JOURNAL OF
Veterinary Pharmacology and Therapeutics
J. vet. Pharmacol. Therap. doi: 10.1111/j.1365-2885.2011.01333.x

Pharmacokinetics of spinosad and milbemycin oxime administered in
combination and separately per os to dogs

S. D. HOLMSTROM
M. L. TOTTEN

K. B. NEWHALL
M. QIAO' &

K. L. RIGGS

Elanco Animal Health, Greenfield, IN, USA

INTRODUCTION

Spinosad and milbemycin oxime

(MBO)

Holmstrom, S.D., Totten, M. L., Newhall, K. B., Qiao, M., Riggs, K. L.
Pharmacokinetics of spinosad and milbemycin oxime administered in combi-
nation and separately per os to dogs. J. vet. Pharmacol. Therap. doi: 10.1111/
j.1365-2885.2011.01333.x.

Pharmacokinetic (PK) studies were conducted to determine the potential PK
interactions when spinosad and milbemycin oxime (MBO) are administered
simultaneously. Investigations used commercial MBO tablets (C-MBO; Inter-
ceptor® Flavor Tabs, active ingredient MBO, Novartis Animal Health,
Greensboro, NC, USA), novel-source (Elanco) MBO (E-MBO) in a gelatin
capsule, spinosad API (Active Pharmaceutical Ingredient using registered
manufacturing process) in a gelatin capsule, spinosad tablets (Comfortis®
chewable beef flavored tablets, active ingredient spinosad, Elanco Animal
Health, Greenfield, IN, USA), and the recently registered spinosad + E-MBO
combination tablets (Trifexis™ chewable beef flavored tablets, active ingredients
E-MBO and spinosad, Elanco Animal Health, Greenfield, IN, USA). Regardless of
the source of MBO, in the presence of spinosad, greater systemic exposure of
MBO was obtained as compared to MBO administered alone. Target animal
safety studies conducted with dose multiples of spinosad and MBO indicate the
increased exposure of MBO does not have implications on adverse clinical
reactions. Further research is required to determine whether the higher levels of
MBO have any implications for improved effectiveness as compared to C-MBO.
Effectiveness studies conducted with 0.5 mg/kg of E-MBO in combination
tablets demonstrated noninterference against C-MBO with both products
achieving >99% effectiveness against the dose-limiting nematode, Ancylostoma
caninum. No statistical differences were detected in the PK of MBO when
comparing animals receiving E-MBO (without spinosad) and C-MBO. Also, the
PK of spinosad was unaltered when co-administered with MBO.
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Pharmacokinetic (PK) evaluations are an important tool in
guiding drug development and for making decisions regarding

are established minimum effective dose, maximum dose for target animal safety

compounds for use in dogs to kill fleas and prevent and treat
flea infestations on dogs for 1 month (spinosad), and treat and
control intestinal nematodes and prevent development of
heartworm infection (MBO). As there was no single product for
monthly oral administration that achieved the spectrum of
activity of both individual compounds, a development program
was initiated for a combination product and has culminated in
the recent FDA approval of a combination of novel-source
(Elanco) MBO (E-MBO) and spinosad, Trifexis™. A summary of a
portion of this development program is provided here.
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and formulation development. Specific objectives of this series of
studies were to determine whether there were any potential PK
interactions when spinosad and MBO were administered simul-
taneously as separate products; to investigate whether the
E-MBO used in the combination tablets would result in different
PK parameters as compared to commercial MBO tablets (C-MBO)
following administration to dogs; and to determine whether
combining spinosad and E-MBO into a single chewable tablet
would have any effect on the PK of either compound.
Additionally, it was important to determine whether there were
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differences in the plasma concentration time profiles of the major
factors of spinosad and MBO following oral administration of
C-MBO or combination tablets. While studies were not designed
to determine bioequivalence per se, statistical analyses were
conducted to determine whether noted differences in PK
parameters were statistically significant. Statistics were per-
formed on studies independently as evaluation of treatment
groups intra-study was considered most meaningful as it
afforded contemporaneous evaluation and would be expected
to reduce potential variability imparted by different bioanalytical
methodologies used, source of animals, etc.

MATERIALS AND METHODS

All studies described in this article were conducted according to
applicable local regulations, and all protocols were approved by
each laboratory’s Institutional Animal Care and Use Committee
prior to performing the study.

Live phase

An overview of the study designs including treatment groups,
number of animals and dose administered is shown in Table 1.
All studies used purpose-bred beagle dogs. Dogs were selected for
study inclusion based on the physical examinations and a review
of clinical chemistry and hematology results to ensure animals
were healthy. Dogs were fed a standard commercial diet and had
ad libitum access to water throughout the study. Dogs were
housed in cages that were equivalent to or larger in size required

Table 1. Experimental design of pharmacokinetic studies

for AAALAC animal husbandry practices and received regular
exercise and enrichment programs. Dogs were randomly
assigned to treatment groups, and attempts were made to
balance by gender when sufficient animals were available for
inclusion. For Study 1, blood collection timepoints were 0.5, 1,
2,4, 8, 12, 24, 48, 96, 144, 192, 240, 336, 504 and 672 h
after the first and third dose administrations. For studies 2 and 3,
blood samples were collected at time O (prior to dosing) and at
0.5, 1, 2,4, 8,12, 24, 48, 120, 168, 240, 336, 408, 504, 576
and 672 h post dose. All animals were administered food within
approximately 30 min of dose administration to ensure that the
maximum amount of both drugs would be absorbed. All animals
were continuously monitored for a minimum of 2 h following
dosing, multiple times on the day of dose administration, and at
a minimum daily thereafter until the end of live phase.

Commercial MBO tablets (multiple strengths) were purchased,
stored and dosed according to the label and used within the
expiration period. Spinosad and combination tablets were
manufactured and subsequently stored according to the label,
used within the expiration period and dosed according to label
recommendations, with the exception of the spinosad dose
administered in Study 1 which was above the label dose. Blood
samples were collected in sodium heparin tubes within 5 min of
scheduled time for 30-min blood collections (within 20% of
target sample time) and within 5% for all other blood collections,
gently mixed, placed on ice following collection, then centrifuged
at 1000 x 400 g to harvest resulting plasma. As actual blood
collection times were within acceptable error to the nominal
times, nominal times were used in all subsequent data calcula-
tions and representations.

Nominal dose

Treatment group (mg/kg)

animals (M/F)

Number of
Formulation

Study 1 — Dosing monthly for three consecutive doses™*

8 (5M/3F) Spinosad tablets
8 (4M/4F) C-MBO tablets
8 (5M/3F) Spinosad tablets + C-MBO tablets

1 60-90
2 0.5-1.0
3 60-90 + 0.5-1.0
Study 2 — Comparison of spinosad and MBO in various formulations, 1 monthly dose
1 1.0
2 1.0
3 60
4 60 + 1.0
Study 3 — Similarity of combination tablets to API, 1 monthly dose
1 60 + 1.0
2 60 + 1.0
3 60 + 1.0
4 60 + 1.0

8 (4M/4F) C-MBO tablets
8 (4M/4F) E-MBO in a gelatin capsule
8 (4M/4F) Spinosad APIT in a gelatin capsule
8 (4M/4F) Spinosad API + E-MBO in a gelatin capsule
8 (4M/4F) Spinosad API in gelatin capsule
+ C-MBO tablet
8 (4M/4F) Spinosad API + E-MBO in a gelatin capsule
8 (4M/4F) Combination tablet A*
8 (4M/4F) Combination tablet B

*Tables list month 3 data only. Figures shown for months 1 and 3. TActive pharmaceutical ingredient using registered manufacturing process. *Tablets
A and B contained different lots of E-MBO and were manufactured identically to marketed Trifexis™ formulations.
For Study 1: formulation composition and process equivalent to commercial tablets; commercial tablets were not used as they were unavailable at the

time of study conduct.

