time, while no remarkable difference of FLI between the both
reaction temperatures was observed. Therefore the following
experiments were done at room temperature for 30 min.

To remove the excess reagent and interfering components
derived from plasma, clean-up with an SPE cartridge (Varian Bond
Elut® C, ) was introduced. The volume of CH5CN for elution of labels
was examined. In the range of 200-1000 pL, more than 500 pL
of CH;CN gave the maximum and constant FLL The extraction
recoveries of both DIB labels calculated on the peak height ratios
with standards obtained with or without SPE were ca. 80%.

HPLC conditions

Owing to the remarkable difference in the chromatographic
behaviors of both compounds on a reversed-phase column, their
satisfactory separation from the interfering peaks within
acceptable analysis time could not be obtained by an isocratic
elution. Thus, a gradient elution was required in all previous
methods (Vorce et al., 2008; Elliott and Smith, 2008). We also used
a gradient elution with the combination of 0.1 m acetate buffer
(pH 3.5; MP 1) and CH3CN (MP 2) and a good separation of DIB
labels without interference of peaks from reagent and plasma
components couid be achieved (Fig. 1). The retention times of

A

DIB-BZP

\ DIB-TFMPP

FII, arbitrary unit

;%j (B)
-1—--».._»...!\-»\«}”i e
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I
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Retention time, min

Figure 1. Chromatograms of rat plasma (A) and that obtained after
60 min of co-administration of BZP and TFMPP (B).
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DIB-BZP and -TFMPP labels were 9.1 and 12.3 min, respectively.
Total running time including washing and equilibration steps
after eluting of DIB-TFMPP was ca 25 min.

Method validation

Calibration curves obtained with a spiked plasma showed good
linearities in the ranges of 25-1000 ng/mL for BZP (r=0.997) and
50-2000 ng/mL for TFMPP (r=0.999). The LODs of BZP and
TFMPP were 0.9 ng/mL (204 fmol on column) and 4.6 ng/mL
(69.0 fmol on column), respectively. The LOQs were 3.0 (BZP)
and 15.2ng/mL (TFMPP).

Accuracy, intra- and inter-day precisions of the proposed
method were evaluated by analyzing plasma spiked with known
concentrations of BZP (50 and 500 ng/mL) and TFMPP (100 and
1000 ng/mL), as shown in Table 1. Accuracy in the range of
94.4+3.7 to 109.4 +5.3% was obtained. The intra-day precisions
(relative standard deviations, RSDs) for BZP and TFMPP were
4.8% (50 ng/mb) and 3.7% (500 ng/mLb), and 4.5% (100ng/mL)
and 4.4% (1000 ng/mL), respectively. Inter-day precisions (RSDs)
of 6.3% (50ng/mL) and 4.8% (500ng/mL) for BZP were
obtained, while those for TFMPP were 9.1% (100ng/mL) and
7.6% (1000 ng/mL). These parameters of the proposed method
were acceptable for the precise analyses of these compounds.
However, recoveries of BZP and TFMPP were 37.9 and 49.8%,
respectively. The reason for these low recoveries might be the
fow extraction yield of both compounds from the plasma matrix,
because remarkable loss of DIB labels was not observed in the
SPE procedure (extraction yield ca 80%). Little information on
the recovery of BZP and TFMPP in plasma could be found in
previous reports. Anyway, the simultaneous monitoring of both
compounds after administration was demonstrated with such
low recoveries.

The sensitivity of the proposed method was higher than that of
HPLC-UV (312 ng/mL for BZP and 20 ng/mL for TFMPP; Elliott and
Smith, 2008) and comparable to that of GC-MS methods (5 ng/mL
for both substances; Peters et al, 2003). The proposed method
has the merit that the plasma volume required for measurement
(20ul) was smaller than those of HPLC-UV (500 uL; Elliott and
Smith, 2008) and LC-MS (100 ut; Antia et al., 2009a).

Monitoring of BZP and TFMPP after their sole or
co-administration to rats

Furthermore, the proposed method was applied to monitor BZP
and TFMPP concentration after a single sole or co-administration
of BZP and/or TFMPP to rats. The dose for sole administration of
BZP and TFMPP was 2mg/kg, and 2mg/kg each of dose was
combined for co-administration. The dose used in this study may

@ Data presented as means = SD (n=35).

Table 1. Accuracy, intra- and inter-day assay precision and recovery

Analyte Spiked concentration Accuracy (%)
(ng/mL)
BZP 50 1094+53
500 994+3.7
TFMPP 100 103346
1000 99.8+4.4

Precision (RSD)% Recovery (%)

Intra-day inter-day
48 6.3 37.9
37 4.8
45 9.1 49.8
4.4 7.6

Biomed. Chromatogr. 2012; 26: 21-25

Copyright © 2011 John Wiley & Sons, Ltd.
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be suitable because the maximum dose of the BZP abuser in
a previous report corresponded to 5mg/kg (Tsutsumi et al.,
2006). The concentration-time profiles of BZP and TFMPP are
shown in Fig. 2. The concentrations of BZP after sole administra-
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Figure 2. BZP (A) and TFMPP (B) level-time profiles in plasma after sole
or co-administration of BZP and TFMPP to rats {n = 3).
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tion in plasma were comparable to those of co-administration
of BZP and TFMPP, whereas the TFMPP concentrations after
co-administration trended to be higher than those after
sole administration (AUCp_360, mg-min/L: 5117 vs 71%13,
P=0.192). By using the proposed method, BZP and TFMPP
could be monitored at least 480 min after administration.

