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ECTOPARASITICIDAL METHODS AND FORMULATIONS 

Ectoparasites such as fleas, lice, blowflies, ticks and mites are problematic for 

man and animal alike. Such pests seriously impact productivity in the domesticated animal 

industry by reducing weight gain, causing poor quality hide, wool, and meat, and in some cases 

5 	resulting in death. Ectoparasites also cause disease and discomfort in companion animals. 

Ectoparasites are known to carry bacteria and viruses which are pathogenic to humans. The 

diseases which ectoparasites cause include malaria, lymphatic filariasis, trachoma, 

trypanosomiasis, and river blindness, for example. 

Efforts for controlling ectoparasites have included the use of insecticides and 

10 pesticides. For example, spinosyns, which are naturally derived fermentation products, have been 

employed as ectoparasiticides in companion animals. (Snyder, US 6,664,237). 

Derivatives of spinosyns have been employed in agricultural applications. 

(DeAmicis et al., US 6,001,981). Spinetoram is the common name for a mixture of 25-90%, 

preferably 50-90% (2R,3aR,5aR,5bS,9S,13S,14R,16aS,16bR)-2-(6-deoxy-3-0-ethy1-2,4-di-O- 

15 methy-l- .alpha.-L-mannopyranosyloxy)-13-{(2R,5S ,6R)-5-(dimethylamino)tetrahydro--6- 

methylpyran-2-yloxy]-9-ethy1-2,3,3a,4,5,5a,5b ,6,9,10,11,12,13,14,16a,16b--hexadecahydro-14- 

methy1-1H-as-indaceno[3,2-d]oxacyclododecine-7,15-dione (referred to as "dihydro-Et-J", 

formula I below), and 10-75%, preferably10-50% (2R,3aR,5aS,5bS,9S,13S,14R,16aS,16bS)-2- 

(6-deoxy-3-0-ethy1-2,4-di-O-methy- 1-.alpha.-L-mannopyranosyloxy)-13-[(2R,5S,6R)-5- 

20 (dimethylamino)tetrahydro--6-methylpyran-2-yloxy1-9-ethy1- 

2,3,3a,5a,5b,6,9,10,11,12,13,14,16a,16b-tet-radecahydro-4,14-dimethy1-1H-as-in daceno [3,2- 

o]ox acyclodod ecine-7,15-dione (referred to as "Et-L", formula II below). 
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(Podhorez et aL, 	US 2008/0108800A1). 	Spinetoram is described as providing 

long-lasting control of a broad spectrum of insect pests in a variety of crops (Dow AgroSciences 

Spinetoram Technical Bulletin, November 2006). 	It has been reported spinetoram has been 

registered in New Zealand as an insecticide in the pome fruit market 	("Dow AgroSciences 

Receives First Global Registration for Spinetoram Insecticide," Dow AgroSciences Newsroom, 

Corporate News, August 10, 2007). 

While 	the use 	of spinosyns 	and 	other 	insecticides 	and pesticides 	have been 

beneficial, 	alternative 	or improved 	formulations 	and methods 	are needed. 	Desirable 

formulations and methods would not only provide alternative therapies, but would also 

overcome at least some limitations of current therapies. 	Such limitations include toxicity and 

safety, efficacy (potency and duration), and resistance issues. Also impacting the beneficial use 

of insecticides and pesticides are administration obstacles, which include mode and recurrence of 

administration. 	For example, reducing the frequency of administration while maintaining 

efficacy is desirable, as dosing animals is often inconvenient and/or difficult. The present 

invention encompasses ectoparasiticidal methods and formulations for use in animals which 

provide alternative options for combating ectoparasiticite infestations. Further, they overcome at 

least some limitations in the use of current insecticides and pesticides, particularly in providing 

effective long term, safe, systemic control of ectoparasites. 

The disclosure provides methods of controlling ectoparasite infestations of an 

animal by systemically administering an effective amount of spinetoram or a pharmaceutically 

acceptable salt thereof to the animal, as well as pharmaceutical formulations for systemically 

controlling ectoparasite infestations using spinetoram or a pharmaceutically acceptable salt 



3 

thereof, and a pharmaceutically acceptable carrier. 	The disclosure also provides methods for 

controlling flea infestations of a dog or cat by orally or parenterally systemically administering 

an effective amount of spinetoram or a pharmaceutically acceptable salt thereof to said dog or 

cat, and single or pulse dose formulations for systemically controlling an ectoparasite infestation 

on a dog or cat using spinetoram or a pharmaceutically acceptable salt thereof, and a 

pharmaceutically acceptable carrier in an oral dosage form selected from a tablet, capsule, or 

liquid at a dose of 10 to 60 mg of spinetoram or a pharmaceutically acceptable salt thereof per kg 

of body weight of the dog or cat. 	Another embodiment of the methods and formulations using 

spinetoram is the ability to provide prolonged systemic control of ectoparasite infestations, thus 

decreasing the recurrence of dosing an animal, such as no more than every one or two weeks, or 

every month or more. 

