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B ABSTRACT

Selegiline (IR)-[-] Ma-dimethyl-N-2-propy-
nylphenethylamine or Ldeprenyl), an irre-
versible inhibitor of monoamine oxidase, is a
classic antidyskinetic and antiparkinsonian
agent widely used in human medicine both as
monotherapy and as an adjunct to levodopa
therapy. Selegiline is classified by the Associa-
tion of Racing Commissioners International
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{ARCI) as a class 2 agent, and is considered to
have high abuse potential in racing horses. A
highly sensitive LC/MS/MS quantitative ana-
Iytical method has been developed for selegiline
and its potential metabolites amphetamine and
methamphetamine using commercially avail-
able deurerated analogs of these compounds as
internal standards. Afcer administering 40 mg
of selegiline orally to two horses, relatively fow
(<60 ng/ml) concentrations of parent selegiline,
amphetamine, and methamphetamine were re-
covered in urine samples. However, relatively

_ high urinary concentrations of another selegi-

line metabolite were found, tentatively identi-
fied as Nedesmethylsclegiline. This mctabolite
was synthesized and found to be indistinguish-
able from the new metabolite recovered from
horse urine, thereby confirming the chemical
identity of the equine metabolite. Additionally,
analysis of urine samples from four horses
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dosed with 50 mg of sclegiline confirmed that
N-desmethylsclegiline is the major urinary
metabolite of selegiline in horses. In related
behavior studies, PO and IV administration of
30 mg of selegiline produced no significant
changes in cither locomotor activities or heart
rates.

W INTRODUCTION

Selegiline ({R]-[-}V.a-dimethyl- V-2-propy-
nylphencthylamine or Ldeprenyl) is a classic
antiparkinsonian drug widely used in human
medicine.' Selegiline is used in parkinsonian
patients both as monotherapy and as an ad-
junct to levodopa therapy. Selegiline and its
metabolite Mdesmethylselegiline are irrever-
sible inhibitors of monoamine oxidase type B
(MAO-B), and they inhibit the metabolism of
dopamine in the human brain.’ Additionally,
by inhibiting the ATP-sensitive potassium
channels (Kyrp), sclegiline and its metabolite
methamphetamine induce dopamine release in
the rat caudate-putamen in vitro.” The ability

of selegiline to inhibit both the Kyrp channels
and MAO-B enzymes makes this compound a
suitable agent for use as a catecholaminergic -
activity enhancer. Therefore, selegiline has the
potential to be abused in racing horses as an
illegal aid to increase their performance. Ac-
cording to the Association of Racing Commis-
sioners International (ARCI), it is a class 2
agent. Therefore, there is a need for effective
screening and validated confirmation methods
to enable control of its use during equine drug
testing.

The major urinary metabolites of sclegiline
in humans and iaboratory animals include
methamphetamine, amphetamine, and Nedes-
methylselegiline,! respectively (Figure 1). Both
methamphetamine and A-desmethylselegiline
are further metabolized 0 amphetamine (Fig-
ure 1). The oral bioavailability of selegiline is
poor and its plasma half-lifc is short,' suggest-
ing that highly sensitive analytical methods are
tequired for the detection and confirmation of
this compound in biologic fluids of horses. | -
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The main objective of this study
was to develop a practical highly
sensitive analytical method for de-
tection, confirmation, and quantifi-
cation of sclegiline and its metabo-
ltes in che biologic fluids of howses.
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Additionally, there are no reported

ity and pharmacokinetics of sclegi- ©
line or its metabolites in horses. -
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Figure 2. Synthesis of N-desmethylselegiline from amy

In the second series of evaluations, a single
dose (50 mg) was administered to four mawre
thoroughbred mares. Pooled urine samples
were collected {rom these horses with a Foley
catheter and auached plastic bag, separated
into aliquors, and stored at -20°C until they
were assayed.

