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ABSTRACT: In this study, findings related to an aircraft accident
are reported. Biological specimens collected at autopsy from the
pilot of the fatal accident and two types of tablets found at the
accident scene were submitted for toxicological evauation. It was
determined that the pilot was dead at the crash site and the cause
of desth was multiple traumatic injuries. The tablets were identified
as selegiline and levodopa, commonly prescribed for the treatment
of Parkinson’'s disease. Selegiline, a stereospecific compound, is
biotransformed into ( —)-N-desmethylselegiline, (—)-methamphet-
amine, and (— )-amphetamine. The latter two levorotatory metabo-
lites cannot be easily distinguished by routine analysis from their
dextrorotatory isomers, which are controlled substances. It was,
therefore, prudent to differentiate these isomersto determineif they
resulted from the ingestion of a controlled substance, (+)-metham-
phetamine. Initial immunoassay drug screenings revealed the pres-
ence of amphetamine class drugs (867 ng/mL) in urine,
amphetamine/methamphetamine (261 ng/mL) in urine, and meth-
amphetamine (46 ng/mL) in blood. The gas chromatography-mass
spectrometry (GC/MS) results revealed the presence of metham-
phetamine in the concentrations of 76 ng/mL of blood and 685
ng/mL of urine. The concentration of amphetamine was 52 ng/mL
in blood and 320 ng/mL in urine. To determine the stereospecificity
of these amines, the isolated amines from the biosamples were
derivatized by a stereospecific agent, (S)-(—)-N-(trifluoroacetyl)-
prolyl chloride, and characterized by a GC/MS method to be
levorotatory. The 214 ratio of (—)-methamphetamine to
(—)-amphetamine concentrations in the urine was consistent with
a selegiline study in the recent literature. The stereospecific analy-
sis, in conjunction with the history of the pilot being on Parkinson’s
medications, suggeststhat the source of these amineswas selegiline.
This conclusion substantiates the importance of the identification
of enantiomers in evaluating and interpreting related analytical
results for accident investigations.
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Selegiline in combination with levodopa is commonly pre-
scribed for the treatment of Parkinson’s disease, wherein brain
levels of the endogenous dopamine neurotransmitter decrease
(1,2). Both medications increase the levels of dopamine: selegiline
is a monoamine oxidase inhibitor, while levodopa acts as a precur-
sor of dopamine (1-3). The inhibition of the enzyme prevents the
metabolism of endogenous dopamine, thereby increasing its levels
in the brain. Selegiline [(R-(—)-N,a-dimethyl-N-(prop-2-ynyl)-
phenylethylamine] is rapidly absorbed from the gastrointestinal
tract (4). The drug easily crosses the blood-brain barrier and
is extensively biotransformed into (—)-N-desmethylselegiline,
(—)-methamphetamine, and (—)-amphetamine (Fig. 1). Because
the chiral center of selegilineis not affected during its metabolism,
the three main metabolites remain in the levorotatory isomeric
[(—)-isomeric] forms (4). Dextrorotatory amphetamines—(+)-
amphetamine and (+ )-methamphetamine—have different phar-
macological effects than their respective levorotatory isomers and
are considered to be controlled substances. It was, therefore, essen-
tial to differentiate the levorotatory isomers [(—) isomers] from
the dextrorotatory isomers [(+) isomers].

In the present study, analytical findingsrelated to ageneral avia-
tion aircraft accident involving one occupant are reported. At the
crash site, two types of tablets were found, which were subse-
quently identified as selegiline and levodopa. Biological samples
taken at autopsy from the occupant (pilot) of the fatal accident
were submitted for toxicological evaluation. Routine analyseswere
performed on the submitted samples for a wide variety of drugs,
including amphetamine and methamphetamine. These amineswere
further stereospecifically analyzed and characterized to establish
that these amines were levorotatory, originating from selegiline.
No attempts were made to perform the anaysis for selegiline
becauseit is not present in appreciable amountsin vivo (4). Analy-
sis of the desmethylselegiline was not pursued as its reference
standard was not available. It was also not feasible to conduct
analysis for levodopa to distinguish ingested levodopa from the
endogenous |levodopa.