In one aspect, there is provided the use of spinetoram, or a pharmaceutically 

acceptable salt thereof, in the manufacture of a medicament for the control of flea infestations on 

a dog or cat, wherein the spinetoram is to be systemically administered by oral administration. 

In another aspect, there is provided a single or pulse dose formulation for 

systemically controlling ectoparasite infestations on a dog or cat comprising spinetoram or a 

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier, in an oral 

dosage form selected from a tablet, capsule or liquid, at a dose of 1.0 to 60 mg of said spinetoram 

or a pharmaceutically acceptable salt thereof per kg of body weight of said dog or cat. 

The host animal may be a mammal or non-mammal, such as a bird (turkeys, 

chickens) or fish. 	Where the host animal is a mammal, it may be a human or non-human 

mammal. 	Non-human mammals include domestic animals, such as livestock animals and 

companion animals. Livestock animals include cattle, camellids, pigs, sheep, goats, and horses. 

Companion animals include dogs, rabbits, cats, and other pets owned and maintained in close 

association with humans as part of the human-animal bond. 

Ectoparasites include insect and acarine pests which commonly infest or infect 

animals, and include the egg, larval, pupal, nymphal, and adult stages thereof. 	Such pests 

include fleas, lice, mosquitoes, mites, ticks, and blood-sucking, biting or nuisance fly species. A.  

particular target is fleas, and more particularly Ctenocephalides fells. 

"Controlling" refers to either ameliorating or eliminating a current infestation, or 

preventing an infestation, in an animal host. 
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"Effective amount" refers to the amount of spinetoram, or a salt thereof; sufficient 

to control an ectoparasite, and includes causing a measurable reduction in the ectoparasite 

infestation population. 	This control may be the result of spinetoram or its conjugate or salt 

entering the system of the pest when it feeds, or through a repellant or in vivo action due to the 

systemic presence of spinetoram or its conjugate or salt thereof. Ranges for spinetoram or a salt 

thereof in the methods and formulations range from 0.01 to 1000 mg/kg, more desirably, 0.1 to 

100 mg/kg, and particularly desirable, 10 to 60 mg/kg of body weight of the animal. 
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"Pharmaceutically acceptable" as used in this application, for example with 

reference to salts and formulation components such as carriers, includes "veterinarily 

acceptable", and thus includes both human and animal applications independently. 

Pharmaceutically acceptable salts, and. common methodology for preparing them 

5 are known in the art. See, e.g., P. Stahl., et al., HANDBOOK OF PLIARMA.CEUTICAL SALTS: 

PROPERTIES, SELECTION AND USE, (VCHA/Wiley-VCH, 2002); S.M. Berge, et al., 

"Pharmaceutical Salts," Journal of Pharmaceutical Sciences, Vol. 66, No. 1, January 1977. 

Examples of salts include, but are not limited to, salts formed by standard reactions with both 

organic and inorganic acids such as sulfuric, hydrochloric, phosphoric, acetic, succinic, citric, 

10 	lactic, maleic, fum.aric, cholic, pamoic, mucic, glutamic, camphoric, glutaric, glycolic, phthalic, 

tartaric, formic, lauric, stearic, salicylic, methanesulfon.ic, benzenesulfonic, sorbi.c, picric, 

benzoic, cinnamic and like acids 

The term "carrier" is used herein to describe any ingredient other than the active 

components in a formulation. Th.e choice of carrier will to a large extent depend on factors such 

15 as the particular mode of administration, the effect of the carrier on solubility and stability, and. 

the nature of the dosage form. 

Administration of spinetoram or a salt thereof may be systemically administered 

by any suitable route. Examples of suitable routes include oral, topical (transdennal), and 

parenteral administration. The choice of the route will depend on the species of the host animal 

20 and the nature of the ectoparasitic infestation.. The administration will result in a systemic 

distribution within the host animal. Systemic efficacy (either by ingestion of blood by th.e 

parasites, or through a systemic repellant or in. vivo action) provides a different mode of 

exposure as compared. to non-systemically applied ectoparasiticides, where contact with the 

parasite at the skin surface is the mode of exposure. The advantages of systemic treatments and 

25 killing of parasites, compared to non-systemic treatments such as non-transdermal. topical 

treatments, include: a) reduced exposure to the human applicator and children and objects in the 

animal's environment (e.g., flooring, carpets, furniture); b) no worry about loss from. exposure of 

the animal to water (lakes, streams, bathing, etc.) or from loss due to rubbing; c) n.o concern 

about UV exposure and degradation; d) no problems with oxidation from oils on skin, etc.; and 

30 e) assurance that the entire dose is administered (compared to a topical, non-transdermal 
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application where some of the dose may drip off., rub off and/or remain in the dispensing tube 

immediately after treatment). 

