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ISOXAZOLINE COMPLEXES AND
COMPOSITIONS THEREOF

FIELD OF THE INVENTION

The invention relates to the field of pharmaceutical com-
positions containing 1soxazoline compounds for use 1n ani-
mals or poultry.

BACKGROUND

There are several commercial forms of fluralaner which

has a chemical formula of 4-[(5RS)-5-(3,5-Dichlorophenyl)-
4,5-dihydro-5-(trifluoromethyl)-1,2-oxazol-3-y1]-N-[ 2-0x0-
2-(2,2,2-trifluoroethylamino )ethyl]-o-toluamide. Fluralaner
inhibits y-aminobutyric acid (GABA)-gated chloride chan-

nels (GABA receptors) and L-glutamate-gated chloride
channels (GluCls).

Fluralaner and afoxolaner belong to a class of compounds
called 1soxazolines (a class of five-membered heterocyclic
chemical compounds having one atom each of oxygen and
nitrogen which are located adjacent to one another). Flural-
aner 1s a hydrophobic compound which has been shown 1n
various compositions to undergo degradation by water
within about 48 hours at room temperature. Therelore, any
commercial compositions with a long shelf life must be
anhydrous 1n nature and their components must not interact
negatively with fluralaner or other 1soxazolines or be hygro-
scopic 1n nature within the appropriate packaging.

Fluralaner 1s found in anhydrous hard chewable tablets for
dogs as well as solvent based with acetone transdermal
drops for dogs and cats either alone or combined with
macrocyclic lactones. In the prior art the use of various
organic solvents such as diacetylacetamide, n-methylpyr-
rolidone or pyrrolidone enhances uptake of fluralaner in
chewables for dogs.

The water 1n the drninking water supply system in the
pigsty or house 1s subject to the principles of laminar flow
through pipes and coils and 1s subjected to so-called ““tan-
gential” forces that will affect the flow rate. In such a
complex piping system, there are significant risks to segre-
gation or sedimentation of the drug when using water-
insoluble compounds. The effectiveness of the drug through
the drinking water supply system as a whole largely depends
on the quality of the composition (and 1ts stability 1n the
drinking water supply system) and the taste of the prepara-
tion.

A suitable composition should ensure maximum avail-
ability of the active ingredient, minimal or no segregation
and precipitation of the active substance in the drinking
water supply system. It 1s further ideal to have accurate
dosing and even distribution of the active ingredient in
drinking water, and guaranteed stability of the active ingre-
dient in the composition 1tself and after dilution to the target
concentration in medicinal drinking water. Such pharmaceus-
tical compositions are envisioned 1n the current ivention
which are devoid of any organic solvents.

There exists a need for a delivery system of fluralaner
which would provide better water solubility, stability, and
taste which 1s capable of being used in a single form in
various compositions whether oral or 1mjectable or transder-
mal for cats, dogs, poultry, and swine. Ideally, the fluralaner
should be combinable synergistically with other components

such as macrocyclic lactones or their complexes.

SUMMARY

It has now been surprisingly discovered that a combina-
tion of fluralaner (a tritfluoro compound) in a hydroxypropyl
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2

beta cyclodextrin complex combined 1n a dry form with an
anhydrous polypowder (poly80 adsorbed to hydroxypropyl
beta cyclodextrin (hpbcd)) has a water solubility of 20. to 30
mg/ml (where “mg” 1s milligram”™ and “ml” 1s “millimeter’)
wherein the complex itself has a water solubility of less than
20 mg/ml. In a first test an unexpected result with enhanced
solubility of the fluralaner complex with polypowder has
been found with 1% fluralaner 1n water at 0.5 mg/kg (where
“kg” 1s kilogram) in poultry. Further tests have since been
conducted as described in the detailed description below.

Similar trifluoro compounds, such as tecovirimat, exhibit
fairly high solubility when complexed with hpbed (=10
mg/ml) but show no enhancement when their complexes are
combined with polysorbate 80. In fact, over the range of
temperatures from 4 C to 40 C (where “C” 1s “Celsius™)
there was a decrease in the solubility of the tecovirimat
complex when combined with polysorbate 80 except at 4 C
where polysorbate 80 only very slightly enhanced complex
solubility.

In the temperature range solubility was decreased with
addition of polysorbate 80 compared to tecorivimat complex
alone. We have surprisingly found that combining a flural-
aner hpbcd complex with an anhydrous polysorbate 80
powder that has long shelf life results 1n a marked improve-
ment 1n complex solubility over the temperature range 4 C
to 40 C wherein the solubility of the complex 1s 1itself less
than 20 mg/ml of fluralaner. However, when combined with
the polypowder the solubility 1s enhanced from 20 to 30
mg/ml and dissolution 1s 1immediate while the anhydrous
powder mixture has long shelf life stability.

The combined powder can thus be fabricated into all the
desirable forms such as anhydrous, soit chewable, anhy-
drous hard chewables, and water solutions (for use with
metered water delivery systems or as micro pellets for feed
inclusion or powder as a mix for feed) or even immediately
injectable forms.

Thus, there are numerous advantages of the composition
compared to the prior art which include long shelf life,
improved taste masking of the i1soxazoline components,
instant dissolution, and synergistic combinations with mac-
rocyclic lactone complexes for combined therapeutics to
dogs, cats, swine and other husbandry animals.