Case History

A four-seat aircraft (Mooney M20J) with one occupant stalled
and impacted the ground near the runway during landing. The
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FIG. 1—Metabolism of selegiline. The chiral centers (asymmetric car-
bons) are depicted by asterisks.

accident occurred at 1340 hours on a clear day. At the time of the
accident, the meteorological conditions were normal (no cloud, no
precipitation, 10-mile (16 km) visibility, and 3-knot wind speed).
The aircraft was destroyed, and the 68-year-old Caucasian male
pilot (occupant) received fatal injuries. The pilot was dead at the
scene. An autopsy was performed on the victim's body. The
cadaver measured 1.7 m in length and weighed an estimated 68
kg. It was determined that the cause of death was multipletraumatic
injuries, and the manner of death was accidental. The pathological
findings were also supportive of the preexisting medical condi-
tions, Parkinson’ s disease aswell as arterial sclerotic heart and vas-
cular disease. The tablets found at the scene were identified as
selegiline and levodopa by their shape, color, and markings.

Materials and Methods
Materials

All reagents were of analytical grade and solvents were of high-
performance liquid chromatography (HPLC) grade. These chemi-
cals, immunoassay kits, standards, internal standards, and derivat-
izing agents were obtained from commercial sources. The
immunoassay kits for amphetamine/methamphetamine screens
were purchased from Abbott Laboratories (Abbott Park, IL) and
from Roche Diagnostic Systems (Nutley, NJ). Standards of (+)-
and (—)-amphetamines and of (+)- and (—)-methamphetamines
were obtained in methanolic solutions from Alltech-Applied Sci-
ence Labs (State College, PA). The interna standards were sup-
plied as racemic mixtures, (=)-amphetamine-dg and (*)-
methamphetamine-dg, by Radian International LLC (Austin, TX).
Pentafluoropropionic anhydride (PFPA) was purchased from
Pierce (Rockford, IL). The chira probe used to resolve these
enantiomers  was  (S)-(—)-N-(trifluoroacetyl)prolyl  chloride
(TPC). Obtained from Aldrich Chemical Company, Inc. (Milwau-
kee, W), this probe was 97% enantiomerically pure and was sup-
plied as 0.1 M solution in dichloromethane.

Screening

Blood and urine samples were tested for common analytes using
our laboratory’s routine, standard, established procedures. These

procedures entailed analyses for ethanol, carboxyhemoglobin, cya-
nide, and drugs using various chromatographic and spectroscopic
techniques, as well as enzymatic and radioactive immunoassays.
The urine sample was screened for amphetamine and methamphet-
amine by the Abbott's ADx” Amphetamine Class and ADx"
Amphetamine/M ethamphetamine 11 assays. The blood sample was
examined by the Roche' s abuscreen” radioimmunoassay to detect
methamphetamine.

Quantitative Analysis of Amphetamine and Methamphetamine

Extraction—Four mL of blood and 4 mL of urine were sepa-
rately spiked with 400 ng of each of the interna standards (+)-
amphetamine-dg and ( =+ )-methamphetamine-dg. To the spiked
blood sample, 6 mL of acetonitrile was added to precipitate the
proteins. Subsequently, the tube was capped, shaken for 5 min,
and centrifuged at 120 X g for 5 min. The liquid phase was trans-
ferred into a new tube and was evaporated to less than 1 mL using
a stream of nitrogen; then, 2 mL of 0.1 M phosphate buffer (pH
6.0) was added to the tube. This acetonitrile-mediated precipitation
was not necessary for the urine specimen, wherein 2 mL of the
0.1 M phosphate buffer was directly added. The buffered blood
extract and urine sample were processed by transferring onto the
solid phase extraction columns, following the manufacturer’s rec-
ommended procedure (Bond Elut Certify™, Varian Sample Prepa-
ration Products, Harbor City, CA). The anaytes were eluted by
4 mL of 2% ammonium hydroxide in ethyl acetate. Hydrogen
chloride was bubbled through the collected eluates to minimize
loss of amphetamines.