Spinetoram and its salts may be formulated as pharmaceutical compositions for 

systemic administration. Such pharmaceutical compositions and processes for making the same 

5 are known in the art. See, e.g., REMINGTON: THE SCIENCE AND PRACTICE OF' PHARMACY, (A. 

Gennaro, et al., eds., 19th  ed., Mack Publishing Co., 1995). Spinetoram or its salts may be 

present in the formulations in an amount of 1% to 90%, and more particularly, 5% to 60% by 

weight of the foi 	ululation. 

The term "single-dose pharmaceutical formulation" means that one dose of the 

10 formulation effectively controls the ectoparasite infestation for a prolonged. time. The term. 

"prolonged time" comprises a period of at least 7 days, preferably a period of at least two weeks, 

and more preferably at least 30 day. The term "pulse dose formulation" means a formulation 

adapted for administration of a target total amount of spi.netoram or its pharmaceutically 

acceptable salt in divided, distinct doses, normally administered. over a short period. of time such 

15 as a one or two day period. Pulse dosing is contrasted to single dosing in that while the 

therapeutic benefits are equal or 4.3 {.F 	equivalent, the total dosing is carried out in more 

than one dosing over a short period of time. For instance, a total target dose may be pulse dosed 

by administering two, three, or four or more distinct, normally equal doses totaling the target 

dose over a one or two day period. Alternatively, a pulse dose may be accomplished by a single 

20 administration of the total target dose that is then released over time. This approach to pulse 

dosing can occur by having certain portions of the total dose released internally over time based 

on kinetics (e.g., every 2, 3, 4 or more hours) or based on. location. in the gastrointestinal tract 

(e.g., 50% in stomach, then 50% in the small intestine). 

25 

Oral administration may be by capsule, bolus, tablet, powders, lozenges, chews, 

multi and nanoparticulates, gels, solid. solution, films, sprays, or liquid formulation. Liquid forms 

include suspensions, solutions, syrups, drenches and. eli.xi.rs. Such formulations may be employed 

as fillers in soft or hard. capsules and typically comprise a carrier, for example, water, ethanol, 

polyethylene glycol, propylene glycol, methylcellulose, or a suitable oil, and one or more 

emulsifying agents and/or suspending agents. Liquid formulations may also be prepared. by the 

30 reconstitution of a solid, for example, from a sachet. Oral. drenches are commonly prepared by 
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dissolving or suspending the active ingredient in a suitable medium. Oral administration may be 

accomplished by admixing with, or placing on, an animal's food. 

Spinetoram or its pharmaceutically acceptable salts may be administered to the 

skin, mu.cosa, or mucous membranes to result in a systemic administration. One such. mode of 

5 administration is transd.ermal administration. Typical carriers include alcohol, water, mineral oil, 

liquid petrolatum, white petrolatum, glycerin, polyethylene glycol and propylene glycol. 

Penetration enhancers may be incorporated--see, for example, J. Pharm Sci, 88 (10), 955-958 by 

Finnin and. Morgan (October 1999). 

Further, spinetoram. or its pharmaceutically acceptable salt can be administered 

10 parenterally, or by injection directly into the blood stream, muscle or into an internal organ. 

Suitable routes for parenteral administration include intravenous, intraarterial, intraperitoneal, 

intrathecal, intraventricular, intraurethral, intrasternal, intracranial, intramuscular and 

subcutaneous. Suitable devices for parenteral administration include needle (including 

mi.croneedl.e) injectors, needle-free injectors and infusion techniques. Injectable formulations 

15 may be prepared in the form of a sterile solution which may contain other substances, for 

example enough salts or glucose to make the solution isotonic with blood. Acceptable liquid 

carriers include vegetable oils such as sesame oil., glycerides such as triacetin, esters such as 

benzyl benzoate, isopropyl inyristate and. fatty acid derivatives of propylene glycol, .as well as 

organic solvents such as pyrrolidth-2-one an.d glycerol formal. The formulations are prepared by 

