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Authentication and Ultra Performance Liquid Chromatography (UPLC) /MS Analysis
of Magic Mint, Salvia divinorum and Its Related Plants

Takuro MARUYAMA, Hiroyuki KAMAKURA, Ruri KIKURA-HANAJIRI, and Yukihiro GopA*

National Institute of Health Sciences, Division of Pharmacognosy, Phytochemistry and Narcotics,
1-18—-1, Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

(Received August 16, 2007; Accepted October 1, 2007)

Ultra performance liquid chromatography (UPLC)/mass spectrometry (MS) analysis was performed to inves-
tigate whether commercial Sal/via cultivars available in the Japanese market contain salvinorin A (1), which is an hal-
lucinogen present in magic mint (Salvia divinorum) prior to the regulation of S. divinorum by the Japanese Pharmaceu-
tical Affairs Law. In addition, a previously reported method to authenticate S. divinorum, utilizing an amplification
refractory mutation system (ARMS) was applied to the same samples to estimate the method’s accuracy. As a result of
the UPLC/MS analysis, it was clear that none of the tested cultivars possessed 1 while S. divinorum leaves and its
processed products ‘‘concentrated salvia’ contained 1 in the range from 0.19% to 0.58% . Furthermore, the ARMS
method could clearly distinguish S. divinorum from the tested cultivars. In conclusion, the authentication method is
considered to be useful for the practical regulation of S. divinorum due to its simplicity and accuracy.

Key words——Salvia divinorum; salvinorin A; amplification refractory mutation system (ARMS); 5S rRNA-non-tran-
scribed spacer (NTS); ultra performance liquid chromatography (UPLC)/MS
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Fig. 1. The Structure of Salvinorin A
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AT NS DL, 1962 FFITFEHEY AV & L T
I3 1980 ERITHR T RB N THONZ59% T
HU, LA L WIREYE THS. 113, o
< DLRMEME B0, TOEETICERET
EEEBRV. EMERAETD - FEF A R2EE
ODRIETHHEEZEZLNTHD, T ZnETELIEE
EITATOLRANTH 5.

— /T, Salvia JBREWZ, HipihE, HRED
WY D7 I, R K A& HULZ 900 fE LA B A3 o Af
L.2 2D, WISk t, BEeRHD I L
mo, EZEMEYEL T O (W) 25, HiHT
WBELTWS, £z, EHAE— (S. officinalis)
2y 22> (8. miltiorrihiza) 72 ED X D ITHEMIC
HIN5650bH 5.

L7215 T, 8. divinorum O EHRY N DBITIC
LTI, —ROBEZEERE, BRICHELET H REZE
o e 0D Salvza JBHMIC 1 MEELIRNW T & 2R
T5EEHIT, REMMEE S, divinorum % X} 9
B0 HEOHESINEENS.

T TAMATIE, E=ZMEmEL TRET % Sal-
via JEREYIZDWT, UPLC/MS #i2fry, 10
HIEEZFEL /-, Salvia JEWEWX, Heterosphace
i e O Salviastrum g2 g3 5 —E8 D FIf 2 R X,
A—F 7 ROTY 7V HKEESFMEE T A J1 K
ST, D TREMICRED ZENRINTS
0,9 fi#FH D% < Y abietane DT F)L X ) A K%
BHETHOITHL, %HFIE, 1 &L neoclerodane
BMOPTINNR) A REEFHT .19 22T, FAEx
KELTE, 7 AU BKBEFEED Salvia JEHEY) %
HIRE T2 MR R

F /-, &ir, Bertea 5{%, 5S rRNA, non-tran-
scribed spacer (NTS) MFEFIDEWVWEFIHL 2
amplification refractory mutation system (ARMS)
BT & B S. divinorum DEFEZEZHEL TWD, 1D
ULinL, RO RIca —0y NFEERE 1D
HENTNWD I ENS, TORKEITIEIEMNF-
N5, £ZT, S divinorum\ZLXDEWHETHDT
AU T KEEMED Salvia JEFEY)FE 2 L ST H W
T, RO HEDRE KR OE ATEZ L.