The mvention envisions the combination with macrocy-
clic lactones or preferably their cyclodextrin complexes for
prolonged shelf life and enhanced absorption as well as trio
combinations with drugs such as pyrantel or praziquantel
and numerous other drugs currently used 1n animal hus-
bandry for treatment of endo and ectoparasites. More advan-
tageously the use of polypowder with the fluralaner com-
plex, 1n embodiments of the disclosed technology, can be
combined with various other cyclodextrin complexes allow-
ing for greater absorbion and/or solubilization with medi-
caments used for endo or ectoparasites in husbandry ani-
mals.

In a method of treating an animal parasitic infection using,
a shell stable anhydrous pharmaceutical composition an
1soxazoline cyclodextrin complex maximally soluble to less
than 20 mg/ml 1n water 1s combined with polypowder, such
as a polysorbate adsorbed onto 2 hydroxypropyl beta cyclo-
dextrin in an anhydrous form. The polypowder, before being
combined with the 1soxazoline has a shelf life of at least 2
years. The polypowder 1s combined with the isoxazoline
cyclodextrin complex giving a solubility of from 20 mg to
30 mg/ml of isoxazaline in water and formed into a dry
anhydrous medicament with a shell life of at least 2 years.
The medicament 1s admimstrable with medicinal effect
through water or feed orally ingested by an animal.
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Described another way, an orally administrable medica-
ment which treats animal parasite infections and which 1s
adapted to be sately ingested by an animal has a polypowder
has a polysorbate adsorbed onto 2-hydroxypropyl-beta-cy-
clodextrin 1n an anhydrous form having a shelf life of at least
2 years. A shelf stable anhydrous pharmaceutical composi-
tion with a combination of an 1soxazoline cyclodextrin
complex, maximally soluble to between 20 mgml to 30
mg/ml of 1soxazoline inclusive, 1 water 1s thus created
wherein a combination of said 1soxazoline cyclodextrin
complex with the adsorbed polysorbate forms a dry anhy-
drous medicament with a shelf life of at least 2 years.

The polypowder can be any polysorbate adsorbed onto a
cyclodextrin under anhydrous conditions. The 1soxazoline
cyclodextrin complex can be a fluralaner cyclodextrin com-
plex administered 1n water or feed at 0.5 mg/kg of body-
weight of poultry being treated. The said fluralaner cyclo-
dextrin complex can be administered twice in a period
between 7 to 14 days. The 1soxazoline complex and poly-
powder mixture 1s a fluralaner complex and polypowder
mixture administered in hard or soft anhydrous chews at a
rate of 2 to 4 mg/kg per month 1n a feline or canine, 1n some
embodiments of the disclosed technology.

The 1soxazoline complex and polypowder mixture are
combined synergistically with cyclodextrin complexes of
macrocyclic lactones increasing solubility and bioavailabil-
ity and improving taste parameters of the medicants 1n some
embodiments of the disclosed technology.

Pyrantel pamoate 1s combined, 1n some embodiments of
the disclosed technology, with a medicament, wherein the
combination provides broad spectrum antiparasitic etli-
ciency in an anhydrous shelf stable chewable form. The
1soxazoline can alternatively or additionally be complexed
with a cyclodextrin 1n a stoichiometric ratio of 1:1 or 1:2.
The cyclodextrin can be 2-hydroxypropyl-beta-cyclodex-
trin.

The 1soxazoline cyclodextrin complex can be a fluralaner
cyclodextrin complex that has a limited water solubility less
than 2 mg/ml that 1s enhanced by combination with a
polysorbate polypowder. The improved water solubility of
the fluralaner complex combined with polysorbate polypow-
der 1s, 1n some embodiments, from 20 mg/ml to 30 mg/ml 1n
water, 1nclusive.

The amimal which receives the medicament can be a
teline, canine, bovine or porcine animal. The animal para-
sitic infestation can be a tick or lice infestation and the
amimal may sufler an infestation which 1s one or both of
endoparasitic and ectoparasitic in nature. The animal para-
sitic iniestation can be a tick infestation of one of a Der-
manyssus or Ornithonyssus species.

DETAILED DESCRIPTION

The present invention relates to the use of a pharmaceu-
tical composition comprising an 1soxazoline compound
complexed with a cyclodextrin such as hydroxy-propyl-
cyclodextrin and combined in a dry (anhydrous) composi-
tion with polypowder. The composition can be a mixture of
isomers, an enriched mixture of a specific enantiomer or a
single enantiomer.

The 1soxazoline compound for use in the present inven-
tion may be described by the formula (heremnaiter, “the
formula™):
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R'=halogen, CF,, OCF,, CN,
N=1nteger from O to 3, preferably 1, 2 or 3,
R*=C,-C,-halogenated, preferably CF, or CF,Cl,

T=53- or 6-membered ring, which is optionally substituted
by one or more radicals Y,

Y=methyl, halomethyl, halogen, CN, NO,, NH,—C=—5,
or two adjacent radical Y together form a chain, mainly
a three- or four-membered chain;

Q=X—NR’R” or 5-membered N-heteroaryl ring, which is
optionally substituted by one or more radicals;

X=CH,, CH(CH,), CH(CN), CO, CS,

R, halogen (N, N-dimethylamino)-carbonylmethyl, pro-
pylaminocarbonylmethyl, cyclopropylaminocarbonyl-
methyl, propenylaminocarbonylmethyl, halogenethyl-
aminocarbonylcyclopropyl

