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Abstract

We devised a sensitive and simple method to determine alpha-methyltryptamine (AMT) and 5-mefRaliisopropyltryptamine (5MeO-
DIPT) in whole blood and urine, using gas chromatography—mass spectrometry (GC-MS). AMT and 5MeO-DIPT were extracted using an
Extreluf column with an internal standard, bupivacaine, followed by derivatization with acetic anhydride. The derivatized extract was used
for GC-MS analysis of EI-SIM mode. The calibration curves of AMT and 5MeO-DIPT were linear in the concentration range from 10 to
750 ng/ml in both blood and urine samples. The method detection limit (MDL) of AMT and 5MeO-DIPT were 1 ng/ml each in whole blood
and 5 ng/ml each in urine. This method should be most useful to accurately determine the presence of these drugs in blood and urine in clinical
and forensic cases.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction called “FOXY” or “FOXY Methoxy” or “5MEO” in the
streets and are sold for reasonable prices at web sites and
Many analogues of a class of tryptamines have hal- on the streetfl4]. Thus, abuse of these drugs is increasing
lucinogenic propertie§1-14]. The following five drugs significantly.
are controlled in Japan\,N-dimethyltryptamine (DMT), AMT contains a methyl group at alpha-position of nitro-
N,N-diethyltryptamine (DET), alpha-ethyltryptamine (AET), genand5MeO-DIPT have adiisopropyl group onthe nitrogen
psilocin and psilocybin. On the other hand, non-controlled in tryptamine structureHig. 1). The steric hindrance by these
tryptamines known as “designer drugs” became pogSlar alkyl groups slow the metabolism of AMT and 5MeO-DIPT,
because they can be easily obtained through internet andand they became orally actij&1,12] AMT was initially
portable phonefl4]. Among them, alpha-methyltryptamine  studied as a monoamine oxidase inhibitor and was used as
(AMT) and 5-methoxyN,N-diisopropyltryptamine (5MeO-  an antidepressant. There is a documentation of the useful-
DIPT) are the most popular among young people; AMT ness of AMT as a psychotropic drdig]. In animal studies,
is called “Day Tripper” or “IT-290", and 5MeO-DIPT is  AMT has 3,4-methylenedioxymethamphetamine (MDMA)-
like propertieq1]. 5MeO-DIPT is known to have hallucino-
* Corresponding author. Tel.: +81 92 642 6124; fax: +81 92 642 6126, 9ENIC effects, but there seems to be only one preliminary
E-mail addressnorii@forensic.med.kyushu-u.ac.jp (N. lkeda). psychopharmacology stud2].
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NH, ric acid were purchased from Wako Pure Chemical In-
dustries (Osaka, Japan). Urease (200 mg) was dissolved in
CH 10 ml of distilled water. Pyridine (silylation grade) was pur-
N chased from Pierce (Milwaukee, WI, USA), acetic anhy-
H dride was from Sigma—Aldrich Co. (St. Louis, MO, USA)
and ExtrelU®? NT Refill Pack was from Merck (Darmstadt,
Germany). The powder (2.5 g each) was packed in a 1.5cm
diameter glass column, and each sample was directly applied
to the column without any steps of conditioning. Ethyl ac-

alpha-methyltryptamine (AMT)

CH(CH L : ;
H,CO N< (CHy), etate was distilled prior to use and other chemicals were of
CH(CH,), analytical reagent grade.
H 2.2. Biological samples
Whole blood and urine samples obtained from healthy
5-methoxy-N, N-diisopropyltryptamine (5MeO-DIPT) Japanese volunteers were kept-&0°C until analysis.

2.3. Standard solutions

AMT (5.0 mg) and 5MeO-DIPT hydrochloride (5.7 mg)

CH,
2 C
NH / o were dissolved in methanol and the volume was adjusted to
N 5ml, to obtain a concentration of 1000 pyas a free base.
This solution was further diluted in methanol to 100, 10 and
CH,
)

