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Direct Analysis in Real Time (DART) is a novel ionization technique that provides for the rapid ionization of small
molecules under ambient conditions. To investigate the trend of non-controlled psychotropic plants of abuse in Japan, a
rapid screening method, without sample preparation, was developed using DART-time of flight mass spectrometer
(TOFMS) for plant products. The major psychotropic constituents of these products were determined using liquid chro-
matography-mass spectrometry (LC/MS). As a result of the DART-TOFMS analyses of 36 products, the protonated
molecular ions [M+H] *, corresponding to 6 kinds of major hallucinogenic constituents (mescaline, salvinorin A, N,N-
dimethyltryptamine, harmine, harmaline and lysergamide), were detected in 21 products. It was possible to estimate
their accurate elemental compositions through exact mass measurements. These results were consistent with those of the
LC/MS analyses and the contents of the 6 psychotropic constituents were in the range from 0.05 to 45 ug/mg. Typical
controlled narcotic drugs, tetrahydrocannabinol, opioid alkaloids and psilocin were also directly detected in marijuana
cigarette, opium gum and magic mushroom respectively. Although it is difficult to estimate the matrix effects caused by
other plant ingredients, the DART-TOFMS could be useful as a simple and rapid screening method for the targeted psy-
chotropic natural products, because it provides the molecular information of the target compounds without time-con-

suming extraction and pre-treatment steps.
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DMWTmMSémmT AR 73 R SR K5
&5 Cd 5 N,N-dimethyltryptamine (DMT), mes-
caline, harmine, harmaline, salvinorin A J& X lyser-
gamide (LSA) Ot zidA 7 (Fig. 1). 7z,
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HURETE, RS S O ADRS iR BT 2 S O dd N AESE D
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2. A= DMT, mescaline HCI, psilocin, psi-
locybin I3 EICHE L 2 HFEYTERLIZDD %
ffif U7z, Salvinorin A |37 & SCH K25 1| 324350
RE EBELXD, LSAIRERERKZOMILE X
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Fig. 1. Chemical Structures of Six Kinds of Major Hallucinogenic Plant Constituents Studied in This Study
(a): salvinorin A, (b): mescaline, (c)-1: harmine, (c)-2: harmaline, (d): N,N-dimethyltryptamine (DMT), (e): lysergamide (LSA).
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(MA, USA) ZffH L 7.

3. DART-TOFMS RIE%#  DART-TOFMS
HIES#®EE LT, 4 27F Direct Analysis in Real
Time (DART) (HASE ) I[TEHEITEE Ac-
cuTOF JMS-T100 (HAE 78 Z2EiELZH0D
ZRERLZ. HIERFRZLLTOED THS. 35,
B R IEICIE PEG600 2 L, &HIE O NEEYE
¥'® & L C diphenhydramine (C;;H,NO) &k %
W7z,

DART 44
Positive mode; gas flow: He, 2.01/min, gas temp.:
200-250°C, needle: 3200 kV, electrode 1: 100 V, elec-
trode 2: 250 V

TOFMS 44
Postive mode; orifice 1: 15V, 80°C, orifice 2: 5V,
ring lens: 5V, ion guide: 500V, reflectron: 950 V,
mass range: 10-1000 (Da)

4. DART-TOFMS BIE /5% W& il k%
DART 1 % > & TOFMS ORIC/ME T Z & THl
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TeANRY B OREEE EEN SLEY ORHEE %2
froZz. &R S gt EY o M+H] IZTH
B A E—IPBRHEINZHEITIE, 51
EMERABEREEMAY ) —IWEREMFRAL Tothz
T, WFORIEME Z g L /-

5. LC/MS AlEH % MR, BHEROEIZ
10 mg, O fth DFZIEFEY) LIS AL TR L 20 mg
EZROIRD, A% /—)L2ml ZHAT10 5 REE
Pt 217> 72, 2000 rpm T 5 SO #%, ki
ZRE A5 LT LC/MS HlE R E Uz, HE#KS
12 LC/MSD 1100 (Agilent, CA, USA), H 5 AT
Atlantis dC18 (2.1 X150 mm, 5 um) (Waters, MA,
USA) Z{fiJfl L positive mode THIEZTT>/=. £
DAt DFM S ITHEOHREICHBHL 2@ TH
3.9
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1. EWMREELZRZ7 v VRHAHDSHT  DART-
TOFMS Tkl 2 HET 2ITH 2D, 2004-2007 4F
Wi THEBEL TWkk 2 BIERROMEYREE R 5
v 7 8l 36 BB 2 MIE R & Ue, WL 23,
B, YARTORBRENSIE, B0z F
RIS T &, FOEFEORETESITRSE —
DT E R, PR ENS TIIRETET,
REVNTHEET I ABRIIHENESI L LT
MHTEE & Tn o 72

