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Monepantel
First draft prepared by
Lynn G. Friedlander, Rockville, USA
Joe Boison, Saskatoon, Canada
Rainer Reuss, Barton, ACT, Australia
and
Peter Cressey, Christchurch, New Zealand

Addendum to the monographs prepared by the 75" and 78" meetings of
the Committee and published in the FAO JECFA Monographs 12 and 15.

Identity
International Non-proprietary Names (INN): Monepantel

Synonyms: N-[2-(5-cyano-2-trifluormethyl-phenyloxy)-1-(S)-1-cyano-1-methyl-ethyl]-4-
trifluoromethylthio-benzoic amide, Zolvix

IUPAC Name: N-[(1S)-1-Cyano-2-(5-cyano-2-trifluoromethyl-phenoxy)-1-methyl-ethyl]-4-
trifluoromethylsulfanyl-benzamide

Chemical abstract Service No.: 887148-69-8

|
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Molecular formula: CaoH13FsN302S

Structural formula:

Molecular weight: 473.4

Other information on identity and properties

Pure active ingredient: AHC 2102225 , the active S-enantiomer of NG-96 (the racemic
mixture of S- and R-enantiomers)
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Appearance: White powder

Impurities: AHC-2155367 = N-[2-(5-cyano-2-trifluormethyl-phenyloxy)-1-(S)-1-cyano-1-
methylethyl]-4-chloro-benzoic amide, residual solvents etc, each specified at <0.5 %

Melting point: 125 °C (polymorphic form A); 142 -149 °C (polymorphic form B)
Solubility:  water: 0.1 mg/L at 20 °C

dichloromethane: 175 g/L

ethanol: 60.7 g/L

n-octanol: 7.3 g/L

propylene glycol: 6.9 g/L

polyethylene glycol: 156.1 g/L

Log Ko/w or Partition Coefficient: Octanol/water partition coefficient: log Pow = 3.0 (shake
flask method, pH 7, at 20 °C)

pH: 6.2-6.3 (suspension in water)
Optical rotation: [a] 580nm -32° (methanol)
UVmax: Note provided

Stability: Store at room temperature; protect from light

Background

Monepantel, an amino-acetonitrile derivative anthelminthic, was reviewed previously by the
Committee at its seventy-fifth meeting (FAO, 2011). The Committee established an ADI of
0-20 pg/kg bw, corresponding to an upper bound of acceptable intake of 1200 pug/day for a 60
kg person. Used as an oral drench to control gastrointestinal nematodes (roundworms) in
sheep, the Committee recommended MRLs, determined as monepantel sulphone, in sheep
tissue of 300 pg/kg in muscle, 700 pg/kg in kidney, 3000 pg/kg in liver and 5500 ug/kg in fat.
Because sufficient data were available to calculate median residue values, the EDI approach
was used. Using the model diet and marker to total residue ratio of 1 for muscle and 0.66 for
fat, liver and kidney, and after applying a correction factor of 0.94 to account for the mass
difference between monepantel sulphone (the marker residue) and monepantel, the EDI
calculated was 201 pg/person per day, which represents 17 % of the upper bound of the ADI.

At the Twentieth of the Codex Committee on Residue of Veterinary Drugs in Food (CCRVDF),
concerns were raised that the recommended MRLs were significantly lower than those already
established in some countries and could create trade problems (FAO/WHO, 2012). It also was
noted that the recommended MRLs were not consistent with the withdrawal times in some
countries. The CCRVDF discussed higher MRLs, recognising that it was within the purview
of the Codex Committee, as risk managers, to modify the MRLs recommended by JECFA.
Some Delegations did not consider advancing higher MRLs appropriate without an evaluation
of their safety by JECFA, in recognition of JECFA’s role as risk assessor for Codex. The
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CCRVDF agreed to request that JECFA evaluate the safety of the proposed higher MRLs in
light of the information provided by the Committee. Specifically, JECFA was asked to
consider if higher MRLs (Muscle, 700 ug/kg; Liver, 5000 ug/kg; Kidney, 2000 ug/kg; Fat,
7000 ug/kg) are compatible with the ADI and consistent with the JECFA process for the
derivation of MRLs.

Monepantel was subsequently reviewed by the Committee at its seventy-eight meeting (FAO,
2013), which confirmed the ADI of 0-20 pg/kg bw. The Committee recommended revised
MRLs in sheep tissue of 500 pg/kg in muscle, 1700 pg/kg in kidney, 7000 pg/kg in liver and
13000 pg/kg in fat. Again, using the model diet and marker to total residue ratio of 1 for muscle
and 0.66 for fat, liver and kidney, and after applying a correction factor of 0.94 to account for
the mass difference between monepantel sulphone (the marker residue) and monepantel, the
revised EDI calculated was 443 pg/person per day, which represents 37 % of the upper bound
of the ADI.

Monepantel was added to the priority list at the 23™ meeting of the CCRVDF (Houston, TX,
2016) with the request to recommend MRLs for cattle tissues.

Residues in food and their evaluation
Conditions of use

Monepantel is indicated for the treatment of roundworms in cattle. The product, formulated as
a solution containing 25 mg monepantel per mL, has recently been approved for use in cattle
in New Zealand and is marketed for use in sheep in many countries. For cattle, the EU has
established an ADI of 0.03 mg/kg bw. The EU recommended MRLs are 7000, 2000, 1000 and
300 pg/kg for fat, liver, kidney and muscle, respectively (EMA, 2016). The same MRLs have
been established in Australia. The assigned withdrawal period in New Zealand for cattle is
5 days. A milk discard time is assigned as part of the registration; however, a milk MRL is not
requested from the JECFA and no milk residue data are provided for evaluation.

Dosage

Monepantel is administered to cattle orally, as a drench, at a minimum dose rate of 2.5 mg/kg
bw and a maximum dose of 3.7 mg/kg bw. Up to three doses per season can be applied with a
minimum retreatment interval of 21 days.

Pharmacokinetics and metabolism

For the pharmacokinetic and metabolism studies, monepantel was radiolabelled at either “label
2” or “cyano” or “label 3” or “amide” (Figure 1).
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Figure 1. Positions of labelled [**C]-monepantel
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Pharmacokinetics in laboratory animals

The pharmacokinetics of monepantel in laboratory animals were evaluated at the 75" meeting
of the Committee (WHO, 2012).

Pharmacokinetics in Food-producing Animals
Cattle

A GLP-compliant ADME study was conducted with [**C]-monepantel (3.75 mg/kg bw) in a
placebo base (Vance, 2014). The test material was determined to have a radiopurity of more
than 99 % using two distinct chromatographic systems. Monepantel was administered orally
once to twelve male and female Aberdeen/Angus cross beef cattle (Table 1). The monepantel
was labelled at the amide carbon adjacent to the phenyl ring (“label 3” in Figure 1). Animal 11
was overdosed by 25 % due to complications with gavage dosing, and was slaughtered early at
day 3; no correction for overdosing is made below.

Table 1. Study Group Assignments

Study Group Animal Number Sacrifice Time Pount
1 11M’, 2F. 3F Study Day 3
2 4M., SM. 6F Study Day 7
3 M. 8F, 9F Study Day 14
4 10M_ 1M _12F Study Day 21

M =Male, F =Female

Animal 1M originally was assigned to Group 1 but was swapped with Animal 11 on Study Day 0 to become a
Group 4 animal due to mistaken dosing of Animal 11.

Blood, edible tissues, faeces, bile and urine were collected for up 21 days post-treatment. Three
animals were held in metabolism crates for the first 3 days.

Blood samples (ca. 20 mL) were collected from Animal 11M pre-dose and at the following
time points post dose: 4 h, 8 h, 12 h, 24 h, 36 h, 48 h and 72 h. Blood samples were collected
from Animals 10M and 12F pre-dose and at the following time points post dose: 4 h, 8 h, 12 h,
24,36 h,48h,72h, 96 h, 168 h, 240 h, 312 h, 408 h and 504 h. Blood samples were collected
from Animal 1M at the following time points post dose: 24 h, 36 h, 48 h, 72 h, 96 h, 168h, 240
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h, 312 h, 408 h and 504 h. Blood samples were collected within £ 10 min of the target time at
4 h, 8 h, 12 h and 24 h time point. The remaining blood samples were collected within + 30
min of the target time. All blood was sampled from the jugular vein. Immediately following
collection, the blood was transferred into 2 x 10 mL tubes containing lithium heparin as anti-
coagulant and the samples thoroughly mixed.