The calculated pharmacokinetic parameters of BZP and
TFMPP are summarized in Table 2. A significant difference in
pharmacokinetic parameters of TFMPP (CL of TFMPP, L/min:
0.009 +0.001 vs 0.005 +0.002, P=0.047) was found. Little useful
information to compare with our results was available. Antia
et al. studied on pharmacokinetics of BZP and TFMPP after their
co-administration to humans (Antia et al, 2009b). Metabolic
profiles of both compounds were altered by co-administration.
Changes to some pharmacokinetics of TEMPP were also noted
and this agreed well with our result, although the dose ratio of
BZP and TFMPP used, 3.3:1.0 {Antia et al., 2009b), was different
from ours (1:1). The metabolic pathway of each drug in rat was
studied. BZP was not extensively metabolized and was mainly
excreted as the unchanged parent compound (Staack et al.,
2002). In contrast to BZP, TFMPP was extensively metabolized
and almost all excreted as metabolites (Staack and Maurer,
2005). So if the interaction of BZP and TFMPP occurred in the
metabolic process, the pharmacokinetic parameter of TFMPP
might be changed easily. The mechanism of interactions
between BZP and TFMPP cannot be elucidated from the results
obtained in this study because of the limitations of the study
conditions: the dose (and dose ratio) of BZP and TFMPP were
fixed and their metabolites were not considered.

Conclusions

The proposed HPLC-FL method with DIB labeling was useful
for simultaneous determination of BZP and TFMPP in rat
plasma. Using fluorescence labeling, SPE for a clean-up step
and a gradient elution, sensitive and selective determination of
these compounds was achieved. The obtained validation
parameters of BZP and TFMPP in plasma were acceptable.
Furthermore, this method could be successfully applied to
monitor these compounds after a single sole or co- administration
to rat. Under the conditions used, significant differences in

Table 2. Pharmacokinetic parameters of BZP and TFMPP

Pharmacokinetic parameter

Sole-administration, mean + SD (n=3)

Co-administration, mean + SD (n=3)

* P<0.05 (Student’s t-test).

BZP

K (min™) 0.0037 £0.0016 0.0034+0.0010
T2 (Min) 219+ 108 222:+82
V(L) 5.1+21 46+27

Cl (L/min) 0.017 £0.0038 0.014 +0.0059
AUCq_360 (Mg-min/L) 22+5.1 27+ 11
TEMPP

K (min™") 0.0061 +0.0039 0.0047 £0.0039
T,/ (min) 147 +78 237+216
V(L) 20+13 1.2+034
Cl (L/min) 0.009 +0.001 0.005 + 0.002*
AUCo_360 (Mg-min/L) 51+17 71+13

wileyonlinelibrary.com/journal/bmc

Copyright © 2011 John Wiley & Sons, Ltd.
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pharmacokinetic parameters of TFMPP could be found by their
co-administration. From the results, the proposed method is
sensitive and reliable, and thus might be suitable for studies in
forensic toxicology and pharmaceutical sciences.
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Changes in the prevalence of new psychoactive
substances before and after the introduction of
the generic scheduling of synthetic
cannabinoids in Japan

Ruri Kikura-Hanajiri,* Nahoko Uchiyama, Maiko Kawamura
and Yukihiro Goda

To counter the spread of the many analogues of psychoactive substances, the Pharmaceutical Affairs Law in Japan was
amended in 2006 to establish a new category - Designated Substances - in order to more promptly control these drugs. As
of March 2013, 106 substances (including one plant, Salvia divinorum) were listed in the category of Designated Substances,
and 13 of them had had their category changed from Designated Substances into the much stricter category, Narcotics.
However, new analogues of controlled substances, especially synthetic cannabinoids, appeared one-by-one since the new
category was introduced. To avoid a cat-and-mouse game between regulators and illicit drug manufacturers, a comprehensive
system (generic scheduling) for designating naphthoylindole-type synthetic cannabinoids, with particular substituents, was
introduced into the Designaied Substances in 2013. Since late 2012, the naphthoylindole-type compounds have been
gradually replaced by other types of synthetic cannabinoids, such as cyclopropylmethanones, cannabimimetic carboxamide
derivatives, adamanthoyl indoles, and cannabimimetic quinolinyl carboxylates. After the enforcement of the generic
scheduling for designating naphthoylindoles in March 2013, these naphthoylindoles have been completely replaced by other
types and have rarely been detected in the products. New types of psychoactive substances, including opioid receptor
agonists (e.g. AH-7921, MT-45), hallucinogenic phenethylamines (e.g. NBOMe-type compounds), and thiophene derivatives
{e.g. methiopropamine, a-PVT) have also appeared. The almost infinite possibilities of altered structures of chemicals make
it difficult to carry out effective and exhaustive scheduling. To prevent the widespread distribution and abuse of these
new psychoactive substances, continuous and dedicated menitoring for the emergence of these substances is necessary.
Copyright © 2013 John Wiley & Sons, Lid.
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Introduction

A wide variety of new psychotropic substances has emerged
around the world over the past few years. The United Nations
Office on Drugs and Crime (UNODC) reported that the number
of new psychoactive substances reported to the UNODC rose
from 166 at the end of 2009, to 251 by mid-2012, an increase
of more than 50%." Among these psychoactive substances,
synthetic cannabinoid CB;/CB, receptor agonists (synthetic
cannabinoids), phenethylamines and cathinone derivatives are
major classes of abused drugs."?

In particular, products of herbal smoking mixtures containing
synthetic cannabinoids have been widely distributed since at
least 2006, and new analogues appeared on the illegal drug
market. The European Monitoring Centre for Drugs and Drug
Addiction (EMCDDA) reported that the number of synthetic
cannabinoids detected by the EU Early Warning System (EWS)
for new psychoactive substances has been increasing, with a
total of 84 synthetic cannabinoids reported to the EMCDDA as
of May 2013P% To counter the spread of these many
analogues of psychoactive substances, some countries have been
innovative in introducing new legislation.

In Japan, the Pharmaceutical Affairs Law was amended in 2006
to establish a new category - Designated Substances. Additionally,
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a comprehensive system (generic scheduling) for designating
naphthoylindole-type synthetic cannabinoids, with particular
substituents (Figure 1), was introduced into the Designated Sub-
stances category in March 2013.