R3-1
O—CH;
/
N
4
R3-2
CH;
0/
/
N
4
R3-3
3
N
()
S
R3-4
H
N
O
R3-5
H
N
/ \
R3-6
*
HSC_.--N\ _
N
R3-7
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-continued
R>-5
*
/ N
R>-6
H
N
R3-7
N—
% ZA
~ }
\_/
R>-8
—N
*
4<\:/>
N
R>-9
4<:N
% ZA
-
\_/
R3-10
A
N 7
~T
S
R3-11
NH,
i
O—CH;
R3-12
NH,
*%
"N\
CH;
R3-13
T
*
R>-14
O
T/
*
R3-15
O
|
I

where Z“*=hydrogen, halogen, cyano, halomethyl (CF,

R*=hydrogen, ethyl, methoxymethyl, galogenmetoksi-
metil, ethoxymethyl, galogenetoksimetil, propoxym-
cthyl, methylcarbonyl, ethylcarbonyl, propylcarbonyl,
cyclopropylcarbonyl, methoxycarbonyl, methoxym-
cthylcarbonyl, aminocarbonyl, ethylaminocarbonylm-

cthyl, etilaminokarboniletil, dimethoxyethyl, propinil-
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aminokarbonilmetil, galogenetilaminokarbonilmetil,
cyanomethylaminocarbonylmethyl or galogenetilami-
nokarboniletil;

or R® and R* together form a substituent selected from the
group consisting of:

NH»> NH»>
A
O—CH3 O/\CH3
NHg NH2
4
O—CH; O/\CH3
In the cyclodextrin complex, which can be hydroxypro-
pyl-beta-cyclodextrin mixed with a polypowder polysor-
bate, the complex 1s adsorbed onto hpbcd to form a medi-
cament for administration through dissolution in drinking
water for the prevention or treatment of animal parasitic
invasions. The medicament, being anhydrous and having a
long shelf-life 1n a dried form, can then be placed into
drinking water or feed for animals. As such, treatment or
prevention of parasitic invasions of animals can be accom-
plished. When placed 1n feed, a micropellet form can be
used. In other embodiments a hard chewable (rigid when
pinched lightly) or soft chewable (squeezes together when

pinched lightly) medicinal treats for cats or dogs can be
used.

In addition, 1t has been found that such compositions can
be used to prepare medicinal water, which 1s stable for a
period of time allowing distribution to the housed animals
(no less than 24 hours) and can be evenly distributed 1n the
system to ensure the introduction of an effective amount of
1soxazoline compounds to animals through the drinking
water supply system.

In the formula above, T can be selected from:

T-1
Y
T-2
* *
T-3
H
S
Y
T-4
*H
0O
Y
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o

1-13

1-14

T-15

1-16
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1-19

1-20

1-21

1-22

wheremn 1 T-1, T-3 and T-4, the radical Y 1s hydrogen,

halogen, methyl, halomethyl, ethyl, halogen ethyl.
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In the formula above, Q can be selected from:

R3
/
8 X—N
\
R4
/=N

Q-1

Q-2

Q-3

Q-4

Q-5

Q-6

Q-7

Q-8

Q-9

Q-1

Q-2

Q-3

Q-4
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where R, R*, X and Z* have the above values.

Z\/
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Q-7

Q-8

Q-9
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e

b F Isoxazoline compounds of the formula for use 1n the
7ZP-2 10 present invention are:

:{O (R"*) RZR*RP“TYQZX3-Cl, 5CICF,CH,CF,HT-2-Q-

1-C(0),—Cl, 5CICF,CH,CH,HT-2-Q-1-C(0),—Cl,
5CIC:

1CH,OCH. HT-2-0-1-C(O),_Cl.
/ 5CICF.CH.C(O)NHCH,CF .HT-2-Q-1-C(O),—Cl,
15 5CICF.CIHLC(O)NHCH,CH, HT-2-Q-1-C(O).—CF.,
zP-3 5-CP.CF,CH,C(ONHCIL CF, HT-2-Q-1-C(O),—
/< CF,, 5-CF,CF.CH,C(ONHCILCH,HT-2-0-1-

3

3

.LJ sylliey

| L | L |
r 1 r r

C(0),-CF., 5-CICF.CH,C(O)NHCILCF,HT-2-Q-1-C

N (0),—CF,, 5-CICF,CH,C(O)NHCH,CH,HT-2-Q-1-
oy 20 C(0),—Cl, 5CICF,-T-2-Q-6Z7-73-Cl, 5CICF,-T-2-Q-

775-7 3-Cl, 5CICF,-T-2-Q-572-73-Cl, 5CICF,-T-2-Q-

N
</ > 27P-13-Cl, 5CICE.CH,C(O)NHCH.CF,HT-3CH,0-

1-C(0),—Cl, 5CICF,CH,C(O)NHCH,CCHT-

—\ 3CH,Q-1-C(0),—Cl, 5CICF,CH,C(0O)
. 25 NHCH,CNHT-3CH,Q-1-C(O),—Cl,  5CICF,CH,C
H (O)NHCH,CH,HT-3CH.Q-1-C(O)_CF.,
O 5-CF,CF,CH,C(O)NHCH,CF,HT-3CH,Q-1-C(O),—
705 CF., 5-CF.CF,CHC(ONHCH,CH,HT-3CH,Q-1-C

N=— (O).—Cl, 4-Cl, 5-CICF.CILC(O) NHCH,CF.HT-
4< ) 30 3CH,Q-1-C(0),—Cl, 4-Cl,  5-CICF,CH,C(O)
\ / NHCH,CH,H T-3CH,Q-1-C(0),—Cl. 4-F,