1 ngiul. Bupivacaine hydrochloride (5.6 mg) was dissolved
in methanol, in the same manner.
bupivacaine (IS
2.4. Extraction and derivatization procedure
Fig. 1. Chemical structures of AMT, 5MeO-DIPT and bupivacaine (1S).
One milliliter sample of whole blood was mixed with 1 ml
In addition to the hallucinogenic effects, users of AMT or of 0.01 M hydrochloric acid and @l IS solution (300ng
5MeO-DIPT experienced euphoria, dilated pupils, empathy, bupivacaine) in a centrifuge tube (10 ml). The mixture was
visual and auditory distortions, “feeling of love” and emo- vortex-mixed for 10 s and centrifuged at 85@ for 15 min.
tional distress. Some users even experience nausea, vomiting\fter transferring the supernatant to another centrifuge tube
and diarrheah(ttp://www.dea.goy. (10ml), the pH was adjusted to 9.5 by adding 1 ml of 1M
Although these designer drugs are widely abused, only sodium carbonate—sodium hydrogencarbonate buffer (pH
two case reports, in a man who ingested white powder of 9.5). The mixture was vortex-mixed for 10 s, then applied
AMT [6] and in a man who ingested “FOXY” tablgtl], are to an Extrelu® NT column. After standing for 20 min, AMT,
available and no validated analytical procedures with eval- 5MeO-DIPT and IS were eluted with 12 ml of ethyl acetate.
uated data of method detection limit (MDL), recovery and Then the elute was evaporated to dryness under a stream
reproducibility are reported concerning AMT and 5MeO- of nitrogen. The residue was dissolved in HOof pyri-
DIPT. dine, and 5Q.l of acetic anhydride was added to the so-
We developed a sensitive and selective gas chromatogr-ution for acetylation. The mixture was kept at 8D for
aphy—-mass spectrometry (GC-MS) method for the simul- 30 min, then the solvent was evaporated to dryness. The
taneous determination of AMT and 5MeO-DIPT in human residue was dissolved in 0 of ethyl acetate, and a 2-

blood and urine. pl aliquot of the solution was injected onto a GC-MS
apparatus.
One milliliter of urine sample was mixed withd IS
2. Experimental solution (300 ng bupivacaine) in a centrifuge tube (10 ml),
then was digested with 200 units of urease at@G7for
2.1. Reagents 20 min. To the mixture was added 1 ml of 0.5 M hydrochloric

acid, and the preparation was vortex-mixed and centrifuged
AMT was purchased from Aldrich Chemical Company at 850x g for 15 min. After transferring supernatant to an-
(Milwaukee, WI, USA). 5MeO-DIPT was synthesized by other centrifuge tube (10ml), the pH was adjusted to 9.5
Chemical Soft R&D Inc. (Kyoto, Japan). Bupivacaine hy- by adding 1 ml of 1 M sodium carbonate—sodium hydrogen
drochloride was provided by Astra-Japan Ltd. (Osaka, carbonate buffer (pH 9.5). The mixture was then applied to
Japan). Urease, from Jack Bean, ethyl acetate and hydrochloan Extreluf NT column, derivatized and injected onto a


http://www.dea.gov/
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GC-MS apparatus under the same process used for bloo®.2. Derivatization procedure

samples.
Trimethylsilylation (TMS) and acetylation were exam-

2.5. GC—MS conditions ined for the derivatization of AMT and 5MeO-DIPT. As
TMS-derivatized extracts gave interfering peaks on the chro-

The apparatus used was a Hewlett—Packard 5972AMmatogram, probably due to biological matricies, and as only
GC-MS system. An HP-1ms fused-silica capillary column One large peak was obtained on the mass spectra of AMT
(30mx 0.25mm i.d., 0.25:m film thickness) coated with ~ and 5MeO-DIPT, acetylation was selected. Although, 5MeO-
100% dimethylpolysiloxane stationary phase was used. Split- DIPT and bupivacaine were not derivatized, sharp peaks were
less injection mode was selected with a valve off time of obtained for these compounds without derivatization.
2min. The GC-MS conditions were as follows: the initial
temperature 60C was held for 2 min, the temperature was
programmed to 300C at a rate of 20C/min; this tempera-
ture being maintained for 5min. Injection port and transfer
line temperatures were 250 and 2&) respectively. Helium
with a flow rate of 1 ml/min was used as the carrier gas. (109 T T30

The selected ion-monitoring (SIM) mode was used. The 124 186
following ions were used as quantifier and qualifier ionk 1 !N
130 and 157 for AMT and/z 114 and 160 for 5MeO-DIPT ’
for whole blood sampleswz 157 and 130 for AMT andvz
114 and 160 for 5MeO-DIPT for urine samples, respectively.
The ion ofm/z 140 was used for IS.

