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Abstract

Amitraz (N-(2 A-dimethylphenyl)-n-{J(2,4-
dimethylphenyllimino]meth
kmmwwmhmm
primarily as a scabicide- or acaricide-type insecticide. As an
llph-zdumrgiclpist,itahhumm
Mmammlm-mmum
Commissioners International Class 3 Forelgn Substance, indicating
its potential w influence the outcome of hotse races. We have
identified the principal equine metabolite of amitraz as
M!A-dilneﬂwh}myl-hf-ﬂnﬂtrlfommﬂh electrospray
blinﬁm(-l-}-m!pemury:ndluve ags
chromatographic-mass spectrometric (GC-MS) method for Hts

Foutyldimethylsilyl groups; selected ion mondtoring (SIM) of

m/e 205 (quantifier lon), 278, 261, and 219 (qualifier lors);

and elaboration of » calibration curve based on lon aren

ratios involving simuitaneous SIM acquisition of an internal
standard m/z 208 quantifier ion based on an in-house
mmmmmmamm
dﬂnmﬂmdkappmximﬂﬁnﬂmthuhaﬁkmﬁdmﬂy
sensitive to detect the peak urinary metabolite ot 1 h past
h-,bwq-&wmdmmuﬂs-mwm
intraveneous dose.
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. imino!mctbyl]ﬂ-meﬂwl-meﬂunimidmida) is an Association

of Racing Coromissioners International (ARCI) Class 3 Foreign
Substance (1) used widely in the field of veterinary medicine as
a seabicide- or acaricide-type insecticide. Trade nciud
Mitaban (Pharmacia and Upjohn); Mitac (AgrEvo); and Aludex,
'hlcﬁc,deprm(HoechstRnusselVet.)(Z).ltisused.fnru—
ample, in the treatment of demodicosts in dogs (3). Amitraz has
nrehﬂvalylowmp.ofmmandisunmbhhacldicpﬂ(z)
{Figure 1).

Toxicity of amitraz and other formamnidine-type compounds
to insects appear to involve activation of an octopamine-sensi-
ﬁvudnwhhcydmu),mdmehbolismofﬂndmawpinﬂy
involves generation of the highly active metabolite N-2,4
dimethylphenyl-A'-methylformamidine, known also as ETS-
27271. Boophililus microplus \arvae, for example, absorb
amitraz rapidly but do not demonstrate large internal concen-
trations, owing to rapid cleavage to BTS-27271; the expected
complementary cleavage product 2,4-dimethylformanitide was
not produced in equivalent quantity, but large amounts of polar
metabolites and 2,4-dimethylaniline were produced in its stead.
Of the {dentified compounds, only amitraz and BTS-27271 dis-
played texicity to larvae (5), Amitraz applied to honeybee hives
to prevent infestation with Varrog jecobsoni could be extracted
with 2 Hquid-liquid regimen, followed by high-performance
liquid chromatography (HPLC) with diode-array detaction
(DAD) (6} or by gas chromatography with nitrogen phospho-
rous detection (GC-NPD) and mass spectrometry (MS) confir-
mation (7). Of seven acaricides detectahle in honey and beeswax,
amitras was the least stable, degrading into BTS-27271 and
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Figure 1. Smucure of amitraz (Ms 293.4),
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2,Adimethylphenylformamide within 1 day in beeswax and
within 10 days in honey (8).

Amitraz has highly complex pharmacological and toxicolog-
ical effects in mammals, and its use is specifically contraindi-
cated in horses owing to the not uncommon side-effect of
severe colic when horses are exposed to this agent (9). In-
testinal immobility and stasis have also been demonstrated for
amitraz and BTS-27271 in sheep up to 4 h post dose, and re-
versal with yohimbine indicates alpha-2 adrenergic agonist
properties as most likely responsible (10,11). Nevertheless, in
tropical countries such as Brasil, amitraz continues to be used
for reasons of effectiveness and economy (12). Behavioral and
neurochemical studies of the effects of amitraz in rats showed
that it decreased locometion and increased immobility times in
an open field, while increasing whole brain levels of nora-
drenaline and striatal levels of dopamine, possibly through in-
hibitory effects on monoamine oxidase {MAOQ) activity (13).
Studies in horses similarly indicate 2 dose-dependent decrease
in Jocomotor activity for amitras, with effects lastingup to 3 h
following a 0.15 mg/kg dose. Yohimbine immediately reversed
the sedative effects of amitraz hers, as well, again indicating
alpha-2 adrenergic agonist properties for this agent (14). Mea-
surement of additional physiological parameters such as hoof
withdrawal reflex and skin twitch reflex indicate that amitraz
presents a marked, long-lasting, and powerful sedative effect in
horses, whereas antinociceptive effects occur only at the highest
amitras doses (12).

In addition to its known effects on alpha-2 adrenergic
receptors and on inhibition of MAOQ activity, amitrag has
also been demonstrated to have a significant Hl-histamine
antaganist activity on isolated guinea-pig fleum, BTS-27271
had over threefold greater potency in this system, but the
authors concluded that intestinal stasis was more likely due
again to alpha-2 adrenergic agonist properties (10). Selective
activation of a specific subset of alpha-2D adrenergic recep-
tors was considered responsible for observed effects on inhibi-
tion of insulin secretion and increase of glucagon secretion by
both amitraz and BTS-27271 in a concentration-dependent
manner in perfused rat pancreas (15). Untoward effects of
alpha-2 agonists such as xylagine include abortion, and Shin
and Hsu (16) have demonstrated effects of amitraz and BTS-
27271 on increasing motility of isolated porcine myometrium.
The effect is mediated by an increase in extracellular calcium
influx through voltage-dependent calcium channels, Yohimbine
again reversed the effects, whereas the alpha-1 antagonist pra-
gosin did not.