5-CICF ,CH,C(O)NHCH,CF,HT-3CH,Q-1-C(O)
N ‘ 3-Cl, 4-F, 5-CICF,CH,C(O)NHCH,CH,HT-3CH,Q-1-
C(0),—Cl, 5-CICF3CH,C(O)NHCH,CF,HT-20-Q-1-
4<\7 ) 35 C(0).—CL. 5-CICF,CH,C(O)NHCH,CH3 HT-20- Q-
1-C(0),—CF,. 5-CF.CF.CH,C(O)NHCH,CF.CH,T-
701 20-0-1-C(O).CF.. 5-CF.CF.CH.C(O)NHCH,CIL,
O CH,T-20-Q-1-C(O),—CF,, 5-CP.CF.CILC(O)
4{ NHCILCF.HT-20-O-1-C(0),_CF., 5-CF.CF.CH,C
40 ©)  NHCH,CH,HT-20-Q-1-C(O),—CF.. 5-CF,
N_>T CF,CH,C(O)NHCH,CF,H  T-21-Q-1-C(O),—CF,,

F

5-CF,CF,CH,C(O)NHCH,CH,HT-21-Q-1-C(0O),-Cl,
5-CICF;CH,C(O)NHCH,CF,HT-21-Q-1-C(O),—Cl,
D, 5-CICF;CH,C(O) NHCH,CH;HT-21-Q-1-C(O),—Cl,
O 45 5-CICF;CH,CH,SCH,HT-21-Q-1-C(O);—Cl1, 4-Cl,
5-CICF,C(O)CH,HT-22FQ-1-CH,3-Cl, 4-Cl,
*4( 5-CICF,C(O) CH(CH,),HT- 22FQ l-CH 3-Cl, 4-Cl,
N — 5-CICF;C(O)-cyclopropyl HTI-22F Q-1 CH 3-Cl, 4-F,
/ 5-CICF,C(O)CH,HT-22F Q-1-CH,3 Cl 4-Cl,
50 5-CICF,C(O) CHZCH3HT-22FQ-1-CH23-CL, 4-F,
O _ 5-CICF,C(O)CH,HT-22C1 Q-1-CH,3-Cl, 5-CICF,
) < CH,C(O)NHCH, CFHT-1CH,Q-1-C(O),—Cl,
5-CICF,CH,C(O)NHCH,CH,HT-1CH,Q-1-C(O),—
O— Cl, 5-CICF,R 3-1 (Z)HT-1CH,Q-1-C(O),—(I,

7D_4 55 5-CICF;R 3-1 (E)HT-1CH;Q-1-C(O)
</7N Isoxazoline compounds for use in the present invention

> include:
L (R7"), R*R°R" TYQZX3-Cl, 5CICF,CH,CF,HT-2-Q-
\ 1-C(0),—Cl, 5CICF,CH,CH,HT-2-Q-1-C(0),—Cl,
N 60 SCICF,CH,CH,OCH,HT-2-Q-1-C(0),—Cl, 5CICF,
CH,C(O)NHCH,CF.HT-2-Q-1-C(0),—CF,, 5-CF,
i CF,CH,C(O)NHCH,CF . HT-2-Q-1-C(0),—CF,,
N £7-3 5- ClCF CH C(O)NHCH CF 3 HT-2-Q-1-C(0),—Cl,
_> SCICF,-T-2-Q-677-7 3-Cl, 5CICF,-T-2-Q-777-7 3-Cl,
4<\ / 65 SCICF,-T-2-Q-577-7 3-Cl, SCICF T-2-Q-277-13-C],
SCICF,CH,C(O)NHCH,CF HT—3CP3Q-1-C(O)3—
Cl, SCICF CH,C(O)NHCH,CC  HT-3CH,Q-1-

.L

lJ Ll
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C(0),—Cl, 5CICF,CH,C(O)NHCH,CN HT-3CH,Q-

1-C(0),-CF,,  5-CF,CF,CH,C(O)NHCH,CF,HT-
3CH,Q-1-C(0),—Cl, 4-Cl, 5-C1 CF,CH,C(O)
NHCH,CF,HT-3CH,Q-1-C(0),—Cl. 4-F,

S-CICF CH,C(O) NHCH,CF,HT-3CH,Q-1-C(O),—
Cl, 5 CICF CH,C(O)NE CH CF;HT-20-Q-1-C(O),—
CF;, 5 CF CF,CH C(O)NHCH CF;CH;T-20-Q-1-C
(0),-CF,, 5 CF CF,CH C(O)NHCH CF,HT-20-Q-1-
C(O);—CFj;, 5-CF3CF3CHZC(O)NHCH2CF3HT-21-
Q-1-C(0),—Cl, 5-CICF,CH,C(O)NHCH,CF;HT-21-
Q-1-C(O),—Cl, 5-CICF,CH,CH,SCH,HT-21-Q-1-C
(0),—Cl, 4-Cl, 5-CICF C(O)CH HT-22FQ-1-CH,3-
Cl, 4-Cl, 5-CICF;C(O)CH(CH,),HT-22FQ-1-CH,3-
Cl, 4-Cl, 5-CICF ,C(O)-cyclopropyl HT-22FQ-1-CH,3-
Cl, 4-F, 5-CICF,C(O)CH;HT-22FQ-1-CH,3-Cl, 4-CI,
5-CICF, H,CH,HT-22FQ-1-CH,3-Cl, 4-F,
5-CICF,C(O)CH,HT-22Cl1Q-1-CH,3 Cl 5-Cl
CF;CH,C(O)NHCH,CF HT—lCH3Q 1-C(0O),—Cl,
5-C1C*3R 3-1(Z)HT-1CH,Q-1-C(O),—C(I,
5-CICF,R>-1(E)HT-1CH,Q-1-C(O)

Another 1soxazoline compound for use in the present

invention 1s a second formula (hereinafter, “second for-
mula”):

L_J

wherein

R'#, R'”, R'® independently of one another represent
hydrogen, Cl or CF,, preferably R'“ and R'“ represent
Cl or CF,, and R'? represents hydrogen,

1 represents

IT-1

1-2
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-continued
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Where

Y 1s methyl, bromine, Cl, F, CN or C(S) NH,, and

Q 1s as described above.