For Study 3: formulation composition and process equivalent to commercial tablets; commercial tablets were not used as they were unavailable at the

time of study conduct.
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Bioanalytical

Both spinosad and MBO are fermentation products and thus
contain multiple factors (structurally related compounds). The
major factors of MBO are milbemycin A, 5-oxime and
milbemycin As; 5-oxime and are in a ratio of approximately
0.80 (A4:A4 + As) and comprise approximately 98% of the
active ingredient. The major factors of spinosad are spinosyn A
and spinosyn D and are found in a ratio of approximately 0.85
(A:A + D) and make up approximately 90% of the active
ingredient, with the other 10% largely comprised of related
factors. All methodologies quantitated the major factors of each
drug, and the methods were validated for use in dog plasma
prior to incurred sample analysis (data not shown). Appropri-
ate dilution schemes were validated for all incurred concen-
trations.

The first bioanalytical methodology utilized for the quantifica-
tion of the major factors of MBO in plasma (Study 1 only) utilized
a derivitization of MBO factors in the plasma. Plasma samples
(0.25 mL) were protein precipitated with acetonitrile, and the
resulting supernatant was filtered, dried, reconstituted, and
subsequently derivitized by adding a triethylamine (TEA) solution
(1 TEA: 2.33 CH;3CN, v:v) followed by a trifluoroacetic acid
(TFAA) solution (1 TFAA: 2 CH3CN, v:v). The resulting sample
was injected onto an HPLC and separated with a C18 column
(Waters Nova-Pak, Milford, MA, USA). A gradient method was
applied with Mobile Phase A (47.5:42.5:10 CH3CN:CH50H:0.2%
Acetic Acid) and B (CH3CN). Fluorescence detection was
employed with an excitation and emission wavelength of 365
and 475 nm, respectively. Quantification was performed with
external standards over the range of 2.5-300 ng/mL of total
MBO. The intra-day accuracy, inter-day accuracy and inter-day
precision were <16% for each factor at all concentration levels
for three batch runs.

Also for Study 1 only, spinosyn factors A and D were
quantitated over the range of 10-7500 ng/mL by a separate
technique involving protein precipitation, separation using
reversed-phase HPLC with a C18 column (YMC ODS-AQ) and
an isocratic method (44:44:12, CH;CN:CH30H:1% ammonium
acetate pH 5.0) and quantification using tandem mass spec-
trometry (API 3000; Applied Biosystems, Foster City, CA, USA)
using TurbolonSpray with external standards utilizing weighted
(1/x?) linear regression fit. Spinosyn factor B was added as a
reagent to all samples, but not utilized as an internal standard;
also, this factor was shown not to interfere with the quantifi-
cation. The MS/MS transition monitored for quantification was
716 —> 142 m/z and 742 — 142 m/z for spinosyn A and
spinosyn D, respectively. The intra-day accuracy, inter-day
accuracy and inter-day precision were <15% for each factor at
all concentration levels.

For studies 2 and 3, a second bioanalytical methodology was
developed and validated in accordance with the FDA bioana-
Iytical method guidance (US Department of Health and Human
Services et al., 2001) for the quantification of both spinosad and
MBO in plasma and was based solely on tandem mass
spectrometry detection operating in APCI (API 4000; Applied
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Biosystems) following protein precipitation. Quantification was
performed over the range of 1-2500 ng/mL for spinosyn A and
D and over the range of 1-1000 ng/mL for total MBO. This
technique utilized an internal standard common to all four
analytes (synthesized by Elanco Animal Health), which is a
reduced free base form of MBO, with a molecular formula and
weight of C3,H49NOg and 543.74, respectively. This method
utilized 200 uL. of plasma. To the plasma, 20 uL of diluent
[methanol:acetonitrile 1:1, (v/v)], 20 uL of internal standard
and 20 ul. of 0.1 m Sodium Carbonate were added. Samples
were vortexed, 80 uL. of diluent was added, and then, the
samples were vortexed again. After vortexing, 1.2 mL of
extraction solvent [Hexane:Ethyl Acetate, 9:1 (v/v)] was added
and the samples were vortexed again. Samples were allowed to
settle (separate out protein), and then, 900 uL of supernatant
was added to a 96-well plate, dried under vacuum at 40 °C,
reconstituted with 250 ul. of reconstitution solution [water:
diluent:formic acid 4:6:0.01 (v/v)]|, vortexed and injected.
Separation was performed using a reversed phase C18 column
[Phenomenex (Torrance, CA, USA), Luna, 5 um, C18(2)] and a
gradient method that used a mobile phase A (0.1% Formic Acid
in Water) and mobile phase B (0.1% Formic Acid in Diluent).
Quantification was performed by multiple reaction mode in
positive mode and the following mass transitions were used:
Spinosyn A, 732.5 — 142 m/z; Spinosyn D, 746.5 — 142.3;
Milbemycin As; 5-oxime, 542.5 — 153.3 m/z; Milbemycin A,
5-oxime, 556.5 — 167.5 m/z; and Internal Standard, 544.3 —
167.3 m/z. Calibration curves were weighted (1/x?) with
the peak area of the analyte normalized to internal standard
peak area. The intra-day accuracy, inter-day accuracy and
inter-day precision were <13% for each factor at all concen-
tration levels.

Pharmacokinetics

Pharmacokinetic parameters, Cpay, Tmax» AUCotast, AUCo_ing
and AUCexirap, and elimination half-life (¢,,,) were calculated
using noncompartmental analysis (Model 200) utilizing Win-
NonLin (versions 4.1, 5.0.1, Pharsight; Raleigh, NC, USA).
Attempts were made to reduce variability attributed to point
dosages individual dogs received, which is common with a
limited number of tablet strengths available for oral adminis-
tration. As tablets contain a finite amount of drug for a range
of animals’ body weights, often up to a two- or threefold weight
range, comparisons of PK parameters between treatment
groups can be limited by a resulting distribution of individual
point dosages received. Therefore, AUC and C,,., values are
also presented in a normalized form by manually dividing these
values by the actual dose administered. Statistics were per-
formed on both dose-normalized data and nondose-normalized
data. The authors believe the dose-normalized data allow for
better analysis of the data as it reduces variability between the
data sets because of different dog weights and limited tablet
sizes. However, as the use of normalized data is not conven-
tional, the analyses were performed both ways and the results
presented.
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Statistics

For Study 1, Dixon’s Q-test (Qgs¢,) was performed for an animal
(Animal 7) that experienced emesis and was an apparent outlier
to determine whether the animal should be included or excluded
in subsequent calculations of group mean and standard
deviations. Also for Study 1, data from several variables,
AUC()—infv AUCO—inl'/L)osev Cmaxv CmaX/DOSG, ti/2 and Tmax were
transformed using a natural logarithm, and the transformed
data were analyzed by a linear mixed model with fixed effects,
treatment, sex, month, treatment by month and random effect,
animal (treatment by sex). SAS version 9.1.3 was used to
determine statistical significance at the 0.05 level (SAS, Raleigh,
NC, USA). One dog from the first month of administration (#6)
and one dog from the third month of administration (#7) for the
spinosad-only-treatment group may not have had representative
plasma concentration time profiles and resulting PK profiles;
therefore, statistical analyses for spinosyn A were conducted
with and without these animals.

The analysis of the PK data for Study 2 and Study 3 was
conducted in a similar fashion with SAS version 9.2, where
AUC()—infv AUCO—inf/Dosev Cmaxv Cmax/Dosev t1/2 and Tmax were
transformed using a natural logarithm, and the transformed
data were analyzed using a linear model using treatment and sex
as fixed effects. To test for variation because of these controlling
variables, treatment, sex and interaction of treatment with sex
were used in the analysis. If these effects did not meet the criteria
of 0.05, the effects were dropped from the analysis and treatment
was used as the only controlling variable. In Study 3, one dog
(#2) was excluded from treatment group 1 because it did not
receive the MBO dose.