For locomotor chamber studies, 30 mg of se-
legiline hydrochloride was administered PO
and 1V 10 two mature thoroughbred mares in 4
< er experi in which each horse
served as its own control. The oral bioavail-
ability of selegiline in other animal species is

very poor, and it is not known in horses; there-
fore, for the locomotor chamber studies, se-
legiline was administered by the 1V route in
addition to PO dosing. For PO dosing, sclegi-
line hydrochloride was obtained as 5-mg
tablets, and an injecrable formulation was ac-
quired from the United States Pharmacopeia
(USP) in Rockville, MD for IV use. All animal
care was in compliance with the guidelines is-
sued by the Division of Laboratory Animal Re-
sources and approved by the Institutional Ani-
mal Care and Use Committee of the University
of Kentucky.
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Liquid/Liquid Extraction Method

Stock standards (1 mg/ml) of sclegiline
hydrochloride, methamphetamine hydrochlo-
ride, amphetamine sulfatc, and N-desmethylse-
legiline were prepared in acetonitrile with traces
of water added where necessary to assure full sol-
ubility of salts. All standards were acquired from
Sigma, except N-desmethylselegiline, which was
synthesized as described below. Dilutions of
stock standards were made using 85% solvent A
(5% acetonitrile and 0.05% formic acid in wa-
ter) and 15% solvent B (0.05% formic acid in
acetonitrile). Internal standards (sclegiline-d,,
amphetamine-d;, and methamphetamine-d,,)
(Sigma) were dissolved in methanol (100 pg/ml)
and were diluted to 1% in methanol to yield
standard solutions of 1 ag/pl for analysis. To
each 1-ml sample, 25 pl of internal standard (1
ng/pl) was added. Standards were prepared by
the addition of specific amounts of selegiline
and the metabolites dissolved in 85% solvent A
and 15% solvent B 1o blank urinc samples (1 ml

cach) over a range from 50 pg/ml 1o 50 =m\3__
(i.c.. 0.05,0.1, 1, 10, 25, 50 ng/ml).

Extraction Method N o
A liquid/liquid extraction recovery method
was used for selegiline and its primary metabo- .’
lites in cquine biologic samples. An aliquot (1 "
ml) of urine sample was transferred t0 a 20-ml "
culture tube equipped with a Teflon (DuPong)-
lined screw cap. Sample pH was increased t0 |
greater than 10 by adding 1 ml of potassium
carbonate-saturated distilled water. The basic -
mixture was extracted with 3 ml of dichlo-::-
romethane (DCM) by gendy mixing the conds
tents for 15 minutes using a2 motorized _SLM
rack. The mixwure was centrifuged ac 1000 xm._.m
at 4°C for 5 minutes in a swinging bucket roto€ 1"
centrifuge (Beckman). The top aqueous layef ;
was transferred by pipette into new culus
tubes, and 2 ml DCM was added and mixed 08 °
the motorized rotorack for 15 minutes, o8 '
wrifuged ar 1000 x gac 4°C for 5 minutes, and
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Figure 5. Amphetamine chromatography'in mobile phase: transition mlz 136—>91 Jor amphetamine (retention

time » 1.70 minutes) (A), m/z. 19497 for amply

dy (1 ion time = 1.69 minutes) (B).

(g

the top aqueous layer was aspirated o waste.
The organic layers (bottom layer) from the first
and sccond extractions were combined and
transferred to labeled dimethyldichlorosilane
(Pierce Biotechnology)-silanized taper-bottom
tubes. Acidificd methanol (100 pl, 4% viv of
concentrated hydrochloric acid in methanol)
was added to the DCM mixture prior to evap-
oration. The solvent was evaporated under a
stream of nitrogen gas ar 37°C. The residue was
tesuspended in 100 pl of a mixture of 85% sol-
vent A and 15% solvent B with moderately vig-
orous vortexing. This solution was placed into
an autosampler vial containing a 200-pl insert,
and 40 pl of this solution was injected into the

sulfate was converted into the free amine by
treating the compound with sodium eth-
anolate in absolute ethanol. Precipitated sodi-
um sulfate was filtered off; ethanol was evapo-
rated, and free amphetamine was dissolved in
toluene. To this solution, cesium carbonate
and a molar equivalent of propargyl bromide
was added. The reaction mixture was stirred
overnight at room temperature. The alkylation
resulted in a mixture of N-desmethylselegiline
and N, N-dipropargylamphetamine in a ratio
of approximatcly 3:1. The reaction mixture
was filtrated through celite, toluene was evapo-
rated under reduced pressure, and the mixture
was separated on a silica gel column using ace-