MATERIALS AND METHODS

1. Samples and Reagents  AHFZFEICEH L 7=
BEEHIBICHET % Salvia @BHEY K NEER T v

Table 1. Commercial Salvia Cultivars and Salvia divinorum
Products Used in This Study

Sample

No. Commercial name Scientific name Form

Sa-0 Salvia divinorum S. divinorum seedling
Sa-1 Prairie sage S. azurea seedling
Sa-2 Eyelish leaved sage S. blepharophylla  seedling
Sa-3 Buchanan’s sage S. blepharophylla  seedling
Sa-4 Cacalia sage S. cacaliaefolia seedling
Sa-6 Salvia discolor S. discolor seedling
Sa-7 Pineapple sage S. elegans seedling
Sa-8 Honey Melon sage S. elegans seedling
Sa-9 Autumn sage S. greggii seedling
Sa-10  Anise scented sage S. guaranitica seedling
Sa-11  Rose leaf sage S. involucrata seedling
Sa-12  Mexican bush sage S. leucantha seedling
Sa-13  Mexican sage S. mexicana seedling
Sa-14  Patens S. patens seedling
Sa-15 Sinaloa sage S. sinaloensis seedling
Sa-16 Bog sage S. uliginosa seedling
Sa-17  Urica S. urica seedling
Sa-58 Salvia X5 S. divinorum unknown
Sa-59  Salvia X10 S. divinorum unknown
Sa-64 Salvia-divinorum  S. divinorum leaf

Commercial Salvia divinorum products are indicated in bold letter.

T HBICHE T S S. divinorum B 5, % Table 1 12
L. s, 125 —xv b EOWRTEE KR
OENOIAMEEELOWBALEZ. 8B, £RO
4, REECKDEEHTHO, W FEENIS
MaIZIT> T, &HElBHE, HRE, 144M,
FIRICTRELZDDZH W/, UPLC/MS 73 #r
AW 1 ORERIE, EESCERE L ORH
HEHIZD, 8. divinorum XV HijEL, NMR, MS 7%
EDZARYT MV F—=H L0 HEEHALZDHD?
ZHEGHE, HHLZ.

2. UPLC/MS 53#f REHAR OFRET, KD
KO- 7. MiF{bL 723kl 20 mg 12, MeOH 1
ml Z 1A, 1 KfHE, f(f%&o%ﬁbt@%
EO 1% % Millex-HV (0.45 um, Millipore) |
TANEY =AU, FD 1ul 20tz

SHTiE, BT Waters Acquity Ultra Perfor-
mance LC system (Waters) % f Waters LCT Pre-
mier TOF mass spectrometer (Waters) %, 5o/,
{Z Acquity UPLC BEH C;5 column (100 mmX2.1
mm i.d., 1.7 um particle size, Waters) % W\ T{T->
7z. BEHIZ, H,0 (A)/acetonitrile (B) & 20% B
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(0min)-55% B (10 min)-85% B (15min) O T
I h&EHBETHY, H#Ez 04ml/min &L, 7
FLRE, 40°C &L= MSHHEIZB TS 1A
>AklZ, electron spray ionization (ESI) DRI T«
TE—RTITW, FyEZY—EE 3000V, 21—
CEIE, 30V, BIEHET X, 7501/ min,
d— >/ Ak, 501/min, BiIEBHEEI, 350°
C, 1A EREX, 1200C &Lz £/2AFv >
gilE, 100-1000 amu & U 7=,

X7, BRI, &IEE (3,10, 30, 100 ug/ml) @
FERR R, T4 -7 (m/z
433 [M+H]") IZBFBHYA70I NI T LDE—
A ZE Wi A K DT> 72, ik
DN F—2 3 2, FREICDWTHIMED 2 #
1EZ 3 IRV R LTS 72 R0 S ik L 7=,

