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Computational study on drug design and prediction of bioactivity for regulation of
non-controlled psychotropic substances

Masaaki Kurihara

We demonstrated design and synthesis of rescue ligands for agonists of the mutant vitamin D

receptor (Arg274Leu), and performed QSAR study of non-controlled psychotropic substances and

docking study of non-approved or unauthorized pharmaceuticals, inhibitors of human phosphodiesterase

5 (PDE5) using computer simulation.

Keywords: drug design, mutant vitamin D receptor (Arg274Leu). QSAR, non-controlled psychotropic

substances, non-approved or unauthorized pharmaceuticals
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Fig. 2 1e,25(0OH),D, bound to VDR
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Fig. 4 Modeling structure of the rescue ligand bound to
mutant VDR (Arg274Leu)
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Fig. 5 Structure of YR301

Fig. 6 Structure of YR301 bound to VDR-LBD. (dark:
x-ray structure, light: modeled structrue)
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Fig. 9 Methcathinone

HHEFHZE 200K ETTo/. 77 -aA74+7 74
YH =T v FEL2D-QSAR (EEREMEAEE) TH
5.

WER B IEEEE Sy ¥ — YMOE (CCGH) % Hw
72, EHABAOAWE LT1~100{tamzE v
72. (Table 1) EWHEIRXGE)- 77253 (1 mg/
kg) CTHALAZT Y FE2HWTRILRRE T 2BD
BEEUEEY 1 ~100ZMERME (ED,E) A
L, ZRENOFETEAF VA M HF 7 (1) ok
E2FH L7z

O]
NH, NHCH, g N(CHa),

3. Dimethylamphetamine

[o}

o] o
m MH: ( I NHCH,CH;

4. Cathinone 5. Methcathinone 6. Ethcathinone

Q

0. o
2CHRCH3 o NH, ke NHCH;

7. Propylcathinone 8 MDA 9 MDMA

[o}

o
<o NHCH;

10. Methylone

Fig. 10

Table 1 Psychotropic substances

No Psychotropic substances (E?)Z?ﬁlge/s;g}
1 Amphetamine 071
2 (#£)-Methamphetamine 049
3 (+)-Dimethylamphetamine 292
4 (#£)-Catinone 0.71
5 (*)-Methcatinone 0.37
6 Ethcathinone 0.77
7 Propylcathinone 203
8 MDA 2.29
9 MDMA 1.64

10 Methylone 2.36

* T. A. Dal Cason et al, Pharmacology Biochemistry and
Behavior, 58(4) (1997) 1109-1116.
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Fig. 13 Structure of Sildenafil
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Simultaneous and group determination
methods for designated substances by HPLC
with multi-channel electrochemical detection
and their application to real samples

Jun Zhe Min,** Kazuhide Yamashita,® Toshimasa Toyo’oka,**
Shinsuke Inagaki,® Tatsuya Higashi,” Ruri Kikura-Hanajiri® and
Yukihiro Goda®

ABSTRACT: Many psychotropic substances are illegally available on the streets and/or via the Internet. This wide distribution
has become a serious social problem. To control this problem, many substances have been controlled as ‘designated sub-
stances’ (Shitei-Yakubutsu) in Japan since April 2007 by the Pharmaceutical Affairs Law, including tryptamines, phenethy-
lamines and piperazines. In the present study, simultaneous determination methods using HPLC with multi-channel
electrochemical detection (MIECD) were developed for the designated substances. The proposed methods utilizing online
electrochemical oxidation are the first report on the simultaneous determination of various designated substances. The
methods involve direct determination and require no complicated pretreatments such as fluorescence labeling. The desig-
nated substances were separated by reversed-phase chromatography using a TSK-gel ODS-100V (4.6 X 250 mm, i.d., 3 pm) and
gradient elution by a mixture of potassium phosphate buffer, methanol and acetonitrile. The total separation of 31 designated
substances was successfully performed but required long chromatographic run times. Thus, the designated substances were
divided into three groups: (1) tryptamines, (2) phenethylamines and (3) piperazines and others. They were then analyzed by
HPLC-MECD as another separation method. The suitable applied voltages for each designated substance were determined
based upon the hydrodynamic voltammogram. The limits of detection (signal-to-noise ratio of 3) of the designated substances
for the most suitable voltages were in the range of 17.1 pg (5-MeO-MIPT) to 117 ng (indan-2-amine). The calibration curves
based on the peak heights were linearly related to the amounts of the designated substances (R? > 0.999). Good accuracy and
precision by intra-day assay and inter-day assay were also obtained using the present procedures. The proposed methods were
applied to the analyses of the designated substance in several real samples. Copyright © 2010 John Wiley & Sons, Ltd.