LCIMSIMS for analysis. tone-hexane (1:1) as eluent. Pure N-desmeth-
ylselegiline was obtained as a colorless oil.
Synthesis of N-desmethylselegiline Synthetic N-desmethylselegiline was assessed

N-desmethylselegiline (2-methyl-N-2-pro-
Pyaylphencthylamine) was obtained from am-
Phetamine sulfate afier alkylation with propar-
&l bromide (Figure 2).° First, amphetamine

e st

for proper molecular weight, structure, and
purity by dissolution underivatized in metha-
nol, followed by analysis by gas chromatogra-

phy (GC)/MS (Agilent 6890/5972, 30 m x

"1
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screening for N -desmethylelegiline, showing a predicted rlx. of 174 for its [M+H]* molecular ion. A

0.25 mm X 0.25-p film HP-5MS column,
70°C [held 1 minute], 20°C per minute to
280°C [held 12 minutes], helium flow 1 ml
per minute). The resultant 8-minute retention-
time peak had a corresponding mass spectrum
that showed a very meager molecular ion ac
m/z 173, with loss of methyl to give a more ob-
vious m/z 158. Principal peaks in order of
abundance included m/z 82 (base), 91, 65, 55,
115, 128, and 158. The spectrum was success-
fully deconvoluted with MassSpec Calculator
Pro software (Quadtech Associates). The com-
pound was further examined by direct infusion
ESI(+)-MS/MS (dissolved 1o 10 pg/ml in ace-
tonitrile:0.05% formic acid [aqueous], 1:1)
and shown to bear a distinct [M+H] peak at
mfz 174, with isotapic peaks matching those
expected for a C,H (N compound. Principal
daughter ion peaks in order of abundance in-
duded m/z 91, 50, 119, 39, 41, and 65, which
were also interpretable by Calc Pro (Microsoft)

Ly
software. Peak purity by GC/MS appeared ®;
be 99% or greater. -

A
Instrumentation and Analysis o

The Quartro [l Electrospray lonization Tant'y
dem Quadropole Mass Spectrometer (Microh
mass) was tuned for optimum sensitivity by
direct infusion of a mixture of 1 pg/ml amphet+ §
amine, methamphetamine, and sclegiline in aco
tonitrile:0.05% formic acid, 1:1. Responsss: i
were maximized for the following transitiosss §-
amphetamine m/z 136—91; methampheamin &
miz 150-391; selegiline m/z 18891, In all, Y-
MS/MS transitions were monitored as followi '
with dwell times (seconds) shown in parentaggr.
ses: m/z 13665 (0.01); miz 136->119 (001K~
miz 136391 (0.03); m/z 144597 (0.03); sl &
150-91 (0.03); m/z 15065 (0.01) i
150119 (0.01)% m/z 16197 (0.03)%°
174-91 (001); mle 174-)119 (0.01; =

18870 (0.01); miz 188-5119 (0.01); W

1L
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196-+93 (0.03). Typical MS/MS tuning param-
eters are shown in Table 1.

HP1050 LC conditions (isocratic) consisted
of 85% solvent A and 15% solvent B with a
Bow rate of 0.5 ml/min and a stop time of 10
minutes. Injector parameters were draw speed
200.0 pl/min; eject speed 200.0 pl/min; and
draw position 0.00 mm.

