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Discrimination Model of Cultivation Area of Alismatis Rhizoma
using a GC-MS-Based Metabolomics Approach

Jae-Yoon Leem”
College of Pharmacy, Woosuk University, Jeonbuk 55338, Korea

Abstract — Traditional Korean medicines may be managed more scientifically, through the development of logical criterion
to verify their cultivation region. It contributes to advance the industry of traditional herbal medicines. Volatile compounds
were obtained from 14 samples of domestic Taeksa and 30 samples of Chinese Taeksa by steam distillation. The metabolites
were identified by NIST mass spectral library in the obtained gas chromatography/mass spectrometer (GC/MS) data of 35
training samples. The multivariate statistical analysis, such as Principal Component Analysis (PCA), Partial Least Squares
Discriminant Analysis (PLS-DA), and Orthogonal Partial Least Squares Discriminant Analysis (OPLS-DA), were performed
based on the qualitative and quantitative data. Finally trans-(2,3-diphenylcyclopropyl)methyl phenyl sulfoxide (47.265 min),
1,2,3,4-tetrahydro-1-phenyl-naphthalene (47.781 min), spiro[4-oxatricyclo[5.3.0.0.(2,6)]decan-3-one-5,2'-cyclohexane] (54.62
min), 6-[7-nitrobenzofurazan-4-ylJamino-morphinan-4,5-epoxy (54.86 min), p-hydroxynorephedrine (55.14 min) were deter-
mined as marker metabolites to verify candidates for the origin of Taeksa. The statistical model was well established to
determine the origin of Taeksa. The cultivation areas of test samples, each 3 domestic and 6 Chinese Taeksa were predicted
by the established OPLS-DA model and it was confirmed that all 9 samples were precisely classified.

Keywords [ Alisma orientale Juz., gas chromatography/mass spectrometer, metabolomics, multivariate analysis, orthog-
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Table I - Collected regions and the number of samples of Alismatis
Rhizoma in Korea and China

Korea China
. Number of . Number of
Region Region
samples samples
Suncheon 5 (K1~K3, K11, K12) | Sichuan 30 (C1~C30)
Shinan 3 (K4~K6)
Yeosu 3 (K7~K9)
Uiseong 1 (K10)
Gurye 1 (K13)
Andong 1 K14)
Total 14 Total 30
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slg Alw

= et
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Z}7e] A 5RHE s FE] flEl oisteRd Aok
AW F AR Aol AR AR SR IE
ARSI 7S] 7)eshd, 10 g2 AlEel 250 mio] SRS
23 100°CollA] 6AIXF ERF 757 )5 (steam distillation) 3131

. Z=F5E0] ¥ 3% oel(].T. Baker, Philipsburg, NJ, USA)%
Fof] 4= AN} EF (Junsei, Tokyo, Japan)yS Hol &3k &,
AxAA AT, Baker, Philipsburg, NJ, USA)C. & &-&ll&}o]
GC/MS FHAEZE ARSI

AP« =A

A #A9S 91519 Bruker GC-MS 320(Bruker, Billerica,
MA, USA)= AH&-aF3low 472 HP-5MS(30 mx0.25 mm,
film thickness 250 pm Agilent, Santa Clara, CA, USAYE AR
SRtk 2HVIAR 5 99.999% AEF7AE 55 1.0 m/min
T AREBISICE I 254 250°CE Falar w711 1)
WS ARESIloH, AHRX = 50°ColA 483 FRIAIZL &
5°C/min% 280°C7H4 &2l 1087t FAIs3itt. ole-iE W
2 AR =E AF4-5}¢] El(Electron Impact Ionization, 70.0
eV) MO m/zgk 50~500 WIS AT 4131 e
2 Fo)7] S, ABARS] B4 sAE Y sl

2 3 g QJele] £MF Pale] BAskeh,

ClolE =4

GC/MS #4158 53 ¥ 9= NIST mass spectral library
o] HloJEHo]| A~E o] &5to] 78} th(National Institute of
Standards and Technology, version 2008; NIST Mass spec-
trometry Data Center: Gaitherburg, MD, USA, 2008). &7}
2 B8 96 z2F A8 TICZHE Y& GC/MS(Time vs
Intensity) HI0|E1S ASCII fileZ W3ksjo] Al 32 (% csv)E A
aI3iTt. 2t A5 E Atolell EAleshs A eaks BAsta W
T 5 E0)17] Y8 GC/MS dloJEle] W5 0.2 min 7H40.
2 H3h= dlolE binnings 5433t 2 594 4.00 minel]
A 4.19 min7}4] 2] intensityS ©13k] MEL W43 (variable)Q!
418 WA, oef3t v o 2 60E71A] F 285712 M=

o~= =
T = E'__—é_?}\-h:]—-

CHHZF SHEA
SIMCA-P. ver 11.0 software(Umetrics, Sweden, 733]tf &<
¥ 5 AF)E o]&3) chemometric method?! PCA(Principal

J. Pharm. Soc. Korea



SRHAISE 1S 1§ e AL AbAgbE

31

Component Analysis), PLS-DA(Partial Least Squares Discri-
minant Analysis), OPLS-DA(Orthogonal Partial Least Squares
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Fig. 1 - GC/MS chromatogram of volatile constituents of Korean Taeksa (A), and Chinese Taeksa (B).