We have been conducting an ongoing survey of new
psychoactive substances on the Japanese illegal drug market
since 2004. 8 With a focus on synthetic cannabinoids, we have
obtained more than 1300 products sold via the Internet as ‘legal
herbs’ or ‘incense’ for their expected cannabis-like effects since
2009.2°23381 we have also investigated many newly emerged
substances (Table 1). As of March 2013, at least 59 types of
synthetic cannabinoids have been identified through our survey.
In this report, we describe the changes in the prevalence of new
psychoactive substances and their legal status on the basis of our
survey from 2009 to 2013, especially the changes before and after
the introduction of the 2013 generic scheduling of synthetic canna-
binoids in Japan.

* Correspondence to: Ruri Kikura-Hanajiri, National Institute of Health Sciences,
1-18-1, Kamiyoga, Setagaya, Tokyo 158~8501, Japan. E-mail: kikura@nihs.go.jp

National Institute of Health Sciences, 1-18-1, Kamiyoga, Setagaya, Tokyo
158-8501, Japan
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Changes in the prevalence of new psychoactive substances

1) 3-(1-Naphthoylindole Ry n-C3Hy, n-CiHs, n-CsHyy, n-CeHys, m-Cilys, 7-CgHyy
-CH=CHCH,CH,CH,, -CH,CH=CHCH,CH,, -CH,CH,CH=CHCH;,
° I -CH,CH,CH,CH=CH,
1 ! -(n-C3Hg)X, -(n-CyHg)X, -(n-CsHyo)X
[X=F, Cl, Br, 1, CN, OH, OCOCH;]

Ry H, CHs, CyHs, n-C3Hy, n-CyHg, 1-CsHyy, n-Cethys
-OCHj,, -OCyHs
F, Ci, Br,|

Excluding the following substances and their sals;
{4-ethoxynaphthalen-1-yl)(1-octyl-1H-indol-3-yl)methanone,
(1-heptyl-1H-indol-3-y1) {4-hexyinaphthalen-1-yl)methanone,
{4-hexylnaphthalen-1-yl)(1-octyl-1H-indol-3-yl)methanone,
(4-methoxynaphthalen-1-yl)(1-octyl-1H-indol-3-yl)methanone,
1-naphthalenyl(1-pentyl-1H-indol-3-yl)methanone and
(1-octyl-1H-indol-3-y){4-pentylnaphthalen-1-ylimethanone.

2) 2-Methyl-3-(1-naphthoyllindole Ry n-CaHy, n-C4Hg, N-CgHyy, n-CgHya, N-CyHys

{In case of [Ry=n-CgH,3], limited to n-C3H;, n-CyHy)

0o T \\] n-CgHyz

I L ;} (Only where R, is C,Hs or 7-CyHy)
/“;\ T Ry -CH':CHCHQCH;)CH;, -CH2CH=CHCH2CH3, 'CH2CH2CH=CHCH3,
C T 1 1 I -CH,CH,CH,CH=CH,
Sy ’\.N/ NN (Except [Ro=n-CeHy3))

| ) (n-C3Hg)X, -(n-CyHg)X, -(n-CsHyg)X

Ry {in case of [Ry=n-CgHy,), limited o -(n-C3Hg)X, -(n-CsHg)X)
[X=F, CI, Br, 1, CN, OH, OCOCH}

R H, CHy, CaHs, 1-C3ty, n-CyHy, n-Calyy, n-CeHia

-OCHs, -OC;Hs

F ¢l Br,!

Except (2-methyl-1-heptyl-1H-indol-3-yl)(4-pentylnaphthalene-1-yl)methanone
and its salts.

Figure 1. The structural range of the generic scheduling for designating naphthoylindole-type synthetic cannabinoids based on the provision of the
Pharmaceutical Affairs Law in Japan.

If the substances are still being distributed after the control as
Designated Substances and their harmful effects, such as drug
dependency, are proved scientifically, they should be re-

The changes in the prevalence of designer
drugs and their legal status in Japan

At the beginning of this century, many analogues of narcotic
substances were widely distributed in Japan as easily available
psychoactive substances, and they had become a serious
problem. Products ranging from herbal mixtures to synthetic
drugs, sold as ‘aroma liquid’, ‘herbal incense’, or ‘research
chemicals’ were available in various forms via the Internet or
head shops. 2* They were not controlled under the Narcotics
and Psychotropics Control Law in Japan because their
pharmacological effects had not yet been proven scientifically.
Although these substances should have been controlled by the
Pharmaceutical Affairs Law, enforcement was difficult because
they were sold as non-pharmaceutical products.

To fight their distribution, the Ministry of Health, Labor, and
Welfare of Japan amended the Pharmaceutical Affairs Law in
2006. The new psychoactive substances defined were more
strictly controlled by the amended law as follows:

categorized into Narcotics. The Narcotics and Psychotropics
Control Law prohibits their distribution, possession and use.

In April 2007, 31 compounds (11 tryptamines, 11 phenethylamines,
6 nitrites, 2 piperazines and salvinorin A) and one plant
(Salvia divinorum) were first listed as Designated Substances.
However, simultaneous with the control of these designer
drugs, new analogues of the controlled substances began to
appear on the illegal drug market and the identification and
control of these compounds rapidly devolved into a cat and
mouse game. In particular, the recent spread of products
containing various analogues of synthetic cannabinoids and/
or cathinone derivatives has been a matter of great concern
in Japan. 2039

Before 2007, the major psychoactive substances distributed on
the Japanese illegal drug market were tryptamine-type
derivatives (such as 5-MeO-DIPT, ‘Foxy’), phenethylamine-type

derivatives (such as the 2C series, for example, 2C-T-7), and
piperazine-type derivatives (such as BZP). Nitrites, such as
isobutyl nitrite and isopentyl nitrite (‘Rush’), were also widely
distributed in Japan. 2! After these compounds were listed as
Narcotics or Designated Substances in 2007, they quickly
disappeared from the market and cathinone derivatives were
distributed widely, as well as phenethylamine-type and piperazine-
type designer drugs. 2!

