Pharmacokinetics

Advocate combines imidacloprid
and moxidectin in a unique topical spot
on formulation. The following section
summarizes the distribution characteris-
tics of the individual active ingredients in
previously-approved formulations, and
the favorable kinetic properties of Advo-
cate.

Imidacloprid

Topical

Initial efficacy trials with imidaclo-
prid indicated the optimal results were
achieved with a 10% solution at a target
dose of 10 mg/kg!. Further studies con-
ducted with the resulting formulation
(Advantage®) demonstrated that the
compound is spread over the skin surface
and throughout the hair coat of dogs and
fur of cats within twelve hours after topi-
cal application? (Figure 1). These trials
were performed by assaying the levels of
imidacloprid in hair samples from treated
animals from different parts of the body
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at different time intervals following
application. Due to the greater surface
area of larger dogs, application at multi-
ple spots maximizes the translocation and
coverage of imidacloprid.

Detailed research has shown that
following application, imidacloprid is
localized in the water resistant lipid layer
of the skin surface and is then spread
over the body surface and onto the hair3.
Studies using flea cages on cats and simi-
lar feeding studies in dogs have demon-
strated that imidacloprid acts on adult
fleas on contact and not by uptake from
blood meals?. Imidacloprid is absorbed
through the flea’s intersegmental mem-
branes leading to rapid nerve and muscle
cell damage and death of the parasite®.
This rapid killing of fleas on contact is
especially advantageous for pets that suf-
fer from flea allergy dermatitis.

The quick distribution of the com-
pound correlates well to the rapid rates of
flea elimination on treated pets following
initial application of Advantage. Efficacy
studies conducted in dogs infested with
adult fleas and treated with imidacloprid
demonstrated 89% efficacy against exist-
ing flea populations at eight hours post-
application and 100% efficacy at 12 and
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Figure 1: Distribution of imidacloprid after topical application

24 hours following treatment>. Additional
studies demonstrated efficacy of 98.5%
as soon as six hours post-treatment®. Once
the imidacloprid has spread, the rate of
flea kill following weekly infestation is
93.3 to 100% of reinfesting fleas within
only 2 hours of exposure on days 7, 14
and 21, and 100% by 8 hours on day 28.

Moxidectin

Moxidectin is a highly lipophilic
compound with a high volume of distri-
bution and longer elimination half-life
than other approved macrocyclic lac-
tones. The high lipophilicity of mox-
idectin — 100 times greater than iver-
mectin — contributes to its extensive
tissue distribution; this likely facilitates
depostion in adipose tissue, which may act
as a drug reservoir for a prolonged period
of time”- 8.

Metabolism studies with radiola-
beled moxidectin in rodents and other
species (cattle, sheep and horses) indicate
that moxidectin is almost exclusively
excreted via the bile and then eliminated

in the feces®. The highest tissue levels
were found in the fat, with residues
depleting over time after treatment, indi-
cating a lack of bioaccumulation. Two
primary metabolites of moxidectin have
been identified in target animals, however
the parent compound accounts for 80 -
95% of levels found in tissues and via
excretion.

Topical

Advocate is the first product for
dogs and cats to incorporate moxidectin
in a unique topical formulation. Follow-
ing the convenient spot-on application of
Advocate, moxidectin is extensively
absorbed through the dermis and widely
distributed within the body. Multiple
pharmacokinetic studies were conducted
in both dogs (moxidectin 2.5%) and cats
(moxidectin 1%) to evaluate the transder-
mal absorption of moxidectin, as well as
distribution and elimination characteris-
tics!0. Table 1 lists results of two studies
evaluating the pharmacokinetics of mox-
idectin following a single application of
the recommended dose of Advocate in
dogs and cats, respectively!!. Maximum
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serum concentrations are reached in dogs
within 4 - 9 days, and in cats by approxi-
mately 1 day. These studies also indi-
cated a very high volume of distribution
for moxidectin with the topical formula-
tion: approximately 80 l/kg in cats, and
approximately 70 1/kg in dogs, based on
geometric mean values. The high mox-
idectin concentrations and long elimina-
tion half-life observed with application of
Advocate provide prolonged activity
against target internal and external para-
sites (Figures 2 & 3). Additionally, stud-
ies evaluating the pharmacokinetic behav-
ior of moxidectin after multiple appli-
cations have indicated that steady state
serum levels are achieved following 3
monthly treatments of Advocate in cats,

and after approximately 4 - 5 consecutive
monthly treatments in dogs!? (Figure 4).
Mean serum concentrations that can be
expected under steady state conditions
would be approximately 36ug/l in the dog
and approximately 9 g/l in cats.