Bonsall and Tumbull (17) have suggested that depressor ef-
fects of amitraz may be countered by stimulatory effects, de-
pending on the dose administered. In general, high doses may
cause depression, whereas low doses may lead to excitatory
symptoms such as hyperreactivity to extemal stimuli and pos-
sibly aggressiveness (16). Owing to its known sedative/tran-
quilixing properties, amitraz administration requires analytical
monitoring to regulate its use in performance horses. The pur-
poses of the current shudy are to investigate the metabolism of
amitras in the horse and develop chromatographic and mass
spectrometyic methods for its post-administration detection
in performance horses,
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Materials and Methods

Standards

Amitraz was obtzined as an analytical standard in free base
form from Riedel-de Hakn (Seelge, Germany) through Sigma-
Aldrich. The N-2,4-dimethylphenyl-N'-methylformamide
metabolite was obtained as a 10-ngAil. acetone solution from
Dr. Ehrenstorfer GmbH (Augsburg, Germany). The campound
used for this solution was listed as having a 98.5% purity, based
on HPLC with UV-DAD detaction. The compound was also syn-
thesized in free base form in-house, and its spectrometric prop-
erties agreed with those of the standard as follows: ESI(+)-MS
scan, isotopic ratios expected for [M+H), +1, 42 {m/z 163, 164,
165): 1009, 12.1%. 0.54% (caleulated for C10H15N2 com-
pound); 1009, 11.2%, 1.0% (Ehrenstorfer std); 100%, 11.1%,
0.63% (in-house prep); direct infusion-ESI{+)}-MS-MS m/z 163
daughter fon scan: m/z 107 > 117> 105> 122> 79> 132 > 42
> T7 > 163 (same for both); EI-CC-MS of tBuDMS (ferf-butyl-
dimethylsilyl) derivative from reaction with MTBSTFA 4+ 1%
tBuDMCS (Pierce): m/ir 205> 219> 73> 59> 156 > 162 > B8
> 276 > 261 (same for both; Ehrenstorfer 18.1 min, in-house
18.2 min retention times); EI-GC-MS of TMS (trimethylsilyl)
derivative from reaction with BSTFA + 1% TMCS (Pierce): m/z
219>T3> 234> 135> 120 > 59> 88 > 162 > 145 (same for
both; Ehrenstorfer 10.9 min, in-house 10.8 min retention
times). Underivatised compound observed undey these condi-
tions aiso demonstrated match (/e 162 > 132 > 120 > 106 »
77 > 147 for both). EI-GC-MS$ revealed that the N-3,4-
dimethylphenyl-V-methylformamide metabolite was over 95%
pure by total ion chromaogram total area comparisons, with
contaminants including < 2% NN'-5is(2,4-dimethyiphenyl)-
methanimidamide and < 3% amitras, by library matching to
the NIST98 EI-MS library.

Synthesis of N-(2,4-dimethyiphenyl)-N’-methylformamidine
and its deuterated analogue

Synthesis of N-(2 A-dimethylphenyl)-N"-methylformamidine
is described only In German patent literature (18), but proce-
dures for analogous formamidines (19) made it possible to
elaborate a preparation of this metabolite. N-(2,4-
dimethylphenyl)-V-methyiformamidine was synthesized from
ZA-dimethylaniline in a reaction with methylamine and triethyl
orthoformate (Figure 2). Methylamine hydrochloride (1 g,
14.8mM) and triethyl orthoformate (2.19 g, 14.8mM) were first
refluxed in 10 mL absolute ethanol for 15 min, at which point
2,4-dimethylaniline (1.79 g, 14.78mM) in 10 mL absolute
ethanol was added dropwise. The addition was complete in 1 h.
Following an additional reflux for 30 min, the reaction mixture
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Figure 2. Summary of amitraz metabolhe synthesls.
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was cooled and concentrated in vacuo. The crude product was
taken up in water and extracted with dichloromethane. A di-
luted aqueous solution of NaOH was cautiougly added to the
aqueous layer until the mixture reached pH 3-9, after which it
was extracted with chloroform. The chloroform layer was sep-
‘ anbd,wuhadwiﬂlwamndﬁedmm,mdmto

3 crude crystalline material, which was purified by chro-
matography on silica gel (ethyl acetate-methanol, 95:5). Yield:
440 mg (18%) (Figure 2).