Systemic absorption was relatively high, with TRR reaching 216 pg equivalents/kg in blood
and 268 ng equivalents/kg plasma at 24 h after dosing (Table 2). Absolute bioavailability was
not determined. Initial elimination was rapid with a half-life of about 36 h, but this slowed
progressively at later times. Residues were still detectable at the final sampling time point at
ca. 5 pug equivalents/kg in blood and plasma.

Table 2. Mean TRR concentrations in blood and plasma (mg monepantel equiv/kg)

Time Point ( C oncen‘ir%lltion_ -
- Poc , mg monepantel equivikg
(Hours Post Dose) oo o
4 0.073 0.102
8 0.135 0.172
12 0.181 0.230
24 0.216 0.268
36 0.177 0.204
48 0.159 0.175
72 0.103 0.109
96 0.070 0.076
168 0.041 0.045
240 0.027 0.028
312 0.016 0.021
408 0.008 0.009
504 0.005 0.005

Bile TRR was highest at day 3 (~4500 ug/kg) but declined progressively to ~100 ng/kg at
day 21 (Figure 2).
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Figure 2. Mean TRR in Bile
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About 21 % of the dose was eliminated in the urine over 3 days. Mean total radioactive residues
in urine were similar at one and 2 days post dose (16-18 mg equiv/kg). Subsequently, residues
depleted to ca. 11 mg equiv/kg by 3 days post dose and to ca. 1 mg equiv/kg by 7 days post
dose. By 14 and 21 days post dose, concentrations had declined to ca 500 and 200 ug
equivalents/kg, respectively (Table 3).

Approximately 36 % of the dose was eliminated in the faeces. In faecal samples,
concentrations at one day post dose were approximately half those observed in the urine
(ca 9 mg equiv/kg). Concentrations subsequently doubled to ca 17 mg equiv/kg during the
following 24-hour period (2 days post dose). By 3 days post dose, concentrations had decreased
to similar levels observed at one day post dose (ca 7 mg equiv/kg), before depleting rapidly to
ca 600 pg equivalents/kg at 7 days post dose and <100 pg equivalents/kg by 21 days post dose.

Table 3. Mean TRR in Urine and Faeces*

Time Point Concentration (mg
(Days Post equiv/kg)
Dose) Urine Faeces

1 17.725 8.840

2 15.984 16.539

3 11.422 7.081

7 1.327 0.576

14 0.545 0.200

21 0.157 0.084

*Day 1-3 means of animals in metabolism cages; Day 7,
14, and 21 means are from animals at time of slaughter.
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Cage rinse was collected at the end of 3 days. Less than 2 % of the administered radioactivity
was recovered in the crate rinse.

About 60 % of the dose was recovered in excreta over 3 days, with the remaining material
distributed in the tissues (Table 4).

Table 4. Mean Recovery of Total Radioactivity in Urine, Faeces and Cage Rinse*

Time Point Total Radicactive Recovery
mmf:l;%f‘f}m) (% of Dose Administered)
' Unne Faeces Cage Rinse Total
24 9133 8373 Not Required 17 708
48 5.894 17.568 Not Requured 23 462
72 6316 10014 1.771 18101
Total 21.343 36.157 1.771 39.271

*Means of animals in metabolism cages only

In a second GLP compliant study, the pharmacokinetic profiles of monepantel and monepantel
sulphone in blood were investigated in beef cattle dosed three times 21 days apart at 3.75 mg/kg
bw monepantel as part of the pivotal cold residue depletion study (Adams and Le, 2014).

Twenty male and female Angus cross cattle, ca. 250 kg, were enrolled in the study and
allocated to 4 slaughter groups. Animals were maintained on pasture for the duration of the
study. Blood was collected from one group at regular intervals after each dose, starting at 4 h.
Samples were analysed using a validated LC-MS/MS method (Browning, 2014b, 2014c).
Animals were slaughtered at 4, 7, 10 and 13 days following the third (final) dose.

Monepantel sulphone (AHC-2144670) was the dominant residue in the blood. Concentrations
peaked at 24 h after each dosing and declined thereafter, with a terminal half-life of ca. 3 days.
Residues at were 4.09-7.22 ng/mL by day 13. Monepantel concentrations peaked at ca. 24 h
after the first and second dosing with the maximum concentration of monepantel occurring 12
h after the 3" dosing, and depleted rapidly. Monepantel residues were less than the LOQ (0.25
ng/mL) at day 13 (Tables 5-7; Figures 3 and 4).

The blood profiles of the animals were compared and no accumulation of monepantel and
monepantel sulphone in blood was evident following repeated administration of the test item.
Overall, the blood profile (measuring individual metabolites) was similar to that observed in
the beef ADME study where only TRRs were measured.
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Figure 3. Mean blood concentrations of monepantel following oral administration of
monepantel three times 21 days apart to beef cattle
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Figure 4. Mean blood concentrations of monepantel sulphone following oral administration of
monepantel three times 21 days apart to beef cattle

200.0

180.0

160.0 Il\
140.0

- _

= N

g 120.0

S 100.0 L ——T1
o —

< 800 ——T12
o

o

o

60.0 i\ )\T T
40.0 \\
20.0 \f\
0.0 &
000 200 400 600 800 10.00 12.00  14.00

Time after treatment (d)




13 out of 46

Sheep

The pharmacokinetic behaviour of monepantel and monepantel sulphone in the blood and
plasma of sheep was evaluated at the 75" meeting of the Committee (FAO, 2011; WHO, 2012).

Metabolism in Laboratory Animals
Rats

The ADME of monepantel was evaluated by the 75" meeting of the Committee (FAO, 2011;
WHO, 2012). Metabolism of monepantel proceeds by rapid oxidation of the sulphur to the
sulphone with slower hydroxylation of the phenoxyl ring. The resulting metabolites are
nonpolar. There are multiple cleavages of the amino-acetonitrile bridge to polar metabolites.
Elimination is via the urine and faeces of the sulphation or glucuronidation of these metabolites.
A minor metabolite, AHC-2197876, is found in fat and, to a lesser extent, muscle. The
metabolic pathways in the rat are summarized in (Figure 2 in WHO, 2012).

Table 8. Metabolite nomenclature

Metabolite  Code Description/other names  Structure
Monepantel AHC- Parent

N
Il
2102225
S F
' g
0/7<N
i AR
M1 Sulfoxide of parent
M2 AHC- Sulphone .
2144670  Monepantel sulphone i
M3 Hydroxylated M2
F24 i ¢
M6 Glucuronide of M3
\\//o
i |:
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Metabolism in Food Producing Animals

Cattle

Samples of edible tissues, blood, bile and excreta from the GLP compliant ADME study
(Vance, 2014) were investigated for extractability of residues, and metabolite profiles. Due to
low TRR, kidney at day 21 and muscle at days 7 to 21 were not investigated (Table 9).

Radioactivity was extracted readily from fat, kidney and muscle, with simple solvent
extraction. Less than 5 % of TRR was unextractable.

Liver residues proved more difficult to extract, especially with increasing time after dose
administration. Unextracted residues increased from 37 % on Day 3 to 75 % on Day 14.
Simple solvent extraction could remove about half of the TRR at day 3 and this dropped to ca.
13 % on day 21. Further extractions with more polar solvents, water and ammonia did not
improve extraction significantly. Extracted day 21 TRR was too low to proceed with
metabolite profiling.