Derivatization by PFPA—These el uates were evaporated to dry-
ness using a stream of nitrogen, and 50 wL of ethyl acetate and
50 pL of PFPA were added to the residues. The reaction mixtures
were incubated for 20 min at 65°C, allowed to cool to ambient
temperature, and evaporated to dryness, followed by the addition
of 50 nL of ethyl acetate for reconstitution. One p.L of the liquid
contentswasinjected onto the gas chromatograph-mass spectrome-
ter (GC/MS).

Derivatization by TPC—To establish the stereospecificity, the
amphetamines were extracted from re-accessioned samples as
described earlier and derivatized by using 50 p.L of the TPC chiral
probe solution (5,6). Following the 20-min incubation at 65°C, the
evaporation to dryness, and the reconstitution in 50 wL of ethyl
acetate, 1 pL of the contents was injected onto the GC/MS system.
The chemical reaction for the derivatization is depicted in Fig. 2.

Instrumentation

A Hewlett Packard gas chromatograph (M odel 5890)-mass spec-
trometer (MS Engine; Model 5989) system was used during the
analysis. A crosslinked 5% phenyl methyl silicone column (15 m
X 0.25-mm inside diameter; 0.25-um film thickness) was used.
Helium was the carrier gas with aflow of 1 mL/min. Theinjection
volume was 1 pL in the splitless mode, with a purge time of 0.5
min. The injector temperature was maintained at 200°C. The trans-
fer line was set at 275°C. The acquisition was in electron impact
mode of ionization using selective ion monitoring. For the PFPA
derivatives, the oven temperature was kept at 90°C for 1 min. It
was then increased to 150°C at 8°C/min and then to 280°C at
40°C/min; the final temperature of 280°C was maintained for 2
min. For the TPC derivatives, the oven temperature was set at 90°C
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FIG. 2—Derivatization of amphetamine and methamphetamine by (S)-
(—)-N-(trifluoroacetyl )prolyl chloride (TPC). The asterisks indicate chi-
ral centers (asymmetric carbons) in the molecules.

TABLE 1—Screening findings.

Concentration,

Analyte Specimen ng/mL
Amphetamine class drugs Urine 867
Amphetamine/methamphetamine Urine 261
Acetaminophen Urine 4800
Methamphetamine Blood 46

for 1 min, increasing to 240°C at arate of 10°C/min; the tempera-
ture was then increased to 285°C at a rate of 40°C/min and kept
for 2 min.

Calibration Curves

Separate calibration curves for amphetamine and methamphet-
aminein blood, as well asin urine, were constructed. The concen-
tration range of each of these amines for obtaining the curves was
10.24—-1000 ng/mL for blood, while it was 31.25-1000 ng/mL for
urine. Theregression analysis disclosed that the curves were linear
with the correlation coefficients ranging from 0.9993 to 0.9998.

Results
Screening

AsgiveninTable 1, routinetoxicological evaluation of the urine
disclosed the presence of amphetamine class drugs at 867 ng/mL
and amphetamine/methamphetamine at 261 ng/mL. The former
value was obtained from the Abbott’s ADx” Amphetamine Class
assay, while the latter value was from the Abbott's ADx"
Amphetamine/M ethamphetamine |1 assay. The screening of the
blood by the Roche's abuscreen” assay disclosed the presence of
46 ng/mL methamphetamine. In addition, acetaminophen was
found at a level of 4800 ng/mL in the urine by the ADx" assay
(Abbott Laboratories, Abbott Park, IL). Ethanol, combustion gases,
or other common drugs were not detected in the urine and blood.