RESULTS

The average ratio of spinosyn A to spinosyn A + D in the plasma
was approximately 0.86 for all treatment groups and doses and
is consistent with the ratio of the spinosyn factors in the dose
material, 0.85. Therefore, only data for spinosyn A are shown.
Unlike spinosyns A and D, the average ratio of milbemycin A4
5-oxime to As 5-oxime changed as a function of time. This
finding is consistent with the previously reported PK for the
factors of MBO (Jung et al., 2002). However, as the trends of the
minor factor are consistent with that of the major factor,
milbemycin Az 5-oxime data are not shown.

Study 1

Overall, animals tolerated the dose well, with the exception of
some observed mild and transient emesis in dogs receiving
spinosad alone and when spinosad was administered in combi-
nation with C-MBO. In total, seven dogs vomited; five dogs that
received spinosad alone and two dogs that received spinosad and
MBO over the course of 3 monthly administrations. A seizure
recorded in one dog in the spinosad-only group approximately
4 days following the third dose of spinosad was considered

unlikely to be treatment related because no signs occurred
following the first and second doses and because of the lack of
correlation with the time to peak plasma concentration (T .y)
measured at 2 h in this animal.

Plasma concentration-time curves for the first and third dose
administrations of spinosyn A and milbemycin A, 5-oxime are
shown in Figs 1-4. As plasma concentration time profiles
appeared similar upon visual exam for any factor when
comparing data from the first and third dose, figures display
both the first and third dose administration data, while tables
display only month 3 data. PK parameters for the major factors
of spinosad and MBO are summarized in Tables 2 and 3.

In Study 1, spinosyn A and D plasma concentrations and PK
parameters such as C,.., AUC and t;,, were comparable to
those determined in previous studies when spinosad was
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Fig. 1. Study 1: Milbemycin A4 5-oxime plasma concentrations
(Mean * SD) following 1 monthly administration of commercial MBO (C-
MBO) or C-MBO + spinosad.
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Fig. 2. Study 1: Milbemycin A4 5-oxime plasma concentrations

(Mean * SD) following the third of 3 monthly administrations of
commercial MBO (C-MBO) or C-MBO + spinosad.
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Fig. 3. Study 1: Spinosyn A plasma concentrations (Mean + SD) fol-
lowing 1 monthly administration of spinosad or spinosad + commercial
MBO (C-MBO).
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Fig. 4 Study 1: Spinosyn A plasma concentrations (Mean £ SD) follow-
ing the third of 3 monthly administrations of spinosad or spinosad +
commercial MBO (C-MBO).

administered alone (data not shown). Spinosyn A C.x values
were approximately 5500 ng/mL for all treatment groups and
dose administrations where spinosad was administered. T,y
values ranged between 2 and 8 h in all instances for spinosyn A.
Mean exposures, assessed by AUCq_i,s for Spinosyn A, ranged
from approximately 150 000-200 000 ng-h/mL for all dose
administrations. Mean elimination half-lives were approximately
180-230 h (7-10 days) for spinosyn A in all dose administra-
tions.

For spinosyn A, Cphax and C,.x/Dose showed small but
significant differences between male and female dogs (P < 0.05),
and AUC_i,; showed significant differences between Treatment
Groups 1 and 3 and sex (P < 0.05). Although P-values were
slightly <0.05 for this gender effect, 95% confidence intervals
between male and female for spinosad and Spinosad + C-MBO-
treated groups overlapped for AUCq_inf, Cinax @and Cax/Dose. For
spinosyn A, no treatment by month interaction was detected
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(P > 0.05) for any of the variables, Cpax, Cnax/Dose, AUCq_inf,
AUCq_in/Dose, t1,> and Ty,.x. As one dog from the first month of
administration (# 6) and one dog from the third month of
administration (#7) for the spinosad-only-treatment group may
not have had representative plasma concentration time profiles
and resulting PK profiles, the statistical analyses were conducted
with these animals excluded and similar P values were obtained.

Following the administration of C-MBO alone (Treatment
Group 2), milbemycin A4 5-oxime plasma concentrations were
similar to literature values previously reported following the
administration of MBO with praziquantel (Milbemax, Novartis
Animal Health, Greensboro, NC, USA; Jung et al., 2002). No
other information was available to the authors to facilitate
comparison following the administration of MBO alone.

For milbemycin A, 5-oxime, the mean Cmax was approxi-
mately 400 ng/mL, the mean T,,,, was slightly >1 h and the
mean exposure, as assessed by AUCy_in;, was approximately
7000-9000 ng-h/mL when C-MBO was administered alone. The
mean elimination half-life was approximately 65 h for milbe-
mycin A4 5-oxime.

Several PK parameters were numerically different for animals
dosed with C-MBO + spinosad (Treatment Group 3) as compared
to those dosed only with C-MBO (Treatment Group 2). Specif-
ically, for milbemycin A4 5-oxime, the mean C,,,, was approx-
imately 23% higher for dose 1 and 49% higher for dose 3 when
C-MBO was co-administered with spinosad as compared to
C-MBO administration alone; however, this increase in Cmax
from Month 1 to Month 3 was not statistically significant. In
addition, the mean T,,,, was slightly later, the mean elimination
half-life was approximately 2 times longer and the exposure as
assessed by AUC was approximately three times higher than if
C-MBO was administered alone. Several of these differences in PK
parameters were determined to be statistically significant. For
milbemycin A, 5-oxime, no treatment by month interaction was
detected (P > 0.05) for any of the variables: Cpay, Crax/Dose,
AUCq_inpy AUCq_jnp/Dose, t1,> and Tp,.y. Statistically significant
higher AUCy i,y AUCqy in/Dose and t;,, values were observed
for Spinosad + C-MBO (Treatment Group 3) compared with
corresponding values from the C-MBO-only-treated group (Treat-
ment Group 2; P < 0.001). Statistically significantly higher
Tmax values were observed for Spinosad + C-MBO (Treatment
Group 3, P < 0.01) when compared with corresponding values
from the C-MBO-only-treated group (Treatment Group 2).
Significant sex effect and no overlapping of 95% confidence
intervals were observed for C,,.x and C,.,/Dose only (P < 0.05).

Study 2

All animals in Treatment Groups 1, 3 and 4 ate 100% of their
offered food prior to dose administration. In Treatment Group 2
(new E-MBO), five animals ate at least 50% of the offered food
prior to dose administration. Plasma concentrations from
animals not completely in the fed state were comparable to
those from animals in the fed state within the same treatment
group; therefore, these values were included in the calculation of
mean and standard deviation and all statistical analyses.
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Table 2. Study 1: Spinosyn A pharmacokinetic parameters following 3 monthly administrations of spinosad or spinosad + C-MBO

Animal Dose Crnax Tax ti,> AUCq_¢ AUCq_ins AUC AUCq_ijnt/ Crnax”

D (mg/kg) (ng/mL) (h) (h) (ng-h/mL) (ng-h/mL) (% extrap) Dose Dose

Spinosyn A pharmacokinetic parameters

Treatment Group 1: Spinosad only
1 72 7759.4 2.0 173.1 150 738.2 158 830.5 5.1 2206.0 107.8
2 78 6619.4 2.0 174.5 161 596.9 169 325.1 4.6 2170.8 84.9
3 67 6709.3 2.0 135.5 137 703.2 140 968.8 2.3 2104.0 100.1
F Mean 72 7029.4* 2.0 161.1 150 012.7 156 374.8* 4.0 2160.3 97.6*
F SD 6 633.8 0.0 22.1 11 963.3 14 336.8 1.5 51.8 11.7
4 77 5586.7 4.0 278.2 147 212.1 166 395.7 11.5 2161.0 72.6
5 62 5060.6 2.0 178.4 149 889.5 159 873.1 6.2 2578.6 81.6
6 69 4352.0 2.0 149.0 146 456.0 151 702.6 3.5 2198.6 63.1
vl 70 1851.6 2.0 115.0 51 275.7 53 266.0 3.7 760.9 26.5
8 72 3657.4 4.0 215.4 136 461.4 150 320.6 9.2 2087.8 50.8
M Mean 70 4664.2* 3.0 205.2 145 004.7 157 073.0* 7.6 2256.5 67.0*
M SD 6 840.5 1.2 55.7 5883.0 7509.7 3.5 219.6 13.2
Mean 71 5677.8 2.6 186.3 147 151.0 156 773.8** 6.1 2215.3 80.1
SD 5.6 1444.1 1.0 47.7 8495.7 9841.3 3.3 166.3 20.0