Table 9. Metabolites in edible tissues of cattle

15 out of 46

%TRR (mg/kg)
Tissue Peak Day 3 Day 7 Day 14 Day 21
Parent 0.5 (0.012) ND ND B
ATIC 2144670 36.5 (0.855) 4.5(0.074) 6.4 (0.042) B
Liver Unknowns . 1.1(0.018)
(by decreasing 13.7 (0.320) 2.1(0.034) 1.8(0.011)
polarity) 5.8 (0.136) 1.1(0.018) 0.7 (0.005) -
0.6 (0.004)
Parent 5.2 (0.068) 7.5 (0.040) ND B
AHC 2144670 67.9 (0.888) 65.8 (0.350) 94.9(0.214) B
Kidney Unknowns 4.8 (0.063) ND
(by decreasing 11.6(0.152) 12.0(0.064) -
polarity) 7.2(0.094)
Parent ND -
Muscle AHC 2144670 76.3(0.152) -
Unknown 10.4 (0.021) - - B
Parent 9.5 (0.627) 4.8(0.115) 10.0 (0.089) ND
Fat AHC 2144670 882 (5.834) 73.5 (1.762) 82.0 (0.730) 77.7 (0.252)
ATIC 2197876 0.8 (0.051) 1.4 (0.033) 5.8 (0.051) 9.3 (0.030)
ND = Not Detected - = Not Analyzed

The major component present in all tissues cochromatographed with AHC 2144670,
monepantel sulphone. The parent molecule, monepantel, was a minor constituent, present only
at the early timepoints in fat, liver and kidney, and was not detected in the muscle. Minor
unknown components of high polarity were detected in the liver (n=3), kidney (n =3) and
muscle (n=1).

In liver, two minor polar metabolites (referred to as L1 and L2, Figures 5 and 6) were observed
High resolution MS (accurate mass determination and
fragmentation patterns via MS/MS and MS3) and radio-HPLC detection were used to identify
metabolite L1 as the cleaved metabolite M9 and metabolite L2 as a further cleaved M11 (Table

at days 3-14 (Strathdee, 2016).

8 above).

Figure 6. Postulated structure of Metabolite L1
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Figure 6. Postulated structure of Metabolite L2
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Kidney profiles were similar to those in liver, including the presence of small amounts of L1
and L2. A third polar metabolite was observed only at day 3 and it was <5 % of TRR.

A component, detected only in the fat, cochromatographed with AHC 2197876 and was
determined to be a cyclised metabolite (Figure 7).

Figure 7. Postulated structure of cyclised metabolite in fat
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The small amount of TRR in muscle limited profiling to the Day 3 samples. Only a trace of
L1 was detected.

The major metabolite in blood was monepantel sulphone, AHC 2144670. There was a small
amount of parent monepantel and several minor metabolites (Table 10).
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Table 10. Metabolic profile in Day 3 cattle blood

Metabolite Tffﬁfgﬁ) %TRR | mglke
Combined and Concentrated

- 6.63 39 0.004

- 7.88 29 0.003

- 10.63 10.3 0.011

- 13.13 2.6 0.003

AHC 2144670 24 .88 13.7 0.014
Monepantel 25.63 1.8 0.002
Total characterised/ Identified 35.2 0.037

The metabolic profile in bile was complex (Table 11). Non-polar metabolites were readily
identified by co-chromatography with authentic standards. In addition to parent monepantel,
there was a trace of monepantel sulphone, which was confirmed by LC-MS/MS, as part of the
analytical method validation used to establish the MR/TRR ratio (Browning, 2014a).
Additionally, there was a large peak of intermediate polarity, a large polar peak with retention
time corresponding to L1 and a cluster of more polar peaks.
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Table 11. Metabolic profile in Day 3 cattle bile

Component Retentiqn Q'hTFR
Time (min) (%)
0.63 0.7
1.88 0.6
3.63 22
5.63 264
9.88 18.1
10.88 2.1
Unknowns S L6
13.38 0.6
14.13 0.6
14.88 1.3
15.88 29.8
17.38 7.8
20.38 0.6
22.88 0.5
AHC 2144670 24.38 43
Monepantel 26.88 0.6
32.13 0.3
Unknowns
33.88 1.0
Total Characterised by HPLC 99.1
Total Extracted 99.3
Unextracted 0.7
Total 100

In urine, there was one polar metabolite and four minor polar peaks (Table 12). No parent
monepantel, monepantel sulphone (AHC-2144670) or hydroxylated monepantel sulphone was
detected.
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Table 12. Metabolic profile in Day 2 cattle urine

Component TR&teutign v T,RR
1me (min) (%)
8.45 8.5
10.63 9.7
Unknowns 11.72 5.5
13.25 66.3
17.77 6.6
Total Characterised by HPLC 96.6
Total Extracted 96.7
Unextracted 3.3
Total 100

Faecal residues were easily extracted with simple solvent extraction (>80 %) (Table 13).

Table 13. Metabolites in Faeces

%TRR in Faeces
Extract/Peak Day 1 Day 2 Day 3 Day 7 Day 14
Parent 43.9 25.9 16.3 3.8 ND
AHC 2144670 10.4 9.4 7.0 28.6 28.5
Unknowns 37.5 53.1 55.6 41.8 36.9

ND = Not Detected

Sheep

The metabolism of monepantel in tissues of sheep was evaluated at the 75 meeting of the
Committee (FAO, 2011).

Comparative metabolism

A non-GLP in vitro metabolism study was conducted to investigate the metabolism of
monepantel in intact rat, cattle and sheep hepatocytes (Anderson et.al., 2016). Both *C-
labeled analogues of monepantel (Figure 1) were used in the study. The activity of hepatocytes
was evaluated using verapamil. The activity of rat and bovine hepatocytes was consistent with
historical controls. Sheep hepatocytes were about 30 % less active than hepatocytes from cattle
and rats but there were no historical data for comparison.

Following MeOH quenching at 0, 1, 2, and 4 h, incubations were profiled by HPLC with radio-
detection. Metabolites in these extracts were identified by LC/MS techniques. The protein
pellet was extracted further with various solvents to determine the extent of covalent binding.

Covalent binding was minimal, but occurred in all three species and for both label types.
Binding was highest in bovine hepatocytes and lowest in ovine hepatocytes (bovine > rat >
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sheep). The lower binding in sheep hepatocytes was attributed to the lower metabolic turnover.
The radioactivity recovered in the methanol extracts further indirectly supports the conclusion
of minimal binding for monepantel and its metabolites, with between 96 to 105b% recovered
atl1,2,and 4 h.

Metabolism was greatest with rat hepatocytes. Less than 1 % monepantel remained after 2 h
incubation. With bovine and sheep hepatocytes, 13 % and 66 % of monepantel remained after
4 h.

In incubations of rat hepatocytes, the predominant metabolites were M2 and M6. M2 peaked
at 1 hour, accounting for 45 % of the extracted radioactivity. M6 peaked at 2 h, accounting for
49-52 % of the extracted radioactivity. In incubations of bovine hepatocytes, the major
metabolites were M1, M2 and M10, accounting for 16 %, 27 % and 16 % respectively of
extracted radioactivity, in the 4 hour sample. In incubations of sheep hepatocytes, the major
metabolites were M1, M2 and M10, accounting for 10 %, 4 %, and 9 % respectively of
extracted radioactivity, in the 4 hour sample.

Three new metabolites were observed in the in vitro study (Table 14). In rat hepatocytes, a
new metabolite (M16) was observed at <2 % of applied radioactivity. In bovine hepatocytes,
two new minor metabolites (M17 and M18) were observed at <5 % or less of applied
radioactivity. Fewer metabolites were observed in incubations with sheep hepatocytes and
these were limited to the sulphur oxidation products and only one cleavage product. No new
metabolites were observed.

Table 14. New metabolites identified in the in vitro hepatocyte study

Metabolite  Description/other names Structure*
M16 Glucuronide of hydroxylated M1 w
0
|
A S.__F
Gluc-O. [ 7 H ~ |
NG Nk A FF
T o X
4 o}
F/N N M16
M17 Trifluoromethylsulfinylbenzoic %
acid N S\}I/’F
HO s A | Fr

M18 Valine conjugate of M11 0\\3/,0

* indicates position of *C label
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Incubations with bovine hepatocytes metabolized monepantel in a similar manner to
incubations with rat hepatocytes (Figures 8-10). Although two new metabolites were observed
for cattle but not for rats, these were at very low concentrations. Additionally, because the
valine conjugate (M18) potentially can be hydrolysed back to M11 by stomach juice and the
M1 cleavage product (M17) could be oxidized to M11, these are likely of no toxicological
significance (Anderson et.al., 2016).

In addition to the reported metabolites, five chemical adducts (Al to A5) also were observed
in this study (Table 15). Adducts observed in the 0-hour samples were the result of addition at
the aromatic or aliphatic cyano moieties of monepantel. Adducts observed in the incubated
samples were the result of addition at the cyano moiety of either M2 or M6. Adducts were
observed only for the predominant peaks in the metabolic profiles. Because these adducts did
not appear to grow over the time course of the incubations, they were determined to be chemical
artefacts formed during the workup procedure (Anderson et.al., 2016).