In another embodiment, in the second formula, R is H,
and R* is —CH,—C(O)—NH—CH,—CF,, —CH,—C
(O—NH—CH,—CH,, —CH,—CH,—CF; or —CH,—
CF,.

In some embodiments of the disclosed invention the
1soxazoline compound 1s 4-[35-(3,5-dichlorophenyl)-3-trii-
luoromethyl-4,5-dihydroisoxazol-3-yl]-2-methyl-N-[(2,2,2-
tritfluoro-ethylcarbamoyl)-methyl]-benzamide (CAS RN
864731-61-3

In some embodiments the 1soxazoline compound 1s (Z)-
4-15-(3,5-dichlorophenyl)-3-trifluoromethyl-4,5-dihy-
droisoxazol-3-yl]-N-[(methoxyimino)methyl]-2-methylben-
zamide (CAS RN 928789-76-8).
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In some embodiments the 1soxazoline compound 1s 4-[5-
(3,5-dichlorophenyl)-5-(trifluoromethyl)-4H-1soxazol-3-
yl]-2-methyl-N-(thietan-3-yl)benzamide (CAS RN
11642677-94-0), which was disclosed 1n application WO
2009/0080250.

In some embodiments the 1soxazoline compound 1s 4-[5-
|3-chloro-5-(trifluoromethyl)phenyl]-4,5-dihydro-5-(trif-
luoromethyl)-3-1soxazolyl]-N-[ 2-ox0-2-[(2,2,2-trifluoro-
cthyl)amino]ethyl]-1-naphthalenecarboxamide (CAS RN
1093861-60-9, USAN—atoxolaneer), which was disclosed
in WO 2007/079162.

In some embodiments the 1soxazoline compound 1s 1-[5'-
[(538)-5-(3,5-dichloro-4-fluorophenyl)-4,5-dihydro-5-(trii-
luoromethyl)-3-1soxazolyl]spiro [azetidin-3,1'(3'H)-1soben-
zoluran]-1-yl]-2-(methylsulfonyl) ethanone—(Sarolaner)
(CAS RN 1398609-39-6).

In some embodiments the 1soxazoline compound 1s
5-((5S)-4,5-dihydro-5-(3.4,5-trichlorophenyl)-5-(trifluo-
romethyl)-3-1soxazolyl)-3-methyl-N-(2-ox0-2-((2,2,2-trii-
luoroethyl)amino )ethyl)-2-thiophenecarboxamide—(Loti-
laner INN) (CAS RN 1369852-71-0).

In some embodiments the 1soxazoline compound 1s 3-[5-
(3,5-dichlorophenyl)-4,5-dihydro-5-(trifluoromethyl)-3-
1soxazolyl]-3-methyl-N-[2-0x0-2-[(2,2,2-trifluoroethyl)
amino Jethyl]-2-thiophene carboxamide (CAS RN 1231734-
09-8), which was disclosed in WO 2010/070068.
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Racemic mixtures can be used, for example, equal
amounts of the enantiomers of any of the 1soxazoline
compounds as described above. Furthermore, the method of
the present invention includes 1soxazoline compounds that
are enriched to the enantiomer of the first formula as
compared to a racemic mixture. Substantially pure enan-
tiomers of such isoxazoline compounds can also be used
with methods described 1n this disclosure.

In enantiomeric enrichment, one enantiomer 1s present 1n
greater quantity than the other, and the degree of enrichment
can be determined by the expression of enantiomeric excess

(“‘ee”), which 1s defined as (2x-1)-100%, where x 1s the

mole fraction of the dominant enantiomer in the mixture (for
example, ee 20% corresponds to the ratio of enantiomers of
60:40). The compositions for use in the present ivention
have at least a 50% enantiomeric excess in some embodi-
ments and at least 75% enantiomeric excess 1 a subset of
such embodiments. In other cases 90% to 94% enantiomeric
excess of the more active 1somer 1s achueved. Of particular
note are enantiomerically pure embodiments of the more
active 1somer.

The 1soxazoline compounds described above may contain
additional chiral centers. The method of the invention
includes racemic mixtures as well as enriched and substan-
tially pure stereo configurations at these additional chiral
centers.

The 1soxazoline compound, as described above, 1n
embodiments of the invention, 1s present 1n the 1n an amount
from about 0.001 mg/ml to about 30 mg/ml upon dilution of
the dry powder 1mn water. A mixture of a 1soxazoline with
fluralaner 1n a cyclodextrin complex combined with a poly-
powder as a dry mixture can immediately (in less than one
minute) form a concentrated solution from 20 mg/ml to 30
mg/ml of 1soxazoline compound 1n water, ready for imme-
diate distribution as a solution for animals or poultry to be
treated. This solution can be further diluted 11 necessary.

Compositions according to the present invention have
particularly favorable properties, such as long-term stability
(two or more years) after storage, favorable taste profiles,
and the absence of precipitation of the 1soxazoline com-
pounds after diluting such a composition 1n water or 1nges-
tion of the 1soxazoline 1n chewable tablet or powder form.