The deuterated standard of amitraz metabolite was synthe-
sized similarly using deuterated 2 iline (20)
instead of 2,4-dimethylaniline, Reaction of 2,4.dimethyl-d6-
aniline (30 mg, 0.55mM) with methylamine hydrochloride
{37.3mg, 0.55mM) and ethyl erthoformate (81.8 mg, 0.55mM),
fulluwedbypuﬂﬂuﬁmmsﬂiagdcolmn,pmduudzzmg
‘(ﬁz:n yleld) N-{2,4-dimethyl-d6-phenyl)-N'-methylformami-
e

Sample collection

Thoroughbred mares, weighing 450-550 kg, from our dedi-
cated herd were used throughout. Horses were acclimated to
their stalls for 24 h prior to drug administrations. All horses
were fed twice a day with grass hay and feed (12%), which was
2 50:50 mixture of oats and an alfalfa-based protein pellet, and
were vaccinated annually for tetanus and dewormed quarterly
with jvermectin (MSD Agvet, Rahway, NJ). A routine clinical ex
amination was performed before each experiment to assure
ﬂ;umhanlmﬂmhulﬂwmdwmmmmm-
tion, each horse was provided water and hay ad lbitum. Each
mmmeduibmmnmLAninnismdinﬂ:&upeﬁ-
ments were managed according to the rules and regulations of
ﬂu!nsﬁh:ﬁona]hnimaICmUuCommiMatﬂnlhinuity
of Kentucky, which also approved the experimental protocol.
Amitrax (75 mg) was administered intravenously, and urine
smphswencollech:dimmedhttbrbdondmmdatl,z,A,
G.S,uﬂuhaftzradnﬁnkuaﬁonusuuafhrmﬂlﬂmbem
Pr x 60 in; Seamless, Ocak, FL). Urine samples were divided
futo aliquots stored at 20°C until assayed and then thawed im-
mediately prior to analysis,

Sample preparation for metabolite screens

Metabolite screening involved two methods for ESI(+)}-MS di-
rect infusion analysis. In the first, S-mLu!inealiqmtsw:n
brought to 0.5% NH4OH with 25 uL concentrated NHAOH
and extracted twice with 2 mL ethyl acetate (Fisher, HPLC
grade), the organic phases combined and acidified to 0.2% with
formic acid (EM Science), and immediately examined. In the
second method, 1-mL urine aliquots were filtered through a
SOOOthoﬁCenbioon-Sﬁlhr(Amhon,Inc.,Bwedy,MA,n
division of Millipore) to yemove high M,,. materials, The filters
wereemh-ifugedBOminatIOUOxginatypeAH-iminaing
bucket rotor in a Beckman AccuSpinFR centrifuge. Filtrates
were diluted 1:10 with a mixture of 50:50 acetonitrile/).05%
formic acid (aq) (pH ~ 4) for analysis. In both methods, resul-
tant mixtures were infused 1.2 mL/h viz a Harvard syringe
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ES|-MS
Anﬂhustandardsmprepmdfordimtinfuﬁonm(pus-
itive mode)-MS analysis by dissolution in 0.05% formic acid
(aq)/acetonitrile (1:1) to 10 pg/mL. Infusion was carried out
with a Harvard syringe pump equipped with a 500-uL Hamilton
gastight syringe with infusion at 1.2 mi/nh, The mass spec-
tromeurwuammeumHESI-Ms-Ms,mﬂtypiml
ESI-MS voltage settings for detection and analysis of amitreg
were as follows: capillary, 3.02; HV lens, 0.54; cone, 24; skimmer
lens, 2.1; RF lens, 0.2; source temperature, 120°C; argon pres-
sure for collisionally induced dissociation (CID) experiments,
3-4 ¥10-3 mbar; ionization energies: MS1, 1.0; MS2, 38, Col-
lision energy was set between 10 and 15. ESI-MS and MS-MS
spectra were acquired as contiruum data for a minimum of
1-2' over the mi/z 10800 mass range, applying 1.8 /scan dura-
tion. Resultant data were subtracted and smoothed
with the Micremass MassLynx version 3.4 software, Spectra
were deconvoluted with the assistance of Mass Spec Caleulator
Pro software, version 4.03 (Quadtech Associates, Inc,, 1998),

HPLC for ESL-MS

An Agilent 1050 HPLC was interfaced with the Quattro II
MS—MSmdcqtﬂppedwiﬂuLunaphenyl—huyll'!SﬂmmSp
column (Fhenomenex). The mobile phase was 52.5% acetoni-
trile/47.5% deionised waterA).05% formic acid run in fsocratic
maoasmummmmmam
out for amitras (m/z 294) daughter ions miz 253, 163, 132, 122,
and 117 with 2 0.02 dwell and for the N-2,4-dimethylphenyl-\'-
meﬂ:y[fnmmidﬁnmhboﬁhe{nﬂzl&)dmﬂtﬂionsmfz
122,117, 107, 105, 79, and 77 with 2 0.01 s dwell, Samples were
resuspended in acetonitrile/water (1:1).

Extraction and derivatization for GC-M$

N-2,4-dimethylphenyl-N'-methylformamidine was extracted
from 1 mL urine in a serew-cap test tube by first introducing
300 ng/mL d6-N-2,4-dimethylphenyl-N-methytformamidine
as internal standard for quantitation. Then, 6 mL
dichloromethane (EM Omnjsolv) and 150 uL concentrated
NHIOH(-SO%,M)madded.ﬂuwbecappedmdmix:dby
vortex for 30 s, centrifuged 10 min at 1000 x ¢ in a type AH-4
swinging bucket rotor in a Beckman AccuSpinFR centrifuge,
the upper aqueous phase removed and discarded, and the or-
ganic phase transferred into a conical tube. Twenty microliters
NN-dimethylformamide (Aldrich, HPLC grade) were added,
and the organic phase was evaporated to near dryness under a
stream of N2 in a 35-40°C water bath until just a drop of N.N-
dimethylformamide remained. The residue was dissolved in 80
pl, MTBSTPA-1% TBDMCS (Pierce Chemicals, Rockville, IL),
vortexed 5 5, and immediately transferred to a microinjection
vial. Derivatization occurred on injection of 1 pL into the
GC-MS 250°C injector port.