Keywords: designated substances (Shitei-Yakubutsu); tryptamines; piperazines; phenethylamines; HPLC; muiti-channel electrochemi-
cal detection

Introduction

Many narcotic substances are strictly controlled by the Narcotics
and Psychotropic Control Law in Japan. However, various new

* Correspondence to: T. Toyo'oka, Laboratory of Analytical and Bio-Analytical

analogs of these substances possessing phenethylamine,
tryptamine and piperazine structures have appeared one after
another in the drug market and have become one of the most
serious social problems in Japan (Tanaka et al., 2006; Yamamoto,
2004; Nicholos, 1981; Glennon and Rosecrans, 1982; Spoerke and
Hall 1990; Jacob 1l and Shulgin 1994; Marek and Aghajanian,
1998; Kanai et al,, 2008; Nagai et al., 2007). Principally, they should
be controlled as non-authorized pharmaceuticals by the Pharma-
ceutical Affairs Law in Japan. However, a time-consuming proce-
dure is needed to control them when these compounds are not
specifically mentioned in the name list. For countermeasures
against these substances, the Ministry of Health, Labor and
Welfare amended the Pharmaceutical Affairs Law with a strength-
ened penalty provision in 2006. Thirty-one non-controlled psy-
chotropic substances (11 tryptamines, 11 phenethylamines, six
alkyl nitrites, two piperazines and salvinorin A) and one plant
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(Salvia divinorum) were listed as a new category,‘Designated Sub-
stances’ (Shitei-Yakubutsu) in April 2007. Eleven substances were
also added to this category in 2008 and 2009. Therefore, a rapid,
simple, sensitive and simultaneous determination method is
required for the detection and trace analysis of these designated
substances in real samples.

The major methods for the determination of illegal drugs are
simple inspection kits utilizing the antigen-antibody reaction,
but the types of illegal drugs that can be inspected in this way are
limited to stimulants, opium and cannabis. A coloration reaction
has also been adopted for the screening various illegal drugs in
the USA and Japan (US National Institute of Justice 2009; Satou
2009). However, most of the kits and the coloration tests are
limited to the inspection of only two or three kinds of drugs.
Therefore, new detection methods which could confirm and dis-
tinguish drugs having similar chemical structures are urgently
required. However, the number of simultaneous determination
methods, which are simple and sensitive, for various tryptamine,
phenethylamine and piperazine analogs is quite limited. HPLC-FL
(Nakamura et al,, 2007; Tomita et al., 2006), GC-MS (Awad et al.,
2005; Theobald and Maurer 2006; Theobald et al., 2005; Lin et al.,
2003; Balikova, 2005; Kikura-Hanajiri et af., 2005, 2007) and LC-MS
(Leunget al., 2007; Gottardo et al., 2007; Nakashima 2005; Nishida
et al., 2006; Jimenez et al,, 2006; Carrera et al., 2007; Appollonio
et al,, 2006; Wu et al,, 2008) are the most convenient methods for
distinguishing the drugs. In our previous reports, fluorescence
labeling methods by LC separation and TOF-MS detection were
developed for the designated substances (Min et al., 2008, 2009).
Furthermore, determinations of phenethylamine containing
products sold in the past were successfully performed by these
methods. However, these methods require the fluorescence
labeling of the designated substances in a sample before sepa-
ration and detection. In addition, a high-performance analytical
system including MS is required for the determination.

Since the designated substances possess an allylether, ary-
lamine and indole in the structures and seem to be active for
electrochemical oxidation, the simultaneous determination of 31
kinds of substances, i.e. 11 tryptamines, 14 phenethylamines, two
piperazines and four others, was tried by HPLC with multi-
channel electrochemical detection (MECD). Furthermore, the
designated substances in several real products, sold in Japan
before the regulation, were also determined as an application of
the proposed methods.

Experimental

Materials and Reagents

The hydrochioric acid salts of 31 designated substances, i.e. N-{2-(5-
methoxy-1H- indol-3-yl)-ethyl]-N-propylpropan-1-amine (5-MeO-DPT),
N-[2-(5-methoxy-1H-indol-3-yl)ethyl]-N-methylpropan-2-amine (5-
MeO-MIPT), 1-(5-methoxy-1H-indol-3-yl)propan-2-amine (5-MeO-AMT),
N-[2-(5-methoxy-1H-indol-3-yl)-ethyl]-N-vinylethenamine (5-MeO-DALT),
2-(5-methoxy-1H-indol-3-yl)-N,N-dimethylethanamine (5-MeO-DMT),
3-[2-(diisopropylamino)ethyl}-1H-indol-4-yl ~ acetate  (4-AcO-DIPT),
3-[2-(diisopropylamino)ethyl]-1H-indol-4-ol (4-OH-DIPT), N-[2-(1H-indol-
3-ylethyll- N-propylpropan-1-amine (DPT), N-[2-(1H-indol-3-ylethyl]-N-
isopropylpropan-2-amine (DIPT), N-ethyl-N-[2-(5-methoxy-1H-indol-3-
ylethyllpropan-2-amine  (5-MeO-EIPT),  N-[2-(1H-indol-3-ylethyl]-N-
methylpropan-2-amine (MIPT), 4-chloro-2,5-dimethoxyphene-thylamine
(2C-C), 4-ethyl-2,5-dimethoxyphenethylamine (2C-E), 4-iodo-2,5-dime-
thoxyphenethylamine  (2C-l),  4-ethylthio-2,5-dimethoxyphenethyla-
mine (2C-T-2), 4-isopropylthio-2,5-dimethoxyphenethylamine (2C-T-4),
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1-(4-chloro-2,5-dimethoxyphenyl)  propan-2-amine  (DOC), 1-[4-

