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bstract

The disposition into hair of methylone and other new designer drugs, methcathinone and MBDB, was studied with the animal model. Moreover,
he incorporation rates of these drugs were compared with those of their related eight compounds previously studied in order to evaluate their
ncorporation tendency into hair and the usefulness of hair specimens for the retrospective confirmation of the use of these drugs. When the ratio
f hair concentration to AUC in plasma ([Hair]/AUC) was represented as an index of the incorporation rate of drugs into hair, the [Hair]/AUC of
ethylone was 14 times higher than that of methcathinone. It might support earlier findings that the methylenedioxy group on the benzene ring

eads to considerably higher incorporation rates. However, [Hair]/AUC of methylone was five-sevenths times lower in comparison with that of
DMA. This suggested that the beta-carbonyl group leads to lower incorporation rates. Although methylone has both groups in its structure, the

ositive effect of the methylenedioxy group may be stronger than the negative effect of the beta-carbonyl group. On the other hand, the [Hair]/AUC
f MBDB, which has methylenedioxyphenyl-2-butanamine structure, was higher than that of MDMA while that of methcathinone, having beta-

etone in its structure, was extremely low. In conclusion, as with MA and MDMA, the incorporation tendency of methylone and MBDB (except
or methcathinone) into hair is relatively high, and a hair sample would be a good specimen for the confirmation of retrospective use of these
rugs.

2007 Elsevier B.V. All rights reserved.
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. Introduction

It is difficult to evaluate the drug incorporation tendency into
air only by hair concentrations because they vary according to
he total doses administered and the bioavailability of the drugs.
ven if a defined dose is used in the experimental design, it may
ot be enough because there are large individual differences
n both metabolism and bioavailability. One reasonable method
or controlling these problems is to consider the total amount of

rugs in whole blood or plasma. We have proposed that the drug
ncorporation rates into hair could be measured as the compari-
on between the total amount of drugs in the blood and those in

� This paper was presented at the 44th Scientific Meeting of The Interna-
ional Association of Forensic Toxicologists (TIAFT), Ljubljana, Slovenia, 27
ugust–1 September 2006.
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i
e

t
f
[
h
a
m

570-0232/$ – see front matter © 2007 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2007.05.018
he hair [1,2]. The total amount of drugs in the blood can be rep-
esented by area under the plasma concentration curve (AUC).
n the other hand, in practice, it is difficult to estimate the total

mount of drugs in the hair. Therefore, this measure may theo-
etically be replaced by drug concentrations in the hair. These
oncentrations would be determined by comparisons with equal
engths of hair that have grown for a definite duration. Based on
he above reason, we have used the ratio of drug concentration
n hair to plasma AUC ([Hair]/AUC) as one of the indexes of the
ncorporation rate of a drug from blood into hair in the animal
xperimental model [1,2].

In a previous report [2], we have studied the struc-
ural factors of drugs on the incorporation rate into hair
rom blood using 32 amphetamine analogs. As a result,

Hair]/AUC of 3,4-methylenedioxyamphetamine (MDA) which
as a 3,4-methylenedioxy group to the benzene ring of
mphetamine (AP) was 5.5 times higher than that of AP; 3,4-
ethylenedioxymethamphetamine (MDMA) corresponding to

mailto:kikura@nihs.go.jp
dx.doi.org/10.1016/j.jchromb.2007.05.018
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ethamphetamine (MA) analog was 5.9 times higher than that
f MA, and 3,4-methylenedioxyethylamphetamine (MDEA)
orresponding to N-ethylamphetamine (EAP) analog was 6.1
imes higher than that of EAP. Moreover, the [Hair]/AUC of
-methoxy-4,5-methylenedioxyamphetamine (MMDA) was 2.3
imes higher than that of MDA [3]. These results suggested
hat a methylenedioxy or a methoxy group on the benzene ring
eads to considerably higher incorporation rates. On the other
and, the result of the [Hair]/AUC measurement of cathinone
ontaining a carbonyl group at the benzyl position of AP gave
nusually low values compared with that of AP. It is clear that
he beta-ketoamphetamines (e.g., cathinone) would show very
ow incorporation rates.

Methylone (2-amino-1-(3,4- methylenedioxyphenyl)propan-
-one) is a new ecstasy-type designer drug that recently appeared
n the Japanese drug market as well as in Europe (Fig. 1).
lthough only a little is known about the harmfulness of this
rug, risks common to MDMA cannot be excluded because of
he similarities between these drugs [4–6]. Methylone has the
ethylenedioxy and the beta-carbonyl groups in its structure.
s mentioned above, these two functional groups would have

ontrary effects on the incorporation rate into hair of the drug.
herefore, it may be difficult to guess the incorporation tendency
ompared to its corresponding compound, MA.