A polysorbate surfactant (such as a sorbitol ester or poly
(hydroxy-1,2-ethanediyl) derivatives) 1s a water-soluble
non-ionic surface-active agent comprising or consisting of
esters and esters of alkoxyacids. The esters are derived from
six-alcohols, alkylene oxides and fatty acids adding poly-
oxyethylene chains to hydroxyl sorbitol and hexitol anhy-
drides (hexitanes and hexides) obtained from sorbitol which
then undergo esterification with common fatty acids, such as
lauric, palmaitic, stearic and oleic acid.

In one embodiment, the polysorbate surfactant 1s selected
from one or more of Tween 20, Tween 40, Tween 60 and
Tween 80, also known 1in the pharmaceutical industry as
Polysorbate 20, Polysorbate 40, Polysorbate 60 and Poly-
sorbate 80. Polysorbate 20 (polyoxyethylated sorbitan
monolaurate) 1s a laurate ester; polysorbate 60 (polyoxyeth-
ylated sorbitan monostearate) 1s a mixture of stearate esters
and palmitate; and polysorbate 80 (polyoxyethylated sorbi-
tan monooleate) 1s an oleate ester. Such polysorbate surfac-
tants are commercially available and/or can be obtained by
methods known 1n the art. These polysorbates are adsorbed
under anhydrous conditions onto hydroxypropyl beta cyclo-
dextrin to form polypowder which 1s dry mixed with the
1soxazoline cyclodextrin complex forming the highly water

soluble dry mux.
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In some embodiments the polysorbate surfactant 1s poly-
sorbate 80 (polyoxyethylene sorbitan monooleate, Tween
80), which has the chemical name polyoxyethylene (20)
sorbitan monooleate, and 1s adsorbed onto 2 hydroxypropyl
beta cyclodextrin as an anhydrous flowable compressible
powder with long term shelf life.

A preservative 1s used 1 some embodiments such as
benzyl alcohol, butyl paraben sodium salt, methyl paraben
sodium salt, propyl paraben sodium salt, and mixtures
thereol. However, given that the shelf life of the medicament
1s greater than two years, preservatives i such embodiments
are typically unnecessary. An antioxidant may be used 1n
some embodiments such as butylated hydroanisole, buty-
lated hydrotoluene, tocopherol, and its derivative as o-to-
copherol polyethylene glycol succinate and mixtures
thereot. However, given that the shelf life of the medicament
1s greater than two years, antioxidants in such embodiments
are typically unnecessary.

The term “treating” or “treat” or “treatment” 1s defined as
“applying or administering a composition of the imnvention to
an animal that has parasitic invasion to eliminate the parasite
or reduce the number of parasites infecting one or more
ammals”.

The parasites eliminated or reduced can be those 1n the
phrases of ovicidal, larvicidal, adults, or a combination
thereotf. The eflect can manifest itself directly, 1.e. killing
parasites either immediately or after some time has passed,
for example, when molting occurs, or destroying their eggs,
or indirectly, for example, by reducing the number of eggs
laid and/or the rate of hatching from eggs.

“Prevention” or “prevention” 1s defined as “stopping a
future event from happening which would otherwise hap-
pen” which, in this mvention can be preventing of a new
infection of anmimals with parasites by killing adult parasites
and/or any developmental/larval stage that can infect the
host before the infection of the host or immediately after
infection of the protected parasites. Such prevention can be
by way of by reducing the number of eggs laid and/or the
rate of hatching of the eggs.

The term “effective amount” 1s defined as a dosage or
amount ol an 1soxazoline compound that 1s required to
partially reduce or reduce the number of parasites on an
animal and/or 1n an animal environment, such as a house/
structure, and/or inhibit the development of a parasitic
infection on an animal 1n whole or 1n part. The eflective
amount, in embodiments of the mnvention, 1s determined by
observing or detecting the number of parasites either on the
amimal or 1n the animal’s environment (for example, using
a trap) both before and after the introduction of the isoxa-
zoline compound, the introduction of the compound being
through drinking water or on/in feed. For example, a target
may be to decrease the number of parasites by 3% to
substantially 100% after a first treatment and this 1s mea-
surable by catching and/or counting and/or making educated
approximations of the number of parasites 1n a given loca-
tion.

Parasitic invasions can be either invasions by ectopara-
sites or endoparasites. In one embodiment the parasitic
invasion that 1s prevented or treated i1s an invasion by
ectoparasites. Specific examples of ectoparasites include,
but are not limited to, fleas (Ctenocephalides felis, species
Ctenocephalides, and the like), ticks (species Rhipicephalus,
torm Ixodes, species Dermacentor, species Amblyomma,
species Haemaphysalis, species Boophilus, and the like),
and mites (type Demodex, species Sarcoptes, species Oto-
dectes, species Cheyletiella, species Dermanyssus, species
Ornithonyssus, etc., lice (species Trichodectes, species Feli-
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cola, species Linognathus, etc.), mosquitoes (species Aedes,
Culex species, Anopheles species, etc.) and flies (Hematobia
species, including Haematobia irritans, Musca species, Sto-
moxys species, including Stomoxys calcitrans, Dermatobia
species, Cochliomyiaspecies and the like oh).

The 1soxazoline composition can be used for treatment or
prevention ol parasitic infections 1 animals such as pigs,
cattle, horses, goats, sheep, dogs, cats, poultry and fish.