Treatment Group 3: Spinosad + C-MBO
17 66 5552.8 2 393.1 133 052.3 164 417.8 19.1 2491.2 84.1
18 82 9160.8 2 217.1 266 636.9 292 481.0 8.8 3566.8 111.7
19 71 7240.1 2 164.7 177 176.0 185 229.0 4.3 2608.9 102.0
F Mean 73 7317.9%* 2.0 258.3 192 288.4 214 042.6™* 10.8 2889.0 99.3%#*
F SD 8 1805.3 0.0 119.7 68 062.5 68 722.0 7.5 590.0 14.0
20 67 4235.6 2 283.7 123 881.5 145 085.2 14.6 2165.5 63.2
21 68 4127.3 4 148.5 155 413.4 160 963.7 3.4 2367.1 60.7
22 67 5976.3 2 215.8 149 385.5 161 933.4 7.7 2416.9 89.2
23 64 3884.4 2 199.8 161 975.3 176 128.2 8.0 2752.0 60.7
24 81 4224.6 4 217.3 165 064.1 180 957.3 8.8 2234.0 52.2
M Mean 69 4489.6%** 2.8 213.0 151 144.0 165 013.6*** 8.5 2387.1 65.2%%*
M SD 7 843.0 1.1 48.4 16 398.6 14 148.9 4.0 227.5 14.1
Mean 71 5550.2 2.5 230.0 166 573.1 183 399.5** 9.4 2575.3 78.0
SD 6.9 1865.4 0.9 77.3 43 939.5 45 908.9 5.2 4433 21.9

*Statistically significant at P < 0.05 for sex differences within treatment group 1.

**Statistically significant at P < 0.05 for treatment group differences between groups 1 and 3.

***Statistically significant at P < 0.05 for sex differences within treatment group 3.

TAnimal 7 vomited 2x, according to Q-test calculations for AUC indicate values should be excluded from calculations of mean, standard deviation.
Calculated values using individual animal values may slightly differ from those in table owing to rounding.

Overall, animals tolerated the dose well, with the exception of
one animal in Treatment Group 3 (spinosad only) which
experienced emesis. This animal regurgitated the test article
15 min after dosing. The entire capsule was visible; therefore,
the same capsule was re-administered 45 min after the initial
dosing. Because of this event, this animal’s T,, was slightly
delayed but all other PK parameters were comparable to those of
the other animals in the same treatment group (values included
in calculations of mean and standard deviation and all statistical
analyses).

A summary of mean plasma concentrations can be found in
Figs 5 & 6. PK parameters for the major factors of spinosad and
MBO are summarized in Tables 4 and 5. For spinosad only
(Treatment Group 3) and spinosad + E-MBO (Treatment Group
4), the mean * standard deviation (SD) of Spinosyn A Cpax
values were 3039 *+ 944 and 2531 *+ 882 ng/mlL, respectively.
Tmax values ranged between 2 and 8 h in all instances for
spinosyn A. Mean + SD exposures, as assessed by AUCq_j, for
Spinosyn A, were 141 230 £ 33 096 and 102 103 + 44

260 hng/mL for spinosad only (Treatment Group 3) and
spinosad + E-MBO  (Treatment Group 4), respectively.
Mean * SD elimination half-lives for both treatment groups for
spinosyn A were approximately 140 + 55 h (approximately
6 *+ 2 days). No statistically significant findings in any PK
parameter were noted for spinosad PKs.

On average, plasma concentrations of milbemycin A, 5-oxime
persisted longer and were higher in animals dosed with spino-
sad + E-MBO (Treatment Group 4) as compared to animals dosed
with only MBO (Treatment Groups 1 and 2), regardless of the
source or formulation of the MBO. This was also reflected in the PK,
most noticeably in the systemic exposure (AUC). Mean £ SD of
milbemycin A4 5-oxime Cmax values following administration of
C-MBO (Treatment Group 1), E-MBO (Treatment Group 2) or
spinosad + E-MBO (Treatment Group 4) were 152 * 44,
199 £ 77 and 261 £ 99 ng/ml, respectively. Mean + SD of
milbemycin A, 5-oxime T,,.. values were 2.1 £ 2.4, 1.8 £ 0.5
and 5.6 £ 4.5 h, respectively. Mean = SD milbemycin Ay,
5-oxime exposures (AUCq_inr) were 3724 £ 707, 5282 + 1882

© 2011 Blackwell Publishing Ltd



Pharmacokinetics of spinosad and milbemycin oxime 7

Table 3. Study 1: Milbemycin A4 5-oxime pharmacokinetic parameters following 3 monthly administrations of C-MBO or C-MBO + spinosad

Animal Dose Crnax Tmax ti,2 AUCy_¢ AUCq_ing AUC% AUCq_ijnt/ Cax/
D (mg/kg) (ng/mL) (h) (h) (ng-h/mL) (ng-h/mL) extrap Dose Dose
Treatment Group 2: C-MBO only
9 0.94 473.170 1.0 56.5 6782.9 7046.6 3.7 7496.4 503.4
10 0.96 273.459 1.0 51.8 6213.4 6430.0 3.4 6697.9 284.9
11 0.88 458.544 1.0 65.7 9453.7 9668.8 2.2 10 987.2 521.1
12 1.03 504.102 1.0 82.8 7211.9 7471.7 3.5 7254.1 489.4
F Mean 0.95 427.319* 1.0 64.2 7415.5 7654.3 3.2 8108.9 449.7*
F SD 0.06 104.316 0.0 13.7 1419.0 1409.5 0.7 1947.8 110.6
13 0.84 195.387 2.0 80.6 5100.8 5336.1 4.4 6352.5 232.6
14 1.04 536.240 1.0 74.2 8078.8 8390.4 3.7 8067.7 515.6
15 0.78 194.551 0.5 63.8 5660.6 6061.0 6.6 7770.6 2494
16 0.88 188.356 1.0 67.8 5537.3 6014.6 7.9 6834.7 214.0
M Mean 0.89 278.633* 1.1 71.6 6094.4 6450.5 5.7 7256.4 302.9*
M SD 0.11 171.766 0.6 7.4 1344.6 1335.0 2.0 799.4 142.5
Mean 0.92 352.976 1.1 67.9%* 6754.9 7052.4% 4.4 7682.6%* 376.3
SD 0.09 153.703 0.4 10.9 1461.7 1424.5 1.9 1451.7 141.8
Treatment Group 3: C-MBO + Spinosad
17 0.94 661.863 4.0 139.4 24 262.4 24 8829 2.5 26 471.1 704.1
18 0.82 785.460 1.0 98.3 24 750.8 25 400.3 2.6 30 976.0 957.9
19 1.05 725.150 1.0 61.5 21 582.5 22 049.8 2.1 20 999.8 690.6
F Mean 0.94 724.158% 2.0 99.7 23 531.9 24 111.0 2.4 26 149.0 78427
F SD 0.12 61.805 1.7 38.9 1705.8 1803.7 0.2 4995.9 150.6
20 0.95 352.562 2.0 110.5 23 809.1 24 8329 4.1 26 1399 371.1
21 0.86 247.362 4.0 137.9 25 316.2 26 354.0 3.9 30 644.2 287.6
22 0.87 271.825 4.0 98.7 20 180.3 20 836.6 3.1 23 950.1 312.4
23 0.86 461.988 1.0 108.2 14 893.5 15492.8 3.9 18 014.9 537.2
24 1.07 701.052 2.0 130.3 23 586.5 24 148.8 2.3 22 568.9 655.2
M Mean 0.92 406.958% 2.6 117.1 21 557.1 22 333.0 3.5 24 263.6 432 7w
M SD 0.09 184.533 1.3 16.3 41719 4322.7 0.7 4643.5 157.9
Mean 0.93 525.908 2.4** 110.6%* 22 297.7 22 999.8%* 3.1 24 970.6%* 564.5
SD 0.09 217.946 1.4 25.8 3438.3 3529.0 0.8 4517.1 232.0

*Statistically significant at P < 0.05 for sex differences in treatment group 2.