In this study, the dispositions into hair of methylone and
ther new designer drugs, methcathinone and N-methyl-1-(3,4-
ethylenedioxyphenyl)butan-2-amine (MBDB), were studied
ith the animal model. Moreover, the incorporation rates of

hese drugs were compared with those of the related compounds
reviously studied, cathinone, AP, MA, MDA, MDMA, MDEA

nd MMDA, in order to evaluate their incorporation tendency
nto hair and the usefulness of hair specimens for the confirma-
ion of the retrospective use of these drugs. Its chemical structure
nd those of related drugs are shown in Fig. 1.

w
v
(
f

Fig. 1. Chemical structures of methylone, MBDB,
atogr. B 855 (2007) 121–126

. Experimental

.1. Chemicals and reagents

MBDB hydrochloride and MBDB-d5 (1,2-dideutero-N-tri-
euteromethyl-1-(3,4-methylenedioxyphenyl)-2-butanamine)
ere obtained from Cerilliant (Round Rock, TX, USA).
DMA-d3 hydrochloride [3] and methamphetamine-d4

ydrochloride [7] used as internal standards were prepared
s previously reported. Methcathinone hydrochloride was
repared by the oxidation of pseudoephedrine [8]. Methylone
ydrochloride was synthesized according to the procedure of
amata et al. [9]. Its structure and purity were confirmed by
melting point (degradation, 225 ◦C), TLC, GC–MS [9] and

H nuclear magnetic resonance. Solid-phase extraction column
Bond Elut Certify, 10 mL/300 mg) was obtained from Varian
Harbor City, CA, USA). Pentafluoropropionic anhydride
as purchased from Aldrich (Steinheim, Germany). All other

hemicals and solvents were of analytical reagent grade or
PLC grade (Wako Chemicals, Osaka, Japan).

.2. Instrumentation

For the quantitative analysis of the drugs in plasma and hair
amples, GC–MS in the electron impact (EI) mode at 70 eV of
lectron energy was used. The instrument consisted of a Hewlett-
ackard 5890 series II plus GC with a 5972 mass selective
etector. Helium was used as the carrier gas through the fused sil-
ca capillary column (DB35-MS capillary, 30 m × 0.25 mm i.d.,
.25 �m film thickness) at 1 mL/min. The injector temperature

as 200 ◦C, and splitless injection was employed with a split
alve for 1.0 min. The oven temperature was started at 100 ◦C
held for 1.0 min), followed by a 10 ◦C/min ramp to 280 ◦C (held
or 5 min) for the analyses of methylone and methcathinone. It

methocathinone and its related compounds.
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as programmed from 100 ◦C (3 min hold) to 280 ◦C (5 min) at a
ate of 20 ◦C/min for the analysis of MBDB. The mass selective
etector was kept at 280 ◦C. Drugs in biological specimens were
nvestigated by monitoring the selected ions as follows: m/z 149
a base peak ion), 204, 121, 160, 353 (M+) for pentafluoropro-
ionyl (PFP)–methylone, m/z 218 (a base peak ion), 176, 135,
53(M+) for PFP–MBDB, m/z 204 (a base peak ion), 105, 160,
7, 119 for PFP–methcathinone, m/z 207 for PFP–MDMA-d3
as an internal standard for the analysis of methylone), m/z 222
or PFP–MBDB-d5 (for the analysis of MBDB) and m/z 208 for

A-d4 (for the analysis of methcathinone).

.3. Animal experiments

The animal experimental model was designed to compare
he ratio of hair to AUC in many kinds of drugs as shown in
ur previous report [1,2]. The experimental drugs were admin-
stered to male dark agouti (DA) pigmented rats (n = 3), which
ere 5 weeks old and around 100 g mean weight (Japan SLC,
hizuoka, Japan). The drugs were given once a day at 5 mg/kg
y intraperitoneal injection for 10 successive days. Two hun-
reds �L of Blood samples were collected 5, 15, 30, 60 120
nd 360 min after the drug administration and plasma samples
ere prepared. The AUC was calculated by the conventional
ethod [1]. Each animal had been shaved on the back just

efore the first drug administration. The newly growing hair
amples were collected 28 days after the first administration.
he ratio of the drug concentration in the hair to the AUC of the
lasma was calculated as the index of the incorporation rate into
air.

