
Vol:.(1234567890)

Journal of Natural Medicines (2020) 74:170–188
https://doi.org/10.1007/s11418-019-01361-0

1 3

ORIGINAL PAPER

Metabolomic profiling of Saposhnikoviae Radix from Mongolia 
by LC–IT–TOF–MS/MS and multivariate statistical analysis

Zolboo Batsukh1 · Kazufumi Toume1   · Batkhuu Javzan2 · Kohei Kazuma1   · Shao‑Qing Cai3 · Shigeki Hayashi4 · 
Nobuo Kawahara4 · Takuro Maruyama5   · Katsuko Komatsu1 

Received: 13 August 2019 / Accepted: 13 September 2019 / Published online: 1 October 2019 
© The Japanese Society of Pharmacognosy 2019

Abstract
Saposhnikoviae Radix (SR) is a commonly used crude drug that is obtained from the root and rhizome of Saposhnikovia 
divaricata which is distributed throughout China, Korea, Mongolia, and Russia. To evaluate the quality of Mongolian 
S. divaricata, metabolomic profiling of 43 plant specimens from different regions of Mongolia, as well as 8 SR samples and 
2 plant specimens from China, were conducted by liquid chromatography–ion-trap–time-of-flight–mass spectrometer (LC–
IT–TOF–MS). LC–MS profiles of the specimens showed uniformity and 30 compounds were tentatively identified, including 
13 chromones and 17 coumarins. Among them, 16 compounds were isolated and unambiguously verified by comparing them 
with the spectroscopic data of standard compounds. Orthogonal partial least squares–discriminant analysis (OPLS–DA) 
based on LC–MS data from 7 Mongolian specimens and 8 Chinese SR samples as well as 2 plant specimens revealed that 
these 2 groups were clearly distinguishable and that Mongolian specimens were characterized by an abundance of prim-
O-glucosylcimifugin (1). Moreover, the OPLS–DA of the Mongolian specimens showed that they can be discriminated by 
their growing regions based on the content of 8 chromones. The total content of dihydrofurochromones 1–3 was relatively 
higher in the specimens from Khalkhgol in the far eastern part of Mongolia, while contents of 10, 11, 15, and 16 were higher 
in those from Holonbuir in the eastern part. Based on this research, the roots of S. divaricata from Mongolia have potential 
as a new resource of SR in Kampo medicine.

Keywords  Saposhnikoviae Radix · Saposhnikovia divaricata · Mongolia · LC–IT–TOF–MS/MS · Metabolomic profiling · 
Multivariate statistical analysis

Introduction

Mongolia is located in the hinterland of the eastern part of 
central Asia and surrounded by China and Russia. There is 
a vast floral resource which conforms to its extreme con-
tinental climate characterized by long, cold winters and 
short summers. Around 3000 species of vascular plants are 
distributed in the different geographical regions: 812 spe-
cies are efficacious medicinal plants, and 200 species have 
been used as formulaic ingredients in Mongolian traditional 
medicine [1]. Mongolian medicinal plants are also attractive 
as sources of crude drugs used in traditional Chinese medi-
cine as well as in Japanese traditional medicine (Kampo); 
for example, Glycyrrhiza uralensis Fischer is the source of 
Glycyrrhizae Radix; Ephedra sinica Stapf. is that of Ephedra 
Herba; and Astragalus mongholicus Bunge is that of Astra-
gali Radix. Assessment of the qualities of these plants, previ-
ously conducted by our group, suggest regional variations 
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[2-5]. Having addressed these species, we then turned out 
attention to Saposhnikovia divaricata (Turcz.) Schischk. of 
the family Umbelliferae (Apiaceae), because its root and 
rhizome, known as Saposhnikoviae Radix (SR), have been 
frequently used as ingredients of Kampo formulae, such as 
"Bofutsushosan" in Japan ("Fang-feng-tong-sheng-san" in 
China) for the treatment of obesity and metabolic syndrome 
[6]. In China, Japan, and Korea, SR has been widely applied 
for the treatment of pyrexia, rheumatism, headache, vertigo, 
generalized aching, and arthralgia in traditional medicine 
[7].

Previous phytochemical studies have revealed that the 
roots of S. divaricata contain chromones, coumarins, pol-
yacetylenes, and polysaccharides, among which chromones 
have the most pharmacological relevance, including anal-
gesic, anti-oxidant, anti-inflammatory, anti-proliferative, 
anti-allergic, and anti-cancer effects [7]. Chromones, the 
major compounds in SR, are classified into linear dihydro-
furochromones and linear dihydropyranochromones. Two 
dihydrofurochromones, namely prim-O-glucosylcimifugin 
(1) and 4′-O-β-d-glucosyl-5-O-methylvisamminol (3), which 
have been reported to exhibit anti-inflammatory effects [8, 
9], have been selected as marker compounds for SR qual-
ity control in the Chinese Pharmacopoeia (CP) [10], and 
the latter is used in the Japanese Pharmacopoeia (JP) [11]. 
Coumarins are abundant in SR, they are composed of lin-
ear dihydrofurocoumarins such as: deltoin which has anti-
inflammatory activity [12]; linear furocoumarins, including 
psoralen, xanthatoxin, bergapten, and phellopterin, which 
have been reported to exhibit analgesic, anti-proliferative, 
and anti-convulsant effects [13-15]; khellactone-type cou-
marins, such as praeruptorin B (anomalin), with anti-inflam-
matory activity [16]; and simple coumarins, such as scopole-
tin, with anti-inflammatory activity [17].

In Mongolia, the root and rhizome of S. divaricata have 
not been used as medicines, but the aerial parts called "Der-
veger Jirgeruu" has been used for the treatment of stomach 
disorders for thousands of years [18]; therefore, the utiliza-
tion of Derveger Jirgeruu have not disturbed the land by 
maintaining permafrost. In recent years, however, due to an 
increased demand for SR and its decreased production in 
China, Mongolian S. divaricata has been illegally collected 
by local inhabitants for export to their neighboring country. 
To sustain SR resources, cultivation is more efficient than 
the collection of naturally growing plants; however, to date, 
large scale cultivation has not been practiced in Mongolia.