Although the tryptamine-type designer drugs decreased, non-
controlled psychotropic plants, such as ‘Kratom’ (Mitragyna
speciosa), ‘San Pedro’ (Trichocereus pachano), 'Peyote’ (Lophophoria
williamsif), "'Hawaiian baby woodrose’ (Argyreia nervosa), ‘Fly Agaric’
(Amanita muscaria), and ‘Ayahuasca’ (Psychotria  viridis,
Banisteriopsis caapi, etc.) became popular in place of the chemical
psychotropic substances. 1316778221 The herbal products

1. A new category - Designated Substances - was introduced
under this law. The Minister designates the psychotropic
substances with potential effects on the central nervous
system, which are recommended by a committee in the
Ministry, as Designated Substances. Full scientific data required
for Narcotics is not necessary for designation and that makes it
possible to control the concerned compounds quickly.

2. The manufacture, import, and sale of the Designated
Substances are banned except for proper use (such as
medicinal or industrial use, and use for research or testing
purposes by the government or research institutes).

3. The examination of suspected substances is possible.

4. The strengthening of punishment for distribution of non-
authorized pharmaceuticals is possible.
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originally consisted of plant mixtures with psychoactive effects.
However, these products have changed over the past few years
to include potent new psychoactive compounds such as synthetic
cannabinoids. Most plant species identified by DNA sequence
analyses in the products, were different from the plants indicated
on the labels and no reliable psychoactive effects have been
reported. Therefore, these plant materials would be used mainly

as diluents for the psychoactive synthetic substances

The changes in the structures of synthetic
cannabinoids after the introduction of ge-
neric scheduling

After the introduction of the category Designated Substances
into the Pharmaceutical Affairs Law in 2007, the conventional
designer drugs (such as tryptamines and piperazines)
disappeared from the illegal drug market in Japan, as described
above. However, since 2008, herbal-type products containing
various synthetic cannabinoids have appeared in Japan under
names such as ‘legal herbs’ and ‘incense’. The active entries of
various synthetic cannabinoids dramatically changed the
situation in the market. *?%*% These compounds were originally
invented as cannabinoid receptor probes. Their numerous
analogues were synthesized during the development of new
medicine affecting the central nervous system, and only some
of these analogues have appeared as designer drugs on the
illegal drug market. We were therefore sure that other analogues
with strong activities would appear one after another.

At present, the synthetic cannabinoids and cathinone
derivatives are the most popular designer drugs sold on the
illegal drug market in Japan. ®**% Among the 84 Designated
Substances which were listed from 2011 to September 2013
(2 tryptamines, 9 phenethylamines, 23 cathinone derivatives,
1 piperazine, 43 synthetic cannabinoids, and 6 others,
including the substances which had their category changed
from Designated Substances to Narcotics), approximately 80%
of the compounds were either synthetic cannabinoids or
cathinone derivatives. These new psychoactive substances
mimic the effects of illicit drugs and are produced by
introducing slight modifications to the chemical structure of
controlled drugs to circumvent drug controls. In fact, the actual
composition in terms of synthetic additives in the products was

Substances

dynamically changing and rapidly responding to the newly
implemented control measures. This made it difficult to
effectively control these compounds. An alarming increase in
emergency hospitalizations caused by these synthetic
cannabinoids and/or cathinone derivatives has been observed
since 2011, 237 Several fatalities related to these products
have occurred, ¥**83% and car accidents caused by impaired
consciousness after smoking the products have been a serious
problem throughout Japan since 2012, 2

To counteract the emergence of the many analogues of these
compounds, Japan's Ministry of Health, Labor, and Welfare
implemented three legislative measures in 2012. In the first
instance, the Ministry listed new psychoactive substances as
Designated Substances with greater speed. From 2007 to 2011,
a total of 69 substances were listed in the category of Designated
Substances. In 2012 and the first half of 2013, another 61
substances were added, excluding the compounds designated
by the generic scheduling. Figure 2 shows the new psychoactive
substances listed as Designated Substances under the
Pharmaceutical Affairs Law since 2007.

For the second measure, the Ministry re-categorized
Designated Substances as Narcotics in 2012. From 2009 to the
first half of 2013, 15 compounds had their category changed
from Designated Substances to Narcotics. Twelve of these 15
compounds have been changed since 2012. These 12
compounds include 6 synthetic cannabinoids (cannabicyclohexanol,
JWH-018, JWH-073, JWH-122, AM2201 and MAM-2201) and four
cathinone derivatives (ethcathinone, MDPV, mephedrone and
0-PVP). For the third measure, generic scheduling for
designating naphthoylindole-type synthetic cannabinoids, with
particular substituents, was introduced into the Designated
Substances (Figure 1). The structural range of the generic
scheduling was decided according to the substances’ possible
pharmacological activities, which were estimated using the
Quantitative Structure-Activity Relationship (QSAR). As a result,
a total of 759 compounds, excluding the already controlled
compounds, were newly added to the Designated Substances.
This was enforced in March 2013. As of 1 September 2013,
the total number of Designated Substances is 881 substances
and one plant.

Figure 3 shows the changes in the structures of synthetic
cannabinoids detected in the herbal products from 2009 to
2013. 1n 2009, only cyclohexylphenols (e.g. cannabicyclohexanol)
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Figure 3. Changes in the rates of various types of synthetic cannabinoids, ie. cyclohexylphenols, naphthoylindoles, phenylacetylindoles,
benzoylindoles and others, detected in 1,349 herbal-type products that were sold as ‘legal herbs’ or ‘incense’ on the Internet between September
2009 and May 2013.