3. ARMS ot #4808l 30 mg & U, DNeasy
Plant Mini Kit (Qiagen) %\ T, genomic DNA
Zhi, K%L 7=, Genomic DNA & 0.5 ul % 8%
B X LT, polymerase chainreaction (PCR) 217\,
5S rRNA NTS iz Hfg L7z, PCR FEY, 1ul %
TYAB—=AT)VERIKE (2%, 100V, 30 min) T
KD L7-. PCR #1213, Nova Taq Hot Start
DNA polymerase (Merck) Z VY, PCR i3I,
Ampdirect plus (Shimadzu) ZfW/=. 751 < —
13, CHERIDEC#EE D 5S-P1, 5S-P2, SD-F, SD3 % {fi f
L7z. ZOWN, 55P1 kU 58-P2 1%, HEMD 58
rRNA OB R D & W BT RGN S N T 5
AX—=TdhV, &idklnS5HEL 2 DNA 7, PCR
OEAICHE L B ZRFEL TWAINEHERT 572
® @ positive primer TH 5. —J, SD-F kT SD3
1%, S. divinorum \ZE BB SN EREt SN2 T T
A —THY, S. divinorum H3k D genomic DNA
ZHALZHWZBRIC DA, PCR EYOHEIEINE Z
%4 E & N B specific primer TH 5. PCR D%
A L7007 IALF, "y XY —F, 95°C10
min, HWT, 95°C 15 sec, 56°C 15 sec, 72°C 25 sec
ZAOYA7INODE, &7, 72°C 7min D5
o k.

RESULTS AND DISCUSSION

SHEDNY F—3 3 > Ok $ % Table 2 12
RUTZ. 1 OBERIZ, 10-100 ug/ml OB T, B
HIREREZRLUEZ., AEBITBWT, Sa-0 D

Table 2. Calibration Curve, Accuracy and Precision in Quan-
titative Determination

Conc. RSD Calibration Lineality Range
(ug/ml) (%, n=3) curve (R?) (ug/ml)
3 14.8
10 9.6
y=31.9x+311.7 0.9954 10-100
30 6.7
100 7.8
100 1 Sa-0
0 e e . s ; ; : :
2.00 400 6.00 8.00 10,00
100, 1 Sa-58
j A;
0 - x . NIV A W
2.00 4.00 6.00 8.00 10,00
1004 Sa-2
§ w
a e sariie-ae
- ' 2.00 ' 4.00 ' 6.00 ' 8.00 """ Hooo
100+ Sa-10
d ' 2.00 ' 4.00 ' 6.00 "800 T 000

retention time (min)

Fig. 2. Mass Chromatograms (m/z 433) on UPLC/MS
Analysis
1: Salvinorin A

HEEZ 6 B VIR LT /s, EEMEDINTY
FNNEIMMo (CV27%) 720, &BIKD ST
i, 1EEL .

UPLC/MS 73 Hi DS RO —# % Fig. 2 1ITR LT~
1 OREMIE, REEEMT, PRERRRE, 89 7.9 5 T
WUl7. EERT YT HBICRET S S. divinorum
B (Sa-0, -38, -39, -64) M5, 1 E[A—DREE
FERICE — 27 580 6, ZTORAARYT MV HIE
mDbDE—H Lz —F, EHZEEYRHEHIBNT
H, 1 EF—OERFERMICE — 27 28 E T 2HRE0N
Roonkn, BUSFIAE—2 433 M+
HI* B s~ Z2r70x M T4 (m/z433.1-
433.2) IZTBWNT, ZEYT2E—713, miicshi
Motz £, TNEFNDOIZAARY MUE, W§
NH1OEFOHD LT Lok, Lo
T, AOWMEMHICBNT, 40, BrzE{T-o =S
R 16 NS, 13t nan & 2R
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L7,

BIER T Y ik, Sa-0, -58, -59, -64 I8 5
10E &, ThzEh, 0.23,0.37,0.58,0.19% Tdh
D, ZORRIE, SLITHEFEEEZ 2T 25 =0T
O LB R EEROEME R U, TaB, B
FEITBT 5 1 OMERERLOE R T, 2heh,
Ing (S/N=3) KU 10ng (S/N=10) TH>/~.