3.3. Selection of internal standard

It is general to use IS having a similar structure to tar-
get drugs. Lindenblatt et a[25] determined psilocin, a

e
o
L

157 N 130§ H, O

@
1

AMT-AC
a MW=216

Abundance
»

IN
1 1

2.6. Preparation of calibration curves 7703
216

,JLIIA | , ,

0 50 100 150 200 250 300 350 400
m/z

N
P

Whole blood and urine samples were prepared to contain
AMT and 5MeO-DIPT at concentrations of 10, 50, 100, 250
and 750 ng/ml, each containing 300 ng IS. These samples
were extracted as described above. The calibration curve was
obtained by plotting the peak-area ratio of AMT derivative ] 114 oo
(or 5MeO-DIPT) to IS versus the amount of AMT (or 5MeO- 61 i CHICH),
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Many abused drugs, such as amphetamine, metham- 1 H'J \‘ L th
phetamine, MDMA and opiates have been analyzed using 0 50 100 150 200 250 300 350 400
solid-phase extraction (SPE) procedures and whole blood and m/z
urine samplefl5-19] We therefore first extracted AMT and
5MeO-DIPT using several SPE columns with a silica or poly- (x1097 140

mer base. However, the procedures required many stepsin or- 6 CH,
< E>—NH

der to obtain colorless extracts especially for urine samples
and recoveries were low. Thus, we used an ExtPelNit col-
umnthatyields colorless extracts in various matr[2€s-23]
Several eluting solvents, ethyl acetate, dichloromethane and
mixtures of dichloromethane—ethyl acetate at different ratios
were examined, and ethyl acetate led to the best recovery

of AMT and 5MeO-DIPT. In urine samples, a large amount 84 o
of urea interfered with analysis of these drugs. Shinka et al. 1 el L
successfully removed urea by urease for the analysis of 4- 0 50 100 150 200 250 300 350 400
hydroxybutyric acid (GHBJ24], and when we applied their m/z

method we obtained sharp and symmetrical peaks of AMT-
acetate and 5MeQO-DIPT. Fig. 2. El mass spectra of AMT-AC, 5MeO-DIPT and IS.
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Fig. 3. SIM chromatograms of derivatized extracts from whole blood spiked with 750 ng/ml each of AMT, 5MeO-DIPT and 300 ng/ml of IS (a), and from
control whole blood (b).

component of magic mushroom, in human plasma using not proper as IS. When we used bupivacaine, a local anes-
5-hydroxy-indole as IS. We examined several indole com- thetic with a structure similar to mepivacaine, we obtained
pounds such as 5-hydroxy-indole, 5-methoxy-indole and in- a satisfactory reproducibility for determination of AMT and
dole as IS, butthey did notyield sharp peaks. Morano l.  5MeO-DIPT. Therefore, this IS was considered to be suit-
analyzed ethyltryptamine by GC using mepivacaine as IS. As able for the determination of AMT and 5MeO-DIPT using
mepivacaine was partially derivated in our condition, it was GC-MS.

(x 10%) (x 10%)
2 2
m/z 130 m/z 130
i 1
AMT
" ) b A
2 1 = 2 h :
miz 167 m/z 157
1 1
AMT
© [ )
g - - ' ¢ e '
% 5MeQ-DIPT m/iz 114 _g m/z 114
< <C
2 A - - 2 T
m/z 160 m/z 160
1 17
5MeQ-DIPT
|
2 * 2
1S m/z 140 miz 140
1 1
| , , \ . .
11 12 13 14 11 12 13 14
(a) Time / min (b) Time / min

Fig. 4. SIM chromatograms of derivatized extracts from urine spiked with 750 ng/ml each of AMT, 5MeO-DIPT and 300 ng/ml of IS (a), and from control
urine (b).
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3.4. GC-MS determination of AMT and 5MeO-DIPT in Table 1
whole blood and urine Precision and accuracy of the method
Samples AMT 5MeO-DIPT
Election impact (El) mass spectra of AMT-AC, 5MeO- 102 1007 108 100
DIPT and IS are shown iRig. 2 Major fragment ions were Whole blood 6.9 63 57 71
observed atz216, 130, 157 for AMT-ACvz114, 160, 72 Urine 75 55 43 a4
for 5MeO-DIPT andn/z 140 for IS. Each ion was examined — — -
Within-d tions for AMT and 5MeO-DIPTinh les (R.S.D.
and ions of/z 130 for AMT-AC andm/z 114 for 5MeO- (%I)),':: ;Yva”a ons Tor AN and =t inhuman samples (

DIPT were selected as quantifiers in whole blood sample and 2 concentration (ng/ml).

ions of m/z 157 for AMT-AC andm/z 114 for 5MeO-DIPT

were selected as quantifier ions in urine sampis.3shows .