(ethylthio)-2,5- dimethoxyphenyllpropan-2-amine (ALEPH-2), 1-{4-iodo-
2,5-dimethoxyphenyl)propan-2-amine (DOI), N-methyl-1-p-tolypropan-2-
amine (N-Me-FMP), 3,4-methylenedioxymethamphetamine (MMDA-2), .
N-methyl-1-(3,4-methylenedioxyphenyl)butan-3-amine (HMDMA), 2,4,6-
trimethoxyamphetamine (TMA-6), 1-(3,4-methylenedioxyphenyl)
butan-2-amine (BDB), 4-methoxymethamphetarnine (PMMA), 1-(4-
methoxyphenyl)piperazine  (4-MPP), 1-benzyl-4-methylpiperazine
(MBZP), 1-(benzold][1,3]dioxol-5-yl)2-{pyrrolidin-1-yl)pentan-1-one
(MDPV), 1-(benzo[d][1,3] dioxol-5-yI)-2-(ethylamirio)propan-1-one (Bk-
MDEA), 2-(ethylamino) -1-phenylpropan-1-one (N-ethylcathinone) and
2,3-dihydro-1H-inden-2-amine (indan-2-amine) were obtained from the
National Institutes of Health Sciences (Tokyo, Japan; Fig. 1). Six real
samples (Products 1-6), sold as legal substances on the Japanese market in
2006, were used for the determination of the designated substances as a
real application. Methanol (CH;OH), acetonitrile (CH,CN) and tetrahydro-
furan (THF) were of special reagent grade (Kanto Chemicals, Tokyo, Japan).
Potassium phosphate dibasic (K;HPO,), potassium phosphate monobasic
(KH,PO,4) and phosphoric acid (H;PO,) were obtained from Wako Pure
Chemical (Osaka, Japan). All other chemicals were of analytical-reagent
grade and used without further purification. De-ionized and distilled
water was used throughout the study (Aquarius pwu-200 automatic water
distillation apparatus; Advantec, Tokyo, Japan).

HPLC-MECD System

A Shimadzu (Kyoto, Japan) HPLC system consisting of two LC-20AD
pumps, an auto injector (SIL-20ACyy) and a degasser (DGU-20A;) was
used. Reversed-phase columns, i.e. TSK-gel ODS-100V (250 x 4.6 mm, i.d.,
3 um; Tosoh, Tokyo, Japan), and Cadenza CD-C18 (250 x 4.6 mm i.d, 3 um;
Imtakt Co. Ltd, Kyoto, Japan), were chosen for the separation optimization
of the designated substances. A coulometric electrode array detector
(Model 5600A CoulArray, ESA inc.,, Chelmsford, MA, USA) equipped with
16 channel cell electrodes (model 6210, porous graphite working elec-
trode) was used for the detection. The column and 16 electrodes were
heated at 40°C. The collected data were processed with Windows 32
software (version 3.01) for CoulArray. An HM-50G pH meter (DKK-TOA Co.,
Tokyo, Japan) was used for pH adjustment of the buffer solution.

Simultaneous Separation of Designated Substances

Total separation of designated substances by single chro-
matographic run. The stock solutions of 31 designated substances
were diluted with water to a 300 ug/mL concentration. An equal volume
of each solution was mixed and an aliquot (10 pL) was injected into HPLC-
MECD system. The mobile phases A and B consisted of 31.4 mM potas-
sium phosphate buffer-CH;OH-CH;CN (95:4:1; pH 6.7) and 60 mMm
potassium phosphate buffer—CH;OH-CH,CN (50:40:10; pH 6.7), respec-
tively. The separation was performed using a reversed-phase ODS column
(TSK-gel ODS-100V, 250 x 4.6 mm, i.d., 3 um) with gradient elution of 25%
B (0-20 min), 10% B {20-60 min) and 10-70% B (60-240 min) at the flow
rate of 1.0 mL/min. The applied potentials of the 16 channel electrodes
were set at 0, 90, 180, 270, 360, 450, 540, 630, 720, 810, 900, 990, 1080,
1170, 1260 and 1350 mV (Table 1).