and naphthoylindoles (e.g. JWH-018) were found. However,
following the control of these compounds, the cyclohexylphenols
disappeared from the illegal drug market and various analogues

of the naphthoylindoles (e.g. JWH-081, JWH-210 and AM2201),
phenylacetylindoles (e.g. JWH-203) and benzoylindoles (e.g.
AM694) were widely distributed. %39 Other compounds that
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Figure 4. Changes in the prevalence of synthetic cannabinoids and their legal status on the basis of our survey of 775 herbal-type products sold as
‘legal herbs’ or ‘incense’ on the Internet between October 2011 and May 2013, The horizontal axis shows the number of products. §§: Numbers of
compounds detected in the products purchased from October 2011 to July 2012, ['} from July 2012 to November 2012, EZZ from November 2012 to
January 2013, & from January 2013 to March 2013, & from March 2013 to May 2013. <1>: Compounds controlled as Designated Substances before
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2013. <8>: compounds requested for public comment as of September 2013. <9 > compounds not yet controlled.
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Figure 5. Chemical structures of new types of synthetic cannabinoids emerging since 2012.

do not have the four structures described above had never been
detected prior to 2011, and 63% of the compounds detected
from 2009 to 2011 were naphthoylindoles. ?°3% However, after
the official announcement of the generic scheduling in
November 2012, other types of synthetic cannabinoids increased
dramatically 83%%3361 and the naphthoylindoles were rarely
detected. Moreover, after enforcement of the generic scheduling
for designating naphthoylindoles in March 2013, this structure
has been completely replaced by other types.

Figure 4 shows the changes in the prevalence of synthetic
cannabinoids since 2012. Before the introduction of the generic
scheduling, most compounds detected in the products were
naphthoylindole-type compounds. Among them, MAM-2201
was the most frequently detected in 2012, and some health prob-
lems, possibly caused by this compound, were reported. 29393
However, in the second half of 2012, new types of synthetic
compounds, such as carboxyamide derivatives (e.g. APICA and

~
]
NH; o
M =H 2CH s
cl 2¢cC X
. Br 2CB
1201 o

Methamphetamine Methiopropamine

APINACA) and quinolinyl carboxylates [e.g. QUPIC (PB-22)]
increased, P8313334 and they accounted for 71% of the
detected compounds. After the introduction of the generic
scheduling, 5-fluoro QUPIC was the most detected synthetic
cannabinoid in the products obtained in early 2013. B% it has
been reported that some of these recent emerging synthetic
cannabinoids have higher cannabinoid CB,/CB; receptor binding
affinities than that of JWH-018 or A>-tetrahydrocannabinol which
is an active component of marijuana, and potential serious health
damage may be expected. 33364047

Figure 5 summarizes the structures of various types of
synthetic cannabinoids that have appeared since 2012. Instead
of naphthoylindole-type compounds, adamanthoylindoles (e.g.
AB-001), carboxyamide derivatives (e.g. APICA and APINACA),
and di-carboxamide derivatives (e.g. AB-PINACA, AB-FUBINACA,
ADBICA and ADB-FUBINACA) have appeared in the illegal
drug market one after another®3" As well as carboxyamide
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O Ct 25C-NBOMe (2C-C-NBOMe)

Br 25B-NBOMe
I 25-NBOMe

=X

] [}
]

a-PVP a-PVT

Figure 6. The emergence of new psychoactive substances as alternatives to controlled drugs.
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and di-carbocyamide derivatives, cyclopropyimethanone-type
compounds {e.g. UR-144 and XLR11) and quinolinyl carboxylates
[e.g. QUPIC and QUCHIC (BB-22)] and their fluoro-derivatives
have also been widely distributed since 2012. B3¢ These
substances have been listed as Designated Substances as of
September 2013. As shown in Figures 4 and 5, as soon as
generic scheduling was introduced by the Ministry, new types
of psychoactive substances appeared.

The recent emergence of other new
psychoactive substances

With the marked increase in the detection of new synthetic
cannabinoids, other substances belonging to an expanding
range of chemical families, that are derivatives of controlled
drugs, have appeared since 2012 (Figure 6). For instance, there
are potent hallucinogenic NBOMe-type compounds (e.g. 251
NBOMe and 25C-NBOMe) and stimulant thiophene analogs (e.g.
methiopropamine and o-PVT). %39 AH-7921 and MT-45 also
emerged as new types of designer drugs. %31 These
compounds have been classified as opioid analgesics with high
addictive liability. ¥*% These designer drugs were detected
together with several synthetic cannabinoids and cathinone
derivatives in the products. In the last 3 years, the types of
designer drugs and their combinations in illegal products have
been diversifying, and we expect that more serious health risks
will be associated with their use.

Conclusions

To counter the spread of the many analogues of psychoactive
substances, the Pharmaceutical Affairs Law in Japan was
amended in 2006 to establish a new category, Designated
Substances. Additionally, the generic definition for designating
naphthoylindole-type synthetic cannabinoids was introduced
into the Designated Substances category in 2013. The almost
infinite possibilities of altered structures of chemicals make it
difficult to carry out effective and exhaustive scheduling. Because
of the continuing diversity of new emerging substances,
information-sharing among international laboratories will be
crucial in the fight against these dangerous substances. The test
purchasing of products for sale is one method of keeping track
of how the substances contained in a product change over time,
and it contributes to the early detection of new psychoactive
substances that appear on the market. To prevent the
widespread distribution and abuse of these new psychoactive
substances, continuous and dedicated monitoring of the
emergence of these substances is essential.
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Table 1. Abbreviations and their chemical names of new psychoactive substances mentioned in this study.