DART 1 # ViEEHWEEE& ST, TIL
ICE BB EITDRNDOTERMNIMA b b
ERIFFICRE I N, AT NVBEIRA 4 ALD%
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FREEIEFICTHRETH > 7. S 512 DART #HIEIC
HBEIRBHNIMET, B, T LRI S HAR
SrEBMHTES 0, F—idklE LC/MS % THIE
ARETHD, A7) —Z T OFEELERD D &
MTED., LENS>T, 1LRAZY —Z 27 Z#
7% DART-TOFMS T{r>7=®%, LC/MS %% W
THERAKRVERZTD FIEDAENTH 5.

DART-TOFMS @ positive mode THiY) Zi&E % R
Ty 7B ORIE ZT o AER, HE L2 36 B,
DL, S E LY ERARERD 6 (L&D
(DMT, mescaline, harmine, harmaline, salvinorin A,
LSA) IZHNT 5 [M+H]I 1A NERE -7 &
LC221 "W s i/ (Table 1), AHE S
R EBEITHE Lz LC/MS DT L B R0 0 Hi ks
Bz 2 &, mHEaIEmHEEHET &
L7z, a5z, £hizzasibad®micoONnTLC/
MS EER MO RESEMEL Tl L 2.
DART-TOFMS % W= & & 11, TLC &%
Lzt ONnTORENHZHDOD, ZOHHE
M, EEMEIZLC/MSITHEXRTHEW, 19 F7z,
DART-TOFMS 73 #ft D# PR 512 DWW T LC/MS 43
Hr&EBpiicibis 92 2 I3 TERNWDY, SEEHRL
T RE R D Sk o B D& Tl 9 X TR W BE
Tholk.
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Table 1. DART-TOFMS and LC/MS Analyses of the 36 Plant Products Advertized Psychotropic Effects
DART-TOFMS LC/MS?
C d Plant products F
ompounds (Indicated name) orm Detected® Accurate mass Estimated elemental Detected Amount
(samples) measurements compositions (samples)  (ug/mg)
.. . Dried leaves, 433.1887/ CxH,05/ .
Salvinorin A Salvia Cigarette 9 373.1666 CyHysOg [M +H-60] + 9 3.0-23.0
Mescaline San pedro efc. Cactus, Powder 3 212.1268 C;1HsNO; 3 2.0-17.0
Harmine Harmala efc Bark, Seeds, 5 213.1037 C3H;3N,O 5 0.8-35.0
Harmaline ) Powder, Resin 215.1276 C3H5sN,O 0.1-45.0
DMT Ayahuasca efc. Bark 2 189.1397 C,H 7N, 2 11.0, 12.0
LSA Woodrose efc. Seeds 2 268.1448 C6H3N3;0 2 0.05, 2.0

a) Detected the ion corresponding to the protonated molecular ion of the targeted compound. b) Data are from ref. 8).

7 I hERLUTE

(7Y T R 91 2R DY 2 B 5,
DMT @ [M+H]TIZHYETEH1F > ZEAA 2 E—
7ELTHRIEL, MEEEONEM 189.1397 75
DMT @70 ks AR DL e K CoH pN, (B GwfE
189.1392) AHEHI =17z [Fig. 2(a)].