.4. Analytical methods

.4.1. Stock solution
An individual standard solution of 1.0 mg/mL of each drug,

ethylone, methathinone and MBDB was prepared in methanol
nd distilled water, and stored at 4 ◦C. The IS solutions of
0 �g/mL of MDMA-d3, 1 �g/mL of MA-d4 and 5 �g/mL of
BDB-d5 in methanol for the analysis of hair samples and those

f 1 �g/mL of MDMA-d3, 2 �g/mL of MA-d4 and 1 �g/mL
f MBDB-d5 in distilled water for plasma samples were also
repared.

.4.2. Plasma
To 100 �L of plasma sample was added 50 �L of the IS aque-

us solution and 3 mL of 0.1 M potassium hydrogen phosphate
uffer (pH 6.0). After a Bond Elut Certify was pre-activated
ith methanol and the buffer, the sample solution was applied

o the Bond Elut Certify and the column was washed with
mL of distilled water and 1 M acetic acid, successively. The
olumn was dried under vacuum for 5 min. After the column
as rinsed with 1 mL of methanol and dried under vacuum for
min, 3 mL of mixed solution of dichloromethane, methanol

nd hydrochloric acid (60:40:1) was passed through the col-
mn to elute the target drugs. Following evaporation of the
olvent under a nitrogen stream, the residue was dissolved in
00 �L of PFPA/ethylacetate (1:1) and heated at 60 ◦C for

3

i
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0 min. The reaction solution was evaporated with a nitrogen
tream, and the residue was re-dissolved in 50 �L of ethylac-
tate. One �L of the solution was automatically injected into the
C–MS.

.4.3. Hair
Hair samples were washed three times with 0.1% sodium

odecyl sulfate (SDS) under ultrasonication, followed by wash-
ng three times with water under the same condition. After
he sample was dried under a nitrogen stream at room tem-
erature, approximately 15 mg of finely cut hair was precisely
eighed and extracted with 3 mL of methanol/5 M hydrochlo-

ic acid mixed solution (20:1) containing 100 �L of each IS
ethanol solution for 1 h under ultrasonication. Following stor-

ge at room temperature overnight, the hair was filtered off, and
he filtrate was evaporated with a nitrogen stream and the residue
as dissolved in 3 mL of 0.1 M potassium hydrogen phosphate
uffer (pH 6.0). The solution was treated with Bond Elut Certify,
erivatized and analyzed as above.

.5. Calibration curves

The drug concentrations in the samples were calculated
sing the peak-area ratios of the base peak ions of the target
ompounds versus IS. The calibration curves for the determina-
ion were constructed by analyzing extracted drug-free control
amples spiked with the standard solution as described above.
he calibration samples containing 0, 10, 50, 100, 500, 1000,
000 ng/mL (methylone or methcathinone) and 0, 50, 100, 250,
00, 1000, 2000 ng/mL (MBDB) for the rat plasma samples
ere prepared just before analysis. The samples containing 0,
,10, 25, 50, 100, 200 ng/mg (methylone or MBDB) and 0, 1.0,
.5, 5.0, 10, 25, 50 ng/mg (methcathinone) for the hair samples
ere also prepared. The limit of quantitation of each drug was

hosen to be the concentration of the lowest calibration stan-
ard with an acceptable limit of 20% for both precision and
ccuracy.

.6. Precision and accuracy of the method

The precision and accuracy of the method were evaluated by
nalyzing triplicates of the plasma samples which were spiked
ith the standard solutions containing 10, 50, 2000 ng/mL

methylone or methcathinone) and 50, 500, 2000 ng/mL
MBDB), respectively. For the analyses of hair, the control sam-
les, spiked with the standard solutions each containing 5, 50,
00 ng/mg (methylone or MBDB) and 1, 10, 50 ng/mg (meth-
athinone), were evaluated. Accuracy, expressed as bias, was
alculated as the difference between the amount of each drug
dded and recovered.