**Statistically significant at P < 0.01 for treatment group differences between groups 2 and 3.

*“*Statistically significant at P < 0.001 for treatment group differences between groups 2 and 3.

*ekStatistically significant at P < 0.05 for sex differences in treatment group 3. Calculated values using individual animal values may slightly differ

from those in table owing to rounding.

® Spinosad API Gel Capsule
O Spinosad API + E-MBO in Gel Capsule

1000 A

100 -

Spinosyn A Plasma Concentration (ng/mL)

Time (h)

Fig. 5. Study 2: Plasma concentrations (Mean + SD) of spinosyn A
following administration of spinosad or spinosad + E-MBO.
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Fig. 6. Study 2: Plasma concentrations (Mean + SD) of milbemycin A4
5-oxime following administration of commercial MBO (C-MBO), E-MBO
or spinosad + E-MBO.
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Table 4. Study 2: Spinosyn A pharmacokinetic parameters

Animal Dose Crnax T nax AUC6 AUCoins AUC % ti/> AUCq_int/ Crnax”
D (mg/kg) (ng/mlL) (h) (hng/mL) (hng/mL) Extrap (h) Dose Dose
Treatment Group 3: Spinosad API
17* 59.8 2110 8 109 480 111 661 1.95 130 1867 35.3
18 59.9 3330 4 139 168 153 311 9.23 274 2559 55.6
19 59.9 4370 2 125 052 128 106 2.38 133 2139 73.0
20 60.1 2340 2 134 750 136 654 1.39 86.3 2274 38.9
F Mean 59.9 3038 4 127 112 132 433 3.74 156 2210 50.7
F SD 0.1 1034 2.8 13 150 17 358 3.68 81.5 288 17.3
21 60.1 3270 2 143 771 148 662 3.29 142 2474 54.4
22 60.2 1970 2 115 551 116 612 091 104 1937 32.7
23 59.9 2600 2 109 864 120 397 8.75 227 2010 43.4
24 59.9 4320 2 214 349 214 434 0.040 45.8 3580 72.1
M Mean 60.0 3040 2 145 884 150 026 3.25 130 2500 50.7
M SD 0.2 1005 0 47 991 45 257 3.92 76.2 758 16.8
Mean 60.0 3039 3.00 136 498 141 230 3.49 143 2355 50.7
SD 0.1 944 2.14 34 086 33 096 3.53 74.4 553 15.8
Treatment Group 4: Spinosad API + E-MBO
25 59.8 1170 2 29 255 30 047 2.64 140 502 19.6
26 59.9 2820 8 113 530 117 001 2.97 130 1953 47.1
27 59.9 2430 2 66 410 69 395 4.30 167 1159 40.6
28 60.1 3600 4 135 354 136 582 0.900 85.9 2273 59.9
F Mean 59.9 2505 4 86 137 88 256 2.70 131 1472 41.8
F SD 0.1 1014 2.8 47 601 47 978 1.40 33.6 798 16.8
29 60.2 3640 8 131 527 151 263 13.1 236 2513 60.5
30 59.9 2100 1 65 580 67 439 2.76 128 1126 35.1
31 60.1 1620 4 93 573 94 396 0.870 82.5 1571 27.0
32 60.1 2870 4 148 601 150 703 1.39 101 2508 47.8
M Mean 60.1 2558 4.3 109 820 115950 4.52 137 1929 42.6
M SD 0.1 887 2.9 37 400 41 923 5.74 68.8 695 14.7
Mean 60.0 2531 4.13 97 979 102 103 3.61 134 1700 42.2
SD 0.1 882 2.64 41 603 44 260 3.99 50.3 735 14.6

*Animal 17 regurgitated the test article 15 min after dosing. The entire capsule was visible in the vomitus; therefore, the same capsule was
re-administered 45 min after the initial dosing. No statistical differences were noted for any parameters (sex or treatment group).

and 14 947 *+ 5586 hng/mlL, respectively. Mean *+ SD elimina-
tion half-lives for milbemycin A, 5-oxime were 50 £ 22,58 £ 16
and 66 * 13 h, respectively. A number of these numerical
differences in MBO PK parameters were determined to be
statistically significant. The statistically significant finding was
for treatment effect in group 4 (animals that received spino-
sad + E-MBO) as compared to those animals that received only C-
MBO or E-MBO (groups 1 and 2, respectively); the MBO variables
for Thay, AUCps, AUCo_ing, AUCo_iny/Dose and C,./dose were
significantly different between treatment groups (P < 0.05). No
statistically significant differences were observed between group 1
and 2 in these MBO variables, indicating that there were no
statistically different findings in any PK parameters following
administration of C-MBO or E-MBO.

Study 3

All animals in all treatment groups ate 100% of their offered food
prior to dose administration. Overall, animals tolerated the dose
well, and no adverse events (including emesis) were observed in
this study. However, the plasma concentration results from one
animal in Treatment Group 1 (spinosad API + C-MBO) indicated

that spinosad was present but MBO was not. As the C-MBO and
the spinosad were administered separately (C-MBO tab-
let + spinosad API in a gelatin capsule), it was unknown if the
C-MBO tablet was inadvertently not dosed or if the animal
regurgitated the tablet and this event was not observed. As there
was no additional information in the live phase data, the exact
cause for the lack of MBO present cannot be determined.
Regardless, it was concluded that the animal did not receive the
full MBO dose. For this reason, this animal was excluded from
the MBO PK and statistical evaluations but was included in the
spinosad PK evaluation for group mean, standard deviation and
coefficient of variation calculations as well as statistical analyses.

A summary of mean plasma concentrations can be found in
Figs 7 & 8. PK parameters for the major factors of spinosad and
MBO are summarized in Tables 6 & 7. This study confirmed
whether the spinosad + MBO interaction would occur when
spinosad was combined with C-MBO and whether combination
tablets would behave similarly to technical powders (API)
co-administered in a gelatin capsule with a more state of the
art bioanalytical methodology than that used in Study 1. The
plasma concentration—time curves and the PK parameters for all
treatment groups for spinosad were similar. For spinosyn A, the