Table 15. Water and MeOH adducts identified in the in vitro hepatocyte study

Proposed Metabolite
ea M-HJ dentification Structure - a ovine ee
Peak ! M-H Identificati Struct 2 Rat  Bovi Sheep
All 524 M2 + H,O to form amide O NHz o X X MS
on aromatic cyano group A o~ _F
[/]\ Hi/[ F ¥
D/“ S
7
FF £ N Al
A2l 538 M2 + MeOH to form H X X X
N-methylamide on CRS//O r
aliphatic cyano group ( o E/ ]’ b
o ™ ijl/, S FF
F- IF N \\ o a2
+MeOH
A3 LS 492 P + H,O to form amide on O, NH; X X X
aromatic cyano group Lo o S F
[ /]\ _~ H - \J FE
T oT
Proposed Metabolite
Peak ! [M-H] Identification Structure * Rat Bovine Sheep
Aq! 730 M6 + MeOH to form i X
N-methylamide on J\ 0\\3/,0 r
aliphatic cyano group Gluc-O. ] H o
i /J\ N FF
Lo
Fe v, O e
F F -
+MeOH
A5 13 506 P + MeOH to form X X X
N-methylamide on s F
aliphatic cyano grou d g
p yano group . ’Hj“( J;T X
9 a5
+ MeOH

“X” indicates the metabolite was quantified in the radioprofile of at least one sample. “MS” indicates the metabolite
was not quantified in a radioprofile but was detected by mass spectrometry, hence present only at low
concentrations.
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1 Metabolites were labelled following the nomenclature from the in vivo rat metabolism study, RCC study
number A89493 (Gassen 2007 in WHO, 2012), where metabolites M1 through M15 were previously reported.
Metabolites M16 through M18 and chemical adducts Al through A5 were observed for the first time in this
study.

2 The asterisk denotes the site of the *4C label position 3 and indicates that the monitored M-H anion included
the “C isotope. Due to lower specific activity, for compounds with radiolabel position 2, the 12C isotope was
used.

3 Metabolites M1, M2, M5, M9, and M11 were previously reported in the in vivo sheep metabolism study
(Jung et.al., 2007 in WHO, 2012).

4 The identity of metabolite M5 was previously matched to standard AHC2166637 (Gassen, 2007, and Jung
et.al., 2007, in WHO, 2012).

> Chemical adducts A3 and A5 were observed in the O-hour rat, bovine, and/or sheep hepatocyte samples.

Figure 8. Metabolic Pathways and Metabolites of Monepantel in Rat (R), Bovine (B) and
Sheep (S) hepatocytes
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Figure 9. Proposed metabolic scheme for radiolabelled monepantel in rat hepatocytes
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Figure 10. Proposed metabolic scheme for radiolabelled monepantel in cattle hepatocytes
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The results of the in vitro study (Anderson et.al., 2016) are consistent with those in the in vivo
study (Vance, 2014). The observed metabolites have previously been detected in in vivo
studies in rat, and sheep (FAO, 2011; WHO, 2012; Table 8, above, and Table 16).

Table 16. Comparative metabolism in rats and sheep from WHO, 2012

Tissue Rats (% activity in matrix) Sheep (% activity in matrix)
Blood Parent (23%), AHC 2144670 (45%) AHC 2144670 (100%)
Muscle Parent (24%), AHC 2144670 (62%) Parent (5.2%), AHC 2144670 (93%),
Mul (2%)
Liver Parent (19%), AHC 2144670 (41%), Parent (1.1%), AHC 2144670 (92%),
M3 (14%), M9 (6.8%), L21 (4.2%), M3 (4.5%), L21 (1.4%)
M6 (1.1%)
Fat Parent (44%), AHC 2144670 (54%) Parent (14%), AHC 2144670 (77%),
Fal (7.4%)
Kidney Parent (20%), AHC 2144670 (48%), Parent (5.8%), AHC 2144670 (73%),
K3 (2%) K3 (22%)

Bovine liver residues are less extractable than sheep or rat liver residues. Bound residues are
found in all three species. The higher bound residues in cattle liver are consistent with the
shorter terminal half-life of monepantel sulphone in the blood of cattle, ca. 3 days following 3
oral doses of monepantel, compared to the terminal half-life of monepantel sulphone in the
blood of sheep, nearly 6 days following a single IV dose of monepantel or more than 4 days
following a single 1V dose of monepantel sulphone (Karadzovska et.al., 2008).

The in vivo metabolism study demonstrated that the cleavage pathway is more prominent in
cattle than in other species. The hydrolysis of the amide bond of intact monepantel metabolites
forms free amines and carboxylic acids, both of which are candidates for peptide bond
formation with free carboxylic acid and free amine groups of endogenous proteins. Indeed, a
valine conjugate of M11 was observed demonstrating conjugation to available amino acids,
and a glycine conjugate (M10) of trifluoromethylthiobenzoic acid was an in-vitro bovine
metabolite.
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Tissue residue depletion studies
Radiolabelled residue depletion studies
Cattle

Selected samples of edible tissues from the GLP compliant ADME study (Vance, 2014)
were investigated for TRR. Monepantel was labelled at the amide carbon adjacent to the phenyl
ring (“label 3” in Figure 1). TRRs were determined after a single oral dose at 3.75 mg/kg using
combustion and liquid scintillation counting (LSC). Residue data were subjected to log-linear
regression analyses (Strehlau, 2014), and log-linearity was observed for fat, kidney and muscle,
but not for liver. The calculated half-lives of TRR were 4-5 days for fat, kidney and muscle
but about 10 days for liver, consistent with presence of bound residues. Of the edible tissues,
kidney samples at day 21 and muscle samples at days 7 to 21 were not investigated due to low
TRR.

Figure 11. Depletion profiles of radiolabelled residues in cattle tissues
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Edible tissue TRRs are summarized in Table 17-20 and Figure 11. The order of residues in
tissues is fat > liver > kidney > muscle, indicative of lipophilic substances, and is the same as
seen for sheep. Total residues were more persistent in cattle liver than in the other tissues and
more than in sheep liver (FAO, 2011).
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Table 17. TRR (ug equiv/kg; mean £SD) in edible tissue of beef cattle

Day Fat Liver Kidney Muscle
3 737311164 2677+256 1315+328 201126
7 26361466 1587+136 531+86 80+39
14 1019+107 843142 246125 28+10
21 362+182 725177 111451 1144

Table 18. TRR as % of administered dose

Euthanasia Total Radioactive Recovery
Group o (% of Dose Administered)
Days Post Dose : :
- Liver Kidney
1 3 0.982 0.075
2 7 0.613 0.037
3 14 0.321 0.017
4 21 0.281 0.007
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Table 19. Metabolites as % TRR

%TRR (mg/kg)
Tissue Peak Day 3 Day 7 Day 14 Day 21
Parent 0.5(0.012) ND ND -
AHC 2144670 36.5 (0.855) 4.5(0.074) 6.4 (0.042) -
[iver Unknowns 1.1(0.018)
(by decreasing 13.7(0.320) 2.1(0.034) 1.8 (0.011)
polarity) 5.8(0.136) 1.1(0.018) 0.7 (0.005) )
0.6 (0.004)
Parent 5.2(0.068) 7.5 (0.040) ND -
AHC 2144670 67.9 (0.888) 65.8 (0.350) 94.9(0.214) -
Kidney Unknowns 4.8 (0.063) ND
(by decreasing 11.6(0.152) 12.0(0.064) -
polarity) 7.2 (0.094)
Parent ND - - -
Muscle AHC 2144670 76.3(0.152) - - -
Unknown 10.4 (0.021) - - -
Parent 9.5(0.627) 4.8(0.115) 10.0 (0.089) ND
Fat AHC 2144670 88.2(5.834) 73.5(1.762) 82.0(0.730) 77.7(0.252)
AHC 2197876 0.8 (0.051) 1.4(0.033) 5.8 (0.051) 9.3 (0.030)

ND = Not Detected - = Not Analyzed
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As the major residue is monepantel sulphone (AHC-2144670), it is the marker residue
identified for monepantel in cattle tissues. It also is the marker identified previously for sheep
tissues (FAQ; 2011).