GC-MS SIM quantitation

GC-MS SIM involved an Agilent 6890/5972 CC-MSD
equipped with an HP-5 MS (Agilent) GC column (10 m x 0.25
mm X 0.25 ym film thickness) operated in the splitiess mode
ﬁﬁlmﬂuﬁnheﬁumﬁeccwmrm&m&e
transfer line at 260°C, and the oven temperature was pro-
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figure 3. Amitraz study by direct infuslon-ESi+}-MS: 10 pghvd, amiraz
Winommﬁmn:umm:um
Labets indicate peak nyz values, fotlowed by imanciey, with likely struc-
tures of three major components,

Figure' 4, ES+)MS for amiraz daughmer lons at 10 pgimL in 0.05%
mklﬂmn:l).?e&ﬁmmmwmdlﬁ
have: been mukiplied 16-fold. The structures below indicate the likely
source of the nvi 163 fon by cleavage of a C-N bond with concomitant
shift of » prowon (1ef) and a rearranged amitraz {inssmal loes of CHICN)
W0 provide » 253 Mw analogue in tum responsible for generation of the
Mz 122 fragment (righ).
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grammed as follows: 70°C for 2 min, then increased to 280°C at
20°C/min, and held at 280°C for 5 min. SIM data were collected
as follows: ions monitored for the fert-butyldimethylsilyl N-
2,4-dimethylphenyl-N'-methyl-formamidine derivative were
miz 278 (M+), 261 (loss of CH3), 219 (loss of /-butyl), and 208
(m/z 261 minus -butyl), each at 2 50 ms dwell; and for the fert-
butyldimethylsilyl- V-2, 4-dimethyl[d6]phenyl-V-methyl-for-
mamidine internal m/z 225 (M+ minus #-butyl) and
208 (mlz 264 loss of methy] minus £-butyl), again at 50 s
dwell. Preparation of the amitrasz metabolite calibration curve
was accomplished by determining the internal standard (m/z
208) and amitraz (my/z 205) peak areas for a series of standards
{0, 2, 5, 10, S0, 100, 300, and 50 ng/mL), calculating the ratio
of standard area/internal standard area along the horizontal
axis and plotting expected concentrations as a function of this
ratio, Standard curves prepared in this fashion provided corre-
lation coefficient r2 > 0.99. For GC-MS scanning experiments,
the m/z 50-700 mass range was scanned at 1.19 scanvs,

Results

Amitraz was examined by direct infusion EI(+)-MS and found
to give good response as an [M+H] pseudomolecular jon of m/e
294 (Figure 3). The mass spectrum disclosed two significant
peahatmmmdlﬁ.forwhidlmhmlinhmuﬁom
suggest internal rearrangement with loss of CH3CN and
cleavage of a C-N bond, respectively, with likely structures in-
dudadhﬂuﬁgumﬁmhﬂupuhmlﬂmlynsbypmducts
of this compound’s relative instability.

Figure 4 displays the ESI(+)-MS-MS daughter ion spectrum
of&nmlthmmIzZﬂlon.Noumeinmmlzl&Sion,
ideal for implementation of a sensitive LC-MS method for its
quantitation. Daughter fon analysis of the miz 253 peak of
Figure 3 provides fons m/z 132, 122 (bp), 120,
118, 107, and 105 (data not show) in very

1954, Part W-Tosdcological)

* This information obtaled from an inlemational am on Chemicsl Safaty Monograph #5944 (Amitrax-
JMPR Evaluations Hmlh
'mmuhhmwmwmmduwm matabaliie {18),

Table I. Hypothetical Metabolites of Amitraz as Predicted on the Basis of nearly the same ratios as obtained with amitraz
Literature Reports in Animals and Plants in Figure 4, reinforcing the idea that m/z 253
Ring in Figure 3 is directly related to amitraz by re-
Metabolils Formuka yéroxyl arrangement and that this jon is likewise re-
. E (o} Befarencs sponsible for generation of these same ions in
N{2,4-Di CioHyN: 162 178 581011, | the amitraz daughter jon spectrum. We ob-
wwmm " 23,24,25 tained approximately the same intensity ofth;
. , 1623, | miz 163 peak [loss of CH2=N-CEH3(CH3)2]
Nu"-ﬁ.my pheny()- CeHNO 149 185 :412323 4 m ;"“ ﬂl " addorb;“,
. which is valuable because the compound is
:{%W-Zﬂgh"zlﬁeﬂyl)- CioligN; Oy 192 192 co i ; i acid Ble: }  infusing it
#-Amino-3-methyl-benzolc acid! GHNO, 151 167 162324 :ﬁm'"k 'tbe"hlml" " 'fa" mﬂ?ﬁmﬂe& i
4{Formylamino)-3-methyl-benzoic acid C,H,NO, 179 195 1324 50% {data not shown).
4{Acetamido)-3-methykbenzoic acd  CigHyNOy, 193 209 . Table I lists urinary metabolites of amnitraz
N.N-bis(2, 4-XylylH-formamidine ColN, 252 YRR m&%mg‘x ;ITGC‘;:‘I‘E
24 Dimethyloniine N @7 S5 curgnide), 80 (sulfate), or 57 amu (glycine