The 1soxazoline medicament can be administered using
systemic administration. “Systemic administration” 1s
defined as “an mtroduction to a place remote from the place
where at least part of the targeted parasites live”. Upon
systemic administration, at least part of the compound
reaches the target parasite through the blood of the recipient
amimal, other biological fluids (Iymphatic fluid) and/or tis-
sues (for example, skin or adipose tissue). The parasite
swallows the compound along with the blood of the animal
recipient, other body tluids and/or tissues in many cases. The
systemic admimistration can be carried out in several forms,
for example, oral, parenteral or topical. When carried out
parenterally, this can be intramuscular 1jection, intravenous
injection or subcutaneous injection. The medicament, 1n
some embodiments, 1s administered orally 1n a liquid such as
through a syringe with a part thereof mnserted 1n a mouth of
an animal. Alternatively, oral admimistration can be carried
out through the recipient animal’s feed or drinking water.
When administered 1n the drinking water, this may be for the
prevention or treatment of invasions of parasitic arthropod
animals.

In one embodiment, the pharmaceutical composition may
be used to treat or prevent parasitic mnvasions of animals,
especially farm amimals (eg, cattle, poultry, and pigs), using
1soxazoline compounds, such as fluralaner, through drinking
water systems.

The final concentration of the 1soxazoline compound 1n
medicinal drinking water depends on the eflective amount,
body weight of the animal, the animal’s water consumption
and the treatment period. In general, an effective amount per
kg of body weight of animals treated 1s due to the type of
parasitic infection. In one embodiment, the treatment water
has a concentration of from 0.002 to 0.2 mg/ml of the
1soxazoline compound i a cyclodextrin complex mixed
with polypowder.

For some 1soxazoline compounds with fluralaner the
concentration 1 medicinal drinking water 1s calculated to
provide the target amount of fluralaner per body weight
(MT) of poultry to be treated 1n the range of from about 0.1
mg to about 2 mg of fluralaner per kilogram of body weight,
such as more specifically, 0.5 mg/kg per body weight 1n a
day. Such an amount of compound 1s placed 1n the volume
of drinking water normally consumed by the poultry to be
treated during the treatment period from 2 to 24 hours,
preferably from 4 to 8 hours. The pharmaceutical compo-
sition can be made available during the treatment period for
one animal or at the same time for a group of animals, such
as poultry (chickens, turkeys, etc.) and pigs, or for such
amimals 1n one room (house) or farm through medicinal
drinking water. Chickens kept on an industrial scale, such as
laying hens, raising chickens or repair chickens, breeding
layers, and growing broiler chickens and breeding birds are
all treatable using this method. Other types of poultry, such
as, for example, turkeys, geese, ducks, pigeons, quails or
pheasants can be treated with the compounds as well.

The frequency of treatment with a pharmaceutical com-
position through medicinal drinking water depends on the
parasite from which the prophylaxis is treated or carried out
(and on 1ts biological life cycle) and the production cycle of
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the host animal undergoing treatment. The pharmaceutical
composition of the present invention 1s administered through
medicinal drinking water at least once or twice in the
production cycle of the animal host bemg ftreated (for
example, the laying period in the case of laying hens). By
through

medicinal water with this effect, a higher eflicacy against

introducing the pharmaceutical composition

parasites can be achieved, since diflerent stages of the life
cycle of the parasite can be influenced. Under this scheme of
introduction, the parasite population can be reduced to a
level that causes only minimal damage to animals and
mimmal production losses.

For some parasites, not all stages of the parasite can be
influenced by a single administration of the pharmaceutical
composition through medicinal drinking water because cer-
tain stages of the parasite either do not feed on the animal or
otherwise. With the introduction of a second dose of the
pharmaceutical composition through medicinal drinking
water, the parasites that have developed (after the life cycle
of the parasites) from non-susceptible stages, or parasite
stages that are diflicult to influence, such as those that
matured from the juvenile parasite stages, can be aflected
(such as eggs, nymphs or pupae) during this period. In the
case of treatment of poultry, the pharmaceutical composition
can be administered through medicinal drinking water or
feed at an 1nterval of approximately or exactly 7 days or 14
days (depending on the life cycle of the parasite and the
production cycle of the host amimal) once or twice during the
production cycle.

In one embodiment the pharmaceutical composition 1s
administered through medicinal drinking water to treat or
prevent tick infestation. Some ticks migrate from birds,
rodents, food matenal, plant material and house dust and can
attack and annoy ammals and people. There are various
categories of mites, including northern chicken mites (Orni-
thonyssus sylviarum), red avian mites (Dermanyssus galli-
nae), glandlings (Demodex folliculorum), and scabby mites
or pruritus mites (Sarcoptes species, Cheyletiella species,
Psorioptes species). A tick infestation by a poultry mite can
be that of a Dermanyssus species (eg, D. gallinae) and/or
Ornithonyssus species, especially Ornithonyssus sylviarum.

In one embodiment, the administration of the pharmaceu-
tical composition through the treated drinking water or feed
in accordance with the invention controls the stages of
parasitic arthropods, as described above, that are present in
the environment of poultry. The stages of parasitic arthro-
pods can be all stages of the life cycle that are known to
those skilled in the art, that i1s, both the juvenile stage
(development/larval stage) and the adult insect stage.

In one embodiment, administering the pharmaceutical
composition through medicinal drinking water or feed 1n
accordance with the mvention fights arthropods in poultry,

especially broiler chickens, which, as a rule, do not directly
infect amimals, but provide harm to amimals, such as, for
example, dark-brows.