20 dissolving or suspending spinetoram or its pharmaceutically acceptable salt in. the liquid. These 

formulations may be self-preserving, self-sterilizing or may be non-sterile to which preservatives 

may be optionally added. Parenteral. formulations are typically aqueous solutions which may 

contain excipients such as salts, carbohydrates and buffering agents (preferably to a pH of from 3 

to 9), but, for some applications, they may be more suitably formulated. as a sterile non-aqueous 

25 solution or as a. powdered or dried form to be used in conjunction with a suitable vehicle such. as 

sterile, pyrogen-free water. The preparation of parenteral formulations under sterile conditions, 

for example, may readily be accomplished using standard. phaunaceutical techniques well known 

to those skilled in the art. The solubility of spinetoram or its pharmaceutically acceptable salts 

used in the preparation of parenteral solutions may be increased by the use of appropriate 

30 formulation techniques, such as th.e incorporation of solubility-enhancing agents. 
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Spinetoram. was evaluated using in vitro and in vivo bioassays 

In many assays, spinosad was used as a comparator or a historical 

other standards (fipronil, permethrin, imidacloprid) were employed. 

both as technical active, as well as in formulation. 

Adult Stable or House Fly Assay (ASF, AhsF). This assay is 
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White, WE., S.M. Bauer, X. Zhao et al., Comparison 

of an experimental benzimidazole-carbam.ate 

42, 207-211 (2005); and White, WE., C.M. McCoy, 

comparisons among spinosad-, imid.acloprid-, 

Musca domestica (Diptera: Muscidae) under 

100, 155-163 (2007). 

is formulated in DMSO at 10mM. Doubling dilution.s 

testing levels. Materials are diluted in either bovine 

(house flies) to obtain desired exposure concentrations 

of diluted test material is placed into a test tube 

used to absorb fluid. One dental wick is placed. into 
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from anesthesia an.d feed on compound-soaked 
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potency (1,D50) data compared. to contemporaneous 
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Compared with spinosad, spinetoram exhibits significantly greater insecticidal 

activity in vitro against adult house flies (5.5 times more potent). 

Oral administration per os to dogs. Given the above data, investigation into oral 

5 efficacy in dogs was begun. The investigation was conducted to evaluate 1) efficacy for a point 

dose of 30 mg/kg, against experimental, concurrent infestations with the adult cat flea, 

Ctenocephalides frlis; adult stage American dog ticks, Derrnacentor variabilis; and adult stage 

kennel ticks, Rhipicephalus sanguineus; 2) plasma concentrations of the 30 mg/kg treated dogs; 

and 3) efficacy for point dosages of either 50 mg/kg or 100 mg/kg, against experimental 

1.0 infestations with adult stage kennel ticks, R. sanguineus. 

Sixteen dogs were selected for two groups of eight dogs (4 male: 4 female) per 

group. One treatment group received spin.etoram, while the other group was left untreated. The 

dogs were housed individually in concrete-floored chain-link kennels both inside and outside. 

During th.e study period the dogs were fed a dry dog chow, except for the day of treatment (day 

1.5 0) when they received wet canned food. Th.e dogs had ad libitum access to water. 

The first group on day 0 received one or more gelatin capsules containing 

spinetoram powder by mouth, in the amount of 30 mg/kg, while the untreated group received 

placebo. For the evaluation of the higher doses (50 and 100 mg/kg) for efficacy against R. 

sanguineus, dogs from the 30 mg/kg group were re-dosed at the higher levels approximately 2.5 

20 months after the low dose administration, once the flea efficacy data had been collected. 

Each dog was experimentally infested with about 1.00 adult fleas, and 50 ticks of 

each species on test days -1, 5, 12, 19, 28, 35, and 42, with additional flea infestations conducted 

on days 49 and 56. Knockdown assessments against both ticks and fleas were conducted 24 

hours after dosing. All subsequent counts were conducted 48 hours after infestation. For the 

25 higher doses, the dogs were infested with around 50 R. sanguineus ticks one day before re-

dosing and again 5 days post re-dosing, with comb counts conducted approximately 24 hours 

thereafter. Knockdown activity (Day 1) was determined using 24 hr post-dosing comb counts. 

For all post-treatment residual. tick counts, the comb count occurred 48 hours post infestation. 

Blood samples were drawn on days 14, 21, 28, and 35 to determine concentration of spinetoram 

30 in plasma. 
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Table 2 displays the therapeutic and. residual efficacy for fleas (geometric mean 

percent flea reduction) of spinetoram following oral administration to dogs at 30 mg/kg. 

Table 2 

.......... 	,, 
.. ,,,, 	,i7 :: , , igii........666  ::,,:::,.... ii: 	

.:.. 
, 	...:::::,.... 	