Chemical names
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{1-[(Tetrahydropyran-4-yl)methyl}-1H-indol-3-yl}(2,2,3,3-tetramethylcyclopropan-1-yl)methanone
1-Adamantyl(1-pentyl-1H-indol-3-yl)methanone
N-(1-Amino-3-methyl-1-oxobutan-2-yl)-1-(4-fluorobenzyl)-1H-indazole-3-carboxamide
N-(1-Amino-3-methyl-1-oxobutan-2-yl)-1-pentyl-1H-indazole-3-carboxamide
N-(1-Amino-3,3-dimethyi-1-oxobutan-2-yl)-1-(4-fluorobenzyl)-1H-indazole-3-carboxamide
N-(1-Amino-3,3-dimethyl-1-oxobutan-2-yl)-1-pentyl-1H-indole-3-carboxamide
3,4-Dichloro-N-{[1-(dimethylamino)cyclohexyllmethylibenzamide
[1-(5-Fluoropentyl)-1H-indol-3-yll(2-iodophenyl)methanone
{1-[(1-Methylpiperidin-2-yl)methyl] -1H-indole-3-yl} (naphthalen-1-yl)methanone
1-Adamantyl{1-[(1-methylpiperidin-2-y)methyl}-1H-indol-3-yl}methanone
[1-(5-Fluoropentyl)-1H-indol-3-yll(naphthalen-1-yl)methanone
5-[3-(1-Naphthoyl)-1H-indol-1-yllpentanenitrile
(2-lodophenyl){1-[(1-methylpiperidin-2-ylymethyl]-1H-indole-3-yl}methanone
N-(1-Adamantyl)-1-pentyl-1H-indole-3-carboxamide
N-(1-Adamantyl)-1-pentyl-1H-indazole-3-carboxamide
2-(4-Bromo-2,5-dimethoxyphenyl)-N-(2-methoxybenzyl)ethanamine

(Continues)

i R RSP e
-83

4, 6,832

=
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Changes in the prevalence of new psychoactive substances

 Table 1. (Continued).

- Abbreviations

Chemical names

Cannabicyclohexanol

- 2C-B

. CB-13

- 2CC
2C-C-NBOMe
2C-H
2CH
2C-T-7
Ethcathinone

- EAM2201
5-Fluoropentyl-3-pyridinoylindole
25H-NBOMe
25|-NBOMe
. JWH-018
JWH-022
JWH-030

- JWH-073
JWH-081
JWH-122
JWH-203
JWH-210
JWH-213
JWH-307
JWH-398
MAM-2201
MDPV
5-MeO-DIPT
. Mephedrone
Methiopropamine
MT-45
NNE1T
o-PVP
o-PYT
QUCHIC
QUPIC

- UR-144
URB-754
XLR11

Drug Test. Analysis 2014, 6, 832-839

(1RS, 3SR)-3-[2-Hydroxy-4-(2-methylnonan-2-yl)phenyllcyclohexan-1-ol
2-(4-Bromo-2,5-dimethoxyphenyl)ethanamine
Naphthalen-1-yl[4-(pentyloxy)naphthalen-1-ylimethanone
2-(4-lodo-2,5-dimethoxyphenyl)ethanamine
2-(4-Chloro-2,5-dimethoxyphenyl)-N-(2-methoxybenzyl)ethanamine
2-(2,5-Dimethoxyphenyl)ethanamine
2-(4-lodo-2,5-dimethoxyphenyl)ethanamine
2-(2,5-Dimethoxy-4-propylsulfanylphenyl)ethanamine
2-Ethylamino-1-phenylpropan-1-one
(4-Ethylnaphthalen-1-yl)(1-(5-fluoropentyl)-1H-indol-3-yl)methanone
[1-(5-Fiuoropentyl)-1H-indol-3-yl}(pyridin-3-yl)methanone
2-(2,5-Dimethoxyphenyl)-N-(2-methoxybenzyl)ethanamine
2-(4-lodo-2,5-dimethoxyphenyl)-N-(2-methoxybenzyl)ethanamine
Naphthalen-1-yl(1-pentylindol-3-yl)methanone
Naphthalen-1-yl[1-(pent-4-en-1-yl)-1H-indole-3-yllmethanone
Naphthalen-1-yl(1-pentyl-1H-pyrrol-3-yl)methanone
(1-Butyl-1H-indol-3-yl)(naphthalen-1-yl)methanone
1-(4-Methoxynaphthalen-1-yl)(1-pentyl-1H-indol-3-yl)methanone
(4-Methylnaphthalen-1-yl)(1-penthyl-1H-indol-3-yl)methanone
2-(2-Chlorophenyl)-1-(1-penty-1H-indol-3-yl)ethanone
(4-Ethylnaphthalen-1-yl)(1-pentyl-1H-indol-3-yl)methanone
(4-Ethylnaphthalen-1-yl)(2-methyl-1-pentyl-1H-indol-3-yl)methanone
[5-(2-Fluorophenyl)-1-pentyl-1H-pyrrol-3-yll(naphthalen-1-ylymethanone
(4-Chloronaphthalen-1-yl)(1-pentyl-1H-indol-3-yl)methanone
[1-(5-Fluoropentyl)-1H-indol-3-yl}(4-methyinaphthalen-1-yl)methanone
1-(Benzo[d][1,3]dioxol-5-yl)-2-(pyrrolidin-1-yl)pentan-1-one
N,N-Diisopropyl-5-methoxytryptamine
2-(Methylamino)-1-(4-methylphenyl)propan-1-one
2-Methylamino-1-(thiophen-2-yl)propane
1-Cyclohexyl-4-(1,2-diphenylethyl)piperazine
N-(Naphthalen-1-yl)-1-pentyl-1H-indole-3-carboxamide
1-Phenyl-2-(pyrrolidin-1-yl)pentan-1-one
2-(Pyrrolidin-1-yl)-1-(thiophen-2-yl)pentan-1-one

Quinolin-8-yl 1-(cyclohexylmethyl)-1H-indole-3-carboxylate
Quinolin-8-yl 1-pentyl(1H-indole)-3-carboxylate
(2,2,3,3-Tetramethylcyclopropan-1-yl)(1-pentyl-1H-indol-3-yl)methanone
6-Methyl-2-[(4-methylphenyl)amino]-1-benzoxazin-4-one
[1-(5-Fluoropentyl)-1H-indol-3-yl}(2,2,3,3-tetramethylcyclopropan-1-yl)methanone

pyright © 2013 John Wiley & Sons, Ltd, wileyonlinelibrary.com/journal/dta
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Prevalence of New Designer Drugs and Their Legal Status in Japan

Ruri Kikura-Hanajiri,* Nahoko Uchivama, Maiko Kawamura, Jun Ogata, and Yukihiro Goda
National Institute of Health Sciences; 1-18—1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan.