Dose Determination Studies

The dose-rate and concentration of
imidacloprid in the Advocate formulation
was adopted from the previously-
approved and proven topical product,
Advantage. The dose of moxidectin was
determined by a number of dose-response
studies conducted with different concen-
trations of moxidectin added to the 10%

Figure 2: Serum levels of moxidectin in dogs following topical application

of Advocate (imidacloprid 10%/moxidectin 2.5%)
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Figure 3: Serum levels of moxidectin in cats following topical application

Of Advocate (imidacloprid 10%/moxidectin 1%)
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Table 1: Pharmacokinetics of Topical Moxidectin (Advocate)

Cmax"” Tmax T112 AUCqugxan
Dog 2.5 mg/kg topically
Moxidectin 2.5 % 15.3 9 days 35 days 279
Cat 1 mg/kg topically
Moxidectin 1% 24.5 1.4 day 14.9 days 208
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imidacloprid formulation. Because mox-
idectin is highly effective against larval
Dirofilaria immitis at low dosages, this
was recognized to be a non-dose limiting
parasite. Therefore, the initial studies
were conducted evaluating Toxocara
canis and Ancylostoma caninum. Based
on the results of these studies, a concen-
tration of 2.5% moxidectin was chosen
for dogs, at a dosing rate of 0.1ml/kg
body weight. This dosing rate, which
provides a minimum of 2.5 mg/kg body
weight moxidectin, combines a wide
margin of safety with exceptional clinical
efficacy. Table 2 summarizes the results
of the efficacy studies with 2.5% mox-
idectin for the dose-limiting species!3.

1% moxidectin and providing a minimum
dose rate of 1 mg moxidectin per kilo-
gram body weight in cats provided effi-
cacy equal to that seem with the canine
formulation (Table 3).

Advocate

Dose Confirmation Studies

Studies with Advocate have shown
that the two active ingredients — imida-
cloprid and moxidectin — do not interact
and instead perform as if they were single
component formulations. In order to con-
firm this performance of the combined
active ingredients, controlled laboratory
and field evaluations were conducted that
validated the efficacy of the Advocate
formulation for major parasites in dogs

Dose determinations were also con-
ducted for cats, using the dose-limiting
parasites Ancylostma tubaeforme and
Toxocara cati’#. Due to differing species
characteristics, a formulation containing

Figure 4: Steady State characteristics of Moxidectin with

monthly applications of Advocate
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and cats. The following section highlights
the results of some of these dose confir-
mation studies!’.

Fleas

A number of controlled laboratory
studies using weekly flea infestations in
both dogs and cats were conducted to
compare the efficacy of Advocate for fleas
to that of imidacloprid topical solution
alone. The imidacloprid/moxidectin com-
bination of Advocate for dogs achieved
efficacy of > 99% and >95% from day 1 to
35 in the studies!>. In cats, the combina-
tion of imidacloprid/moxidectin also
achieved very high flea control, with
100% efficacy on Day 1 and > 97% effi-
cacy on day 28, one month following
treatment!¢. These results demonstrated
that the presence of moxidectin does not
interfere with the high level of flea con-
trol expected with imidacloprid (Table 4).

In addition to the laboratory studies,
multi-center clinical studies in veterinary
practices in Europe also compared the effi-
cacy of Advocate to that of imidacloprid
topical solution (Advantage). Both prod-
ucts produced similar results in dogs and
cats, with exceptional flea control for up
to 35 days following treatment. These
results again confirmed that moxidectin

Figure 4: Cat flea

does not interfere with the excellent activ-
ity of imidacloprid when the two actives
are combined and Advocate provides a
high level of flea control against existing
flea burdens and subsequent reinfestations.

Internal Parasites

Dose confirmation studies were con-
ducted in Europe and the United States to
demonstrate the efficacy of the canine
and feline Advocate formulations for

Table 2: Advocate Canine Dose Response Studies

Imidacloprid 10%

0.1 ml/kg

A. caninum

Moxidectin 2.5% 100

Percentage worm reduction
T. canis

98.2

Table 3: Advocate Feline Dose Response Studies

Imidacloprid 10%
Moxidectin 1%
0.1 ml/kg

A. tubaeforme

Percentage worm reduction
T. cati

100 98.4
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Table 4: Flea Efficacy Confirmation for Advocate in Dogs & Cats

% Efficacy (percentage of flea reduction)
Day
1 7 14 21 28
Canine Advocate 99 99-100 99-100 99 97-99
Feline Advocate 100 98 98-100 89-97 97-98

Table 5: Advocate Efficacy Confirmation for Endoparasites in Dogs and Cats

Adult Nematodes % Efficacy
Canine Advocate
Ascarids T. canis 96 - 100
T. leonina 97 -100
Hookworms A. caninum 100
U. stenocephala 100
Heartworm D. immitis 100
Feline Advocate
Ascarids T. cati 98 - 100
Hookworm A. tubaeforme 100
Heartworm D. immitis 100
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