Salvinorin A IZBJ L Tld, DART-TOFMS H|E I
BWTM+H]TICHE TS A EFEE—T &L
T[M+H-60] " IZHIMST 51 A 2209 BG5S M
SNz BEORHEMEN TS H00, fMokEy &
BALTWSEE (F)NTWR) HITOWTHHHL
=M, WINOEEIN S ® m/z 433 KU 373 OFf
FEEBMENMIEETH O, 70~ AR
RNHEEARETH > /2. LC/MSITXK D ERDITT
13 9 815 f @ salvinorin A @& & 813 3-23 ug/mg
T® > J=. Figure 2(b) IT salvinorin A Z2&H T %
REW BT (FLERE) » 5155 N7 DART-
TOFMS A7 )L KT LC/MS OHIERE R 2R L
7z,

LSA @ [M+H]TIZHYS T 51 F 2t S i
2 BT R D B /x5 fE T T woodrose & Rivea
corymbosa DEEAH D, LC/MS HIEIT LD LSA
EHEBITENEN 2 ug/mg, 0.05 ug/mg & REH
Iaofz. LSARMRL S <, LC/MSJIEITHBNT
W, R ERAE, WENKRD 5N B,
DART-TOFMS % W7z T3 ai LN A BT H
0, &8 0.05ug/mg DiEINS BRI FTEETH
o7z [Fig.2(c)]. F£7=, LSA &FHMMIZIZ iso
LSA T 2 2 EMESNTNS. 'V LC/MS
S HT T3 BERTRETd > TH, DART-TOFMS T
FERERZXPTERNWEZD, A—E—27 &L TH

HansEEz5NE.

Mescaline Tli, DART-TOFMS I EIZH N T 3
NS M+H]TICHY T 28— I n
7. Fiz, HEEEEONEM 212.1285 1 5 R
CHgNO; (B 212.1287) 73#EHI S /= [Fig.
2(d)]. LC/MS HTICB VW TR L =R T >
k2 M B8N H S )Y, DART-TOFMS iZ
K20 ClEEB D S B GITHIENFIRETH - /-

Harmine, harmaline |3 &8 W R I 1172 5 #5
DT XTTHEIZHRE TN, LC/MS JIEIZHBIT5
& BICHE 7 < harmine kD [M+H] & —2%
YT 25 m/z213 O5EE, harmaline B3 D
IM+H] A% T 2 m/z 215 K 0m<ERIN-
[Fig. 2 (e) ]. Harmine, harmaline & & & ¥ & 5
VX, RTS8 RS DREY R I OB o b AR O 8
MEELEN, MLINZHMBX0EDERICEN
T, WLAEYOE — 7 BENEWNERICH - 72

PLED# /M5, DART-TOFMS % fH W\ 7= 4
1, GRS E Ul R LR R & B
Mo T 2DITENHIEEE A SN, KT,
Salvinorin A ZF Y (Salvia divinorum) 13, Sal-
vinorin A & & 612, PRk 194E 4 HX D IgEEY &
LTHHIENTWSD, BRI L /T vEA
REDCEGBAI ) —Z 0 T RFIERBED & ZAHE
XN TWiRW, F7=, Salvinorin A 1%, HEMELT D
AL =)Lz M vz GC/MS > HPLC D
ST BN T, configuration D 7z B (L& 4
R — B END ZENWESNTHD, 2 £
2 IR RE DB 5 L 217D HEICHIE T 5
Z EAVAJHE7R DART-TOFMS I, A 70 Fi%
TharEEZONZ. UL, BBEICRNEINS
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TIC } ] |[
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12703601 27923582 43218216 " —
LN G PP Y 0 P L il : g : St
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200 400 600 (m /2)
(c) LSA [M+H]' DART-TOFMS LC/MS
|~-268.14475
TIC |
3973859 ‘ A
| Rl
2732606 4003069 ’[/ LSA
1450501 3833718 4274010 6345801 | m/z 268
2872419 5164271 5755150 7 -J \ \—:; . l:— — ,".;, - ,’; S—— ”'; e ——
(rot e 5 10 15 20 25 30 min
200 400 600 (m/2)
( d) DART-TOFMS w2212 LC/MS
- M-+H]*
. ; Mescaline |- [
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2112107, |N21212861 ~42325216 ‘I\ " g
J AL TIC
- /' \ — v\ N N
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- ZBINR . ag304705 U A0 mamaagy |
13005697 ] #23‘255” Jﬂ | ‘ ( ’ J ﬁsgz.swss ) f \L m/z 212
| .‘|.‘\‘..IM IIIII IHIH\I- | i ik J || |( || 1 TE— e 3 =
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(e) Harmine [M+H]" DART-TOEMS m/z 215 - f m/z 213 LC/MS
213.10367 - M N [MH]
. va I 71
e N - A
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' 20 ‘ 400 600 (s 5 10 15 20 25 3 min

Fig. 2.