. Results and discussion
.1. Accuracy and precision of the methods

Under the chromatographic conditions used, there was no
nterference with all drugs or the deuterated internal standards
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Table 1
Validation of results of the GC–MS analysis of methylone, MBDB and methcathinone for rat plasma and hair samples

Compounds Linear range Linearity Precision (%) Accuracy (%)

Concentration % Concentration %

Plasma (ng/mL)

Methylone 10–2000 y = 0.0031x + 0.0815, R2 = 0.9966
10 11.6 10 7.3

500 11.4 500 −1.0
2000 17.3 2000 −2.7

MBDB 50–2000 y = 0.0019x + 0.0051, R2 = 0.9999
50 2.6 50 13.2

500 0.2 500 −1.3
2000 2.8 2000 0.9

Methcathinone 10–2000 y = 0.0011x + 0.0141, R2 = 0.9992
10 10.6 10 4.3

500 2.4 500 −0.9
2000 4.4 2000 6.5

Hair (ng/mg)

Methylone 5.0–200.0 y = 0.0193x + 0.0358, R2 = 0.9966
5.0 1.8 5.0 14.0

50.0 9.6 50.0 −1.5
200.0 2.3 200.0 −1.6

MBDB 5.0–200.0 y = 0.0267x + 0.0649, R2 = 0.9987
5.0 13.9 5.0 4.2

50.0 0.9 50.0 −1.4
200.0 1.8 200.0 −4.4

.0059
1.0 5.1 1.0 13.3
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Methcathinone 1.0–50.0 y = 0.0906x + 0

y any extractable endogenous materials in the control rat
lasma and control rat hair. The calibration curves were lin-
ar over the concentration range 10–2000 ng/mL (except for
BDB; 50–2000 ng/mL) for rat plasma and 5.0–200.0 ng/mg

except for methcathinone; 1.0–50.0 ng/mg) for rat hair with
ood coefficients of determination of r2 ≥ 0.997. The precision
nd accuracy data of the analytical procedure for rat plasma
nd hair samples, spiked with standard solution of methylone,
BDB and methcathinone, are presented in Table 1. The preci-
ion of these drugs ranged from 0.2 to 17.3% and the accuracy
anged from −4.4 to 14.0%. These values are almost below 15%
lthough the precision data for methylone in the plasma sample
t 2000 ng/mL are a little higher.

p
7
p
1

ig. 2. The time courses of the rat plasma concentrations after administration of (A
= 3).
, R2 = 0.9999 10.0 4.4 10.0 4.8
50.0 4.7 50.0 −2.1

.2. Drug concentrations in rat plasma

After intraperitoneal administration of methylone hydro-
loride, MBDB hydrocloride and methcathinone hydrocloride
o DA rats at 5 mg/kg, the concentrations of each drug in rat
lasma over 360 min were monitored using GC–MS-SIM. Time
ourses of the rat plasma concentrations of these drugs are shown
n Fig. 2. Half-lives of methylone, MBDB and methcathinone
n the plasma were 120, 170 and 220 min, respectively. Average

eak plasma concentrations of these drugs were approximately
00–1500 ng/mL 15 or 30 min after the administration. The
lasma AUCs of methylone, MBDB and methcathinone were
47 ± 12, 151 ± 17 and 191 ± 59 �g min/mL, respectively, and

) methylone HCl, (B) MBDB HCl and (C) methcathinone HCl (i.p., 5 mg/kg,
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Table 2
Rat plasma AUCs, drug concentrations in rat hair and incorporation rates
([Hair]/AUC)

Compounds Plasma AUC
(�g min/mL)

Hair (ng/mg) [Hair]/AUC

Cathinone* 291 ± 20 4.2 ± 0.9 0.01 ± 0.00
Methcathinone 191 ± 59 6.6 ± 1.9 0.04 ± 0.01
AP* 182 ± 7 18.1 ± 0.1 0.10 ± 0.02
MA* 125 ± 21 16.3 ± 2.3 0.13 ± 0.02
MDA* 411 ± 59 121.9 ± 27.5 0.30 ± 0.05
Methylone 147 ± 12 79.8 ± 22.3 0.55 ± 0.19
MDMA* 121 ± 16 93.4 ± 10.9 0.77 ± 0.05
MDEA* 165 ± 10 138.4 ± 4.4 0.85 ± 0.03
MMDA* 183 ± 50 215.0 ± 20.5 1.24 ± 0.06
MBDB 151 ± 17 164.5 ± 25.0 1.10 ± 0.25
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= 3.
* The data is from [3].

hese values were close to those of their related compounds
AP, MA, MDMA, MDEA and MMDA) whose data have been
eported in our previous study, as shown in Table 2.
.3. Drug concentrations in rat hair

The concentrations of each drug in the rat hair are shown
n Table 2. The results of GC–MS analyses of PFP-derivatized