© 2011 Blackwell Publishing Ltd



Table 5. Study 2: Milbemycin A4 5-oxime pharmacokinetic parameters

Pharmacokinetics of spinosad and milbemycin oxime 9

Animal Dose Cmax Tmax AUClast AUC(],inf AUC % T]/z AUC(),inf/ Cmax/
1D (mg/kg) (ng/mL) (h) (hmg/mL) (hng/mL) Extrap (h) Dose Dose
Treatment Group 1: C-MBO*
1 1.16 215 1 2442 2553 4.32 30.8 2201 185
2 1.21 174 2 4353 4494 3.14 86.5 3714 144
3 1.26 186 1 4510 4592 1.77 60.3 3644 148
4 1.16 130 2 3379 3551 4.83 40.9 3061 112
F Mean 1.20 176 1.5 3671 3797 3.52 54.6 3155 147
F SD 0.05 35.3 0.58 960 953 1.36 24.5 700 30.0
5 1.12 116 1 3423 3500 2.22 434 3125 104
6 1.08 113 1 3264 3378 3.40 75.8 3128 105
7 1.42 186 1 4308 4382 1.71 42.2 3086 131
8 1.08 95.3 8 3278 3342 1.91 21.4 3094 88.2
M Mean 1.18 128 2.8 3568 3651 2.31 45.7 3108 107
M SD 0.16 40.0 3.5 498 493 0.756 224 21 17.7
Mean 1.19 152 2.13 3620 3724 291 50.2 3132 127
SD 0.11 43.6 2.42 710 707 1.21 22.3 459 31.4
Treatment Group 2: E-MBO*
9f 1.07 311 2 8131 8265 1.62 89.2 7724 291
107 1.18 157 2 6326 6420 1.46 58.6 5441 133
117 1.21 163 2 4251 4376 2.87 71.3 3617 135
12F 1.10 111 2 2574 2726 5.59 64.0 2478 101
F Mean 1.14 186 2 5321 5447 2.89 70.8 4815 165
F SD 0.07 86.8 0 2422 2411 1.91 13.3 2291 85.3
13 1.17 262 2 6484 6588 1.57 40.8 5631 224
14 1.07 292 1 6018 6121 1.68 41.8 5721 273
15° 1.04 170 1 4388 4543 3.41 52.7 4368 163
16 0.990 128 2 3146 3213 2.06 47.3 3245 129
M Mean 1.07 213 1.5 5009 5116 2.18 45.6 4741 197
M SD 0.08 76.8 0.58 1533 1541 0.846 5.53 1173 63.8
Mean 1.10 199 1.75 5165 5282 2.53 58.2 4778 181
SD 0.08 77.3 0.463 1884 1882 1.42 16.4 1686 71.9
Treatment Group 4: Spinosad API + E-MBOS
25 1.07 53.8 2 2523 2720 7.22 58.7 2542 50.3
26 0.993 258 8 19 616 19 709 0.470 66.6 19 848 260
27 0.964 402 2 15618 15768 0.950 84.1 16 357 417
28 1.03 325 4 16 644 16 712 0.410 50.9 16 225 316
F Mean 1.01 260 4 13 600 13 727 2.26 65.1 13 743 261
F SD 0.05 149 2.8 7577 7528 3.31 14.2 7654 155
29 0.991 232 12 17 960 18 135 0.960 66.6 18 300 234
30 0.954 279 1 13776 13 908 0.950 84.0 14 579 292
31 0.964 251 4 12 470 12 606 1.07 51.9 13 076 260
32 1.02 284 12 19 745 20 019 1.37 65.4 19 626 278
M Mean 0.98 262 7.25 15988 16 167 1.09 67.0 16 395 266
M SD 0.03 244 5.62 3429 3488 0.196 13.2 3076 25.2
Mean 1.00 261 5.63* 14 794* 14 947* 1.68 66.0 15 069* 264*
SD 0.04 99.1 4.47 5592 5586 2.26 12.7 5583 103

*Statistically significant at P < 0.05 between treatment group 4 and treatment groups 1 or 2.

fAnimals ate <100% of food offered before dosing; however, animals were considered to be in the fed state.

No statistical differences were noted for any parameters (sex or treatment group) when comparing treatment groups 1 and 2.
SNo statistical differences were noted for sex difference within treatment group 4 for any parameters.

mean Cmax value was approximately 3400 ng/mlL, the mean
Tmax ranged between 3 and 5 h, and the mean exposure (AUCy_inr)
was approximately 150 000 hng/mL. The mean elimination
half-life for spinosyn A was approximately 119 + 37 h (approx-
imately 5 + 2.5 days). There were no statistical differences
observed among treatment groups for any of the spinosad PK
parameters in Study 3.

© 2011 Blackwell Publishing Ltd

The plasma concentration—time curves and the PK parameters
for all treatment groups for MBO were similar. For milbemycin
A4 5-oxime, the mean C,,, value was approximately
360 ng/mlL, the mean T, ranged between 3 and 6 h, the
mean exposure (AUCq_j,r) was approximately 21 000 h-ng/mL

and the mean elimination half-live was approximately 57 h.
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Fig. 7. Study 3: Plasma concentrations (Mean + SD) of spinosyn A
following administration of spinosad + MBO.
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Fig. 8. Study 3: Plasma concentrations (Mean = SD) of milbemycin A4
5-oxime following administration of spinosad + MBO.

There were no statistical differences observed among treatment
groups for any of the MBO PK parameters.

DISCUSSION

These PK studies were designed to explore differences in PK
parameters. While studies were not designed to specifically
evaluate bioequivalence, statistical analyses were conducted to
determine whether observed differences were statistically signif-
icant. Statistics were performed on each study separately as
bioanalytical methodologies were different for Study 1 as
compared to Study 2 and 3, and contemporaneous evaluation
of treatment groups intra-study was considered most meaningful
as it would be expected to reduce potential variability imparted
by bioanalytical methodology, source of animals, etc.

The primary finding from Study 1 was that in the presence of
spinosad, greater systemic exposure of MBO was obtained as
compared to C-MBO administered alone. A number of MBO PK

parameters were numerically different when animals were
administered C-MBO in the presence of spinosad as compared
to when animals were administered C-MBO alone. This is
supported by the statistically significant increases in a number of
parameters. Specifically, significantly higher AUCq_i,; AUCq_
int/Dose and t;,, were observed for MBO following administra-
tion of Spinosad + C-MBO compared with corresponding values
from the C-MBO-only-treated group (P < 0.001). Significantly
higher MBO T,.. values were also observed for Spino-
sad + C-MBO (P < 0.01) when compared with corresponding
values from the C-MBO-only-treated group.

Also from Study 1, a comparison of plasma concentrations
(visual inspection from figures) and PK indicated that the
kinetics of both drugs were essentially unchanged with succes-
sive administrations. Therefore, drug accumulation or an
increased rate of elimination because of enzyme induction is
not expected with either drug when administered monthly either
separately or in combination.

The mean increases in spinosad PK parameters in the presence
of C-MBO in Study 1 were <30%, and this effect was not
observed in subsequent studies. The differences noted in Study 1
are likely due to animal to animal variability, supported by the
numerically lower means reported in Study 2 as well as the lack
of a statistical significant difference for spinosad PK parameters
when in the absence or presence of MBO. Therefore, spinosyn A
and D PK are not considered to be altered in the presence of
MBO. Additionally, the statistically significant gender effects
reported from Study 1 are not considered clinically relevant as
gender effects were not observed and were not statistically
significant in Study 2 and Study 3.

Although the method was validated prior to use (See Materials
and Methods), assay performance may have slightly affected the
absolute milbemycin A, 5-oxime plasma concentrations and PK
results in Study 1 only because of a matrix effect. Specifically, the
purchased plasma matrix used to prepare working standards for
the third month resulted in an average reduction in sensitivity of
approximately 25% when compared with the average sensitivity
obtained with working standards prepared from a different lot of
purchased plasma. This matrix effect may result in slight
differences in absolute MBO plasma concentrations (up to
25%) and PK parameters obtained in this study compared with
others. In fact, comparisons of MBO PK parameters from Study 1
to Study 2 and 3 are somewhat disparate and support the
utilization of statistics for each study independently. However,
this effect would not impact the apparent altered PK following
co-administration observed amongst treatment groups within
Study 1 as subjects from Treatment Group 2 (C-MBO only) and
Treatment Group 3 (spinosad + C-MBO) were assayed together.