Concentrations of the monepantel sulphone were determined as part of the method validation
study (Browning 2014a) and used to determine the MR to TRR ratio cattle tissues (Table 21).

Table 21. MR to TRR ratios

Day Fat Liver Kidney Muscle

3 84 30 55 67
7 88 20 62

14 79 13

21 70 6

Lactating dairy cows
No radiolabelled residue data were provided for the use of monepantel in lactating dairy cattle.
Sheep

Radiolabelled residue data for the use of monepantel in sheep were evaluated by the 75"
meeting of the Committee (FAO, 2011).

Residue depletion studies with unlabelled drug
Cattle

Two GLP-compliant residue depletion studies were conducted in cattle using unlabelled
monepantel.

The first study (Adams and Le, 2014) was conducted using 20, 9-month old crossbred beef
cattle. Cattle were treated orally three times at a nominal dose of 3.75 mg monepantel/kg body
weight. Doses were administered 21 days apart. Animals were slaughtered 4, 7, 10 and 13
days after the final treatment. Samples of muscle, kidney, liver, renal fat and subcutaneous fat
were collected and analysed for monepantel sulphone.

The maximum monepantel sulphone residues were observed in the Day 4 samples: 4110, 4680,
1090, 478 and 231 pg/kg for subcutaneous fat, renal fat, liver, kidney and muscle, respectively.
At the final sampling time, maximum residues were 1720, 770,146, 61.8 and 22.8 pg/kg for
subcutaneous fat, renal fat, liver, kidney and muscle, respectively (Tables 22 - 24). While
initial residues in renal fat were highest, by the later sampling times residues were highest in
subcutaneous fat. The calculated half-life estimates for muscle, kidney, liver, renal and
subcutaneous fat were 2.8, 2.7, 2.7, 2.9 and 5.1 days, respectively.
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Table 22. Residues of monepantel sulphone in subcutaneous and renal fats of cattle treated
three times, 21 days apart, with a nominal dose of 3.75 mg monepantel/kg body weight

Subcutaneous fat(pg/kg)

Renal fat(pug/kg)

Day post .
Group 3:(3!3 Animal Uncorrected Recovery Uncorrected Recovery
no. corrected corrected
treatment

250 3480 3497 4600 4623
237 4110 4131 4630 4653

1 4 238 3660 3678 4680 4704
228 2690 2704 3920 3940
246 3030 3045 4270 4291
240 2020 2030 1820 1829
247 2730 2744 2940 2955

2 7 232 2850 2864 3090 3106
241 2080 2090 2440 2452
249 2140 2151 2410 2422
233 1270 1276 1130 1136
231 1340 1347 958 963

3 10 236 1120 1126 1460 1467
227 977 982 970 975
230 1320 1327 1140 1146
245 527 530 346 348
239 859 863 352 354
243 1460 1467 759 763
243 1430 1428 not reanalyzed | not reanalyzed
243 1310 1308 not reanalyzed | not reanalyzed

4 13 242 1220 1226 770 774
242 1420 1418 not reanalyzed | not reanalyzed
242 1550 1547 not reanalyzed | not reanalyzed
229 1720 1729 538 541
229 1610 1607 not reanalyzed | not reanalyzed
229 1720 1717 not reanalyzed | not reanalyzed

Underlined italic values are results of repeated analysis




Table 23. Residues of monepantel sulphone in liver, kidney, and muscle of cattle treated three times, 21 days apart, with a nominal
dose of 3.75 mg monepantel/kg body weight

32 out of 46

Liver(ug/kg) Kidney(ug/kg) Muscle(ng/kg)
Da .
Group «Wmamﬂ Animal Uncorrected Recovery Uncorrected Recovery Uncorrected Recovery
treatment no. corrected corrected corrected
250 1070 1119 439 468 96.3 96.8
237 1010 1056 478 510 93.8 94.3
1 4 238 1090 1140 386 412 113 114
228 870 910 358 382 231 232
246 978 1023 380 405 156 157
240 416 435 193 206 386 388
247 666 696 337 359 828 833
2 T 232 764 799 310 330 927 932
241 477 499 237 253 425 427
249 462 483 237 253 85.3 85.8
233 255 267 132 141 66.3 66.7
231 218 228 100 107 299 30.1
3 10 236 222 232 150 160 430 432
227 284 297 94.3 101 20.2 20.3
230 226 236 852 908 46 4 4167
245 64 4 67.3 279 297 13.0 131
239 877 917 340 362 1.0 111
4 13 243 889 930 357 381 799 8.03
242 146 153 6138 659 228 229
229 127 133 556 593 157 158




33 out of 46

6E L9FI Se'Cr9 c991g LE29g £Z'L6 9Z'8rF CCor el £eed gL. 9l
6F /€91 ¥a'6EL LLEVS I¥EEE raclLL €529 9/°8S 09°.¢ £18c L6 gl
P =:] SO'Lyve g9'Loe LLVEY yrayi4" 6608 6Z¥.L CLGE L¥GE €Ll rl
Z1 0502 90046 | €0°1L00L BEBES G 181 £6 70l A o Lear l6'EY 66Tl €l
8/ ¢0ce E60LLL | BBESEL (6629 CE6EE 6 GEL GC6BLL 6165 BE G 916l zl
£6'G65C 9z ¢lZl | 08°¢€.LGI rrél8 gg90¢e LL9sL BEESL 9e'2] €289 6Fve Ll
9 GERT LO°ZS¥L | 8271861 15°60LL GL'ERE clL'gge S0'Ghl 807001 02'Ga LE°LE al
6L 9rce 099991 | 0Z80sC 9L’ LIvl 9¢ L0S 15668 6052 6V 6Ll 4801 coov 6
| 8°2E8E l60L6L | £6'6BLE LL¥6LL 91159 L6Z8E B9 ¥eE ¥S /91 00'6EL SLLG 8
ZECLVP cyragle | €49/0v LGZ8EC 9Z'658 9096 SV ecv 11912 8L'6ll 8E°Go L
LI ELLG CC 9052 | 0C'eees 6EC06Z | LLLLLL 9929 9 255 9r 082 clgee FASE 9
GE GRS Z1°048E | 18EVIO 06°L69E | ¥B'CoFL FLorA: 86'Gel 18°Z3¢C ZE¥0E 23901 g
99°9¥69 16982 | 00FLiR8 9ece9v | 8L /261 098101 €956 6V 69F l6°66E raocl %
9/ ¢cEle 0E¥34E | £182L1 GG LIGS | RLOPSE Fe /6EL | E5E9ZL 109 8/ '1és co vl £
L0 ¥PS6 CEOLEY | £'9F9FL COPeG. | JTPCEC 12018l | 6REIIL £6'G3/ 157369 a0'eee Z
0ZLELL B6'9CRYF | ¥ 0C06L v3'8G96 | QL ECiF¥ EZCPET | ¥S8lEC 29101 8/ °9¢R ¥l cag L
9'66LEL £6'C€595 | ZESIVE L #3221 | 9£7993C 1Z8C0E | GV SPEE L9GLEL | #LLEZL I ¥oE 0
anpisal anpisal anpisal anpisal anpisal
VG656 paldipalg Y056/ %56 paldipald 1056/ %56 paldIpald Y G6M%56 pa1dpald Y5656 paldipald
6y)brl G3)Br G3)Br 636 630
1B} SNoaueINIgnsg 18] [euay J9AIT Aaupny ajasny Aeg

:SHWI| 92URIB|0) % GB/% G6 Buipuodsaliod Yum ‘A1aA09a1 10 paldaliodun ‘sanpisal parolpaid ues|y g ajqel




The second study (Le, 2015) was conducted using 20, 9-month old crossbred beef cattle. Cattle
were treated orally three times at a nominal dose of 3.75 mg monepantel/kg body weight and
again doses were administered 21 days apart. Animals were slaughtered 21, 42, 56 and 85 days
after the final treatment. Samples of muscle, kidney, liver, renal fat and subcutaneous fat were
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collected and analysed for monepantel sulphone residues.