DART-TOFMS Mass Spectra and LC/MS Ion Chromatograms of the Products
(a): ““Ayawaska’ (bark sample contained DMT), (b): ‘““Salvia’’ (dried leaf sample contained salvinorin A), (c):

‘‘Rivea corymbosa’’ (seeds sample con-
tained LSA), (d): ‘‘San pedro’’ (dried cactus sample contained mescaline), (e): ‘“‘Harmala’’ (seeds sample contained harmine and harmaline) .
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2. ZETHBIESNTO 2@ O &
HTHHE SN TH S EYREIE LT, Kk (Can-
nbis sativa L.), psilocin, psilocybin A F /3 (W
bOrzITw <y all—50) KO, TAVikE
@ DART-TOFMS IZ & % #HIE %17\ Fig. 3 IZH#5 R
ZRLUTz.

KKK TIE, #RERTY N TROEN 5,
RZM72 KRRk CTdH % THC, cannnabidiol (CBD)
& OX cannabinol (CBN) @ [M+H] " IZHYT 51
FraERE—VELUTHRIETSZENARETH D
fo. ¥, WEEREONEM(315.2330 KU 311.2018)
5, THC/CBD KU CBN @7 O b > AHAME D
% 3 CyHy 0, S T8 CyHpO, (B ZR i 315.2324 J%
U 311.2011) AHEERIEETH > 7= [Fig. 3(a)].

AR JRURHIER T 2 E A A RIS L
7= & Z A, psilocin ® [ M+H]HIZHHNST B 14> %
FE—ZV7ELTHREBTEZENETHo 2. £
7=, FEEE 8 OHIEE 205.1324 /1 5 psilocin O 7 0
~ AR DL R CoH N0 (B F&{E 205.1341)
MHEFERRETH - 7= [Fig. 3(b)]. LaL, EiEH

B ® 1 DTdHh D psilocybin ICHHYSTHEED A F
E—=ridmH a7z, Psilocybin 13 #EEIT
FORGITHY >t N psilocin IZHfRE N5 7=
¥, GC/MS 7 #i T psilocin & L Tk s Z
DB I N TS, 19 DART-TOFMS 12 & % #ll5E
THEKRIC, AT O psilocybin iAW 2 HIE L /- &
ZA, 1FMbFEOEIZ XD psilocin & U THIH S
NDZLZEMRALTHD, ZOOITHREGEF
JE S psilocybin 2RI S NBM -T2 EEAS
n5.

HNAREHZ D W TIIBIHIEIR SRR OFE 2,
FAMITDBROD A F ARIINS L THIELZEZ
A, FERHNATIVAOA RO M+H] T ICHYS
5144t XN 7~. Morphine (C;H;oNO,,
Gl 286.1443, JHIEfE 286.1431), codeine (CgH,,
NO;, PGw{#E 300.1559, HI7E fE 300.1579), thebaine
(C1oH, NO;, Hah{Hl 312.1599, HIE#E 312.1595),
papaverine (C,o0H; NO,, F3G{E 340.1549, &
340.1535) J% Of noscapine (C,H,sNO,, ¥ %
414.1553, MIEMH 414.1542) 75, PEMEIO 70Ok
AR DR HEE FTRE T H > 2 SILEW T H

+ . .
THC, CBD [M+H] Psilocin [M+H]*
(a) > 315.23295 (b) ™ 50513236
CBN [M+H]+ 34019300
311.20176
29113867 22080
22119100
20318017 20613600
348.23491 20412465
16312213 B3140238 63943171 22112738
39828082 2810476 49838860
A W 1 vk W NP e R e TP |
lllllllllllll -1 T T r T 1T T T T T T T T T T T T T T T T T T T T T T T T T T T T T s e T T T T T T T T T T T T T T T T
200 400 600 (i 200 400 600 ()
Morphine Thebaine
. + .| Noscapine
[M+H]* Codeine[MHHI™  pypaverine - (©)
s [M+H]™™ F [M+H]
30015793 [M+H] 41415418
34015349
] — 31718897 33017512
||ir -I‘\l v.H|| \|\JI {JII
ato 320 340
22009609
i 41515754
108v06126i195'06397\1 22109975 31215952 | 41516034524.91003 63527567
PSS T VARVUPIND PPN et 1P AT IO ol e
200 400 800 (o)