Currently, a large amount of SR cultivated in China has 
become available in the Chinese and Japanese markets [19]. 
Although SR derived from cultivated S. divaricata should 
possess the same efficacy as SR from wild plants, it has been 
reported that the contents of main chromones in SR from 
the cultivated plants are lower than those from wild plants, 
while the yield of the extract in the former is twice as high 

as in the latter [20]. Therefore, sustainable utilization of SR 
resources should be implemented through high-performance 
cultivation by selecting suitable plant resources and cultiva-
tion areas as well as through the development of methods 
for cultivation, processing, etc. Mongolia was chosen for 
this study because of the large population of wild growing 
S. divaricata, especially in the eastern part and because of 
the attention paid by the local government to the efficient 
usage of medicinal plants. Moreover, no chemical studies 
of Mongolian S. divaricata have yet been undertaken. Thus, 
to identify sources of SR with superior genetic properties 
and areas suitable for the cultivation of S. divaricata, a 
field investigation was performed in Mongolia. A quality 
evaluation of S. divaricata roots from several regions was 
conducted by means of metabolomic profiling based on the 
liquid chromatography–ion-trap–time-of-flight–mass spec-
trometer (LC–IT–TOF–MS) method combined with multi-
variate statistical analysis.

Materials and methods

Plant specimens and crude drug samples

Forty-three plant specimens of S.  divaricata were col-
lected from eastern part of Mongolia, including Khentii 
and Dornod provinces (prov.) during the field investiga-
tion from 2015 to 2017 (Fig. 1a; Table 1A). Eight batches 
of SR samples and 2 plant specimens were obtained from 
China (Table 1B). All plant specimens were authenticated 
by Prof. Katsuko Komatsu (Institute of Natural Medicines, 
University of Toyama, Japan), and voucher specimens were 
deposited at the Museum of Materia Medica, Institute of 
Natural Medicine, University of Toyama, Japan (TMPW). 

The underground parts of plant specimens varied in shape 
and size depending on their growing conditions. To clarify 
the chemical variations concerned with aspects such as 
growing region, flowering or not, and root parts, all speci-
mens as well as SR samples were divided into the following 
categories:

1.	 Flowering or non-flowering variations: all specimens 
were divided into 2 groups, 17 flowering specimens 
and 17 non-flowering specimens, as well as 9 specimens 
without aerial parts (Fig. 1b).

2.	 Root parts: as the shape and the length of roots were var-
ied, the roots of all specimens and SR samples were cut 
into portions according to the following rules (Fig. 1c):

(i)	 Roots not greater than 30 cm in length: the root was 
divided into two halves and the parts were labeled 
upper and lower parts. Sometimes the root was divided 
into three equal lengths and the parts were labeled 
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upper, middle, and lower parts. Half of each part was 
used for the preparation of LC–MS samples.

(ii)	 Roots greater than 30 cm in length: the root was divided 
approximately every 10 cm starting from the base, and 
the parts were labeled A, B, C, etc. Half of each part 
was used for the preparation of LC–MS samples.

(iii)	 2 or more new roots formed on the old root: new roots 
were separated from the old root and were labeled B1, 
B2, B3, etc. Half of each part was used for the prepara-
tion of LC–MS samples.

(iv)	 Roots that branch at the lower part: 2 rootlets labeled 
R1 and R2, and upper part of the root were selected. 

Whole part of the rootlets and upper part were used for 
the preparation of LC–MS samples.

3.	 Regional variations: 6 different locations from central 
to eastern part of Mongolia, including 2 locations in 
Khentii prov. and 4 in Dornod prov. (Table 1A).

According to the above classification method, 131 indi-
vidual samples were obtained from the roots of 43 Mon-
golian plant specimens, and 19 individual samples were 
obtained from 2 Chinese plant specimens and 8 batches of 
SR samples (3 batches composed of cut pieces were counted 
as 3 individual samples).

Fig. 1   Information on plant 
specimens from Mongolia. a 
Collection location of plant 
specimens: the dotted line 
shows the route of the field 
investigation in 2017. b Shape 
of underground parts: (1) 2 
newly formed roots on the old 
root; (2) a long root 75 cm in 
length; (3) 2 types of roots from 
non-flowering (M38) and flow-
ering (M39) plants; c methods 
for division: (i) roots not greater 
than 30 cm in length were 
divided into two halves and 
were labeled upper and lower 
parts; (ii) roots greater than 
30 cm in length were divided 
approximately every 10 cm and 
were labeled A, B, C, etc. from 
the base; (iii) 2 or more newly 
formed roots on the old root 
were labeled B1, B2, B3, etc.; 
(iv) roots branched at the lower 
part, 2 rootlets labeled R1 and 
R2, and upper part of the root 
were selected

i

up

low

iii

B1

B3

B2

ii

A

B

C

iv

up
R1

R2

b

10 cm
M35

10 cm

M38
c

DORNOD

KHENTII

TUV

Ulaanbaatar

M38-M41

M9

M1
M35-M37

M6-M8

M3-M5

M2
M42
M43

M10-
M34

SUKHBAATAR

DORNOGOVI

DUNDGOVI

RUSSIA

CHINA

a

M39
M2

M6 M35
M25 M41

1 cm

1 cm

1 2 3

CHINA

Khalkhgol

Choibalsan

Ondorkhaan

Baruun-Urt

Sainshand



173Journal of Natural Medicines (2020) 74:170–188	

1 3

Table 1   List of plant specimens from Mongolia (A) and Saposhnikoviae Radix (SR) samples and plant specimens from China (B)