(Received August 17, 2012)

In recent years, many analogs of narcotics have been widely distributed as easily available psychotropic substances
and have become a serious problem in Japan. To counter the spread of these non-controlled substances, the Pharmaceu-
tical Affairs Law in Japan was amended in 2006 to establish a new category; Designated Substances in order to more
strictly control these substances. In April 2007, 31 compounds and 1 plant were first controlled as Designated Sub-
stances. Before 2007, the major compounds distributed in the Japanese illegal drug market were tryptamines,
phenethylamines and piperazines. Alkyl nitrites, such as isobuty! nitrite and isopentyl nitrite, were also widely distribut-
ed. After they were listed as Narcotics or Designated Substances in 2007, these compounds, especially the tryptamines,
quickly disappeared from the market. In their place, cathinone derivatives have been widely distributed, as well as differ-
ent phenethylamines and piperazines. Additionally, in recent years, new herbal products containing synthetic cannabi-
noids have appeared globally. As at July 2012, 78 substances (including 1 plant; Salvia divinorum) were listed in the
category of Designated Substances. They were 13 tryptamines, 17 phenethylamines, 11 cathinones, 4 piperazines, 23 syn-
thetic cannabinoids, 6 alkyl nitrites, 3 other compounds and 1 plant. In this review, we show our survey of the spread of
new designer drugs in Japan, focusing especially on synthetic cannabinoids and cathinone derivatives. Also, the preva-

lence and legal status of these substances in other countries will be presented.

Key words——designer drug; synthetic cannabinoid; cathinone derivative; Designated Substance
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Table 1. Psychotropic Substances Controlled as Designated Substances in Japan (as of July 2012)

Enforcement Tryptamines Phgﬁ?gla‘ Cathinone derivatives  Piperazines Casnyr?;&egioci ds Others Total
MIPT QCc-D* 4MPP Isopropyl nitrite
DPT QCc-T-2* MBZP Butyl nitrite
DIPT (2C-T-4)* Isobutyl nitrite
5-MeO-AMT 2C-C t-Butyl nitrite
) 5-MeO-DMT 2C-E Isopentyl nitrite 32(29)
1 april 5-MeO-DET TMA-6 Cyclohexyl nitrite
5-MeO-MIPT PMMA
5-MeO-DPT  4-FMP Salvinorin A
3-MeO-DALT MMDA-2 [Salvia divinorum)
4-OH DIPT BDB
4-AcO-DIPT HMDMA
11 January Indan-2-amine bk-MDEA MDBP 5
2008 DOI bk-MBDB
5-MeO-EIPT ALEPH-2 Ethcathinone
16 January
2009 DOC MDPV 6
N-Me-4-FMP
Mephedrone 4FPP Cannabicyclohexanol Diphenylprolinol
20 November
5009 CP-47, 497 6
JWH-018
DON JWH-073
24 September 2CC3 JWH-250 5
N-Me-2-FMP
5-MeO-EPT  ALEPH-4 3-Fluoromethcathinone JWH-015
Methedrone JWH-081
14 May
2011 JWH-122 9
JWH-200
JWH-251
4-Fluoromethcathinone JWH-019
Naphyrone JWH-203
20 October 4-Methylethcathinone JWH-210 9
2011 AM-694
AM-2201
RCS-4
3,4-dimethylmethcathinone JWH-022 Methoxetamine
AM-1220
AM-2233
1 July CB-13 9
2012 Cannabipiperidiethanone
APICA
APINACA
80(77)
Total 13 20(17) 11 4 23 941 plant +1 plant

* 2C-1, 2C-T-2 and 2C-T-4 had their category changed from ““Designated Substances’’ to ““Narcotics’’ from January 2008.
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Fig. 1. Prevalence of Psychotropic Substances Based on Our Survey in the Last 10 Years
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Designted substances
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since 24 Sep.2010 <2>
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since 1 July 2012 <5>

APINACA <5>

Fig. 2. Structures of Synthetic Cannabinoids Controlled as Designated Substances in Japan (as of July 2012)
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S-fluoropentyl-3- pyridinoylindole

Fig. 4. Synthetic Cannabinoids, Having Structures Different from Those of Cyclohexylphenols, Naphthoylindoles, Phenylacetylin-

doles and Benzoylindoles, Detected in Our Survey since 201126
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F/UREEMEECEETS 12485 (o<l
Fv REEERS, BK WK% »ombiasnk
{LEMOELERT. D
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Table 2. Cathinone Derivatives Detected in Our Survey!® (as of May 2012)
Common name R, R, R, R, Regule;tion category in Japan
as of July 2012)
Cathinone* CH; H H H Narcotic
Methcathinone (Ephedrone) * CH;,3 CH; H H Narcotic
3,4-Dimethylmethcathinone CH,; CH; H 3,4-dimethyl Ez)oels,;%nated Substance (since 1 July
Ethcathinone CH; CH,CH; H H Designated Substance (since 16
January 2009)
Amfepramone (Diethylpropion) * CH; CH,CH; CH,CH; H Psychotropic
4-Methylmethcathinone (Mephedrone) CH; CH; H 4-CH;, Designated Substance (since 20
November 2009)
4-Methylethcathinone CH; CH,CH; H 4-CH; Designated Substance (since 20
October 2011)
4-Fluoromethcathinone (Flephedrone)  CHj; CH; H 4-F Designated Substance (since 20
October 2011)
3-Fluoromethcathinone CH, CH, H 3-F g)(;els%rnated Substance (since 14 May
4-Methoxymethcathinone (Methedrone) CH; CH; H 4-OCH; 2Doelsi§nated Substance (since 14 May
4-Methoxy-N,N-dimethylcathinone CH,3 CH; CH; 4-OCHj;
Buphedrone CH,CH; CH; H H
4-Methylbuphedrone CH,CH; CH; H 4-CH;
4-Methyl-N-methylbuphedrone CH,CH; CH, CH; 4-CH;
N-Ethylbuphedrone (NEB) CH,CH;,4 CH,CH; H H
Pentedrone CH,CH,CH; CH; H H
Methylone (bk-MDMA) CH; CH, H 3,4-methylenedioxy Narcotic (since 3 February 2007)
Ethylone (bk-MDEA) CH,3 CH,CH; H 3,4-methylenedioxy Designated Substance (since 11
January 2008)
BMDP (bk-MDBZ) CH; benzyl H 3,4-methylenedioxy
Butylone (bk-MBDB) CH,CH; CH;, H 3,4-methylenedioxy Designated Substance (since 11
January 2008)
Pentylone CH,CH,CH; CH, H 3,4-methylenedioxy
«-PBP CH,CH; pyrrolidinyl H
a-PVP CH,CH,CH; pyrrolidinyl H
Desethylpyrovalerone (4-MePPP) CH; pyrrolidinyl 4-CH;
Pyrovalerone CH,CH,CH; pyrrolidinyl 4-CH; Psychotropic
MDPBP CH,CH;4 pyrrolidinyl 3,4-methylenedioxy
MDPV CH,CH,CH, pyrrolidinyl 3,4-methylenedioxy  Designated Substance (since 16
January 2009)
Naphyrone CH,CH,CH; pyrrolidinyl (naphthyl structure) Designated Substance (since 20