The areas of the peaks corresponding to
selegiline, N-desmethylsclegiline, methamphet-
amine, amphetamine, and internal standards
Aun_.omm::n-;... methamphetamine-d, ;. amphet-
Amine-dy) were recorded, and the internal stan-
dard values were used to normalize the sele-

——

giline, N-desmethylselegiline, methampheta-
mine, and amphetamine areas. Integrated peak
values were entered into QuattroPro for Win-
dows (Corel) for staristical analysis of standards
and for interpolation of unknown amounts of
selegiline and metabolites. Standard curves
were generated with SigmaPlot for Windows
(SPSS). Samples yielding a signal response
greater than thar produced by the high stan-
dard were diluted as necessary and rerun.

Behavioral Studies

The locomotor chambers have been de-
scribed previously.” Briefly, two 3.4 x 3.4-m
box stalls were equipped with Minibeam sen-
sors (SM31E and SM2A3IR, Banner Engi-
neering) spaced equally around the stall 45 cm
above the floor. Each time the horse disrupted
the beam of light, an interruption was scored,
and chis output was summed and recorded on
a daua logger (CR10, Campbell Scientific).

Heart rates were recorded at 1-minute inter-
vals during each experiment by an on-board
heart rate computer (Polar CIC). An elastic
strap with a receiver and attached transmiceer
was placed around the chest of the horse. The
transmitter was connected 10 two clectrodes
placed on shaved areas of the sternum and left
side of the anterior chest. Electrode gel was

. used to ensure proper conduction of the signal.

Behavioral experiments followed a rigorous
standard protocol to reduce variability from ex-
trancous cffects. Each horse was placed in a be-
havior stall at 7:00 AM, and the heart rate strap
was attached. The horse was allowed to accli-
mate to the stall for 7 hours. Recording of
locomotor and heart rate activities was begun
at 2:00 pm. Baseline activity was recorded for
30 minutes, after which the experimental treat-
ments were administered. Locomotor and heart
rate data were recorded for 14 hours until 5:00
aM the following morning. The total number
of interruptions was summed every 15 minutes.

Ve
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B RESULTS

The developed LC/MS/MS method is rela-
tively sensitive, with 50 pg/ml in a sample
volume of | ml determined as the limit of
detection (LOD) for selegiline, amphetamine,
methamphetamine, and MN-desmethylselegiline.
LOD was determined by measuring mean blank
background values, calculating the standard de-
viation of such backgrounds, and adding two
standard deviations to the mean value?®

The chromatogram of selcgiline detected
as a monoprotonared analog at 2.8 minutes
retention time with the transition m/z
188119 for selegiline and m/z 19693 for
selegiline-ds is shown in Figure 3. The chro-
matogram of methamphetamine detected ac
1.9 minutes retention time as a monoproto-
nated analog of parent compound with transi-
tion m/z 15091 for methamphetamine and
mfz 16197 for methamphetamine-d,, is

_ shown in Figure 4. The chromatogram of am-

pheramine detected at 1.7 minutes retention
time as 2 monoprotonated analog of the par-
ent compound with the transition m/z
13691 for amphetamine and m/z 144—97

—u

for amphetamine-dy is displayed
in Figure 5. The benzyl fragment
of m/z 91 was the primary daugh-
ter ion for selegiline, metham-
phetamine, amphetamine, and A
desmethylselegiline.

Internal standard daughter ions
were measured as follows in order
of ion abundance: d;-metham-
pheaamine (M+H = m/z 161): miz
161997, m/z 161127, msz
16136, m/z 16164, m/
161-344; dy-selegiline (M+H «
m/z 196): mfz 19693, mly
196124, m/z 19674, m/z
196-433; dg-amphetamine (M+H
= m/z 144): miz 144-+97, m/g
144127, mi 144110, miz
14484, m/z 14469, m/z 144—44,