(A)

No. Field no.a Date Latitude 
/longitudeb

Altitudeb 
(m)

Localityc Typed Parts Length 
(cm)

Diametere 
(cm)

 M1 JB1502 2015.09.23 – – Khalkhgol, Dornod prov. F/NB Up, low 26 1.0
 M2 MIII005 2017.07.19 N47.28832 

E111.11837
1266 Ondorkhaan, Khentii prov. F/B Up, B1, B2 17.5 1.6

 M3 MIII008 2017.07.19 N47.37760 
E111.79312

1120 Bayan-Ovoo, Khentii prov. F/NB Up, mid, low 26 1.1

 M4 MIII009 2017.07.19 N47.37760 
E111.79312

1120 Bayan-Ovoo, Khentii prov. F/NB Up, mid, low 22 0.9

 M5 MIII010 2017.07.19 N47.37760 
E111.79312

1120 Bayan-Ovoo, Khentii prov. F/NB Up, low 16 1.1

 M6 MIII011 2017.07.19 N47.80784 
E113.00900

1036 Holonbuir, Dornod prov. F/NB Up, mid, low 19.5 1.5

 M7 H1 2017.07.19 N47.91732 
E112.96032

– Holonbuir, Dornod prov. –/NB Up, low 19 1.4

 M8 H2 2017.07.19 N47.91732 
E112.96032

– Holonbuir, Dornod prov. –/NB Up, low 18 1.5

 M9 MIII012 2017.07.19 N47.83350 
E113.95940

901 Bulgan, Dornod prov. F/NB Up, mid, low 23 1.2

 M10 MII019 2017.07.20 N47.62913 
E118.48016

759 Khalkhgol, Dornod prov. NF/NB Up, mid, low 24.5 1.6

 M11 MII020 2017.07.20 N47.62913 
E118.48016

759 Khalkhgol, Dornod prov. F/NB Up 10 0.9

 M12 Y1 2017.07.20 – – Khalkhgol, Dornod prov. –/NB Up, mid, low 21 1.0
 M13 Y2 2017.07.20 – – Khalkhgol, Dornod prov. –/B B1, B2 18 1.0
 M14 Y3 2017.07.20 – – Khalkhgol, Dornod prov. –/NB Up, low 16 1.2
 M15 K1 2017.07.20 – – Khalkhgol, Dornod prov. –/NB Up, low 20 1.1
 M16 K2 2017.07.20 – – Khalkhgol, Dornod prov. –/NB Up, mid, low 25 1.3
 M17 K3 2017.07.20 – – Khalkhgol, Dornod prov. –/NB Up, low 15.8 1.7
 M18 C 2017.07.20 – – Khalkhgol, Dornod prov. –/NB Up, low 14 0.8
 M19 MIII022 2017.07.21 N47.62626 

E118.53384
755 Khalkhgol, Dornod prov. F/NB Up, low 22 1.0

 M20 MIII023 2017.07.21 N47.62626 
E118.53384

755 Khalkhgol, Dornod prov. F/NB Up, low 19 1.3

 M21 MIII024 2017.07.21 N47.62626 
E118.53384

755 Khalkhgol, Dornod prov. NF/NB Up, low 24 0.9

 M22 MIII025 2017.07.21 N47.62626 
E118.53384

755 Khalkhgol, Dornod prov. NF/NB Up, low 24 1.6

 M23 MIII027 2017.07.21 N47.62626 
E118.53384

755 Khalkhgol, Dornod prov. NF/NB Up, low 20 0.9

 M24 MIII028 2017.07.21 N47.62626 
E118.53384

755 Khalkhgol, Dornod prov. NF/B Up, B1, B2 17 1.1

 M25 MIII031 2017.07.21 N47.62626 
E118.53384

755 Khalkhgol, Dornod prov. 
(cropland)

F/B Up, B1–B3 20 2.1

 M26 MIII033 2017.07.21 N47.62626 
E118.53384

755 Khalkhgol, Dornod prov. 
(cropland)

F/B Up, mid, low, 
B1–B3

20 1.1

 M27 MIII034 2017.07.21 N47.62626 
E118.53384

755 Khalkhgol, Dornod prov. 
(cropland)

NF/B Up, low, B1 20 1.5

 M28 MIII036 2017.07.21 N47.62626 
E118.53384

755 Khalkhgol, Dornod prov. 
(cropland)

NF/B Up, mid, low, 
B1–B3

18 1.2

 M29 MIII037 2017.07.21 N47.62626 
E118.53384

755 Khalkhgol, Dornod prov. 
(cropland)

NF/B Up, mid, low, 
B1

30 1.0

 M30 MIII039 2017.07.21 N47.62626 
E118.53384

755 Khalkhgol, Dornod prov. 
(cropland)

F/B Up, B1–B6 19 1.6
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Table 1   (continued)

(A)

No. Field no.a Date Latitude 
/longitudeb

Altitudeb 
(m)

Localityc Typed Parts Length 
(cm)

Diametere 
(cm)