ARMS 43 #7 @ #i& i % Figs. 3 and 4 IZ/R L 7=,
Positive primer (5S-P1 & TF 58-P2) % i\ 7= PCR
T, WITNOHE S 500 bp IZ PCR FEY) % AL
LTHDO (Fig. 3, Fig. 4(A),(B)), &ilklLD,
PCR £ % i ] T RE75 5 E @ DNA 2F ST
5 EMMERTE-. —F, S. divinorum specific
primer (SD-F X SD3) %M\ /= PCR TIi3, S.
divinorum iREL D H1Z, #1320 bp @ PCR EW % X
Wiz (Fig. 3, Fig.4(C),(D)). L=h>7T, &K
B &K B S. divinorum OFEFRESERNL, JEH 1K
EOEWAHIETH DI ENMER SN, £, X
BD DT, PCRIZ, S0 7))V &2EL TV
S0, AR T, kB HRO PCR BERIHEME
DEF 2 2 % {8 = % £ D Ampdirect plus % Fl| fi
T2 EIZKD, PCRIZBIDHA 7)IVEZE 4012

Positive primer

C S. divinorum specific primer

Fig. 4. ARMS Assay for the Commercial Sa/via Cultivars

HMz25EEHIZ, HEMMS 25 BICERLTBD,
PCR ICET D] & RIRICEM T 2 Z LITmI L
7z, 2B, ALEMITBWNWT, specific primer 12X %
HIEOIKIC, HIYOK) 320bp O PCR EEH D E 7
=, #1900 bp @ PCR PEMIAHEFR S N7z (lane 9 in
Fig. 4(C) (D). CHU3, SHUD &3 RAHBER
ZRMEM L2 EICKDIERRAHEIRICHET 20D

S. divinorum
specific primer

Positive primer

Fig. 3. ARMS Assay for the Commercial S. divinorum
Products
Lanes 1 to 3: Sa-58, 59 and 64, lane 4: no template control, Positive
primer: 5S-P1 and 5S-P2, S. divinorum specific primer: SD-F and SD3.

Positive primer

A and B show the PCR products amplified using positive primer (5S-P1 and 5S-P2). C and D show the PCR products amplified using S. divinorum specific
primer (SD-F and SD3). Lanes 1 to 4in A and C: Sa-1 to -4, lanes 5 to 8 in A and C: Sa-6 to -9, Lanes 1 to 8 in B and D: Sa-10 to -17, Lanes 9 and 10 in all panels

mean positive control (Sa-58) and no template control, respectively.
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ThHrEEDONS., PCRIZBUIDRETOT T A
PRSI EICKD, 2O PCREYOIELZN
flTcEzsdb0EEBbns0, HWOK 320bp O
PCR EEY)INHHBICHE TE 520, ARHAEL T,
R AR OYAN /oY

UEDfERMNS, BEM5ICRET % Salvia &
WY, 128687, S. divinorum DFEEY
DOBATICERL, FICHEIZRS RN ENHS NI
Bole. E£7=, XHEBEHRO ARMS j£1C X % B
EARE, IERITHENE L, 7 AU I KEFRED
Salvia JEFEY) & DT H REFIREERINIRETH 2 Z
ENTREI N, RERNEX, S. divinorum N feE 3
W& Ts- I BIE, HEBLAIRAT & 6B & U 7R W
BEEELT, EICHEHATHRLEEAOGNS.
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