Group separations of designated substances. The stock solu-
tions of the tryptamine analogs (group 1: 5-MeO-DPT, 5-MeO-MIPT,
5-MeQ-AMT, 5-MeO-DALT, 5-MeO-DMT, 4-AcO-DIPT, 4-OH-DIPT, DPT,
DIPT, 5-MeC-EIPT and MIPT), phenethylamine analogs (group 2: 2C-C,
2C-E, 2C-l, 2C-T-2, 2C-T-4, DOC, ALEPH-2, DOI, N-Me-FMP, MMDA-2,
HMDMA, TMA-6, BDB and PMMA), and piperazine analogs and other sub-
stances (group 3: 4-MPP, MBZP, MDPV, Bk-MDEA, N-ethylcathinone and
indan-2-amine) were diluted with water to a 300 ug/mL concentration.
An equal volume of each solution in groups 1-3 was mixed and an aliquot
(10 ub) was injected into HPLC-MECD system. The HPLC and the MECD
conditions are listed in Table 1.
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R2 R4
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1 MIPT H H H CHs CH(CHs)2
2 DPT H H H CH:2CH2CH3 CH:CH:CH;
3 DIPT H H H CH(CHas)2 CH(CH:):
4 5-MeO-AMT OCH;3 H CH3 H H
5 5-MeO-DMT OCH3» H H CHs3 CHs
6 5-MeO-MIPT OCH; H H CHs CH(CH3)
7 5-MeO-DPT OCH:; H H CH:CH,CH: CH2CH:CH3
8 5-MeO-DALT OCH3 H H CH2CH=CH: CH2CH=CH:
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10 4-AcO-DIPT H OCOCH; | H CH(CHs)2 CH(CH:)
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Figure 1.
lamines, piperazines and others).

Hydrodynamic Voltammogram

The stock solution of each designated substance was diluted with water
to a 250 ug/mL concentration, and a 10 uL portion was then injected to
HPLC-MECD system. The HPLC conditions were according to the separa-
tion conditions in each group.

Limit of Detection

The limits of detection (LODs) of the designated substances at the rec-
ommended applied voltages were determined as a signal-to-noise ratio
of 3 (S/N = 3). The stock solutions of the 31 designated substances were
dituted with water to a series of concentrations (1.71 ng to 11.7 ug/mL).
The LODs were calculated from a comparison of the noise level and the
peak height on the suitable chromatograms which detected the trace
amounts.

Calibration Curves

A series of working solutions of BDB (1.0-25 pg/mL), 2C-l (3.0-40 pug/
mL), MMDA-2 (5.0-60 ug/mL), 5-MeO-AMT (3.0-200 pg/mL), 5-MeO-

Biomed. Chromatogr. 2010; 24: 1287-1299

N-ethylcathinone (16)
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NHCH,CH3

Bk-MDEA (17)

Structures of tested hallucinogenic designated substances (tryptamines, phenethy-

MIPT (0.1-2.0 ug/mL) and 4-OH-DIPT (1.0-10 pg/mL) were prepared by
the dilution of the stock solution. Each solution was tested at five dif-
ferent concentrations. The peak heights based on the MECD response
were plotted vs the absolute amounts of the substances. The RSDs (%)
for each concentration were calculated from three determinations
(n=3).

Accuracy and Precision by Intra-day and Inter-day Assay

The accuracy and precision of the intra-day and inter-day assays were
tested using six designated substances. The accuracy (%) and precision
(RSD%) were evaluated using three different concentrations in the ranges
of 5-25 pg/mL (BDB), 3.0-40 ug/mL (2C-1), 10-60 pg/mL (MMDA-2), 5.0-
20 pg/ml {5-MeQ-AMT), 0.1-2.0 pg/mL (5-MeO-MiPT) and 2.0-10 pg/mL
(4-OH-DIPT). The determinations were repeated three times within a day
and between days. The accuracy (%) at each concentration was calculated
from the calibration curves described in‘Calibration Curves' The precision
for each concentration was also calculated from the SD values for the
three replicated determinations.

View this article online at wileyonlinelibrary.com
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R3
R2 R5
R4
R1 R6
R7
Phenethylamines
No. Substance R1 R2 R3 R4 RS R6 R7
18 2C-1 I OCH: |H H NH: OCH:; |H
19 2C-C Cl OCHs |H H NH: OCH: | H
20 2C-E CH2CH; OCH; |[H H NH2 OCH; | H
21 2C-T-2 SCH2CHs OCHs |H H NH> OCHs | H
2 2C-T-4 SCH(CH3)2 |OCH; |H H NH2 OCHs; | H
23 TMA-6 OCHs H OCH; | CH3 NH: OCH: | H
24 DOl i OCHs |H NH: CH3 OCHs | H
25 PMMA OCH3 H H CH NHCHs | H H
26 N-Me-FMP | F H H NHCH; | CH3 H H
27 DOC Cl OCH: |H NH2 CH: OCH; | H
28 ALEPH-2 SCH2CHs H OCH3 | CHs NH2 H OCH3
NHCH;
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Figure 1. Continued.
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Figure 2. Chromatograms of 31 designated substances by HPLC-MECD 1: MIPT, 2: DPT, 3: DIPT, 4: 5-MeO-AMT, 5: 5-MeO-
DMT, 6: 5-MeO-MIPT, 7: 5-MeO-DPT, 8: 5-MeO-DALT, 9: 4-OH-DIPT, 10: 4-AcO-DIPT, 11: 5-MeO-EIPT, 12: 4-MPP, 13: MDBP, 14:
Indan-2-amine, 15: MDPV, 16: N-ethylcathinone, 17: Bk-MDEA, 18: 2C-l, 19: 2C-C, 20: 2C-E, 21: 2C-1-2, 22: 2-C-T-4, 23: TMA-6, 24:
DOI, 25: PMMA, 26: N-Me-FMP, 27: DOC, 28: ALEPH-2, 29: MMDA-2, 30: BDB, 31: HMDMA. HPLC-MECD conditions are the same