., 
	
. 

,--- 	...,.:.:;....::7  :.... 	:,,.:,.:. %.. 	
. 
	.: :,,..:::.....,, 

. 
	..:,,,,, 	, 	:... 

Spinetoram 99.7 100 100 99.5 100 98.9 99.7 98.2 96.9 
Spinosad2  100 100 99.6 100 97.8 91.1 nd3  nd nd 

'' Knockdown assessed 
' Represents historical 
3nd, denotes not 

knockdown 

adult cat flea 

Spinetoram 

at the doses tested. 

to interpret because 

dog study was 

single point 

every 2 hours 

every 4 hours 

as follows: 

inside and outside. 

days prior to 

had ad libitum 

spinetoram 

48 h after dosing. 
data and not contemporaneous controls. 

determined. 

At an oral point dose of 30 mg/kg in dogs, spinetoram exhibited equivalent 

and superior residual efficacy when compared to historical data of spin.osad against 

infestations. Note the residual control (>97%) extends beyond. 8 weeks. 

did not demonstrate statistically significant activity against either of the tick species 

in general, efficacy of the treatments against both tick species was difficult 

of very low parasite retention numbers on the untreated control animals. 

Pulse vs. Single dose administration per os to dogslCtenocephalides fells Another 

of a 

TM 

active 

Treatment 
Treatment 
Treatment 
Treatment 

undertaken to evaluate the effect on flea infestation of 1) oral. administration 

dose of 60 mg/kg; 2) oral administration of a pulsed dosing scheme of 20 mg/kg 

for one day; 3) oral administration of a pulsed. dosing scheme of 20 mg/kg TID 

for one day; and 4) post-treatment plasma concentration of spinetoram. 

Four treatment groups of 8 dogs each (4 male: 4 female) were dosed spinetoram 

Group 1: 60 m.g/kg, single dose 
Group 2: 60 m.g/kg, (20 mg/kg every 2 hours, three times) 
Group 3: 60 mg/kg, (20 mg/kg every 4 hours, three times) 
Group 4: 	0 mg/kg, (negative control) 

The dogs were housed. individually in concrete-floored. chain-link kennels both 

During the study period the dogs were fed a dry dog chow, except for two 

and the day of treatment (day 0) when they received wet canned food. The dogs 

access to water. 

The treated dogs received one or more gelatin capsules containing technical 

powder by mouth, with treatment group 4 receiving placebo. Each dog was 
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experimentally infested with about 100 fleas on test days -1, 5, 12, 19, 28, 35, 42, 49, and 56. 

Knockdown assessments were conducted 24 hours after dosing, with residual efficacy evaluated 

subsequently at 48 hours after each subsequent infestation. The day 1 comb count served to 

determine th.e initial/knockd.own efficacy, approximately 24 hours after the 60mg/kg dose, or the 

5 first of the pulse dose. Blood samples were drawn. to determine concentration of spin.etoram. in 

plasma. 

Table 3 shows the geometric mean percent reduction in live adult flea counts 

compared. to the untreated control group. Results indicate no substantial difference in the 

efficacy results whether a single 60 mg/kg dose or multiple 20 mg/kg doses are administered. 

10 
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WE CLAIM: 

1. Use of spinetoram, or a pharmaceutically acceptable salt thereof, in the 

manufacture of a medicament for the control of flea infestations on a dog or cat, wherein the 

spinetoram is to be systemically administered by oral administration. 

2. The use according to Claim I wherein said administration is to be 

carried out no more than monthly in a single or pulse dose. 

3. The use according to Claim I wherein said flea is Ctenocephalides 

felis. 

4. The use according to Claim 1 wherein said spinetoram is to be 

administered at an amount of 10 mg/kg to 60 mg/kg of body weight of said dog or cat. 

5. The use according to Claim 1 wherein said administration is to be 

carried out no more than every two weeks in a single or pulse dose. 

6. A single or pulse dose formulation for systemically controlling 

ectoparasite infestations on a dog or cat comprising spinetoram or a pharmaceutically 

acceptable salt thereof, and a pharmaceutically acceptable carrier, in an oral dosage form 

selected from a tablet, capsule or liquid, at a dose of 10 to 60 mg of said spinetoram or a 

pharmaceutically acceptable salt thereof per kg of body weight of said dog or cat. 
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7. The formulation of Claim 6 wherein the dosage form is a. tablet or 

capsule and said spin.etoram or a pharmaceutically acceptable salt thereof is 

formulation in an amount of 5 to 60 % by weight of the formulation. 

present in said 

8. .The formulation of Claim 6 in a chewable treat form. 