 M31 MIII042 2017.07.21 N47.59197 
E118.42325

734 Khalkhgol, Dornod prov. 
(cropland)

NF/B Up, B1–B3 18 2.8

 M32 MIII043 2017.07.21 N47.62626 
E118.53384

755 Khalkhgol, Dornod prov. 
(cropland)

F/NB Up, low 25 1.0

 M33 MIII044 2017.07.21 N47.62626 
E118.53384

755 Khalkhgol, Dornod prov. 
(cropland)

NF/B Up, B1–B3 21 1.6

 M34 MIII046 2017.07.21 N47.62626 
E118.53384

755 Khalkhgol, Dornod prov. NF/B Up, low 19 0.7

 M35 MIII049 2017.07.22 N47.52941 
E117.67292

653 Khalkhgol, Dornod prov. F/NB A–I 75 1.2

 M36 MIII050 2017.07.22 N47.52941 
E117.67292

653 Khalkhgol, Dornod prov. NF/B Up, low 21 0.8

 M37 MIII051 2017.07.22 N47.52941 
E117.67292

653 Khalkhgol, Dornod prov. NF/B Up, B1, B2 23 0.7

 M38 MIII053 2017.07.22 N47.28708 
E117.27450

651 Tamsagbulag, Dornod prov. NF/NB Up, low 25 1.4

 M39 MIII054 2017.07.22 N47.28708 
E117.27450

651 Tamsagbulag, Dornod prov. F/B Up, mid, low, 
B1–B2

28 1.7

 M40 MIII055 2017.07.22 N47.28708 
E117.27450

651 Tamsagbulag, Dornod prov. NF/B Up, low, B1 22 0.9

 M41 MIII061 2017.07.22 N47.32263 
E117.00775

670 Tamsagbulag, Dornod prov. NF/R Up, R1, R2 15 0.7

 M42 MIII071 2017.07.23 N47.29372 
E111.15959

1200 Ondorkhaan, Khentii prov. F/NB A–D 40.5 1.2

 M43 MIII072 2017.07.23 N47.29372 
E111.15959

1200 Ondorkhaan, Khentii prov. NF/NB Up, low 18 0.9

(B)

No Typef TMPW no. Date Production areag Market Part Lengthh 
(cm)

Diameterh,e 
(cm)

 C1 W Cn076 2012.07.20 Inner Mongolia Autonomous 
Region

Inner Mongolia Autonomous 
Region

Up 13 1.5

 C2 W Cn262 2012.08.04 Inner Mongolia Autonomous 
Region

Inner Mongolia Autonomous 
Region

Up, mid, low 28.5 1.2

 C3 – 21596 2002.09.17 – Anguo, Hebei prov. Up, low 20 1.0
 C4 C 21601 2002.09.17 – Anguo, Hebei prov. Up, mid, low 28 1.0
 C5 W 21602 2002.09.17 – Anguo, Hebei prov. Up, low 20 1.1
 C6 – 24482 2005.10.25 – Shenyang, Liaoning prov. Piece – –
 C7 W 27840 2012.07.19 Dorbod Mongol Autono-

mous County, Heilongjiang 
prov.

Dorbod Mongol Autono-
mous County, Heilongjiang 
prov.

Up, mid, low 34 1.0

 C8 W 27846 2012.07.20 Inner Mongolia Autonomous 
Region

Arun Banner, Inner Mongo-
lia Autonomous Region

Up, low 25 1.6

 C9 W 28814 2016.10.18 Inner Mongolia Autonomous 
Region

Tochimoto tenkaido, Osaka, 
Japan

Piece – –

 C10 C 28813 2016.10.18 Hebei prov. Tochimoto tenkaido, Osaka, 
Japan

Piece – –
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Chemicals and reagents

The following 16 reference compounds were isolated and 
purified from the SR sample C9 (see supplementary mate-
rials): prim-O-glucosylcimifugin (1) [21], cimifugin (2) 
[21], 4′-O-β-d-glucosyl-5-O-methylvisamminol (3) [21], 
5-O-methylvisamminol (4) [21], isopimpinellin (5) [22], sec-
O-glucosylhamaudol (6) [21], psoralen (7) [22], xanthatoxin 
(8) [22], bergapten (9) [22], hamaudol (10) [21], 3′-O-acetyl-
hamaudol (11) [21], ledebouriellol (12) [21], phellopterin 
(13) [23], deltoin (14) [21], 3′-O-angeloylhamaudol (15) 
[21], and praeruptorin B (16) [24]. They were identified by 
spectroscopic methods as well as by comparison of their 
MS and 1H NMR data with values reported in the literatures 
(Fig. 2).

LC–MS grade acetonitrile, methanol, and formic acid 
were purchased from Fujifilm Wako Pure Chemical (Osaka, 
Japan). Pure water for extraction and LC–MS analysis was 
prepared with a Milli-Q system (Millipore, MA, USA). All 
other chemicals were analytical grade.

HPLC–IT–TOF–MS conditions

The HPLC analysis was performed with an HPLC system 
(Shimadzu, Tokyo, Japan) equipped with an SCL-10AVP 
system controller, LC-20AD binary pump, a DGU-20A 
degasser, an SIL-20AC auto-sampler, a CTO-20AC column 
oven, and an SPD-M20A photo-diode-array (PDA) detector. 
Chromatographic separations were carried out on an Atlantis 
T3 column (3 μm, 2.1 × 150 mm, Waters, MA, USA) at a 
column temperature of 30 °C. The mobile phase consisted of 
water containing 0.1% formic acid (v/v) (solvent A) and ace-
tonitrile containing 0.1% formic acid (v/v) (solvent B) with 
elution by a linear gradient at a flow rate of 0.2 mL/min. For 
the first quality assessment comparing plant specimens from 
Mongolia with Chinese plant specimens and SR samples, a 
simple gradient elution system (I)—consisting of 0–4 min at 
20% B, 4–69 min at 20–80% B, and 69–70 min at 80–100% 
B—was established. For qualitative comparisons of plant 
specimens from different regions of Mongolia, a different 
gradient elution system (II) of 0–5 min at 20% B, 5–15 min 

at 20–25% B, 15–30 min at 25% B, 30–40 min at 25–40% B, 
40–90 min at 40–80% B, and 90–91 min at 80–100% B was 
established. Detection was by UV absorption at wavelengths 
of 200–400 nm, and the injection volume was 5 μL.