SIM chromatograms of derivatized extracts from whole blood 4 €onclusions

spiked with 750 ng/ml each of AMT, 5MeO-DIPT and 300 ng _ N )

of IS and from blank whole blood. Each peak was clearly sep- e developed a highly sensitive and selective GC/MS
arated on the chromatograms with retention times of 12.50, Method for the simultaneous determination of AMT and
13.17 and 13.33 min, respectively. There were no interfering ©MeO-DIPT in whole blood and urine. This is the first vali-
peaks on the chromatograms of blank samples. In urine Sam_dat_ed prqcedure, which can be used in clinical and forensic
ples, the similar chromatograms were obtained, as showntoxicological cases.

in Fig. 4. The calibration curves were linear in the con-

centration range from 10 to 750 ng/ml in whole blood and

urine samples. Linear regression analyses gave the equaf‘cknowledgments

tions,y=0.001%+0.0051 (blood) ang=0.000& — 0.003
(urine) for AMT, and y=0.0024&« — 0.0368 (blood) and
y=0.001% — 0.0238 (urine) for 5MeO-DIPT with correla-
tion coefficients exceeded 0.92<the analyte concentra-

This work was supported by a Research Foundation for
Safe Society and Grant-in-Aid for Scientific Research (No.
16390194) from Ministry of Education, Science, Sports and
tion (ng/ml),y = peak area ratio). The method detection limit Culture. We thank Dr. T. Kojima of Kanagawa Prefectural
for AMT and 5MeO-DIPT, at a signal-to-noise ratio of 3, Institute of Public Health for his helpful comments and M.
were 1 ng/ml each in whole blood and were 5ng/ml each in Ohara (Fukuoka, Japan) for language assistance.
urine. These values are sufficiently sensitive and useful be-
cause quantitative analysis results in a urinary concentration
of 1.7p.g/mlin a man who ingested “FOXY” tablgt1]. The
absolute recoveries of AMT and 5MeO-DIPT in whole blood
and urine at two different concentrations, 10 and 100 ng/ml,
were determined by comparing the peak areas of derivatives
of AMT acetate or 5SMeO-DIPT in samples with those in (3] T. vasuoka, H. Muroi, R. Okazaki, Y. Matsumoto, Y. Terauchi, T.
standard solutions. The calculated recoveries for AMT and Sasatani, Kanzei Chuo Bunsekishoho 43 (2003) 63 (in Japanese).
5MeO-DIPT in whole blood samples were 29.3 and 79.2% [4] D.J. Mckenna, G.H.N. Towers, J. Psychoactive Drugs 16 (1984) 247.
at 10 ng/ml and 78.7 and 73.0% at 100 ng/ml and those in [®! '(:{1'353()3'192”(?70”* R. Young, J.M. Jacyno, Biochem. Pharmacol. 32
urine samples were 29.9 and 49'6% at10ng/mland 102.6 and [6] H. Long, LS Nelson, R.S. Hoffman, Vet. Hum. Toxicol. 45 (2003)
108.4% at 100 ng/ml, respectively. The recovery of AMT and 149
5MeO-DIPT at 10 ng/mlwas low probably due to adsorption [7] L.E. Hollister, J.J. Prusmack, A. Paulsen, N. Rosenquist, J. Nervous
of drugs onto the column. However, each peak was clearly de-  Mental Dis. 131 (1960) 428.
tected without any interfering peaks. The recovery of AMT (€] /;év‘é'l;g??i% R.F. Long, M.W. Parkes, Br. J. Pharmacol. Chemother.
and 5SMeO-DIPT in a urine sample at 100ng/ml exceeded |q; \ £ Greig, R.A. Walk, A.J. Gibbons, Br. J. Pharmacol. 127 (1959)
100% and was not due to overlapping impurity peaks. This 110.
phenomenon can be explained by the possibility that certain[10] S.A. Barker, J.A. Monti, S.T. Christian, Int. Rev. Neurobiol. 22
biological components contained in the urine extract stabilize (1981) 83.
the drugs or at this concentration prevent them from adsorp-[11] R- Meatherall, P. Sharma, J. Anal. Toxicol. 27 (2003) 313.
tion onto the column. Within-day precision of this method in [12] A-T. Shulgin, M.F. Carter, Commun. Psychopharmacol. 4 (1980)
whole blood and urine at concentrations of 10 and 100 ng/ml [13] R.E. Kantor, S.D. Dudlettes, A.T. Shulgin, Biol. Psychiatry 15 (1980)
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