The maximum monepantel sulphone residues were observed in the Day 21 samples: 1010, 583,
143, 63.4 and 14.5 pg/kg for subcutaneous fat, renal fat, liver, kidney and muscle, respectively.
At the final sampling time, all residues were below the method limit of quantification
(LOQ=5 pg/kg) (Table 25).

Table 25. Residues of monepantel sulphone in tissues of cattle treated three times, 21 days

apart, with a nominal dose of 3.75 mg monepantel/kg body weight.

Day post third treatment Ar::;nal Liver Kidney Muscle Subcutaneous fat Renal fat

301 98.6 40.2 10.8 604 409
302 78.1 32.7 7.01 340 398

21 304 143 63.4 14.5 1010 583
323 54.8 27.5 6.90 375 348
324 68.0 28.3 10.7 457 344
305 6.58 <LOQ (4.02, 3.94%) | <LOQ (1.58) 29.7 174
307 6.68 <LOQ (3.71, 3.62") | <LOQ (1.76) 28.0 22.7

42 308 6.14 <LOQ (3.62, 3.06%) | <LOQ (1.75) 22.9 29.1
313 <LOQ (4.37) | <LOQ (2.94, 2.83") | <LOQ (1.50) 15.9 16.2
316 <LOQ (1.84) | <LOQ (1.64, 1.47*) | <LOQ (1.21) 9.08 6.28
310 5.01 <LOQ (2.94) <LOQ (2.20) 23.8 18.0
312 <LOQ (2.60) <LOQ (1.86) <L0OQ (1.32) 8.1 7.83

56 315 <LOQ (1.08) <LOQ (1.64) <LOQ (1.01) <LOQ (4.36) <LOQ (4.53)
319 <LOQ (0.705) <L0OQ (1.09) <LOQ (1.04) <LOQ (2.01) <L0Q (2.14)
322 <LOQ (2.81) <LOQ (1.17) <LOQ (1.10) <LOQ (4.07) <LOQ (3.49)
306 <LOQ (0.555) <LOQ (0.669) <LOQ (0.696)
309 <LOQ (0.492) Not <LOQ (0.901) <LOQ (0.599)

85 314 <LOQ (0.623) Not analyzed analyzed <LOQ (0.778) <LOQ (1.28)
317 <LOQ (0.531) <LOQ (0.715) <LOQ (0.553)
321 <LOQ (0.929) <LOQ (0.950) <LOQ (0.556)

*reanalyzed for confirmation

The incurred residues at the first sampling time in the second study (21 days post-last dose, Le,
2015) were generally consistent with the incurred residues at the last sampling time in the first
study (13 days post-last dose, Adams and Le, 2014) and continued the depletion trend (Table

26).
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Table 26. Comparison of the incurred residues at the final sampling time of the first study
(Adams and Le, 2014) with those at the first sampling time of the second study (Le, 2015).

Kidney  Liver Perirenal fat Subcutaneous Fat Muscle
Day 13 43.00 102.80 553.00 1157.20 14.10
(Adams and Le, 2014)
Day 21 38.42 88.50 416.40 557.20 9.98
(Le, 2015)

Lactating dairy cows
No unlabelled residue data were provided for the use of monepantel in lactating dairy cattle.
Sheep

The depletion of unlabelled monepantel in tissues of sheep was evaluated at the 75" meeting
of the Committee (FAO, 2011)

Methods of analysis for residues in tissues

An analytical procedure, validated under GLP conditions (Browning, 2014a), with a LOQ of
5 ng/kg and demonstrated to be suitable for routine analysis of monepantel in bovine tissue
matrices, was available that met the requirements of the validation criteria established by the
CCRVDF, as contained in CAC/GL 71-2009.

Briefly, the validated method for the extraction and analysis of monepantel residues in bovine
tissue matrices is as follows: The ground tissue sample (0.5 g) is extracted with ACN (5 mL),
either by mechanical homogenization for 2 min (for non-fat tissues) or by mechanical shaking
for 10 min followed by ultra-sonication for 10 min (for fat). The mixture is centrifuged briefly,
and the supernatant is diluted to 50 mL with ACN/MeOH/water. For samples with residues
above 750 ug/kg, a further dilution is conducted (1:40 in the same solvent). Once diluted, the
extract is injected onto the LC-MS/MS, which is calibrated with injections of varying
concentrations of pure standards (0.05 to 7.5 ng/mL, equivalent to 5 to 750 pg/kg, for extracts
not requiring further dilution).

Reversed-phase HPLC was conducted using a Waters Atlantis® T3 (3 um, 2.1 X 50 mm; part
number 186003717) column with a Waters Atlantis® T3 (3 pm, 2.1x10 mm; part number
186003756) guard column. The mobile phase A: 20 MM ammonium bicarbonate in water with
5 % acetonitrile, mobile phase B: acetonitrile/methanol (50/50, v/v), flow rate 0.3 mL with
gradient elution were used to chromatographically separate monepantel sulphone from any
other extracted components with detection by tandem MS with electrospray ionization in the
negative mode. Monepantel sulphone was quantified with the transition ion (m/z 503.8 >
186) and its identity confirmed with the two qualifying transitions at m/z 504 — 166 and m/z
504 — 146 at the appropriate chromatographic retention time. Quantification in unknown
samples was done by comparing the analyte area responses to those of the calibration curve
generated by linear regression with 1/x weighting (origin excluded).
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Selectivity

Control tissues from 20 different sources for each tissue type were analysed for interference by
co-extractives and compared to the lowest STD. Mean interferences at the retention time were
less than 20 % of the lowest standard at 5pg/kg.

Solutions of fenbendazole, thiabendazole, triclabendazole, triclabendazole sulphone,
triclabendazole sulfoxide, levamisole, fluazuron, ivermectin, abamectin, doramectin,
moxidectin, amoxicillin, oxytetracycline, ceftiofur, florfenicol, cypermethrin and monepantel
each at a concentration equivalent to approximately 1000 ug/kg were injected and analysed for
a response at the retention time and transition of the marker residue. Minor interference of 22
% of the lowest standard at 5ug/kg was observed for levamisole when it was injected as a
single, neat solution at a 200-fold higher concentration of the target analyte.

Matrix samples containing the selected veterinary drugs including monepantel each at a
concentration of 1000 pg/kg were extracted and fortified thereafter with monepantel sulphone
at 350ug/kg. The responses from these samples were compared to matrix-matched and matrix-
fortified extracts at the same concentrations. The detector response for monepantel sulphone
did not show any suppression or enhancement in presence of the other drugs.

These experiments confirmed that the method was selective and that the method will accurately
detect negative control samples as negative and that the presence of other drugs such as
fenbendazole, thiabendazole, triclabendazole, triclabendazole sulphone, triclabendazole
sulfoxide, levamisole, fluazuron, ivermectin, abamectin, doramectin, moxidectin, amoxicillin,
oxytetracycline, ceftiofur, florfenicol, cypermethrin or their metabolites and the parent
compound, monepantel, used in food animal production will not interfere with the
quantification of monepantel sulphone. Other metabolites, as seen in the ADME cattle study
(Vance, 2014), are well separated from the analyte on reversed-phase HPLC and should not
interfere. The method, however, is not stereo-specific, so the other enantiomer of monepantel
sulphone also would be detected but, because it was determined in the sheep ADME study
(FAO, 2011) that this isomer is not formed, it is likely that this will also be true for cattle.

Recovery

The total recovery was obtained by comparison of the analytical response of blank matrix
spiked with the analyte and extracted compared to the response of a STD solution analysed
directly.

The extraction loss was obtained by comparison of the analytical response of a blank matrix
sample spiked with the analyte and extracted compared to the response of blank matrix of the
same origin first extracted and then spiked post-extraction with the analyte.

The matrix effect was obtained by comparison of the analytical response of blank matrix first
extracted and then spiked “post extraction” with the analyte compared to the response of a STD
solution analysed directly (Table 27).
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Table 27. Matrix effects and recovery of extraction from bovine tissue matrices taken from six
different matrix sources for each tissue type and fortified at the LOQ of the method at a
concentration of 5 pg/kg

Matrix Fat Liver Kidney Muscle
Qualitative Matrix Effect Suppression Suppression Suppression Enhancement
Mean Matrix Effect (%) -7.42 -3.56 -0.391 -5.27
Mean Extraction loss -1.64 -7.49 -3.28 -12.0
(%)
Mean Total Recovery 91.1 89.2 96.3 92.6
(%)
Accuracy

The accuracy data presented in Tables 28-31 for fat, liver, kidney and muscle tissues
respectively, demonstrated that the method was accurate and met the acceptance criteria for
accuracy: 60-120 % for concentrations > 1 pug/kg < 10 pg/kg; 70-110 % for concentrations
> 10 pg/kg < 100 pg/kg; and 80-110 % for concentrations > 100 pg/kg.