2% conjugates) with the assumptions that ghy-

curonides form on hydroxyls or carboxylic
aclds, sulfates form on hydroxyls, and glycine
conjugates form on carboxylic acids. This table
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provided a guide for further analyses. Urinary metabolites were
investigated by noting the solubility of amitraz in ethyl acetate,
performing a simple ethyl acetate liquid-liquid extraction of
post-amitraz dosage equine urine under high pH conditions,
and comparing the ESI{+)-MS of 0 and 2 h post-dose samples.
Figure 5 displays the results of such an analysis, and amidst the
bmmundiomcmmtu,ﬂumnmofasigniﬁmtm
lsaionmtheZhwnplerelativemﬂnOhsample.mright
portion of the figure displays the change in intensity of this fon
over the time course of urine sample taking, with behavior
suggestive of that of a metabolite. A second approach to poten-
tial identification of urinary metabolites involved centrifgal fil-
tration of the urine sample and direct examination of an

msmhuk.mao—mwnmmm
nz-dosage uring samples following ethy! acetale extraction and direct in-
fudlon ESK+}-MS analysis. The principel changs is the appearance of 2
significant m/z 163 paak in the 2 h sample. The right panel shows the vark-
on in inkensity of the myr 163 metabolie with tine, behavior

of the metabolism of # typical ol phanmacological agent. The miz 163 in-
teneity curve compared favorably with the curve definad by GC-MS-mee-
surad concantrations, derived according io a method discussed,
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acidified 1:10 dilution, a2 method that has previously been suc-
cessful in dentification of glucuronide metabolites (21); how-
ever, no candidate Phase It conjugates were identified by either
approach. Table I summarises potential metabolites sereened
in urine by these methods. The only other possible lead for an
equine urinary metabolite was 4-amino-3-methyl-benzoic acid
(M, 151, listed in Table I) and as a likely candidate at M+H m/z
mhhbhmbutthispoﬁbﬂilvm:immbemmued.

In Figure 6, we compare the ESI(+)-MS-MS daughter jon
specira of the m/z 163 metabolite discerned by the Figure 5
comparison of 0 and 2 h samples to a standard of N-24-
dimethylphenyl-V"-methylformamidine. Their identical ap-
pearance supports the proposed structure of the metabolite. The
mmkshmuputofmunamdisobhimddimﬂy
ﬁommihuhﬂuwmmbmuuﬁndauﬂmrionmo-
trum of the amitraz m/z 163 byproduct (not shown) is also
{dentical to the spectra in Figure &, Intact amitras as a m/z 294
iunwas.howmr.mtidmﬁﬁeddmﬁumalysisofuﬁneeﬂwl
acetate extracts,

The left-hand pane! of Figure 7 presents an HPLC of amitraz
wﬂhbﬁﬁdmcﬁcﬁaﬂmhﬁmmbdﬁmuldmmr
ion spectrum. The similazity of retention times demonstrates
the simultaneity of elution of principle fragmentations. The
center panel of Figure 7 compares 0- and 2-h post-dose ethyl ac-
MMMwmmmmwmspe-
dﬂcbrtlnmlzlﬁsmmehboﬂu,dism;itspm
only ing amitras dosing, In the right-hand panel of Figure
7, the individual fragmentations coincide at the 3.97 RT peak
with area ratios corresponding to those of an N-2,4-
dimﬁwlplwnyl#—msﬂwlfommﬁdimstmdudmdmng
with the intensities of the daughter jon spectra of Figure 6.

: Demonstration of N-2,4-dimethylphenyl-N'-

Table L. Significant Examples of Potential Metabalites Screened from Equine | methylformamidine as the structure of the
Urine Following Amitraz Dosing principal amitras equine urinary metabolite
following oral administration led us to consid-

fon(s) {m/z) Posible eration of a deuterated analogue for elabora-
SeinZhUrine  Method of Interpretation tion of a quantitative confirmatory method.
Absentin0h  Extraction® s an amilvaz Metabolite Comment Figm&shmtheESI(-l-)-Ms-MSdau!hter
lon spectrum of a d6-metabolite m/z 169 M+H

83,115, 136 o - A ion, and Table T inctudes a comparative in-
v terpretation of the d6- and d0-metabolite frag-

249, 308 & - probabla potassium ment ions. However, quantitation of the m/z
adducis 163 jon was hampered by a severe reduction in

1152 daughter ion spectrom sensitivity by the LC-MS-MS method. GC-MS
* mﬁgm was considered a viable alternative approach,

and Figure 9 describes the results obtained

with two methods of N-2,4-dimethylphenyl.

", 17,199 EA - do not correspond N'-methylformamidine silylation. The two
o Table | predictions methods gave similar results in terms of good

. chromatographic and reasonable

L EA daughter lon specirum | 11 o0 spectra upaﬁ:k ofmng character-
_ @ % does nol maich struciue istic high A, ions of good intensity for gener-