as those in Table 1(1).

Determination of Designated Substances in Real Samples

Products 1-6, sold in the past as legal substances in Japan, were used
for the determination of the designated substances. One milligram each
of the solid samples (products 1, 3, 4 and 5) was dissolved in 1.0 mL of
a 50% methanol solution, sonicated for 10 min and then centrifuged at
2000 rpm for 10 min. After the centrifugation, the separated superna-
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tant was filtered through a 0.45um membrane. The solutions were
diluted 100 times with the initial solution of the mobile-phase and
injected into the HPLC-MECD system. Because products 2 and 6 were
liquid samples, the solution was first diluted 10 times with 50% metha-
nol and then centrifuged at 2000 rpm for 10 min. After the centrifuga-
tion, the supernatant solution was filtered through a 045um
membrane. The solution was diluted 10 times with initial solution of the
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Table 1. Conditions of HPLC-MECD b :

(1) Total analysis

Column

Mobile phase A

Mobile phase B

Gradient elution

Column temperature

Flow rate

Detector

Electrode cell potential

Injection volume

(2) Analysis for tryptamine analogues

Mobile phase A

Mobile phase B

Gradient elution

Other HPLC-MECD conditions are the same as those in (1).
(3) Analysis for phenethylamin analogues

Mobile phase A

Mobile phase B

Gradient elution

Flow rate

Other HPLC-MECD conditions are the same as those in (1).
(4) Analysis for piperazine analogues and others

Mobile phase A

Mobile phase B

Gradient elution

Flow rate

Other HPLC-MECD conditions are the same as those in (1).

TSK-gel ODS-100V (3 tm, 250 x 4.6 mm, i.d.,, TOSOH)

31.4 mm potassium phosphate-CH;OH-CH;CN = 95:4:1 (pH 6.7)
60 mM potassium phosphate-CH;OH-CH;CN = 50:40:10 (pH 6.7)
B. conc. 25% (0-20 min), 10% (20.1-60 min), 10-70% (60-240 min)
40°C

1.0 mL/min

Coularray

0-1350 mV

1oL

31.4 mm potassium phosphate-CH;OH-CH;CN = 95:4:1 (pH 3.5)
60 mMm potassium phosphate-CH;OH-CH;CN = 50:40:10 (pH 3.5)
B. conc. 20-60% (0-40 min), 60-90% (40-55 min)

31.4 mm potassium phosphate-CH;OH-CHs;CN = 95:4:1 (pH 3.5)
60 mM potassium phosphate-CH;OH-CH;CN = 50:40:10 (pH 3.5)
B. conc. 65% (0-10 min), 80% (10-50 min)

0.5 mL/min

31.4 mm potassium phosphate—CH;OH-CHs;CN = 95:4:1 (pH 3.5)

60 mm potassium phosphate-CH;OH-CH3;CN = 50:40:10 (pH 3.5)
B. conc. 55% (0-10 min), 55-95% (10-15 min), 95% (15-20 min)

0.8 mL/min
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Figure 3. Chromatograms of tryptamines by HPLC-MECD 1: MIPT, 2: DPT, 3: DIPT, 4: 5-MeO-AMT, 5: 5-MeO-DMT, 6:
5-MeO-MIPT, 7: 5-MeO-DPT, 8: 5-MeO-DALT, 9: 4-OH-DIPT, 10: 4-AcO-DIPT, 11: 5-MeO-EIPT. HPLC-MECD conditions are the

same as those in Table 1(2).

mobile phase and injected to HPLC-MECD system, as described above.
The designated substances in the products were identified from the
comparison of the retention times and the hydrodynamic voltammao-
gram (HDV) curves of authentic substances. The amounts of the desig-
nated substances in the products were also determined by the
calibration curves.