For MS analysis, a Shimadzu ion-trap–time-of-flight–mass 
spectrometer (IT–TOF–MS) equipped with an electrospray 
ionization interface was connected to the Shimadzu LC-20A 
HPLC system. A standard solution of trifluoroacetic acid 
sodium (TFA) was used to calibrate the TOF–MS to increase 
mass accuracy. The conditions of the ionization interface 
positive and negative were: source voltage, + 4.5 kV (for 
positive ionization modes) or − 3.5 kV (for negative ioniza-
tion modes); 1.5 L/min nebulizer gas flow; 100 kPa dry gas 
pressure; 200 °C curved desolvation line (CDL) and heat 
block temperature. Molecular weight acquisition was per-
formed from m/z 100–2000 for MS and MS/MS. The ion 
accumulation time was set at 30 ms, and the collision energy 
of collision-induced dissociation (CID) was set at 50%. The 
LCMS solution version 3.81 software package (Shimadzu, 
Tokyo, Japan) was used for data acquisition and processing.

Sample preparation

Plant specimens and SR samples were pulverized into fine 
powders of about 70 mesh, and 100 mg of each sample was 
extracted with 20 mL of 70% MeOH in an ultrasonic bath 
at room temperature for 30 min, and then centrifuged at 
4000 rpm for 5 min. The supernatant solution was diluted 
with ultrapure water to 1:1 (v/v), and the resultant solution 
was filtered through a 0.2 μm membrane filter prior to use.

Method validation

Intra- and inter-day precisions were determined to evalu-
ate the repeatability, stability, and reproducibility obtained 
with the gradient elution system II. Representative sample 
solutions of SR sample (C9) and upper and lower parts of 
plant specimen (M1) were prepared and injected in tripli-
cate within a day and on 3 consecutive days, for intra- and 
inter-day precision assessments, respectively. The relative 

a Specimens without aerial parts were obtained from local government (H, C) or a collector (Y, K)
b Latitude/longitude and altitude were not clear (–)
c Specimens collected in the cropland (cropland)
d Flowering specimens (F) or non-flowering specimens (NF); 2 or more newly formed roots were observed (B) or not observed (NB) on the old 
root; roots were branched at the lower part (R)
e Diameter was measured at the thickest position of the root
f SR sample derived from cultivated (C) or wild (W) plants; other samples had no information (–)
g Production area was not clear (–)
h Length and diameter were not clear (–)

Table 1   (continued)



176	 Journal of Natural Medicines (2020) 74:170–188

1 3

Fig. 2   Chemical structures of compounds characterized and identified in SR. The numbered compounds were isolated and identified from SR; 
other compounds were characterized and tentatively identified by LC–MS/MS
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standard deviation (RSD) of the peak area was taken as the 
indicator for method validation.

Statistical and multivariate statistical analyses

The profiling solution (Shimadzu, Tokyo, Japan) was used 
to convert all raw data (tR 3–60 min for gradient system I or 
tR 3–85 min for gradient system II) from LC–MS profiles of 
plant specimens and SR samples into the data matrix for sub-
sequent import to Microsoft Excel. Then, the data matrix was 
imported to SIMCA 14.0 (Umetrics, Umea, Sweden) for mean 
centering and Pareto scaling before multivariate analysis. Prin-
cipal component analysis (PCA) and orthogonal partial least 
squares–discriminant analysis (OPLS–DA) were carried out.

Data of peak areas were expressed as means and dif-
ferences between 2 independent groups were analyzed 
by means of the Student’s t test. A value of p < 0.05 was 
regarded as statistically significant.

Results and discussion

Optimization of extraction and chromatographic 
condition

Several parameters, such as extraction solvent, extraction 
duration, and the amount of solvent in the sample prepara-
tion procedure, were considered on the basis of the previ-
ous study [20]. First, the extraction solvent was investigated 
with MeOH vs. 70% MeOH, with finding that 70% MeOH 
extraction provided yields 1.5–2.5% higher than the MeOH, 
in good agreement with the previous study [20]. Next, ultra-
sound-assisted extraction was chosen because of its con-
venience, as in the previous study [20]. Ultrasound-assisted 
extraction durations of 30 and 60 min were compared: ultra-
sonication in a water bath for 60 min did not exhibit greater 
extraction efficiency than 30 min, hence, ultrasonic extrac-
tions of 30 min were used to save time. Since yields from 
extraction performed with 20 vs. 25 mL of solvents were not 
significantly different, the lower volume was selected. On 
the basis of the above results, the following sample prepara-
tion method was established: 100 mg pulverized root was 
extracted with 20 mL of 70% MeOH in an ultrasonic bath 
at room temperature for 30 min. The yields of 70% MeOH 
extract of Mongolian plant specimen M1 and wild type of 
SR sample C9 were 18.2% and 23.8%, respectively, while 
those of cultivated type of SR samples C4 and C10 were 
53.7% and 59.5%, respectively. The yields of 70% MeOH 
extracts of cultivated SR were more than twice as high as 
those of wild SR, agreeing well with the reported result [20].

Three analytical parameters, including gradient system, 
mobile phase modifier, and column oven temperature, were 

optimized to achieve good peak resolutions and desirable 
separations. Initially, the gradient system was optimized 
from the simple gradient elution method I to establish the 
combined isocratic and gradient method II. Peak of 6 was 
overlapped with a minor peak during linear gradient elution 
from 20–80% of solvent B; these overlapping peaks could 
be effectively separated by insertion of the isocratic 25% B 
step at 15–30 min in gradient system II, at the cost of an 
extra 27 min analysis. Next, the mobile phase modifiers for-
mic acid vs. acetic acid were considered: 0.1% formic acid 
was selected, because it enhanced the intensity of adducted 
molecular ions [M+HCOO]− and protonated molecular ions 
[M+H]+ in the MS. Finally, the column temperature was 
optimized to achieve a desirable separation of each peak: 4 
oven temperature, 25 °C, 30 °C, 35 °C, and 40 °C, and tem-
perature of 30 °C was found to effectively improve the sepa-
ration of peak of 6 and that of 14 from minor peaks (Fig. S1).