Comparisons of chromatograms that specifi-
cally detect m/z 174 daughter ions from urine
extracts 0, 1, 4, and 8 hours after drug adminis-
tration arc shown in Figure 6. This procedure ™~
a%uv&magzm@?qgg 4
line, with a predicred m/zof 174 for the [M+H]§ -
molecular ion. Interprecation of the primary
peaks in the ESI(+) MS daugher ion &
of sclegilines putarive Mdesmethylselegiling -
metabolite is shown in Table 2. To confirm the
identity of the metabolite detected in urine sam- {
ples, N-desmethylselegiline was synthesised
from amphetamine sulfate. The daugher jon
spectrum of synthetic M-desmethylsclegiline was ;4
identical to the principal mewbolice .uBsnam:M
from horse urine samples, thereby confirmi wﬂ
the chemical identity of this metabolite (Figure .3
7). In preliminary work, the amount of Zmﬂ.nww
methylselegiline in urine samples relative S.nm
legiline-d, internal standard was estimated -.-m4< :
calculated to be 400 ng/ml ac 4 houss. a._..‘gm

The standard curves were linear for %\..M,»
line, methamphetamine, and amphetamine ip
from 50 pg/ml to 50 ng/ml as shown in Figure =

S
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8. The “extracted samples” are
those that were obtained by lig-
uid/liquid partisioning from blank
urine spiked with standard solu-
tions and DCM. Direct injection
samples represent blank urine
spiked with standards that were
then passed chiough an Amikon
Millipore filter with a cutoff of
3,000 D molecular weight with-
out liquid/liquid extraction. The
similarity of the curves indicated
that there is no significant change
in the rclative response induced by
the process of extraction. Prelimi-
nary work indicated that the ma-
jor urinary metabalite of selegiline
is likely o be N-desmethylscle-
giline followed by ampheramine
and methamphetamine, respec-
tively (Figure 9). Selegiline, as par-
ent compound, was also detected
in urine samples at a peak concen-
tration of 9.7 ng/ml at 4 hours.
To confirm these results, N-des-
methylsclegiline was synthesized
for quantification of this metabo-
lite in equinc biologic Auids. Using
_the M-desmethylselegiline stan-
dard and sclegjline-d; as the inter-
nal standard, the concentrations of
this mewbolite in equine urine
were determined. As shown in Fig-
ure 10, following single PO ad-
ministration of 50 mg of selegiline,
the major urinary metabolite was
Mdesmethylselegiline, peaking at
2 hours at a concentration of 480
ag/ml. Selegiline as a parcnt com-
pound was not identified from
Pooled urine samples, and the sec-
ond major urinary metabolite was
found o be amphetamine, which
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Figure 7. Spectra for the N-desmethylselegiline . bolite, determined
by daughter ion scan for miz 174, The daughter ion spectrum of syn-

Y \Zx\ Nv\h ho-hn AEE.N > hNQZN F.\h 'hl.un
line recovered from the urine sample tested 1 hour afier adminissrarion
of selegiline (B), thereby confirming the chemical identity of i this metabo-
lise. The spectrum intensity has been expanded for clarity of minor peaks

M~
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500 Selegili methamphetamine, and  N-des-
Hgo_ﬁa”m.qﬁ.wssuasa methylselegiline) in the biologic

—a— Amphetamine fluid of horses. The LC/MS/MS

400 —o— N-desmethyiselegiline | Mecthod that was developed per-

300

200

Concentration (ng/m!)

100

mitted detection of the parent
compound and these metabolites,
with the LOD being 50 pg/ml in
a 1-m| sample.

The major urinary metabolites of
selegiline in humans and laboratory
animals are methamphetamine, fol-
lowed by amphetamine and N-des-
methylsclegiline. Based on the pre-
liminary study described here, the
major urinary metabolites of selegi-

Time (hr)

1 line in equine species occur with
0 [ the reverse relationship (i.c., Nedes-
| methylsclegiline followed by am-
phetamine and mecthampheta-

Figure 9. Early time course for selegiline ahd its equine urinary metabo-

mine). Due to the unavailability of

lises (preliminary examination following administration of a single P() Nedesmethylsclegiline at the begin-
dose of 40 mg). N -desmethybelegiline jans were estimated by ning of this study, standard solu-
comparison with selegiline responses. ; tions could not be generated for the

was followed by methamphetamine. Peak uri-
nary concentrations of amphetamine ar 38
ng/ml were obrained at 24 hours afier admin-
istration, and peak urinary concentrations of
methamphetamine (6.1 ng/ml) were obtained
at the 4-hour sampling. Only amphetamine
was identified in these urine samples (0.41
ng/ml) at 24 hours after administration.