Confirmation and Quantitation

The PFPA derivatization method disclosed 320 ng/mL amphet-
amine and 685 ng/mL methamphetaminein the urine and 52 ng/mL

TABLE 2—Confirmation and quantitation of amphetamine
and methamphetamine following derivatization with PFPA

by the GC/MS method.
Concentration,
Anayte Specimen ng/mL
Amphetamine Urine 320
Methamphetamine Urine 685
Amphetamine Blood 52
Methamphetamine Blood 76

TABLE 3—GC/MS analytical characteristics used in the differentiation
of diastereomers of (—) and (+) amphetamine and of (—) and (+)
methamphetamine standards utilizing the stereospecific derivatizing
agent (S)-(—)-N-(trifluoroacetyl )prolyl chloride (TPC).

Retention
Time, Molecular
Stereospecific Amine min lon, m/z
(—)-Amphetamine-dg 11.99 240
(—)-Amphetamine 12.05 237
(+)-Amphetamine-dg 12.24 240
(+)-Amphetamine 12.31 237
(—)-Methamphetamine-dg 13.35 258
(—)-Methamphetamine 13.47 251
(+)-Methamphetamine-dg 13.64 258
(+)-Methamphetamine 13.71 251

amphetamine and 76 ng/mL methamphetamine in the blood (Table
2). Under our GC/MSS conditions, both amphetamine and metham-
phetamine clearly separated from each other. The retention times
were 4.82 min for amphetamine and 6.23 min for methamphet-
amine. Therespective deuterated internal standards eluted approxi-
mately 0.08 min prior to the corresponding nondeuterated amines.
All these amines were characterized by the monitoring of selective
ions. Although the internal standards were in racemic mixture
forms, no separation of the (—) isomers from the (+) isomers
was noted; only one peak was noticed with either internal standard.
There were no interfering peaks.

Sereochemical Differentiation

Analyses of the TPC derivatized products clearly suggested that
the amphetamines found in the blood and urine were levorotatory.
Under theinstrumental conditions, the (—) isomersdistinctly sepa-
rated from their respective (+) isomers. With the submitted sam-
ples, primary peaks corresponding to the (—) isomers of
amphetamine and of methamphetamine were evident. Upon the
TPC derivatization, the racemic mixture of deuterated analogs of
either amine el uted approximately 0.3 min apart. Both amineswere
confirmed and characterized by their retention times and character-
istic ions by utilizing the GC/MS system. The retention times,
along with molecular ions, of the different diastereomers of these
amines and of the deuterated internal standards (racemic mixtures)
are presented in Table 3. Asis evident from Fig. 3, there was a
baseline chromatographic separation of the diastereomers of the
internal standards, as well as of amphetamines and methamphet-
aminesin the processed urine sample. However, arelatively small
peak was noted at 13.60 min after (+)-methamphetamine-ds; the
area of the small peak was 3.9% of the (—)-methamphetamine
peak. A similar peak of the same proportion was also noted with
the blood sample. Such a peak was not detected with the deuterated



KUPIEC AND CHATURVEDI « ANALYSIS OF SELEGILINE METABOLITES 225

Abundarce

2&u0

050 —

16000 —

12000 =

=5

A3 P

—— |

A B ]

L
ULII.'I E
dalug My

<3

I I R T
A 132 158 4.0

Winaios
FIG. 3—A chromatographic separation of TPC-derivatized diastereomers of (—)-amphetamine and (—)-methamphetamine. Amphetamines were
isolated from the urine sample. Deuterated racemic mixtures of amphetamine and of methamphetamine were used as internal standards. Details are

described in the materials and methods section. In the chromatogram, the analytes' retention times (min) were: (—)-amphetamine-dg (11.95), (—)-
amphetamine (11.99), (+)-amphetamine-dg (12.20), (— )-methamphetamine-dg (13.40), (—)-methamphetamine (13.51), and (+ )-methamphetamine-dg

(13.55).

and nondeuterated TPC-derivatized standards. The observed peak
could be attributed to an undetermined substance present in the
biological matrixes.