ation of SIM methods including quantitative

' ] and qualitative fons data acquisition. However,

163 ®A O~ e panm | oridirectsd towars efining Instoset e
‘G-WMHM“M-MmMWdeMu g;il“i nlngmmilgn)ggnm?tmoﬁm-
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sitivity and linearity, primarily due to matrix interference with
TMS derivative-specific ions; matrix components may inter-
feumsumeextantudmfnnmﬂonofﬂumswinﬁwhtin-
terfere in 2 more serious manner by chromatographic
coelution. When it became clear that the /BuDMS derivative
provided significant advantages, this silylation method was ap-
pliadtoﬂxedﬁ-intemalstzndud,wlﬂ:multsudumbedin
Figure ID.Aswiﬂlﬂledﬂ-compomdinFIMQC,ionchm-
umgraphyhmalsodisdmdmiomﬁ:rm&h&ve
mdquﬂihﬂwpummmmzﬁ,uﬂm)(ﬁﬂurelm.
The tnass spectrum in Figure 108 shows displacement of the
do-analoguemIzZISion(Fitumm)bmemhmlzz‘zsmd
of the miz 205 (Figure 9D) by 3 amu to m/z 208, thus re-
sﬁcﬁngﬁwchumforkohpichhr&tmbyﬂ:ein&mal
shnda:dwithmasmmmtofﬂumdzholﬂ:.ﬂgun 16Cil-
lustrates chromatography of the d6-metabolite as an internal
standard in conjunction with the d0-metaholite; larger ions
(miz 208 and 225) are not shown for clarity but overiap miz 264
uﬂm.Nohﬂusﬂﬂanpmmmmm&m
times of 0.02 min (7.86 minus 7.84 min). LC-MS-MS with
MRM acquisition for the underivatised d6 analogue N-(24-
dimethyl-d6-phenyl)-A-methylformamidine m/z 169(138, 128,
120, and 110} transitions simul showed no corre-
spondingﬁaﬂnaﬂ:rduhdhtbedﬂmmpmmdhﬂzlﬁ&(mz,
117, 107, 105, 78, 77)] (data not shown). However, application
of the GC-MS method, followed by ion

*dm

Figure &, ESK+) daugheer on spectra for the myk 163 species observed in
dﬁmmdmthmdmmmmmnpmﬂ'
and for the Randard of N-2,4-dimettypheny-N-methyormamidine
(10 ngrol) diluted 1:70 n 0.05% formic acid/aceronitrle (1:1) (boteom).
The high collision eneegy of 26 V enabled the salailvely lacge diagnostic
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genentionofﬂucalihnﬁonm,mdutmﬁonfmnsp{ked
horse urine allowed generation of  linear calibration curve as
presented in Figure 11.

Figure 12A illustrates ion chromatograms acquired from the
mdalmmheampklhmdmuﬂwﬂaﬂyim
di&\ﬁngﬂleloaﬁmofcouhxﬁngqunﬁﬁzr(rdzm:ndqual-
ifier ions (m/z 219, 261, and 276). The urine concentration of
metabolite based on m/z 205 was 8.2 ng/mL, Figure 12B
demonstrates measurements taken to determine peak height

Figre 7, LC-MS-MS of amiraz (ieft pane)

a5
sardy elution on
230 % 1 mm lum column (3¢ particle size} with ace-
mmmmxmwwu:almmmmmm
with the miz 294->163 being the largest transition. The amftraz 10
gL standard was run at 0.150 mlLimin with collection of the foi-
MmESm]dnbyMRMMﬁmlnmhmﬂm}:m
234.00 > 253,00 (20); 294.00 > 163.00 (S0; 294.00 > 132.00 (20;
294,00 > 122,00 {20}; and 294.00 > 117,00 £20). The center panel
mmmmmmmmowwzh
{bottom) post dose and subjeciad to gradient HPLC, with ESIEH-MS de-
fection and MRM data acqulsition and the TIC for 0 and 2 h
post-dose, with the amitraz metabolite at 3.97° RT. The right panci
shows the Individual fragmentations for the 2 h sample, This corfimmed
N-z.*dimd\ylplmyl-u'-nldlylfonmﬂmhlhz-hpu-dmudm
wdract tun o 0.150 ml/imin with coflection of the following £5+) data
by MRM (dwefl time in ms in parentheses): m/& 163.00 > 122,00 (10}
163.00 > 117.00 (10); 163,00 > 107.00 {10); 163.00 > 105.00 (10):
163.00 > 79,00 {10); and 163.00 > 77.00 (10), Intensities of the Indi-
vidualimintbeﬁglnpmdﬁdiateﬂnwhmkydﬂnﬁh
107bn,lumvﬁﬂnﬂnmnd’:£§l+msﬁgum6).

mz 107 len,

e < T

[ ] " - ¥ e
ady
8, Devalopment of a deuterated imermal sandard for quantication
m,ﬂl phetryl-N'-methyformamidine in urine: the d6 ana-
logue ESK+) iz 169 daughter lon mass spectrum. Note that jors myz
163, 132, and 122 of Figure € are here represented by +6 amu varians,

wheress miz 117, 107, and 77, among others, are represenead here by
+3 amu variants,
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Table l1l. Principal ESI(+}-MS—MS Daughter lons of N-(2

N'-Methylformamidine and Their Interpretation in Comparison to Its dé-

Analogue (major ions in bold type)

do-Amitraz Corresponding d.- d;=-do
Metabolite Peak  Amitraz Metabolte  Difference

(mfz) Peak {m/z) () Likely benaepretation

163 169 6 M+H
132 133 6 IM4H] - CH3NH2

122 128 6 [MeH] side chain
o NH2 {loss of CHy ~ N = CH)

myz 132 {d0)138 {d6) -
phenyl ring methy!