October 2011)

* Cathinone, methcathinone and amfepramone have never been detected in our survey.

HFAICE < OBERTEANZESIN TN D
4-methylmethcathinone (mephedrone) I 2009 4
11 BICHEEEYICHEES NS UATICE b BRHEN
EMORATF ) CHFEBETHS. REEYHREE
W, BT/ CHEERRBEOERE, BEBLUEEY
T& 5 4-methoxymethcathinone (methedrone) %, 3-
fluoromethcathinone, 4-fluoromethcathinone (flephe-
drone), naphyrone £ TH o7z, ZH S O{LEWL,
2010 ERENSTRED ER & 78 o 7= 4-methyleth-
cathinone & & H1Z, 2011 FITHREEMITIEESI N
Jz. 201247 AETIC U BEOHTF J FEMAKN

BEEMITEEEINTVS (Table 2).

AT CHFBEEIARIC, BR, BRESENS
&, Tz xR FIVT I P, AMT (%), 5-MeO-
DALT (35E W), N,N-diethyl-4-hydroxytrypta-
mine (4-OH DET) %0 hU 7% 3 > R{EY,
diphenylprolinol (JEF#4), 2-diphenylmethylpyr-
rolidine %2, procaine, lidocaine, dimethocaine, ben-
zocaine E D RFTMEEA 2B T 52 PIREEE,
methoxetamine &, BRZERZ2HTHHARLE
VESATLHBOHEEZRBOONTND. DR
B, BRACFE A RZDWTIE, BEERNS
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Fig. 5. Cathinone Derivatives Detected in 124 Different Liquid or Powdery Products Obtained vig the Internet between September

2009 and February 201219

B Ehiano/z, Znid, INsEmOIEE
WRENED, KROBEBRICBBERATTH2 I &
WEEL TWEEEZ 515,

3. B OBEFMRA

BKBEICBN TS, ZnNsbEWoRBIIAE
B LIRS TS, EETIE, 20094 12 BicE
B> 4 REE, 2010 4 4 BT 4-methylmeth-
cathinone &= DMBEAENF / VFE K, 2L T
2010 £ 7 B 1213 naphyrone X OF DO EE S %
Schedule I, Class BE# & LU TEHFEHEFL TWa,
FEICPRNTIE, 2001 £3 A1 B, 5 CCH,
CP-47,497, JWH-018, JWH-073, JWH-200 @ 5 {b&
Yz (01248 A 29 HETHEER), 20114 10 A
21 B A, 5 MDPV, 4-methylmethcathinone, methy-
lone @ 3 k&M E, TNFNEEWIZ Schedule 1
HEELUTHHELTWS, 51T, 201246 AIC
261bEY (ERAFE/ A RISEE HF />

FEERVFT7 RXFIIVT I E 11 8 % Sched-
ule IMBITEBMT S ENBERRTBVWTRESQ
T3, EBERARVERERICEDVWE 25
/4 RE OHFYHEINTHD, BEEME
EYORFERA L VA2 T3,

4. BHYIC

EEEYHEOBEAICLY, BESITRWTHSE
FEL TWEBERS v/ RERIERA LEDL
7z UL, E, Wbwd EN—T) LT
NBE/RAFTE A4 RESTMS N ELTR
R, FOTUFy R, NAVILEERINEHF )
CHEBREERMU ZARES, MRESOTRED
IRE->TWS, Ins &8GR, FEEERIIBWT
HRUZED, BElEEND720, SERSDEE
HEYNTHRESIND &, BONTBEEMLEMICE
HLUTRESNDED, AfEDI5F T > T
WTW5S, REEYPRECBENEYUL TV
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FIMBENTOATHEATEZENRE ZINS
MERS Y XL, 202F4 BICEEENE
BEERBHEES - AREEEE2OBEEEYH2ST
X, BEEEYOBREFREOREL (HPaEEEE
DIEM S, WHTRBEREND ZEY = ENTRE
RNCEEEYICHREL, HRZRRICT 250K
BLRfTS 2 EMERESINE. £z, ROBEIMY
TWNIE—FL THECHEFEEZTAHIENTES
[EFRIEE] DEAKDWT, BAMNRBREICAS
ZENRELTND., INGEFERS v/ EFER
KEBBEREZFIETA2291C, SEBMENIC
FHFEER Sy JOHBAZERL, RRICHEELE
Ao T BENH B,

BEE AW THERLUEWERRO—EL, EE
FETERVBEEFERIFMAERREE (BESR -
EEREELF 25 N —YT1 IO AREMASEE
HIS-EE-—g-017 R f H21-EE-——F-030) O
BIRIc L DTNz D TY
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