Method validation

A qualitative analysis method based on considerations of 
repeatability, stability, and reproducibility for LC–MS profil-
ing of SR was validated. The validation was performed on 
representative samples (C9, M1) based on retention time and 
peak areas obtained with gradient elution system II. Intra- 
and inter-day precisions were determined by analyzing 3 rep-
licates in one day and 3 consecutive days, respectively. The 
RSD values of intra- and inter-day analyses were 0.4–6.8% 
and 0.7–8.6%, respectively (Table S1). This result indicated 
that the precision was sufficient to proceed with multivariate 
statistical analysis.

Characterization and identification of compounds 
in SR

The SR sample C9 from China was used for LC–MS profiling 
to identify metabolites. Chopped roots (1450 g) were extracted 
3 times with methanol (MeOH) at room temperature for 24 h 
to yield 360 g of MeOH extract. Then, a portion of MeOH 
extract (140 g) was suspended in water and subsequently par-
titioned with ethyl acetate (EtOAc) and n-butanol (1-BuOH) 
to give the EtOAc layer, 1-BuOH layer, and water residue with 
yields of 26.3, 11.3, and 97.1 g, respectively. The EtOAc layer 
contained more abundant and numerous constituents than the 
other fractions, whereas the n-BuOH layer contained abundant 
amounts of the major chromones 1 and 3 (Fig. S2). There-
fore, we separated the EtOAc and n-BuOH layers by means 
of chromatography and successfully isolated 20 compounds 
(see supplementary materials). Thirty compounds from the 
EtOAc layer, including 13 chromones and 17 coumarins were 
characterized and tentatively identified by comparing precur-
sor ion values, product ion values, and UV spectra with related 
literature findings [25-27] (Fig. 3; Table 2). Their chemical 
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structures are shown in Fig. 2. Among them, 16 compounds 
were unambiguously identified by comparing LC–MS/MS and 
UV data of reference standard compounds (Table 2).

Comparison of metabolomic profile between  
Mongolian S. divaricata roots and Chinese SR

For a comparison between Mongolian and Chinese S. divari-
cata roots, representative 1 or 2 plant specimens from 5 
different locations of Mongolia were selected and analyzed 
together with 8 SR samples as well as 2 plant specimens 
from China by LC–MS with the gradient elution system I. 
Total ion chromatograms (TIC) of representative samples 
are shown in Fig. 4. All plant specimens and SR samples 
exhibited similarity in the composition of peaks in LC–MS 
profiles to each other. Sixteen compounds were identified in 
both MeOH extracts of Mongolian and Chinese S. divaricata 
roots (Table 2). When touching upon peak areas of each 
compound, some differences were shown between the wild 
and cultivated types of Chinese SR samples. The wild type 
of SR contained relatively larger amounts of constituents 
than the cultivated type. To compare the contents of main 

dihydrofurochromones 1–4 and dihydropyranochromones 
6 and 15 in the Mongolian and Chinese S. divaricata, the 
peak areas in the extracted ion chromatogram (EIC) data of 
divided root parts for each specimen were averaged (Fig. 5). 
The peak area of 3 in Mongolian specimens was similar to 
those of Chinese specimens and SR samples (Fig. 5a). How-
ever, the peak areas of 1 and 15 were significantly higher 
in Mongolian plant specimens than in Chinese specimens 
and SR samples (p < 0.01 and p < 0.05, respectively; Fig. 5; 
Table S2). Obviously, the peak areas of 2 and 4 in Chinese 
SR samples, C3 and C5, were higher than others (Figs. 4, 
5a). Subsequently, to clarify the differences between them 
and to identify the primary contributors, multivariate sta-
tistical analysis, PCA and OPLS–DA were carried out for 
LC–MS data of all specimens and SR samples. The PCA 
results were similar to those of OPLS–DA, and absolute 
separation into two main groups, Chinese and Mongolian, 
was achieved for the 89 observations. The overall goodness 
of fit (R2Y = 0.829) and overall cross validation coefficient 
(Q2Y = 0.754) demonstrated that the predictability of the 
model was good (Fig. 6a). As shown in Fig. 6b, the load-
ing scatter plot of OPLS–DA indicated 2 and 4 as potential 

Fig. 3   Total ion chromatogram (TIC) of SR sample in positive 
(upper) and negative ionization (lower) modes. The EtOAc layer of 
the MeOH extract (SR sample C9) was dissolved in 50% MeOH. The 

details of identified compounds (peaks P1–P30, 1–16) are summa-
rized in Table 2. PB the peak also detected in the blank sample (only 
solvent)
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contributors to the Chinese group. On the other hand, 1, 3, 
15, and an unidentified compound with m/z 525 (X) were 
contributed most to the Mongolian group. The isolation and 
identification of compound X were carried out, and it was 
speculated as a derivative of 6 based on the LC–MS/MS 
analysis (Fig. S3). The structure determination of compound 
X is now in progress. Recently, Yoshitomi et al. reported that 
the wild type of SR could be discriminated by glucose and 
oleic acid from the cultivated type of SR which were char-
acterized by sucrose using 1H NMR-based metabolomics 
approach [28]. Since we focused on the detection of the 
compounds listed in Table 2 in our LC–MS condition, these 
compounds were not considered. Although many previous 
studies have been reported on the Chinese SR [19, 20, 25, 
28, 29], there are very few regarding Mongolian S. divari-
cata. To clarify regional variation in chemical component 
of Mongolian S. divaricata in more detail, we examined 36 
additional Mongolian specimens in flowering or non-flow-
ering collected from different regions.