In the complexed product described above which lacks
solvents, two groups of six laying hens each were given one
dose of 0.5 mg/kg of fluralaner 1 purified water with
chicken feed. The prior art 1s entitled “Exzolt” which has 10
mg fluralaner per ml of solution for use 1n drinking water for
chickens with a-tocopherol, diethylene glycol monoethyl
cther, and polysorbate 80.
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Claimed Product

Exzolt. Claimed
TMax.(hrs) 37.8+ 6.4, 6.3+ 1.6
CMax.(ng/ml) 35847+ . 382.64+

112.33. R1.37
AUC(ng/ml* 1667.56+ . 1814.46+
day) 0-21 432 .61. 235.74
Egg Residue 905 +_. 488+_
Max(ug/kg ) 118. 72

Faster onset 1s seen in Tmax. Lower variability of absorp-
tion and lower egg residue are also seen. Use of the
complexed fluralaner 1n a highly water soluble powder
formulation by combination with anhydrous polypowder
(anhydrous polysorbate 80/hpbcd 1n, for example, a 1:5
ratio) results 1n a rapidly absorbed superior product.

The mvention claimed 1s:

1. A method of treating an animal parasitic infection by
administering a shelf stable cyclodextrin complex of an
1soxazoline wherein the cyclodextrin 1s 2 hydroxypropyl
beta cyclodextrin and the 1soxazoline 1s fluralaner; and

the complex 1s soluble to less than 20 mg/ml of fluralaner

in water.

2. A method of treating an animal parasitic infection using,
a shelf stable anhydrous pharmaceutical composition, com-
prising steps of:

combining an 1soxazoline cyclodextrin complex maxi-

mally soluble to less than 20 mg/ml 1n water with a
polypowder, said polypowder being a polysorbate
adsorbed onto 2 hydroxypropyl beta cyclodextrin 1n an
anhydrous form and said polypowder having a shelf life
of at least 2 years and a solubility of 20 mg/ml to 30
mg/ml of 1soxazoline 1n water;

combining said isoxazoline cyclodextrin complex and

adsorbed polypowder into a dry anhydrous medicament
with a shelf life of at least 2 years;

wherein said medicament 1s administrable with medicinal
clfect through water or feed orally ingested by an

animal.

3. The method of claim 2, wherein said i1soxazoline
cyclodextrin complex 1s a fluralaner cyclodextrin complex
administered 1n said water or feed at 0.5 mg of fluralaner per
kg of animal body weight wherein said amimal 1s a poultry
SpPECIEs.

4. The method of claim 3, wherein said fluralaner cyclo-
dextrin complex 1s administered twice 1n a period between
7 to 14 days.

5. The method of claim 2, wherein said i1soxazoline
complex and polypowder mixture 1s a fluralaner complex
and polypowder mixture administered 1n hard or soit anhy-
drous chews at a rate of 2 to 4 mg/kg per month and said
amimal 1s a feline or canine.

6. The method of claim 2, wherein the 1soxazoline com-
plex and polypowder mixture are combined synergistically
with cyclodextrin complexes of macrocyclic lactones
increasing solubility and bioavailability and improving taste
parameters of said medicaments.

7. The method of claim 6, further comprising a step of
combining pyrantel pamoate with said medicament, wherein
said combiming provides broad spectrum antiparasitic efli-
ciency 1n an anhydrous shelf stable chewable form.

8. The method of claim 7, wherein said i1soxazoline
cyclodextrin complex 1s a fluralaner cyclodextrin complex
that has a limited water solubility less than 20 mg/ml.
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9. The method of claim 8, wherein said limited water
solubility of said fluralaner complex combined with poly-
sorbate polypowder 1s enhanced from 20 mg/ml to 30 mg/ml
of fluralaner 1n water, inclusive.

10. The method of claim 2, wherein said animal 1s one of 5

a bovine animal or porcine amimal.
11. The method of claim 2, wherein said animal parasitic
infestation comprises a tick infestation or lice infestation and

the 1nfestation 1s endoparasitic or ectoparasitic 1n nature.
12. The method of claim 2, wherein said animal parasitic
infestation 1s a tick infestation of one of a Dermanyssus or
Ornithonyssus species.
13. An orally administrable medicament which treats

amimal parasitic infections and which 1s safely ingested by

an animal, comprising:

a polypowder comprising a polysorbate adsorbed onto 2
hydroxypropyl beta cyclodextrin in an anhydrous form
having a shelf life of at least 2 years;

a shelf stable anhydrous pharmaceutical composition
comprising a combination of an 1soxazoline cyclodex-
trin complex and polypowder maximally soluble to
between 20 mg/ml to 30 mg/ml of 1soxazoline inclu-
sive, 1n water;

wherein a combination of said 1soxazoline cyclodextrin
complex with said adsorbed polysorbate forms a dry
anhydrous medicament with a shelf life of at least 2
years.
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14. The medicament of claim 13, wherein said 1soxazoline
cyclodextrin complex and polypowder mixture 1s a flural-
aner complex and polypowder mixture optimally treats said
amimal parasitic infections 1n hard or soft anhydrous chews
at a rate of 2 to 4 mg/kg per month and said animal 1s a feline
Or canine.

15. The medicament of claim 13, wherein said 1soxazoline
cyclodextrin complex and polypowder mixture are com-
bined synergistically with cyclodextrin complexes of mac-
rocyclic lactones increasing solubility and bioavailability
and 1mproving taste parameters of said medicaments.

16. The medicament of claim 13, further comprising
pyrantel pamoate, wherein said pyrantel pamoate provides a
broad spectrum antiparasitic efliciency in an anhydrous shelf
stable chewable form.

17. The medicament of claim 13, wherein said 1soxazoline
1s complexed with a cyclodextrin 1n a stoichiometric ratio of
1:1 or 1:2.

18. The medicament of claim 13, wherein said animal
parasitic infestation comprises a tick infestation or lice

infestation and the infestation 1s ectoparasitic 1n nature.

19. The medicament of claim 15 wherein said infestation
comprises a tick infestation or lice infestation or the infes-
tation 1s endoparasitic or ectoparasitic.
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