Study 2 demonstrated that the novel E-MBO technical powder
(API) produces a similar plasma concentration—-time curve and
similar PK parameters as the C-MBO tablet (Treatment Group 1
vs. 2) in the absence of spinosad. This finding is supported by the
lack of statistically significant differences in all MBO PK
parameters when comparing the two MBO-only groups. As no
statistically significant difference existed in the PK results from
animals administered MBO in the different formulations, it would

© 2011 Blackwell Publishing Ltd



Table 6. Study 3: Spinosyn A pharmacokinetic parameters

Pharmacokinetics of spinosad and milbemycin oxime 11

Animal Dose Crnax Crnax/ Tmax AUCq 1ast AUCqp_ins AUCq_int/ AUC % ti/2
D (mg/kg) (ng/mL) Dose (h) (h'ng/mL) (h'ng/mL) Dose Extrap (h)
Treatment Group 1: Spinosad API + C-MBO
1 75.7 1800 23.8 2 12 1257 125 200 1654 3.1 142
2 70.9 4590 64.7 2 144 794 151 362 2135 4.3 146
3 75.7 2420 32.0 4 170 765 171 053 2260 0.2 67.6
4 72.7 3550 48.8 8 144 922 146 772 2019 1.3 111
F Mean 73.7 3090 42.3 4.0 145 435 148 597 2017 2.2 117
F SD 2.4 1235 18.2 2.8 20 223 18 821 261 1.8 36.4
5 77.8 4250 54.6 4 214 039 215 036 2764 0.5 86.9
6 67.5 3360 49.8 8 126 987 129 014 1911 1.6 115
7 80.0 3420 42.8 8 181 379 181 981 2275 0.3 79.6
8 75.7 2460 32.5 8 158 463 161 507 2134 1.9 121
M Mean 75.2 3373 44.9 7.0 170 217 171 885 2271 1.1 101
M SD 5.5 731 9.60 2.0 36 751 36 100 361 0.79 20.6
Mean 74.5 3231 43.6 5.5 157 826 160 241 2144 1.6 109
SD 4.0 952 13.5 2.8 30 489 29 415 322 1.5 28.7
Treatment Group 2: Spinosad API + E-MBO
9 75.7 3440 45.4 8 181 804 196 576 2597 7.5 190
10 88.9 3500 39.4 8 149 756 150 629 1694 0.6 92.2
11 66.7 3580 53.7 4 135 285 146 892 2202 7.9 195
12 75.7 1690 22.3 1 74 499 76 142 1006 2.2 125
F Mean 76.7 3053 40.2 5.3 135 336 142 560 1875 4.6 150
F SD 9.2 910 13.3 3.4 44 975 49 709 687 3.7 50.2
13 78.9 4730 59.9 12 261 607 262 122 3322 0.2 72.7
14 71.8 3620 50.4 2 116 696 117 622 1638 0.8 96.4
15 81.2 2380 29.3 1 102 731 102 870 1267 0.1 67.7
16 67.5 4620 68.4 8 188 069 191 250 2833 1.7 132
M Mean 74.8 3838 52.0 5.8 167 276 168 466 2265 0.70 92.2
M SD 6.3 1092 16.8 5.2 73 155 73 436 971 0.73 29.3
Mean 75.8 3445 46.1 5.5 151 306 155513 2070 2.6 121
SD 7.3 1021 15.4 4.1 58 753 59 682 806 3.2 49.1
Treatment Group 3: Combination tablet A
17 77.8 3060 39.3 8 144 489 148 254 1906 2.5 145
18 68.3 4900 71.7 2 130 654 131 996 1933 1.0 110
19 81.2 1560 19.2 2 70 157 72 834 897 3.7 97.1
20 73.7 4480 60.8 2 150 294 151472 2055 0.8 101
F Mean 75.2 3500 47.8 3.5 123 899 126 139 1698 2.0 113
F SD 5.5 1514 233 3.0 36 763 36 545 538 1.4 21.9
21 76.7 4820 62.8 4 167 190 172 144 2244 2.9 148
22 78.9 3290 41.7 2 97 940 98 165 1244 0.2 77.9
23 74.7 3040 40.7 2 141 649 142 822 1912 0.8 99.3
24 75.7 1980 26.2 2 137 515 138 557 1830 0.8 97.0
M Mean 76.5 3283 429 2.5 136 074 137 922 1808 1.2 106
M SD 1.8 1172 15.1 1.0 28 610 30 420 416 1.2 29.9
Mean 75.9 3391 45.3 3.0 129 986 13 2031 1753 1.6 109
SD 3.9 1259 18.4 2.1 31183 31 759 449 1.3 24.6
Treatment Group 4: Combination tablet B
25 70.9 2020 28.5 1 82 777 82 967 1170 0.2 87.3
26 87.5 4020 45.9 8 174 316 177 278 2026 1.7 119
27 81.2 2420 29.8 2 179 818 183 468 2259 2.0 123
28 74.7 3220 43.1 2 112 420 113 212 1516 0.7 94.4
F Mean 78.6 2920 36.8 3.3 137 333 139 231 1743 1.2 106
F SD 7.3 887 8.95 3.2 47 503 49 150 492 0.84 17.8
29 71.8 4120 57.4 2 126 898 129 614 1805 2.1 122
30 80 4570 57.1 4 151 230 160 406 2005 5.7 171
31 81.2 3750 46.2 4 223 994 231 663 2853 3.3 147
32 71.8 5300 73.8 2 136 886 136 985 1908 0.1 63.2
M Mean 76.2 4435 58.6 3.0 159 752 164 667 2143 2.8 126
M SD 5.1 667 11.4 1.2 43 977 46 553 480 2.3 46.3
Mean 77.4 3678 47.7 3.1 148 542 151 949 1943 2.0 116
SD 6.0 1088 15.0 2.2 44 040 46 357 498 1.9 34.2

No statistical differences were noted for any parameters (sex or treatment group) for study 3.
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Table 7. Study 3: Milbemycin A4 5-oxime pharmacokinetic parameters

Animal Dose Crnax Crnax/ Tinax AUCq_1ast AUCq_ins AUCq_int/ AUC % ti/2
ID (mg/kg) (ng/mL) Dose (h) (h'ng/mL) (h'ng/mL) Dose Extrap (h)
Treatment Group 1: Spinosad API + C-MBO
1 1.55 201 130 12 19 637 19 765 12 752 0.65 58.8
3 1.55 344 222 12 36 469 36 589 23 606 0.33 45.9
4 1.49 374 251 4 19 119 19 227 12 904 0.56 49.9
F Mean 1.53 306 201 9.3 25075 25194 16 420 0.51 51.5
F SD 0.03 92.4 63 4.6 9871 9872 6223 0.17 6.58
5 1.60 640 400 1 23 030 23121 14 451 0.40 39.6
6 1.39 338 243 8 15 862 16 004 11 514 0.89 47.7
7 1.64 409 249 8 30 654 30 816 18 790 0.52 54.9
8 1.55 387 250 1 19 679 19 835 12 797 0.78 56.5
M Mean 1.54 444 286 4.5 22 306 22 444 14 388 0.65 49.7
M SD 0.11 134 76 4.0 6289 6294 3172 0.23 7.72
Mean 1.53 385 249 6.6 23 493 23 622 15 259 0.6 50.5
SD 0.08 131 79.4 4.7 7378 7379 4372 0.2 6.7
Treatment Group 2: Spinosad API + E-MBO
9 1.26 444 352 8 30 365 30 512 24 216 0.48 84.3
10 1.48 352 238 8 21 668 21727 14 681 0.27 44.5
11 1.11 322 290 4 19 978 20 257 18 249 1.4 98.7
12 1.26 126 100 2 9122 9259 7348 1.5 66.4
F Mean 1.27 311 245 5.5 20 283 20 439 16 123 0.90 73.5
F SD 0.15 134 107.3 3.0 8722 8721 7050 0.62 234
13 1.31 457 349 12 35013 35118 26 807 0.30 45.2
14 1.19 282 237 2 12 708 12 987 10 914 2.2 41.1
15 1.35 174 129 2 10 365 10 452 7742 0.82 36.9
16 1.12 260 232 8 20279 20 457 18 265 0.87 54.5
M Mean 1.24 293 237 6.0 19 591 19 753 15932 1.0 44.4
M SD 0.10 119 90 4.9 11 118 11 088 8485 0.79 7.55
Mean 1.26 302 241 5.8 19 937 20 096 16 028 1.0 58.9
SD 0.12 117 91.8 3.8 9258 9242 7222 0.7 22.4
Treatment Group 3: Combination tablet A
17 1.29 200 155 8 16 181 16 260 12 605 0.49 63.9
18 1.13 482 427 2 14 576 14 642 12 957 0.45 53.5
19 1.35 398 295 2 11 896 12 030 8911 1.1 71.9
20 1.22 531 435 2 26 069 26 216 21 488 0.56 67.4
F Mean 1.25 403 328 3.5 17 180 17 287 13 990 0.65 64.2
F SD 0.09 146 132 3.0 6184 6203 5323 0.31 7.85
21 1.27 474 373 4 29 992 30172 23 757 0.59 87.6
22 1.31 455 347 2 16 246 16 434 12 545 1.1 36.8
23 1.24 306 247 4 24 801 24 909 20 088 0.43 65.7
24 1.26 263 209 2 15990 16 040 12 730 0.31 36.4
M Mean 1.27 375 294 3.0 21 757 21 888 17 280 0.62 56.6
M SD 0.03 106 78 1.2 6849 6873 5567 0.37 24.8
Mean 1.26 389 311 3.3 19 469 19 588 15 635 0.6 60.4
SD 0.07 119 102 2.1 6517 6541 5340 0.3 17.5
Treatment Group 4: Combination tablet B
25 1.18 344 292 1 15 668 15 875 13 454 1.3 84.7
26 1.45 325 224 8 22 868 23 016 15 873 0.65 51.8
27 1.35 403 299 2 21274 21 373 15 832 0.46 56.0
28 1.24 336 271 4 13 056 13 372 10 784 2.4 43.1
F Mean 1.30 352 272 3.8 18 217 18 409 13 986 1.2 58.9
F SD 0.12 34.9 34 3.1 4623 4539 2415 0.9 18.0
29 1.19 302 254 2 14 164 14 254 11978 0.63 48.4
30 1.33 357 268 4 22 008 22 236 16 719 1.0 84.5
31 1.35 385 285 4 31 951 32091 23771 0.44 67.8
32 1.19 391 329 2 14 753 14 841 12471 0.59 30.4
M Mean 1.27 359 284 3.0 20 719 20 855 16 235 0.67 57.8
M SD 0.08 40.6 33 1.2 8294 8325 5456 0.25 23.5
Mean 1.29 355 278 3.4 19 468 19 632 15 110 0.9 58.3
SD 0.10 35.2 31.3 2.2 6359 6343 4087 0.6 19.4