Metabolomic profiling of S. divaricata roots 
from Mongolia

For characterizing and comparing the chemical constituents 
in the S. divaricata roots from different regions of Mongolia, 
70% MeOH extracts of 43 plant specimens were prepared 
by the aforementioned method and were chromatographi-
cally analyzed with gradient elution system II. LC–MS 
profiles of Mongolian specimens showed similarity in the 
composition of peaks, as well as those of upper, middle, 
and lower parts of the root (Fig. 7-1u, 1m, and 1l). Twelve 
common peaks (1–4, 6, X, 10–12, 14–16) were observed 
in the LC–MS chromatograms of all specimens except for 
3 specimens from the Tamsagbulag (M39–M41), Dornod 
prov., which had the peak of an unidentified compound with 
m/z 358 at tR 53 min (Fig. 7-2d). Furthermore, the peak of 
compound X was frequently observed at tR 39 min in the 
specimens from Mongolia (Fig. 7-2a–2e). Peaks of 11, 12, 
15, and 16 were higher in the specimen from Holonbuir, 

Fig. 4   TIC of MeOH extracts 
of representative SR samples 
and plant specimens from 
China in positive (upper) and 
negative (lower) ionization 
modes. MeOH extracts of 
upper parts of the roots were 
analyzed with gradient elution 
system I. a, b Plant specimens 
C1 and C2, respectively; c–f SR 
samples C4, C5, C7, and C9, 
respectively. Numerals indicate 
respective compounds in Fig. 2
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Dornod prov. (Fig. 7-2b). When comparing the peak areas 
between LC–MS profiles of root parts within one root, a 
larger amount of 3 was observed in the lower parts of the 
roots, while compound X tended to be higher in the upper 
parts of the roots (Figs. 7-1 and S4). In Fig. 8, the peak 
areas in EIC of main dihydrofurochromones 1–4 and dihy-
dropyranochromones 6 and 15, which were shown as the 
means of the divided root parts, were compared to reveal 
that the peak area of each chromone was extremely variable 
and dependent on not only the growing region but also on 
whether flowering or not. Mongolian specimens generally 
contained a large amount of 1. The peak area of 15 was 
markedly higher in the specimens from Holonbuir, and those 
of 1 and 3 were tended to be higher in the specimens from 
Khalkhgol. While, the peak areas of 2 and 4 varied among 
all specimens, and this variation might be attributable to the 
growing stage rather than the growing region.

To date, no comparison has demonstrated that the root 
part affects the chemical profile in SR. To clarify whether 
differences in the part of the root affected the chemical pro-
file, multivariate statistical analysis based on LC–MS data 

was performed. First, to determine variations between the 
root parts of plant specimens, OPLS–DA was carried out 
for LC–MS data of 40 specimens of upper root parts and 31 
specimens of lower root parts (R2Y = 0.676, Q2Y = 0.533). 
The 2 parts of the roots tended to separate into 2 groups 
(Fig. 9a): the S-plot of OPLS–DA revealed that 3 had more 
influence on discrimination of the lower parts of the roots, 
while 12, 15, and compound X were likely to have more 
contribution for separation of the upper parts of the roots 
(Fig. 9b). This result was strongly consistent with the com-
parisons of the LC–MS profiles of different parts of the 
roots, where a higher amount of 3 was observed in the lower 
parts, while compound X was higher in the upper parts (Fig. 
S4).

Next, to investigate the differences between flowering 
and non-flowering specimens, 8 flowering specimens and 
11 non-flowering specimens both growing in grassland were 
evaluated by OPLS–DA. As shown in Fig. 9c, the loading 
scatter plot of the OPLS–DA for the 2 groups showed good 
separation. The values of R2Y and Q2Y were calculated to 
be 0.983 and 0.763, respectively, indicating satisfactory 

Fig. 5   The peak areas of main 
chromones a 1–4 and b 6 and 
15 in 8 SR samples as well as 
2 plant specimens from China 
and 7 flowering specimens 
from Mongolia. The peak areas 
are shown as the means of the 
divided root parts in extracted 
ion chromatogram (EIC) that 
analyzed with gradient elution 
system I (n = 3; *n = 1). W wild 
type of SR, C cultivated type of 
SR. Numerals indicate respec-
tive compounds in Fig. 2
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predictability. Interestingly, the S-plot of the OPLS–DA 
indicated that 1 discriminated the specimens that were 
flowering, and the unidentified compound with m/z 358 was 
frequently found in non-flowering specimens (Fig. 9d). The 
similar result was obtained when all the specimens including 
those from cropland were applied to the OPLS–DA. How-
ever, as shown in Fig. 8a, markedly higher amount of 1 were 
observed in several non-bolting and non-flowering speci-
mens from Khalkhgol (M29, M34, M36, M40). Since these 
specimens had single thick root or newly formed roots on 
the old root, they may have grown more than 2 years. Thus, 
it was indicated that whether the flowering or non-flowering 
at the mature stage has no relevance to the contents of con-
stituents. In case of Mongolian wild plant, the aerial parts 
of the plant freeze and fall in the winter season and then, 
new roots grow on the old root in next spring. Probably in 

the first year, the plant will not be bolting (no flower), but 
the root becomes mature. For this reason, the contents of the 
constituents in the root can increase even in non-flowering 
plant. Our findings showed that one of the most important 
factors that influence the quality of SR might be the number 
of growing years. A detailed study on variation of chemi-
cal components associated with the growing year as well as 
season will be necessary.

Finally, to highlight the differences among growing 
regions of Mongolian specimens and to identify discrimi-
natory markers, OPLS–DA was carried out for LC–MS 
data of 31 specimens collected in 2017 which have sin-
gle or straight root. Most of the specimens from cropland 
(except M32) and 3 specimens from grassland (M24, M39, 
M41) that have new roots on the old root or branched roots 
were excluded. The score scatter plot of the OPLS–DA 

samples/batches
7/4
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3/1
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13/4
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Fig. 6   Orthogonal partial least squares–discriminant analysis (OPLS–
DA) for the SR samples and plant specimens from China and speci-
mens from Mongolia. a Score scatter plot and b loading scatter plot. 