Table II — The list of volatile metabolites from Korean Taeksa. NIST library-based putative identification of primary metabolites analyzed by

GC/MS
Peak No. R.T (min) m/z Identified metabolites
1 4.548 100 Propane, 1-(ethenyloxy)-2-methyl-
2 7.269 104 Styrene
3 25.373 220 Phenol, 2,6-bis(1,1-dimethylethyl)-4-methyl-
4 25.986 207 2-Pyridinepropanoic acid, a-methyl-B-oxo-, ethyl ester
5 26.742 270 16-Hexadecanoyl hydrazide
6 27.560 286 Propanoic acid, 2-methyl-, 1-(1,1-dimethylethyl)-2-methyl-1,3-propanediyl ester
7 27.632 212 Pentadecane
8 28.443 220 4,8,11,11-Tetramethyl-8-tricyclo[7.2.0.0(2,5) Jundecen-4-ol
9 29.864 208 Benzene, 1,1'-(1,2-cyclobutanediyl)bis-, cis-
10 30.451 209 3-Benzyl-5-chloro-1,2,3-triazole 1-oxide
11 31.042 208 Benzene 1,1'-(1,2-cyclobutanediyl)bis-, cis-
12 46.945 336 3,10-Dithiatricyclo[10.2.2.2(5,8)]octadeca-5,7,12,14,15,17-hexaene3,3,10,10-tetraoxide
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Table III — The list of volatile metabolites from Chinese Taeksa. NIST library-based putative identification of primary metabolites analyzed by

GC/MS
Peak No. R.T. (min) m/z Identified metabolites
1 7.303 104 Styrene
2 8.335 120 Benzene, (1-methylethyl)-
3 9.028 74 Acetic acid, hydrazide
4 9.324 120 Benzene, propyl-
5 29.912 208 Benzene, 1,1'-(1,2-cyclobutanediyl)bis-, cis-
6 30.471 209 3-Benzyl-5-chloro-1,2,3-triazole 1-oxide
7 31.124 208 Benzene, 1,1'-(1,2-cyclobutanediyl)bis-, cis-
8 31.542 208 Naphthalene, 1,2,3,4-tetrahydro-1-phenyl-
9 32.049 266 trans-5,5-diphenyl-3-hexenoic acid
10 46.029 393 2-(3-Methoxymethoxy-10,13-dimethyl-2,3,4,9,10,11,12,13, 14,15,16,17-dodecahydro-1
11 46.975 208 [2.2]Paracyclophane
12 47.872 208 Naphthalene, 1,2,3,4-tetrahydro-1-phenyl-
13 54.612 372 9-Octadecenoic acid (Z)-, phenylmethyl ester

mass spectra library=Z 8 Fds AoE HERHSICH(Table T,  F=4t
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Fig. 2 — OPLS-DA score plots of volatile metabolites that identified by GC/MS. Taeksa samples from Korea are represented with triangle (A),
samples from China with square (H).
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Fig. 3 — Plot of variable importance in the projection plots of OPLS-DA of volatile metabolites that identified by GC/MS of Taeksa.

Table IV — The list of marker metabolite to discriminate between Korean and Chinese origins

Variable Marker compound name (R.T) Mass fragments
473 trans-(2,3-diphenylcyclopropyl)methyl phenyl sulfoxide (47.265 min) 91,115,129,193,199,316
47.7 1,2,3,4-tetrahydro-1-phenyl-naphthalene (47.781 min) 27,101,115,141,202,218
54.7 spiro[4-oxatricyclo[5.3.0.0(2,6)]decan-3-one-5,2'-cyclohexane] (54.62 min) 67,123,191,276
54.9 6-[7-nitrobenzofurazan-4-ylJamino-morphinan-4,5-epoxy (54.86 min) 150,165,187,204,338
55.1 p-hydroxynorephedrine (55.14 min) 44,77,123,167
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Fig. 4 — Predicted score scatter plot of blind samples of Taeksa on OPLS-DA model. Taeksa samples from Korea are represented with AK,

samples from China with AC.
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