Animal # 2 did not receive the milbemycin oxime dose and is excluded from milbemycin oxime pharmacokinetic evaluation. No statistical differences

were noted for any parameters (sex or treatment group) for study 3.
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be anticipated that the administration of new E-MBO technical
powder (API) and C-MBO tablets administered separately would
produce similar safety and effectiveness results. A review of
available information indicates this is the case (NADA numbers
140-915 and 141-321, Sherman et al., 2010; Snyder et al.,
2011).

Also in Study 2, it was demonstrated that several MBO PK
parameters were statistically different in animals dosed with
E-MBO + spinosad (Treatment Group 4) as compared to animals
dosed with C-MBO or E-MBO alone (Treatment Groups 1 and 2,
respectively). Specifically, Tyax» AUCast, AUCo_int, AUCo_ing/Dose
and Cp,/dose were significantly different between these treat-
ment groups (P < 0.05). This was most exemplified by the mean
AUC_iny which was over three times greater for milbemycin A,
5-oxime when MBO was co-administered with spinosad than if
MBO was administered alone.

As several numeric differences in MBO PK parameters were
determined to be statistically significant in Studies 1 and 2, there
is a positive interaction (increase) in the MBO systemic exposure
when administered in combination with spinosad. Although the
differences in MBO elimination half-life in Study 2 were not as
pronounced or statistically significant as in Study 1, an increase
in elimination half-life for MBO in the presence of spinosad may
be a valid finding as these values did trend higher in the second
study, and the analysis from Study 2 did not have the benefit of
repeated measures.

Study 3 demonstrated that the novel E-MBO technical powder
(API) when co-administered with spinosad produces similar
plasma concentration—time curves and PK parameters as
compared to spinosad co-administered with C-MBO tablets. It
also demonstrated that the E-MBO and spinosad technical
powders (APIs) and combination tablets produced similar plasma
concentration—time curves and PK parameters for both spinosad
and MBO. These statements are supported by the lack of any
statistically significant findings for PK parameters for spinosad
and MBO, including treatment group. As the PK results were
comparable, it would be anticipated that administration of the
formulations investigated in this study would produce similar
safety and effectiveness results (NADA numbers 140-915, 141-
277 and 141-321; Sherman et al., 2010; Snyder et al., 2011).

It is important to note that some variability can be observed in
the PK parameters of similar treatment groups across the three
studies. This observation is most prominent in C,,.x. A portion of
this observed variability could be attributed to the different
methodologies used for the quantification of the major factors of
MBO, inter-animal variability and the inherent variability of
measurement and reporting of C,., with finite sampling
following oral administration. It is also important to note that
within each study, the variability in the individual animals’ PK
parameters was approximately 30%, which would allow for the
potential of a larger variation observed in mean values between
studies. However, the interaction of MBO PK parameters,
especially exposure, in the presence of spinosad was observed
in different studies with two different bioanalytical methodolo-
gies and determined to be statistically different in both studies,
providing confirmation of the original finding in Study 1.
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The exact cause of the interaction resulting in increased
systemic exposure of MBO in the presence of spinosad is
unknown. However, the PK data indicate differences in
absorption (Cpay and Tp.) with larger differences in total
exposure (AUC). Although only statistically significant in one of
the two studies, altered elimination half-life (¢;,,) of MBO in the
presence of spinosad may be a valid finding as exemplified by
further separation of MBO concentrations at later times when
in the presence of spinosad. These observations may indicate
the interaction is partially attributed to an elimination mech-
anism. In vivo experiments with wild type and MDR1-knockout
mice indicate both spinosad and MBO are substrates for the
transmembrane drug transporter P-glycoprotein (P-gp; data not
shown). It is possible that spinosad alters the absorption and/or
elimination of MBO via inhibition of P-gp efflux of MBO. In vivo
PK and in vitro experiments with spinosad and ivermectin
demonstrate a similar interaction and possible mechanism;
these findings suggest that spinosad functions as a P-gp
inhibitor resulting in higher systemic concentrations of iver-
mectin in the presence of spinosad (Dunn et al., 2011). Another
mechanism, as suggested by in vitro studies, could be due to
decreased rate of metabolism of MBO by cytochrome P450 in
the presence of spinosad (data not shown).

In conclusion, these PK studies indicate in the presence of
spinosad, greater systemic exposure of MBO was obtained as
compared to MBO administered alone. Target animal safety
studies, including in avermectin sensitive collies, conducted
with dose multiples of spinosad with E-MBO indicate that the
increased exposure of MBO does not have implications on
adverse clinical reactions (Sherman et al., 2010; NADA num-
bers 141-277 and 141-321). Effectiveness studies conducted
with a dose of 0.5 mg/kg E-MBO in combination tablets as
compared to C-MBO demonstrated noninterference with both
products achieving >99% effectiveness against the dose-limiting
nematode, Ancylostoma caninum, as calculated using geometric
means of nematodes from treated dogs compared with
untreated control dogs (NADA 141-321). Further research is
required to determine whether the higher levels of MBO in
conjunction with spinosad have any implications for improved
effectiveness as compared to C-MBO administered alone. These
PK studies also did not demonstrate any difference in the PK of
spinosad administered alone relative to spinosad co-adminis-
tered with MBO, regardless of the source of MBO. Finally, the
PK of the major factor of MBO is not significantly different
following administration of different formulations containing
MBO and hence considered comparable between E-MBO
(without spinosad) and C-MBO at therapeutic doses (0.5—
1.0 mg/kg).
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