The LC–MS data set was same with Fig. 5. Numerals indicate respec-
tive compounds in Fig. 2. 1′ and 3′ indicate isotopic ion [M+H+1]+ 
of the respective compounds
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indicated that all specimens were characterized by their 
growing regions (R2Y = 0.821, Q2Y = 0.536, Fig. 10a) and 
the loading scatter plot of the OPLS–DA indicated that 
1–3 were most relevant to the specimens from far eastern 
part of Mongolia, Khalkhgol and Tamsagbulag; 10, 11, 15, 
and 16 were most abundant in the specimens from the east-
ern part, Holonbuir; 10 was recognized as a marker com-
pound for the specimens from Bulgan; compound X may 
be used as a discriminatory marker for the specimens from 

central eastern part of Mongolia, particularly Ondorkhaan 
and Bayan-Ovoo (Fig. 10). Since the specimens from Hol-
onbuir and Bulgan were characterized by 10, 11, 15, and 
16 besides compound X, they were discriminated from the 
specimens of Ondorkhaan and Bayan-Ovoo. The result of 
OPLS–DA was consistent with that of LC–MS profiles, 
where the specimens from Holonbuir contained 10–12, 15, 
and 16 abundantly (Fig. 7-2b); the specimen from Bulgan 
contained a relatively high amount of 10 (Fig. 7-2c); the 

Fig. 7.   1 TIC of 70% MeOH 
extracts of (u) upper (m) mid-
dle, and (l) lower parts of the 
root of representative plant 
specimen (M3) from Bayan-
Ovoo, Khentii prov. in positive 
(upper) and negative (lower) 
ionization modes. Numerals 
indicate respective compounds 
in Fig. 2. 2 TIC of 70% MeOH 
extracts of upper parts of the 
roots of representative plant 
specimens from each region of 
Mongolia in positive (upper) 
and negative (lower) ionization 
modes. (a) M1 from Khalkhgol, 
Dornod prov.; (b) M6 from 
Holonbuir, Dornod prov.; (c) 
M9 from Bulgan, Dornod prov.; 
(d) M41 from Tamsagbulag, 
Dornod prov.; (e) M43 from 
Ondorkhaan, Khentii prov. 
Numerals indicate respective 
compounds in Fig. 2.
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specimens from Ondorkhaan, Bayan-Ovoo, and Holon-
buir contained compound X markedly higher than oth-
ers (Fig. 7-2e, 1u, 2b). Moreover, the specimens from 
Khalkhgol and Tamsagbulag contained high amounts of 
major chromones 1–3 (Fig. 7-2a, 2d). However, the varia-
tion among the specimens was observed, especially some 
specimens (M25, M31) collected in the cropland showed 
lower contents (Fig. 8a). The difference in the shape and 
hardness of the root were observed between specimens 
from cropland and those from grassland. The specimen 
from grassland had hard, straight, and single root, by con-
trast, the specimen from cropland had soft and curved 
root with newly formed roots on the top. In particular, the 

specimen M31 which contained less amount of chromones 
had more than 10 newly formed thin roots on the old root. 
Therefore, the specimens from grassland were thought to 
be suitable for the crude drug SR to avoid SR with low 
content of main chromones. From this viewpoint, the high-
performance cultivation method including grassland culti-
vation in suitable areas, followed by the best harvest sea-
son determined on the basis of the experiment, sometimes 
combined with wild plant collection, should be developed.

The present study evaluated S. divaricata from Mon-
golia through qualitative analysis. To verify this result, 
quantitative determination of characteristic compounds is 
in progress.

Fig. 8   The peak areas of main chromones a 1–4 and b 6 and 15 in 
all plant specimens except for specimens obtained from local govern-
ment and collector (H, Y, K, C) from different regions of Mongolia. 
The peak areas are shown as the means of the divided root parts in 

EIC that analyzed with gradient elution system II. F flowering plant 
specimens, NF non-flowering plant specimens. Numerals indicate 
respective compounds in Fig. 2
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Conclusions

In the present study, we evaluated S. divaricata obtained 
from different regions of Mongolia by LC–IT–TOF–MS/
MS profiling combined with multivariate statistical analy-
sis. Forty-three plant specimens from Mongolia together 
with 8 SR samples and 2 plant specimens from China were 
investigated and characterized by the differences of grow-
ing region, root parts, and flowering or not. Among 30 
compounds tentatively identified by LC–MS/MS, 8 chr-
omones were considered to be discriminatory compounds 
for group separation in Mongolia. The results revealed that 
dihydrofurochromones 1–3 were most contributed to the 
specimens from Khalkhgol and Tamsagbulag; 10, 11, 15, 
and 16 were most relevant to the specimens from Hol-
onbuir; and the compound X with m/z 525 speculated as 

a derivative of 6 was the discriminatory marker for the 
separation of specimens from central eastern part, par-
ticularly Ondorkhaan and Bayan-Ovoo. Quality evaluation 
of S. divaricata roots from different regions of Mongolia 
was investigated for the first time. Based on this research, 
S. divaricata roots from Mongolia have potential as new 
resources of SR used in Kampo formulae, particularly 
those from far eastern part of Mongolia were superior 
in the contents of the major chromones 1–3. Natural 
resources of S. divaricata have been greatly reduced due 
to recent illegal harvesting. Therefore, it is necessary to 
promote cultivation in suitable regions to secure resources 
of SR. In this viewpoint, Khalkhgol, far eastern part of 
Mongolia, could be a prospective region for the cultivation 
of S. divaricata.

ca

b d

Fig. 9   OPLS–DA for elucidating the difference among root parts (a 
score scatter plot, b S-plot) and that between flowering or non-flow-
ering specimens (c score scatter plot, d S-plot). Numerals indicate 

respective compounds in Fig. 2. 1″ and 3″ indicate [M+HCOO]− of 
the respective compounds
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