Results and Discussion

Several screening methods, such as GC-MS and LC-MS, have been
developed for the designated substances and successfully
applied to real samples. Although these methods, which can
confirm the molecular mass, are excellent for the discrimination of

Biomed. Chromatogr. 2010; 24: 1287-1299

Copyright © 2010 John Wiley & Sons, Ltd.

the designated substances, the analytical system including a MS
instrument is rather expensive and cannot be used in many labo-
ratories. The LC-UV method is thus adopted in such laboratories.

The designated substances tested in this study possess various
functional groups, such as aliphatic and aromatic amines and allyl
ether, in their structures (Fig. 1). In general, these functional
groups are electrochemically active, although the response
varies. Therefore, the designated substances, i.e. tryptamines,
phenethylamines and piperazines, seem to be detectable by
electrochemical oxidation. Based on this idea, the determination
of these substances separated by a reversed-phase HPLC was
attempted by online electrochemical oxidation. Since the ease of
oxidation seems to be different in each substance, an MECD
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Figure 4. Chromatograms of phenethylamines by HPLC-MECD 18: 2C-l, 19: 2C-C, 20: 2C-E, 21: 2C-T-2, 22: 2C-7-4, 23:
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conditions are the same as those in Table 1(3).
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Figure 5. Chromatograms of piperazines and other designated substances by HPLC-MECD 12: 4-MPP, 13: MCBP, 14:
Indan-2-amine, 15: MDPV, 16: N-ethylcathinone, 17: Bk-MDEA. HPLC-MECD conditions are the same as those in Table 1(4).

Designated substance  Detection voltage (mV) LOD(pg) Designated substance  Detection voltage (mV) LOD (pg)
5-MeO-DPT 1000 93.8 DPT 1000 75.0
5-MeO-MIPT 1000 17.7 4-OH-DIPT 1000 81.5
5-MeO-AMT 1000 30.0 MIPT 1000 93.8
5-MeO-DALT 1000 286 4-AcO-DIPT 1000 375
5-MeO-DMT 1000 86.7 DIPT 1000 833
5-MeO-EIPT 1000 316 .

2C-E 1200 8.40x 10° 2CH 1200 1.60 x 10°
2C-T-2 1200 990 DOI 1200 359
2C-T-4 1200 2.80x10° 2C-C 1200 717
ALEPH-2 1200 1.15x10° DOC 1200 387
HMDMA 1200 300 N-Me-FMP 1200 18.2x 10
BDB 1200 440 PMMA 1200 500
MMDA-2 1200 3.75x 10% TMA-6 1200 221
MDPV 1100 250 N-Ethylcathinone 1100 147 x 10°
4-MPP 1000 188 Indan-2-amine 1200 17 x10°
MDBP 1100 167 Bk-MDEA 1200 586
LOD, limit of detection (S/N = 3).
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Figure 6. HDVs of phenethylamines obtained from HPLC-MECD HPLC-MECD conditions are the same as those in Table 1(3).

system was adopted for the determination of the substances
eluted from the column.

Separation and Detection of 31 Designated Substances

The various conditions that affect the separation and detection
of the designated substances were optimized using a few ODS
columns, such as ODS-100V and Cadenza CD-C18. For the elec-
trochemical determination, the existence of an electrolyte is
essential for the efficient detection. Therefore, potassium phos-
phate buffer was added to the mobile phases in the present
study. Various factors (e.g. buffer concentration, pH, modifier
species, modifier concentration and gradient elution condition,

Biomed. Chromatogr. 2010; 24: 1287-1299
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etc.) affecting the separation were first tested. The separations
were influenced by the concentrations of the buffer, modifier
(methanol, acetonitrile and THF), gradient patterns, etc. The fol-
lowing conditions were finally selected for the simultaneous
separation of all the designated substances: column, ODS-100V
(4.6 x 250 mm, i.d, 3 um); mobile phase A, 31.4 mm potassium
phosphate buffer-CH;OH-CH;CN (95:4:1), pH 6.7; mobile phase
B, 60mm potassium phosphate buffer-CH;OH-CH;CN (50:
40:10, pH 6.7). Although a simple gradient elution is recom-
mended for such chromatographic separation, the peak-to-peak
separation of several substances was insufficient. Therefore, the
following linear gradient profile was selected for the separation
of 31 designated substances: 25% B (0-20 min), 10% B (20~
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Figure 7. HDVs of tryptamines obtained from HPLC-MECD. HPLC-MECD conditions are the same as those in Table 1(2).

60 min) and 10-70% B (60-240 min) at the flow rate of 1.0 mL/
min. Under these conditions, the 31 kinds of designed
substances were well separated and detected (Fig. 2). However,
the chromatographic run time was too long (240 min). There-
fore, the designated substances were classified into three
groups: (1) tryptamine analogs; (2) phenethylamine analogs;
and (3) piperazine analogs and others. Then the designated
substances in each group were separated using the optimal
conditions.