The precision data shown in Tables 28-31 for fat, liver, kidney and muscle tissues, respectively,
showed that the method met the acceptance criteria for intra-day variability (CV): intra-day CV
were all <25 % for all concentrations > 1 pg/kg < 10 pg/kg, <15 % for concentrations > 10
Ma/kg < 100 pg/kg, and < 10 % for concentrations > 100 pg/kg.

The inter-day variability CV were all < 32 % for concentrations > 1 pug/kg < 10 ug/kg, <23 %
for concentrations > 10 pg/kg < 100 pg/kg, and < 16 % for concentrations > 100 pg/kg.

Table 28. Accuracy & Precision Data for Fat

Fat Result  Accuracy Result  Accuracy  Result Accuracy
batch (ng/kg) (%) (ng/kg) (%) (ng/kg) (%)
QC (ng/kg) 5.00 350.0 750.0
Intra-day 1 mean 5.36 106 328 91.7 709 94.9
CV (%) 0.56 10.3 15.8 4.82 23.3 3.31
Intra-day 2 mean 4.72 934 348 97.2 744 99.5
CV (%) 0.27 5.70 19.4 5.45 35.3 4.69
Intra-day 3 mean 5.04 99.9 335 93.7 718 96.1
CV (%) 0.59 11.7 12.8 3.82 244 3.45
Inter-day mean  5.04 100 337 94.2 724 96.8
CV (%) 0.53 10.6 17.4 5.10 30.6 4.22

Table 29. Accuracy & Precision data for Liver

Liver Result Accuracy Result Accuracy Result Accuracy
batch (ngkg) (%) (ngkg) (%) (ng/kg) (%)
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QC (ng/kg) 5.00 350.0 750.0

Intra-day mean 5.25 104 292 95.7 707 94.7
CV (%) 0.26 5.01 12.4 451 24 3.47
Intra-day mean 4.53 89.8 356 99.7 752 101
CV (%) 0.23 4.96 7.2 2.11 26 3.36
Intra-day mean 4.83 95.5 339 94.8 689 92.3
CV (%) 0.58 12.0 8.2 2.33 17.7 2.57
Inter-day mean 4.87 96.4 346 96.7 716 95.9
CV (%) 0.48 9.78 12.9 3.74 34.5 4.83

Table 30. Accuracy & Precision Data for Kidney

Kidney Result Accuracy Result Accuracy  Result Accuracy
batch (ng’kg) (%) (ng’kg) (%) (ng/kg) (%)
QC (ng/kg) 5.00 350.0 750.0
Intra-day mean 5.33 106 356 100 745 100
CV (%) 0.31 5.93 10.4 3.00 21.9 2.95
Intra-day mean 4.80 95.0 351 98.3 720 96.4
CV (%) 0.17 3.44 6.9 2.04 8.2 1.15
Intra-day mean 5.36 106 331 92,5 701 93.8
CV (%) 0.14 2.70 8.0 2.37 16.6 2.37
Inter-day mean 4.89 102 347 96.9 722 96.7
CV (%) 1.04 6.59 14.2 4.17 24.4 3.40

Table 31. Accuracy & Precision Data for Muscle

Muscle Result Accuracy Result Accuracy  Result Accuracy
batch (ng/kg) (%) (ng/kg) (%) (ng/kg) (%)

QC (ng/kg) 5.00 350.0 750.0
Intra-day mean 4.65 92.0 342 95.5 731 97.9

CV (%) 0.44 9.41 3.8 1.07 15.8 2.20
Intra-day mean 4.71 93.3 348 97.4 699 93.6

CV (%) 0.24 5.23 16 4.52 154 2.19
Intra-day mean 4.49 88.9 295 82.4 644 86.2

CV (%) 0.399 8.91 17.6 6.02 16.7 2.58
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Inter-day mean 4.62 91.4 328 91.8 691 92.6
CV (%) 0.36 7.82 27.7 8.44 40 5.80
Stability

Monepantel sulphone was demonstrated to be stable when stored in the auto sampler chamber
at room temperature for 3 days and at approximately 15 °C for 4 days and in the cool room at
approximately 6 °C for 6 days.

To evaluate the stability in matrix extract, triplicate incurred samples of fat, liver, kidney and
muscle were homogenized with extraction solvent and analysed following storage of extracts
in capped polypropylene centrifuge tubes stored at approximately 6 °C for 2 weeks.

To evaluate stability, five subsamples of incurred residue samples for each tissue was analysed
within 1 week of receipt; other samples were stored for the evaluation of short term bench top
(4 h at room temperature prior to addition of solvent), over 3 freeze/thaw cycles and long-term
storage stability (up to 7.5 months continually frozen at approximately -10 to -22 °C).

Monepantel sulphone was demonstrated to be stable when stored under all the above-specified
conditions using incurred material in the studies (Table 32).

Table 32. Results of Stability Studies

Matrix Fat Liver Kidney Muscle
Batch Time point Residue (ug/kg)  Residue Residue (ug/kg) Residue
(Hg/kg) (Hg/kg)
Initial 608 222 80.7 22.7
Concentration Mean
(1 week) CV (%) 2.67 1.22 2.14 5.78
Reference value To Accuracy (%) 100 100 100 100
Extracts Mean 608 212 67.5 19.0
14 daysat~6°C CV (%) 1.24 0.817 2.96 8.97
**Accuracy (%) 106 99.5 98.8 91.8
4 h ambient Mean 594 208 70.3 22.0
prior to CV (%) 1.22 2.17 3.56 6.46
extraction *Accuracy (%)  97.7 93.7 87.2
96.8
Freeze/thaw 595 214 65.7 21.1
3 cycles Mean
CV (%) 1.85 0.540 2.04 1.42
*Accuracy (%)  97.9 96.4 81.5
93.0
**Accuracy (%) 104 100 96.2 102
Continually 575 213 68.3 20.7
frozen Mean
3 months CV (%) 3.95 3.39 2.93 3.70
*Accuracy (%) 945 96.1 84.7
91.0
Mean 589 212 66.7 21.0

CV (%) 1.79 1.25 6.32 5.24
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Continually *Accuracy (%)  96.8 95.7 82.7 925
frozen

4 months

Continually Mean 578 197 65.5 21.6
frozen CV% 2.77 2.33 14.6 4.99
7.5 months *Accuracy (%)  95.1 88.9 81.2 95.3

* Accuracy compared to initial analysis (To) ** Accuracy compared to the 3 month frozen cycle results

Appraisal

Monepantel was previously evaluated by the Committee for use in sheep. Monepantel for use
in cattle was included in the agenda for the current meeting of the Committee at the request of
the 23 Session of the CCRVDF. Monepantel is an anthelmintic of the amino-acetonitrile
derivative class indicated for the treatment of roundworms in cattle. The recommended dose
is 2.5 mg/kg bw and the maximum dose used is 3.7 mg/kg bw. Up to three doses per season
can be applied with a minimum retreatment interval of 21 days.

Two GLP-compliant ADME studies were evaluated. In the first study, cattle were treated orally
with [**C]-monepantel (3.75 mg/kg bw). Systemic absorption was relatively high, with TRR
reaching peak concentrations at 24 h after dosing. Initial elimination was rapid with a half-life
of about 36 h, but this slowed progressively at later times. Residues were still detectable at the
final sampling time point at ca. 5 pg equivalents/kg in blood and plasma. About 21 % of the
dose was eliminated in the urine over 3 days. Approximately 36 % of the dose was eliminated
in the faeces. About 60 % of the dose was recovered in excreta over 3 days, with the remaining
material distributed in the tissues.