nyz 122 {g0)/128 {d6}—
pheny] ring methyl
(M+H] ~ CHyNH,CH = N
unassigned

m/z 122 -~ phenyl ring C-CH,
m/z 1085 {d0)/111 [d6) -
pheny! ring medhyl group

myz 132 {dO}/138 {d6) -
phenyl ring

nz 120 3

107 1¢ K}

105 m
103 109
95 98
90 94

= W oo o

78 83 4

~4
|
2
al

RTITIT

i
{

& b B W W N E N D3w -.-I.'-:‘-.--
et o

Figure 9. Derivatization of N-(2,4-dirnethylphenyl)}-N' T (smitraz matabolics)
for GC-MS, (A) BSTFA + 1% TMCS, injection of 1 uL of a 100 ngfis. praparation and acquired
by an SM method, displaying ion chromatogruphy for three significant lons, vz 219, 234, and
135; {B) full-scan specerum of sample prepared ax in A for TMS derivative; (C) MTBSTFA + 1%
TBDMCS, injection of 1 ulL of 1 100 ngfl preparation and acquired by sn SiM method, dis-
playing ion chromatography for thres significant lons, iz 219, 276, and 261; and (D) full-scan
specwum of sample prepared as in € for tBuDMS derivative. Nete the common miz 219 lon, de
rived from less of CH3 (TMS derivative) of loss of the tButy] group, C4HS {tBUDMS derivative).

doos

and noise height for m/z 219 for assurance
that the S/N ratio had not faflen below the
limit of 3, Finally, Figure 12C shows the time
course of changes in urinary concentrations of
N2 4-dimethylphenyl-N"-methylformamidine
in urine following dosage with 75 mg amitraz
{iv}) Only two points exceeded the LOD of the
assay, indicating the rapidity with which elim-
ination of this particular metabolite occurs in
the horse.

Validation information for the amitraz
metabolite GC-MS confirmatory method is as
follows. Standard curves showed a linear re-
spouse between 2 and 300 ng/mL with a corre-
lation coefficient 72 > 0.99, Extraction
efficiency for the SPE method ranged between
75-83% for the analyte spiked into urine, For
the instrument lower LOD, S/N ratios were
recorded for decreasing amounts of Zer’-
butyldimethylsilyl-N-2,4-dimethylphenyl-A"-
methyl-formamidine, and the ratio fell below a
limit of 3 at 50 pg (measured as underivatized
metabolite) on colurnn for two of the four prin-
cipal SIM ions (m/z 26) and 276), corre-
sponding roughly to a 5 ng/mL sample. The
lower LOD in urine was determined by fol-
lowing the lon ratios to decreasing levels and
determining whether ratios were maintained
within Association of Official Racing Chemists
minimum criteria (Proposed guidelines re-
leased 2001), namely 5% absolute or 30% rel-
ative for low resolution SIM. Mcasurements
exceeded these criteria at a 50 pg injection,
corresponding to a 5 ng/mk. sample. Recovery
of N-2,4-dimethylphenyl-N'-methyl-formami-
dine during assays performed over three runs
on different days provided an average mea-
surement of 20,03 ng/mL with an average ov of
9.2% for a 20-ng/mL low standard and 291.7
ng/mL with an average cv of 7.4% for a 300-
ng/mlL high standard.

Specificity of the assay was tested by GC-MS
confirmation analysis of unextracted standards
of the structurally related alpha2-agonists gua-
nabenz, guanfacine, guanethidine, and gua-
nadrel; the structurally related antiulcer
medication cimetidine; and furosemide and
phenylbutazone, two therapeutic medications
widely used in equine medicine (W. Carter,
personal communication). None of the
fBuDMS-derivatives coeluted with that of -
2,4-dimethylphenyl-N'-methy] formamide,
with retention times relative to fert-
butyldimethylsilyl-V-2,4-dimethylphenyl-N"-
methyl-formamidine as follows: guanethidine,
four peaks at -1.99, -1.69, --1.37, and +0.07
min; guanabenz, four peaks at -0,89, -0.80,
+0.36, and +2.87 min; guanfacine, three peaks
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at +0.29, +1.47, and +2.88 min; guanadrel, two peaks at +0.25
and +2.39 min; cimetidine, three peaks at +2.60, +3.03, and
+4.46 min; phenylbutagone-fBuDMS, +4.86 min; and
furosemide, two peaks at +7.05 and +9.64 min. When these
drugsmpmmtatmuq:ﬁn}mtoflwnﬁnl.,mﬁutwu
observed on quantitation of the amitras metabolite at concen-
trations of 50 or 500 ng/mL or even at the LOD of 5 ng/m. Ion
ratios m/z 276/205 and 219/205 for the amitraz-d0 compound
and 282/208 and 225/208 for the d6 internal standard were un-
affected nor was there any effect on their respective retention
times. When the compounds were added to blank serum at
concentrations of 500 ng/mL, extracted, and analyzed, no chro-
matographic interference was observed (i.e, no coeluting in-
terference was observed in specific ion chromatograms for m/z
208, 208, 276, or 219).

Discussion

Amitraz is known to possess characteristic sedative and tran-
quilizing properties in the horse and other species, principally
due to its alpha-2 adrenergic agonist characteristics, As such,
regulatory contro] of the use of amitraz in performance horses
requires the availability of analytical monitoring techniques to
prevent its unregulated use in equine performance events. In
thiscommtmiaﬁnn,wehmdummtntedttntanimpomnt
metabolite of amitrag In the horse is N-2,4-dimethylphenyl-
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N'-methylformamidine, that this metabolite can be readily re-
covered from urine with a liquid-Jiquid extraction procedure,
and that its presence can be monitored by GC-MS as its /ert-
butyldimethylsilyl-N-2,4-dimethylphenyl-V -methyl-formami-
dine derivative, followed by SIM of m/e 278, 261, 219, and 205
fragments. The concentrations of this metabolite were quanti-
tated in post-administration equine urines using an in-house
synthesized dé-internal standard derivatized to yield a fert-
butyldimethylsilyl-V-2,4-dimethyl-d6-phenyl-V'-methyl-for-
mamidine structure and monitored by SIM for m/z 208,
followed by elaboration of a standard curve based on acquired
area ratios of the miiz 208 to miz 205 ions at the approximately
7.8 min retention time on GC-MS,