Fig. 3. DART-TOFMS Mass Spectra

(a): marijuana cigarette sample contained CBN, THC and CBD, (b): dried mushroom sample contained psilocin, (c): opium resin contained morphine,

codeine, thebaine, papaverin and noscapin.
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% [Fig. 3(c)]. #Ig#EID 513 noscapine 73, ¥
FiA B 513 papaverine N EE — 27 & L THH X
N, 7IvhoA BHEdEENE W morphine
DA F BNz, I T, FEEICHEL
hNATINAOA RSIEEMDRAY ) — VIR
%, 77 AICAFE S § T DART-TOFMS TH#llE
L7/z& 2%, morphine D1 F VIRENEH KL,
AL S B 7z 10 pg/ml IZB W THRIEAT
Elamotz. LEN>T, dANAEZE DART T
89 5B, morphine & Y noscapine % @ k4>
EIRELTHONEELNWEEZ SN,

] A

DART-TOFMS % H W T, #igkEy, B, W
KEDHREZEZE T DY RIEE R T v 7 EBFEKRO%E
BIHIREYIZDNT, HMHREE ORI 217D 71T
HEZIT> /2. ZORER, FEIE 217> 72
GA SN D REMWIRL) TR LIEVER I ITH Y T %
E—PMHETE, SS5ICHEERBEIVIELAEYOD
FHERHEE 2175 2 & T, BRI OHEENIRETH
o7z, LC/MS % GC/MS D /M ik & bl 3
% &, DART-TOFMS T3 fif QL3 A3 A BTl kg
MVESEETHO, FvU—F—/N—2KZHnNn
HORENRD D, Lizho>T, —RAZY—=0
% DART-TOFMS T{7>7%Z®%, LC/MS % GC/
MS % DB T FE 2 W TR DFIE, E&%
19 &V —HDOFEDIREWELE R T v 7 Dotk
ELTHEHTHhRDEEZS.

#EE AW, BT ERE B ST
fToN/lzbDTHY, BRSIIEH N ZL KT,

1)

2)

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

REFERENCES

Cody R. B., Laramée J. A., Durst H. D.,
Anal. Chem., 717, 2297-2302 (2005) .

Petucci C., Diffendal J., Kaufman D., Mekon-
nen B., Terefenko G., Musselman B., Anal.
Chem., 79, 5064-5070 (2007).

Haefliger O. P., Jeckelmann N., Rapid Com-
mun. Mass Spectrom., 21, 1361-1366 (2007) .
Vail T., Jones P. R., Sparkman O. D., J.
Anal. Toxicol., 31, 304-312 (2007).

Bennett M. J., Steiner R. R., J. Forensic Sci.,
54, 370-375 (2009) .

Madhusudanan K. P., Banerjee S., Khanuja
S. P., Chattopadhyay S. K., Biomed. Chro-
matogr., 22, 596-600 (2008) .

Banerjee S., Madhusudanan K. P., Khanuja
S. P., Chattopadhyay S. K., Biomed. Chro-
matogr., 22, 250-253 (2008) .

Kawamura M., Kikura-Hanajiri R., Goda Y.,
Jpn. J. Food Chem., 15, 73-78 (2008).

Ono M., Shimamine M., Takahashi K., Eisei
Shikenjo Hokoku, 91, 33—41 (1973).
Morlock G., Ueda Y., J. Chromatogr. A.,
1143, 243-251 (2007).

Chao J. M., Der Marderosian A. H., J.
Pharm. Sci., 62, 588-591 (1973).
Kikura-Hanajiri R., Kawamura M., Uchiyama
N., Ogata J., Kamakura H., Saisho K., Goda
Y., Yakugaku Zasshi, 128, 971-979 (2008) .
Kikura-Hanajiri R., Hayashi M., Saisho K.,
Goda Y., J. Chromatogr. B, 825, 29-37
(2005) .