In the behavioral studies, there were no sig-
nificant changes in cither locomotor activities
or heart rare following PO and IV administra-
tion of selegiline at 30 mg/kg, relative to values
for untreated controls.

¥ DISCUSSION

The primary objective of this study was 1o
develop a highly sensitive analytical method
for detection and quantification of selegiline
and i major metabolites (amphetamine,

. accurate  quantification of this
metabolite in the urine samples of the horses.
However, the relative amount of N-desmethylse-
legiline in urine samples was estimated relative
to selegiline and its selegiline-dg internal stan-
dard from two horses dosed with 40 mg of
selegiline and was later verified by synthesis of
Ndesmethylsclegiline. Using the N-desmethyl-
selegiline standard and selegiline-dg as an inter-
nal standard, maximum urinary concentrations
of N-desmethylselegiline (480 ng/ml) occurred
at 2 hours after administration of sclegiline at 50
mg (PO). These analyses confirmed carlier find-
ings and indicated that N-desmethylselegiline is
the major urinary metabolite of selegiline fol-
lowing PO administration in horses. Additional-
ly, early detcction and rapid elimination charac-
teristics of sclegiline mewabolites in horse urine
suggest that selegiline is rapidly and extensively
metabolized in horses. These data indicate that
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heart rates were observed following
administration of selegiline ar 30

studies are planncd with higher
doses of selegiline.
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W ABSTRACT

Photodynamic threshold doses in dogs with
spontaneous tumors can be achieved through
a mathematical model. For this to be clinically
relevant, it is important to know the treatment
paramciers for tissue necrosis. The threshold
dose for three photosensitizers Avo_,mjnn sodium,
aluminum cholorophthalocyanine [AICIP¢],
and tin ethyl ctiopurpurin [SnET2)) commonly
used in veterinary chemotherapy protocols was
evaluated in 12 dogs with spentancous tumors.
To derive the photadynamic threshold dose, che
tissue optical properties of each compound were

 determined by diffuse reflectance and thus the

light fluence rate. Uptake was measured by flu-
orimetry using tissue solubilization techniques.
The threshold values calculated were highest for
AICIPc (irradiated 48 hours afier administra-
tion). The radius of necrosis (4.00 10 5.48 mm)
and photosensitizer uptake (3.4 1o 6.91 ng/e)
were clevated afier injection of porfimer sodi-
um. The threshold dose model described here s
Photosensitizer dependent but independent of
Photosensitizer uptake and light dose. This
#tudy indicates that more photon absorption is
feeded for tumor necrosis with AICIPc than for
tither SnET? or porfimer sodium.
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8 INTRODUCTION
. Selectivity of photodynamic therapy (PDT)
can be achieved through two mechanisms. The
*first is by carcful placement of the light source
and the second by selective localization of pho-
tosensitizer drugs (which clear more rapidly
from normal rissue than from malignant -
mors) within malignant tissues. Ideally, the
mathematical models describing light will guide
placement of lighe fiber transport for different
tissues. For this study, the intrinsic biologic
sensitivity of PDT, which provides information
about the requirements for tissue necrosis, was
not considered. Knowledge of these parameters
is necessary to produce rissue photodamage
and improvement in therapeutic conditions
bur was not necessary for the determination of
light requirements for necrosis.

As a model of tissue response to PDT, the
photodynamic threshold model has been used
by various rescarchers.'* The model is based
on histologic observations of distinct regions of
PDT-induced necrosis with clearly defined
boundarics compared with areas of tissue thar
appear normal. Chen and coworkers' inves-
tigated porfimer sodium in normal rac brain,
Patterson and others? studied aluminum sul-