Discussion

Itisimperativeto detect, confirm, and quantitate drugsin biolog-
ical samplesto facilitate aircraft accident investigations. Such find-
ings indicate whether the victim was taking any prescribed/
nonprescribed medications or illicit drugs, and whether the victim
was in compliance with the physician’s orders by taking or not
taking the medication(s). In those medications where stereospeci-
ficity playsan important rolein exhibiting pharmacological effects,
thereis also a need to analytically evaluate whether the compound
is levorotatory or dextrorotatory. Such evaluation is important
because only aparticular isomer may produce aselective biological
response, or a particular isomer may fall under a specific category
of the controlled substances. Therefore, the stereospecificity of the
analyte should be clearly established for medicolegal purposes.

Thetoxicological evaluation of the submitted biological samples
revealed the presence of |evorotatory isomers of amphetamine and
methamphetamine. Their source could have been selegiline, asthis
drug biotransforms into these amines. This possibility is supported
by the identification of the tablets found at the scene as selegiline
and levodopa. Furthermore, the pilot had a medical history of Par-
kinson's disease and was being treated for this disorder. Since
selegiline is completely metabolized into the three major metabo-
lites, the parent compound is not present in appreciable amounts

in the biological system (4). Although a GC/M S-based qualitative
identification of (—)-N-desmethylselegiline would have been even
useful in directly establishing the origin of these amphetamines,
the chiral derivatizing agent was instrumental in demonstrating the
presence of their levorotatory isomersin the biosamples. The used
analytical procedure was able to differentiate levorotatory isomers
from their dextrorotatory isomers. The absence of dextrorotatory
amphetamine and methamphetamine clearly indicated that the vic-
tim did not consume the controlled form of these substances. If
the differentiation between the stereoisomers of amphetamine and
methamphetamine had not been made, the individual might have
been falsely accused of using the controlled substances.

The concentration ratios of methamphetamine to amphetamine
in urine have been used to establish the origin of these amines
(6,7). According to Romberg et a. (6), a ratio of about 2.80 for
(—)-methamphetamine to ( — )-amphetamine concentrationsin the
urine of selegiline users has been observed. Thisratio is close to
the 2.14 ratio calculated from the present study, further suggesting
the origin of these aminesto be selegiline. (—)-Methamphetamine
and (—)-amphetamine could also be present in the urine of the
users of Vicks Inhaler™ (8), but the ratio in such cases usualy
exceeds 8 (6), thereby ruling out the inhaler as the source of these
amines in this case.

In the present study, the concentrations of amphetamine and
methamphetamine were derived from the PFPA derivatization
method, which does not differentiate the levorotatory isomersfrom
the respective dextrorotatory isomers. In this method, both (—)
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and (+) isomers elute at the same time. The quantitative values
represented the total amounts of both optical isomers. To establish
the correctness of the quantitative results, known concentrations of
(—)-amphetamine and ( — )-methamphetamine were quantitatively
analyzed, using the PFPA method and calibration curve. The exper-
imental values for these amines were very close to the expected
concentrations. This observation suggests that the PFPA method
is suitable for the quantitation of amines and is independent of
their optical property, but the TPC derivatization method should
be used to distinguish the levorotatory isomers from the respective
dextrorotatory isomers. This suggestion is further supported by
the fact that only one peak was observed when the deuterated
internal standard (a racemic mixture) of either amine was deriva-
tized with PFPA, whereas the racemic mixture derivatized with
TPC produced two distinct peaks. These peaks were characterized
by the retention times of the respective (=) and (+) isomers of
amphetamine or methamphetamine.

Conclusion

Thisstudy suggeststhat the source of amphetamine and metham-
phetamine in the samples was selegiline. This conclusion is based
on the stereospecific analysis of these amines in conjunction with
the clinical history of the pilot and the presence of two tablets
identified as selegiline and levodopa. With optically active medica-
tions, the stereospecificity determination is essential for the correct
interpretation of the toxicological findings to facilitate accident
investigations.
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