of 0.1 ng/mL for a period of at least 6 months, up to around 12

months.

. The kit according o claim 24, wherein said lower plasma concentration is about

0.ing/ml.
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