The tryptamine analogs (group 1) were separated by the fol-
lowing gradient elutions (0-60% B at 0-40 min and 60-90% B at
40-55 min) using 31.4 mM potassium phosphate buffer-CH;OH-
CHCN (95:4:1; pH 3.5; mobile phase A) and 60mMm potassium
phosphate buffer-CH;OH-CH;CN (50:40:10; pH 3.5; mobile phase
B). Figure 3 shows the chromatograms obtained from the 11
types of tryptamines.

The simultaneous separation of 14 kinds of phenethylamines
(group 2) was also carried out using the same column and mobile
phases. The optimized gradient elution conditions were 65% B
(0-10 min) and 80% B (10-50 min). When the flow rate of the

View this article online at wileyonlinelibrary.com
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mobiie phase was 1.0 mL/min, 2C-E, ALEPH-2 and DOI could not
be separated well. The separation was improved by a low flow
rate (0.5 mL/min). However, a long time was required for the
separation due to the low flow rate. The chromatogram is shown
in Fig. 4.

A good separation of the piperazine analogs and other sub-
stances was observed from the gradient elution of 55% B
(0-10 min), 55-95% B (10-15 min) and 95% B (15-20 min) at the
low flow rate of 0.8 mL/min. A typical chromatogram is shown in
Fig. 5. The piperazines and the others were sirnultaneously sepa-
rated within 25 min.

Determination of HDV and LOD

Judging from the chromatograms of Figs 2-5, the responses of
the designated substances seemed to be fairly different in the
applied potential range, as was expected. For example, 4-OH-
DIPT was easily oxidized at a relatively low applied voltage
(180 mV). Therefore, the HDVs of each substance were deter-
mined. As shown in Figs 6-8, the shapes of the HDV curves varied

Biomed. Chromatogr. 2010; 24: 1287-1299
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Figure 8. HDVs of piperazines and other designated substances obtained from HPLC-MECD. HPLC-MECD conditions are the same as

those in Table 1(4).

for each designated substance. The exact reason for the variance
is not obvious. However, the difference seems to be dependent
on the functional groups such as indole and arylamine in the
structures of the designated substances (Fig. 1). The results
suggest that a rough estimation of the designated substances in
real samples might be possible from the HDV pattern.

The LODs (S/N = 3) of the designated substances were deter-
mined at suitable applied voltages obtained from the optimiza-
tion. The results of LOD at suitable voltages are shown in Table 2.
Although the sensitivities of all the substances seemed to be
higher than those of the UV detection, a wide variation in the
LODs from 17.1 pg (5-MeO-MIPT) to 117 ng (indan-2-amine) was
observed. The tryptamine analogs tended to be sensitive, but the
LODs of the phenethylamines were strongly dependent on each
substance.

Application to the Real Samples Containing
Designated Substances

The determination of designated substances in several real
samples was carried out as an application of the present
methods. The designated substances in liquid samples, i.e. prod-
ucts 2 (colorless liquid) and 6 (yellow liquid), were simply diluted,
filtered and determined by HPLC-MECD. In the case of the solid
samples, i.e. products 1 (yellow powder), 3 (mushroom-like), 4
(orange powder) and 5 (brown solid), the designated substances
were extracted with 50% CH;OH, sonicated, centrifuged, filtered
and then similarly determined by HPLC-MECD. Each solution was
first subjected to HPLC-MECD system for total analysis. The kind
of designated substances in these products were speculated
from the retention times of the chromatogram obtained from the
mixture of 31 authentic substances. Since the chromatographic
run time in the total separation system is long, the assay of the
designated substances in the products was carried out by group
separations. The typical chromatograms obtained from these
samples are shown in Figs 9 and 10. Phenethylamine analogs, i.e.
BDB, MMDA-2 and 2C-l, were identified from products 1, 2 and 3,
respectively (Fig. 9). On the other hand, tryptamine analogs, i.e.

Biomed. Chromatogr. 2010; 24: 1287-1299
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5-MeO-AMT (product 4), 5-MeO-MIPT and 4-OH-DIPT (product 5)
and 5-MeO-MIPT (product 6), were also detected (Fig. 10). In addi-
tion, unknown peaks were also detected in products 2 and 5.
Judging from the retention times and HDV curves, the unknown
peaks in Fig. 9(c) {product 2) and Fig. 10{c) (product 5) seemed to
be not the designated substances targeted in this study.

The calibration curves were determined at five different con-
centrations (n =3) involving the amounts speculated in the sample
solutions. A good calibration curve was obtained from each des-
ignated substance by the group determination methods (Table 3).
The accuracy (%) and precision (RSD%) by the group determina-
tion methods were also determined. The results of the intra-day
and inter-day determinations at three different concentrations are
shown in Table 4. A good accuracy (%) was obtained from all the
designated substance. Although the RSDs (%) for the intra-day
and inter-day assay were different for each designated substance,
the values were less than 6.7%. The recovery test was not per-
formed in the present study because there was information about
the matrix in the products. The designated substances spiked in
water were quantitatively recovered as shown in Table 4.