In the second GLP compliant study, conducted as part of the pivotal cold residue depletion
study, the pharmacokinetic profiles of monepantel and monepantel sulphone in blood were
investigated in cattle orally dosed three times 21 days apart at 3.75 mg/kg bw monepantel. The
blood samples were analysed for monepantel and monepantel sulphone using a validated LC-
MS/MS method. Monepantel sulphone was the dominant residue in the blood. The blood
profiles of the animals were compared and no accumulation of monepantel and monepantel
sulphone in blood was evident. Additionally, the blood profile (measuring individual
metabolites) was similar to that observed in the cattle ADME study where only TRRs were
measured.

Edible tissues, blood, bile and excreta from the GLP-compliant radiolabelled ADME study in
cattle were investigated for extractability of residues, and metabolite profiles. Radioactivity
was extracted readily from fat, kidney and muscle, with simple solvent extraction. Liver
residues proved more difficult to extract, especially with increasing time after dose
administration.

The major component present in all tissues cochromatographed with monepantel sulphone.
The parent molecule, monepantel, was a minor constituent. Minor unknown components of
high polarity were detected in the liver, kidney and muscle.
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A non-GLP in vitro metabolism study was conducted to investigate the metabolism of
monepantel in intact rat, cattle and sheep hepatocytes. Incubations were profiled by HPLC and
profiles were similar across the tested species. The results of the in vitro study were consistent
with those in the in vivo ADME study.

Selected samples of edible tissues from the radiolabelled GLP-compliant ADME study in cattle
were investigated for TRR. The calculated half-lives of TRR were 4-5 days for fat, kidney and
muscle but ca. 10 days for liver, consistent with the presence of bound residues. The order of
residues in tissues is fat > liver > kidney > muscle, indicative of lipophilic substances, and is
the same as that seen for sheep. Because the major residue is monepantel sulphone, it is the
marker residue identified for monepantel in cattle tissues. It also is the marker identified
previously for sheep tissues. Concentrations of the monepantel sulphone residues in cattle
tissue were determined as part of the method validation study and used to determine the MR to
TRR ratio cattle tissues.

Two GLP-compliant residue depletion studies were conducted in cattle using unlabelled
monepantel.

The first study was conducted using crossbred beef cattle. Cattle were treated orally three times
at a nominal dose of 3.75 mg monepantel/kg body weight. Doses were administered 21 days
apart. Animals were slaughtered 4, 7, 10 and 13 days after the final treatment. Samples of
muscle, kidney, liver, renal fat and subcutaneous fat were collected and analysed for
monepantel sulphone.

The maximum monepantel sulphone residues were observed in the Day 4 samples. While
initial residues in renal fat were highest, by the later sampling times residues were highest in
subcutaneous fat. The calculated half-life estimates for muscle, kidney, liver, renal and
subcutaneous fat were 2.8, 2.7, 2.7, 2.9 and 5.1 days, respectively.

The second study also was conducted using crossbred beef cattle. Again, cattle were treated
orally three times at a nominal dose of 3.75 mg monepantel/kg body weight and again doses
were administered 21 days apart. In this second study, animals were slaughtered 21, 42, 56 and
85 days after the final treatment. Samples of muscle, kidney, liver, renal fat and subcutaneous
fat were collected and analysed for monepantel sulphone residues.

The maximum monepantel sulphone residues were observed in the Day 21 samples. At the
final sampling time, all residues were below the method limit of quantification (LOQ=5 ng/kg).

Using the data from the first GLP-compliant residue depletion study, the upper one-sided 95
% confidence interval over the 95" percentile of the residue concentrations was calculated for
each edible tissue. The ratio of the mean concentration of the marker residue to that of the
TRR was calculated as 0.88 in fat, 0.2 in liver and 0.62 in kidney. The ratio of the concentration
of marker residue to total residues in muscle is available at only the first sampling time and is
0.67. Additionally, a correction factor of 0.94 to account for the mass difference between
monepantel sulphone (the marker residue) and monepantel was applied.

A validated LC-MS/MS, demonstrated to be suitable for routine analysis of monepantel in
bovine tissue matrices, was available that met the requirements of the validation criteria
established by the CCRVDF, as contained in CAC/GL 71-2009.
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Maximum Residue Limits

In reco
factors:

mmending MRLs for monepantel in cattle, the Committee considered the following

An ADI of 0-0.02 mg/kg bw was previously established by the Committee.
An Acute Reference Dose was considered unnecessary.
The metabolite, monepantel sulphone, is the marker residue in cattle tissues.

Fat contains the highest concentration of monepantel sulphone at all sampling times,
followed by liver, kidney and muscle. Liver and fat can serve as the target tissues.

The ratios of the concentration of marker residue to total residues are 0.88 in fat, 0.20
in liver and 0.62 in kidney at 7 days post-treatment. The ratio of the concentration of
marker residue to total residues in muscle is available only at the first sampling time, 3
days post-treatment, and is 0.67.

A correction factor of 0.94 is applied to account for the mass difference between
monepantel sulphone (the marker residue) and monepantel.

A validated analytical method for the determination of monepantel sulphone in edible
cattle tissues (liver, kidney, muscle and fat) is available and may be used for monitoring
purposes.

MRLs were calculated on the basis of the upper limit of the one-sided 95 % confidence
interval over the 95™ percentile of the residue concentrations (UTL 95/95)

Consistent with the conditions of good veterinary practice in the Member State with an
approved used of monepantel in cattle, the Committee recommended MRLs determined as
monepantel sulphone, expressed as monepantel, in cattle tissue of 300 pg/kg in muscle, 1000
pg/kg in kidney, 2000 pg/kg in liver and 7000 pg/kg in fat.
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Exposure Assessment

Exposure to monepantel residues is considered to occur only through its use as a veterinary
drug in the muscle, liver, kidney and fat of sheep and other ovines and cattle and other bovines.

In the JECFA dietary exposure assessment, sheep and other ovine muscle, liver, kidney and fat
and cattle and other bovine muscle, liver, kidney and fat, were contributors to dietary exposure.
Where appropriate consumption data for a specific category (e.g., ovine kidney) were not
available, the more generic category (e.g., mammalian kidney) was used in conjunction with
the associated highest residue to estimate exposure.

The GECDE for monepantel was calculated based on median residues (STMR) 7 days or 5
days after administration of the drug in sheep and cattle respectively. The STMR in the specific
tissues of both species were included in the exposure estimate wherever possible. In all other
cases, the highest STMR from either species was used together with the most appropriate food
consumption available for the tissue of interest.

The GECDE for the general population is 13.7 pg per kg bodyweight per day, which represents
68 % of the upper bound of the ADI of 20 pug per kg bw. The GECDE for children is 5.0 ug
per kg bodyweight per day, which represents 25 % of the upper bound of the ADI of 20 ug per
kg bw. The GECDE for infants is 4.4 pg per kg bodyweight per day, which represents 22 % of
the upper bound of the ADI of 20 ug per kg.
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Table 33. Exposure Assessment

General Population

Mammalian Sheep and other 152 0.163 4.320 [97.5] 1.00 0.94 0.023  0.617

muscle ovines

Mammalian Cattle liver 831 0.028 3.322[97.5] 0.2 0.94 0.110 12976

offal

Mammalian Cattle Kidney 362 0.039 3.976 [97.5] 0.62 0.94 0.021  2.182

offal

Mammalian Sheep fat 2660 0.002 0.105 [97.5] 0.66 0.94 0.006  0.399

fat®

Mammalian Beef and other 107 0.959 4.442 [97.5] 0.67 0.94 0.144  0.667

muscle Bovines

Mammalian Sheep liver 1259 0.009 2.103 [97.5] 0.66 0.94 0.017  3.879

offal

Mammalian Sheep Kidney 406 0.160 0.105 [97.5] 0.66 0.94 0.001  0.062

offal

Mammalian fat®  Cattle fat 3257 0.143 0.610 [97.5] 0.88 0.94 0.497 2.124

TOTAL 0.709 12976 1368 68.4
4

Children

Mammalian Sheep and other 152 0.353 9.425 [97.5] 1.00 0.94 0.050  1.347

muscle ovines

Mammalian Cattle offal” 831 0.049 0.504 [97.5] 0.20 0.94 0.193  1.969

offal

Mammalian fat®  Sheep fat 2660 0.001 0.146 [97.5] 0.66 0.94 0.005 0.554

Mammalian Beef and other 107 1.940 8.394 [97.5] 0.67 0.94 0.291  1.260

muscle Bovines
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