M
o
t
m

ig. 3. GC–MS total ion chromatograms of PFP-derivatized extracts from (A) the contr
ays). Mass spectra of the peaks at 13.21 and 12.72 min of the chromatogram (B)
putative)), respectively. The chromatograms of the selected monitoring ions of m/z
putative)) and m/z 207 (the base peak ion of PFP-MDMA (IS)) are also shown in (C
atogr. B 855 (2007) 121–126 125

xtracts from the control rat hair and the hair of rats after
ntraperitoneal administration of methylone hydrochloride at
mg/kg for 10 successive days were shown in Fig. 3. The con-
entrations of methylone and MBDB in the hair were 79.8 ± 22.3
nd 164.5 ± 25.0 ng/mg, respectively. The value of MBDB was
he second highest of all drugs shown in Table 2. However, the
oncentration of methcathinone in the hair was extremely low
6.6 ± 1.9 ng/mg) in spite of its relatively high AUC.

.4. Incorporation rates of drugs into rat hair from rat
lasma

As mentioned, we propose that the ratio of drug con-
entration in hair to AUC in plasma ([Hair]/AUC) could be
ne of the indexes that indicate the incorporation rate of
rug into hair from plasma [1,2]. According to our proposal,
Hair]/AUC of methylone, MBDB and methcathinone were
.55, 1.10 and 0.04, respectively. When these values were
ompared with those of their related compounds that have been
tudied previously [2,3], the order of the [Hair]/AUC was cathi-
one < methcathinone < AP < MA < EAP < MDA < methylone <

DMA < MDEA < MBDB < MMDA (Fig. 4). The [Hair]/AUC

f MDA, MDMA and methylone was 3–40 times higher than
hose of AP, MA and methcathinone, suggesting that the
ethylenedioxy group on the benzene ring leads to consid-

ol rat hair and (B) the hair of rat administered methylone HCl (i.p., 5 mg/kg × 10
are shown in (B)-1 (PFP-methylone) and (B)-2 (PFP-N-desmethylmethylone
149 (the base peak ions of PFP-methylone and PFP-N-desmethylmethylone

).
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ig. 4. Incorporation rates ([Hair]/AUC) of methylone, MBDB, methocathinone
nd their related compounds previously studied.

rably higher incorporation rates. However, the [Hair]/AUC
f beta-ketoamphetamines, cathinone, methcathinone and
ethylone was 1/2–1/10 times lower in comparison with those

f their corresponding amphetamines, AP, MA and MDMA,
espectively. It is expected that the beta-carbonyl group might
ead to lower incorporation rates. The [Hair]/AUC of methylone
as lower than that of MDMA but higher than MA. Although
ethylone has both groups in its structure, the positive effect

f the methylenedioxy group may be stronger than the negative
ffect of the beta-carbonyl group. On the other hand, the
Hair]/AUC of MBDB, which has methylenedioxyphenyl-2-
utanamine structure, was higher than that of MDMA and the
econd highest to MMDA, although that of methcathinone,
aving beta-ketone in its structure, was extremely low.

. Conclusions

As a result of an animal experiment, the incorporation rate
[Hair]/AUC) of MBDB was 1.4 times higher than that of

DMA, and a phenyl-2-butanamine structure may be more eas-
ly incorporated into hair than a phenyl-2-propamine. On the
ther hand, the value of methcathinone was unusually low, sim-

lar to cathinone. It is thought that these compounds, which
ave beta-carbonyl groups, may not be suitable for hair anal-
sis because of their relatively low concentrations in the hair.
he incorporation rate of methylone was 0.55. This value was

[

[

atogr. B 855 (2007) 121–126

our times larger than that of MA, but a little smaller than that of
DMA. It is suggested that the positive effect of the methylene-

ioxy group may be stronger than the negative effect of the
eta-carbonyl group, in this case.

In our previous study [1], we determined melanin affinity and
ipophilicity of 20 abused drugs, and these values were compared
o their [Hair]/AUCs as an index of the incorporation tendency
nto hair. As a result, the combination of melanin affinity and
ipophilicity showed a high correlation with the [Hair]/AUCs. In
onsideration of that result, those physico-chemical properties
f methylone, methcathinone and MBDB could be significantly
elated to their [Hair]/AUCs.

In conclusion, as with MA and MDMA, the incorporation
endency of new designer drugs, methylone and MBDB (except
or methcathinone) into hair is relatively high, and a hair sample
ould be a good specimen for the confirmation of the retrospec-

ive use of these drugs.
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