Based on the calibration curves, the concentrations of each
designated substance were calculated as 0.77 mg/mg (BDB in
product 1), 3.66 mg/mL (MMDA-2 in product 2), 0.018 mg/mg
(2C-l in product 3), 13 pg/mg (5-MeO-AMT in product 4), 0.21 and
7.8ug/mg (5-MeO-MIPT and 4-OH-DIPT in product 5) and
500 pg/mL (5-MeO-MIPT in product 6).

Although only the validation data of the designated sub-
stances which were detected in the real samples are shown in
Tables 3 and 4, similar good accuracy, precision and calibration
curves were obtained from the other designated substances.
Therefore, the proposed methods seem to be applicable not only
for the qualitative but also for quantitative determinations of
unknown designated substance in real samples.

Conclusion

New screening methods based on online electrochemical oxida-
tion have been developed for the designated substances. To the
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Table 3 Calibration curves for de5|gn ed s bstan

Designated substance Calibration range (ng) Linear equation Linearity (R?)
BDB 10-250 y=0.7108x - 0.3276 0.999

2CH 30-400 y=0.3095x —2.988 0.999
MMDA-2 50-600 y=0.3394x-5.1131 0.999
5-MeO-AMT 30-200 y=1.8258x — 7.4046 0.999
5-MeO-MIPT 1-20 y=20.15x + 0.092 0.999
4-OH-DIPT 10-100 y=0.8391x — 2.1655 1.000

Designated substance

Amount (ng)

SD: standard deviation; RSD: relative standard deviation.

Intra-day assay (n =3)

Mean £ SD Accuracy % RSD % Mean + SD Accuracy % RSD%
BDB 50 50.4 £ 0.19 100.8 0.38 50.5 + 0.083 101.0 0.17
100 102 + 0.50 102.0 0.50 101 £0.22 101.0 0.22
250 249 = 0.10 99.60 0.077 249 + 4.4 99.60 1.8
2C- 30 287 %13 95.70 45 28112 93.70 4.1
200 197 £ 2.4 98.50 12 198 + 0.83 99.00 0.42
400 402 +1.3 100.5 0.31 402 +1.8 100.5 0.45
MMDA-2 100 969 *+ 2.3 96.90 23 99.4 + 0.85 99.40 0.86
300 302 =38 100.7 13 299 + 4.7 99.70 1.6
600 599 + 1.7 99.80 0.28 601 =29 100.2 0.49
5-MeO-AMT 50 50.7 + 0.058 1014 0.12 50.3 = 0.57 100.6 1.1
100 99.8 +0.78 99.80 0.78 99.6 *+ 0.96 99.60 0.96
200 200 = 0.29 100.0 0.15 . 200 = 0.34 100.0 0.17
5-MeO-MIPT 1 0.930 = 0.013 93.00 13 0.980 = 0.067 98.00 6.7
5 5.10 = 0.057 102.0 1.1 5.08 = 0.027 1016 0.54
10 100 £ 0.12 100.0 1.2 9.91 £ 0.090 99.10 0.91
20 20.0 = 0.050 100.0 0.25 20.0 = 0.049 100.0 0.25
4-OH-DIPT 20 20.0 £0.19 100.0 0.95 202 £ 0.19 101.0 0.96
50 50.1 +0.31 100.2 0.62 49.6 + 0.61 99.20 1.2
100 100 £0.32 100.0 0.32 100 +0.25 100.0 0.25

Inter-day assay (n = 3)

best of our knowledge, this is the first report of such methods for
the simultaneous determination of various designated sub-
stances by online multi-channel electrochemical oxidation. The
31 designated substances, controlled as ‘Shitei-Yakubutsu' by the
Pharmaceutical Affairs Law in Japan, were simultaneously sepa-
rated and detected within 240 min by reversed-phase chroma-
tography by MECD. Furthermore, the designated substances,
divided into three groups, (1) tryptamines, (2) phenethylamines
and (3) others containing piperazines, were also successfully
determined by HPLC-MECD. The separation and detection of the
designated substances in groups 1 (11 tryptamines), 2 (14 phen-
ethylamines) and 3 (6 substances containing piperazines) were
totally performed within 50, 45 and 20 min, respectively. There-
fore, 31 kinds of designated substances were determined using
total separation and/or group separations. The methods were
successfully used to determine the designated substances in six
real samples. The proposed methods are based upon direct
analysis without complicated pretreatments such as fluorescence
labeling. The LOD (17.1 pg to 117 ng) of the proposed methods
was dependent on the structure of each designated substance
and not equally good sensitive. However, the determination of
real samples seems to be possible, as demonstrated in the analy-
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ses of several products. Furthermore, the HPLC-MECD system
may be useful for the rough identification of the designated sub-
stances in some real samples, because the HDV curve pattern is
different for each substance. Consequently, we believe that the
present methods are useful for the qualitative and quantitative
analyses of various designated substances in real samples.
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