As seen in Figure 3, amitraz standard exarnined by ESI{+)-MS
disclosed several components in addition to amitras, in partic-
ular N-(2,4-dimethyiphenyl)}-V'-methylformamidine (m/z 163),
NN -bis(2 4-xylyl)-form-amidine (m/z 253), and most likely N-
(2,4-dimethylphenyl)-formamide (m/z 150). The m/z 163 and
150 components are likely related to amitraz as simultaneous
hydrolysis products, as A, 162 + 149 = 311, equivalent to ami-
traz 293 M,, + H20 (18), whereas the m/z 253 component re-
sults from a more complex rearrangement. Reaction of amitraz
with MTBSTFA + 19% TMCS confirmed that these are present in
the standard and are not electraspray source-derived break-
down products. By TIC area count, these were present to the
extent of 16% fert-butyldimethylsilyl-N-(2,4-dimethylpheny!)-
formarnide (M+ 263 = 149 + 114), 119% ferf-butyldimethylsilyl-
N-{2,4-dimethylphenyl)-N-methylformamidine (M+ 276 « 162

+ 114), 15% fert-butyldimethylsily}-N.N'-

. m ‘l .
Figure 10, GC-MS clvomatographlc properties of the N-2 4-dimethylphenyl[ds]}-N"-methyl-
formamidine internal standard for urine concentration meastiremen. {A} MTBSTFA + 1% TB-

bis(2 4-xylyl)-formamidine (M+ 366 = 252 +
» 114), with the rest underivatized amitraz
. {M+ 293).
T Parent amitraz did not derivatize with MTB-
| STFAand chromatographed cleanly, ylelding a
10.75" peak {data not shown). Elaboration of an
. SIM method for its principal peaks (m/z 293,
' 162, 147, 132, and 121) confirmed the absence
I I of detectable parent amitraz in extracts of post-
.| administration serum and urine (data not
' shown), in agreement with observations made
by ESI(+)-MS. The very rapid decline in uri-
nary concentratioris of the major amitraz
metabolite, N-2,4-dimethylphenyl-N-methy
formamide, is in good agreement with phar-
macokinetic parameters estahlished by Pass
and Mogg in sheep and adult Shetland-cross
ponies (11), These investigators reported dis-
tribution half-lives of 1.98 min for amitraz and
2.17 min for BTS 27271 (derived from ami-
traz) in ponies, following 1 mg/kg iv doses;
elimination half-lives were significantly greater
at 39.4 and 44.2 min, respectively, These doses
were significantly greater than those utiliged in
the study reported here and resulted in a slow

DMCS, Infection of 1 pL. of a 100 ngful preparation and acquired an SIM method, displaying
lon chromasography for three significant ions, mzoa,zzs,mlz’:z; {B] full-scan specarum of

mMuhAhmmwnhWhmmw
dard displaying ions nyiz 262 and 264 specific © the 0.3 ngiuL internal sandard and lons miz

205, 213, 276, and 251 specific to the 0.5-ng/yil. nondevterated amitraz metabolite.

onset of sedation, which reached a maximurm
effect 10-15 mins following injection. Al-
though our purpose was not to measure phar-
macological effect but metabolism, the 75-mg
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iv dose (roughly 0.15 mg/kg) nonetheless produced sedative
effects in our horses (see also reference 14).

The pharmacokinetic parameters for amitraz and BIS27211
measured by Pass and Mogg (11) were comparabie to those of
the alpha-2 agonist xylazine (0.6 mg/kg iv), with a measured dis-

* tribution half-life of 5.9 min and elimination half-life of 50 min
in the horse (21). Such pharmacokinetic parameters are twpi-
cally measured within 120 min follewing iv dose (11,21), owing

¥ =142.99r + 0.2373

o T L] L] L] il

Q000 OS50 1000 1500 200 290
Ratio std/intstd (d_/d,)

Figwe 11. Typical standand curve generated for the amitraz metabolie

N2 A-dimethylphenyl)-N'-methyliormamidine in aquine urine spiked

mnmmmmmmuwydm

function of the ratic of metabolite standardfintemal standard in order to

nabla generation of the linear squation as labelled.

! !!E!: signaiinise = 400 w44

Tttt
Figure 12. GC-MS copfirmation of amitraz use on a urine sample 1 h fol-
lowing 3 75-mg iv dose., (A} lon chromatography for ions myz 205, 219,
261, and 276 showing coeluting peaks a« 7.5 min resencdon; (B) Illys.
fration of S/N ratio determination for qualifier lon mvz 219 for assurance
that SN exceeds 3.0; and (C) time course for amitraz metabolie: betwesn

02nd 8 h post administration,

to the rapid decline in blood levels of these agents, Whereas it
is our intention to guide laboratories in the developrment of
methodologies for the confirmation of amitraz, the agent’s
rapid tumover suggests that if control of this agent is to be reg-
ulated by exarnination of the N-24-dimethylphenyl-N*-methyl-
formamidine metabolite as described herein, then the urine
samples must optimally be taken within 2 h of the time of ad-
ministration of this agent.
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