Spot C
(R: 0.5)

Fig. 3 TLC Comparison of Glycyrrhiza (a) and Prepared Glycyrrhiza (b) (Condition III)

Solvent system; ethyl acetate/methanol/water (20:3:2), Detection; Spraying 4-dimethylaminobenzaldehyde
Test Solution.

Red arrow indicates the spot specific for Prepared Glycyrrhiza (Spot C, R; 0.5).

Fig. 4 TLC Comparison of Glycyrrhiza (a), Prepared Glycyrrhiza (b) and Re-heated Prepared Glycyrrhiza (c)
Solvent system and detection method in I, II and III are the same as in Fig. 1, Fig. 2 and Fig. 3, respectively.
Red arrows indicate Spot A (I), Spot B (II) and Spot C (III), respectively.

Spot A
(R 0.6)

Spot X
(Rr0.3)

Fig. 5 Improved Sample Preparation Method for Comparison of Glycyrrhiza (a) and Prepared
Glycyrrhiza (b) (Condition IV)

Solvent system; ethyl acetate/methanol/water (7:2:1), Detection; Spraying 4-methoxybenzaldehyde
Test Solution then heated at 105°C.

Red arrows indicate Spot A (R 0.6) and Spot X (R¢0.3).
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Fig.7 TLC Comparison of Prepared Glycyrrhiza and
Heat-treated (130°C, 30 min) Sugars (Condition II)

Solvent system; ethyl acetate/methanol/water (7:2:1),
Detection; Spraying 1,3-naphthalenediol Test Solution then
heated at 105°C. Red arrow indicates Spot B (R; 0.3).

S: heat-treated sucrose; G: heat-treated glucose; F: heat-treated
fructose; 1~10: Prepared Glycyrrhiza

Fig. 6 TLC Detection of Sugars in Glycyrrhiza
Solvent system; 2-propanol/glacial acetic acid/diethylether/
water (4:3:2:1), Detection; Spraying 1,3-naphthalenediol
Test Solution then heated at 105°C.

S: sucrose; G: glucose; F: fructose; 1~10: Glycyrrhiza

Fig. 8 TLC Comparison of Prepared Glycyrrhiza and Heat-treated (130°C, 30 min) Amino Acids with Fructose
(Condition III)

Solvent system; ethyl acetate/methanol/water (20:3:2), Detection; Spraying dimethylaminobenzaldehyde Test Solution.

Cys-Cys: cystine; Lys: lysine; His: histidine; Arg: arginine; Asp: aspartic acid; Asn: asparagine; Gly: glycine; Pro: proline;

Gln: glutamine; Ser: serine; Hyp: hydroxyprorline; Glu: glutamic acid; Ala: alanine; Thr: threonine; Cys: cysteine; Val:

valine; Met: methionine; Ile: isoleucine; Phe: phenylalanine; Tyr: tyrosine; Leu: leucine; Trp: tryptophan; PG: Prepared

Glycyrrhiza

2 345867829 1 23456 7809FPG

G LA e &

Fig.9 Effect of Temperature and Time on TLC Pattern of Heat-treated Glycyrrhiza

Solvent system and detection method in IV, II and III are the same as in Fig. 5, Fig. 2 and Fig. 3, respectively.
Red arrows indicate Spot A (IV), Spot B (II) and Spot C (III), respectively.

1: 110°C, 10 min; 2: 110°C, 30 min; 3: 110°C, 60 min; 4: 130°C, 10 min; 5: 130°C, 30 min;

6: 130°C, 60 min; 7: 150°C, 10 min; 8: 150°C, 30 min; 9: 150°C, 60 min; P: Prepared Glycyrrhiza; G: Glycyrrhiza
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Fig. 10 Detection of Glycyrrhitic Acid (a) and Liquiritin (b) in Heat-treated Glycyrrhiza, Prepared Glycyrrhiza
and Glycyrrhiza

a) Solvent system; 1-butanol/water/glacial acetic acid (7:2:1), Detection; UV 254 nm.

b) Solvent system; ethyl acetate/methanol /water (20:3:2), Detection; Spraying 10% sulfuric acid then heated at 105°C.
1~9: heat-treated Glycyrrhiza (1: 110°C, 10 min; 2: 110°C, 30 min; 3: 110°C, 60 min; 4: 130°C, 10 min; 5: 130°C, 30 min;
6: 130°C, 60 min; 7: 150°C, 10 min; 8: 150°C, 30 min; 9: 150°C, 60 min); P: Prepared Glycyrrhiza; G: Glycyrrhiza; S:
glycyrrhitic acid; S1: liquiritin; S2: liquiritin apioside

Fig. 11 TLC Comparison of Prepared Glycyrrhiza, Heat-treated Pueraria Root, and Heat-treated Astragalus Root
Solvent system and detection method in I'V, IT and III are the same as in Fig. 5, Fig. 2 and Fig. 3, respectively.

Red arrows indicate Spot A (IV), Spot B (II) and Spot C (III), respectively.

1~3: Prepared Glycyrrhiza; 4~6: heat-treated Pueraria Root; 7~9: heat-treated Astragalus Root

Spot A
(R 0.6)

Fig. 12 TLC Comparison of Glycyrrhiza and Prepared Glycyrrhiza derived from G glabra
Solvent system and detection method are the same as in Fig. 5 (Condition IV).

Red arrow indicates Spot A (R; 0.6).

1~3: Glycyrrhiza; 4~6: Prepared Glycyrrhiza
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Abstract Jujube Seed is a crude drug defined as the seed
of Ziziphus jujuba Miller var. spinosa Hu ex H.F. Chou
(Rhamnaceae) in the Japanese Pharmacopoeia (JP). Most
of the jujube seed in the Japanese markets is imported from
China, with the rest obtained from other Asian countries.
Here we confirmed the botanical origins of jujube seeds
from both China and Myanmar by a DNA sequencing
analysis. We found that the botanical origins of the crude
drugs from China and Myanmar were Z. jujuba and Z.
mauritiana, respectively. Although the jujube seed from
China conforms to the JP, that from Myanmar does not. A
method for discriminating jujube seeds from China and
Myanmar using a chemical approach is thus desirable, and
here we sought to identify a compound specific to Z. ju-
Juba. Jujuboside A (1) was identified as a compound spe-
cific to Z. jujuba. To establish a purity test of Jujube Seed
in the JP against Z. mauritiana, we fractionated the extract
of Z. mauritiana seeds and identified frangufoline (2) and
oleanolic acid (4) as the marker compounds specific to Z.
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mauritiana. Thin-layer chromatography (TLC) and gas
chromatography-mass spectrometry analyses revealed
that the latter compound was useful for testing by TLC
analysis. The established TLC conditions were as follows:
chromatographic support, silica gel; developing solvent,
n-hexane:EtOAc:HCOOH = 10:5:1; developing length,
7 cm; visualization, diluted sulfuric acid; Ry value, 0.43
(oleanolic acid).

Keywords Jujube Seed - Ziziphus jujuba var. spinosa -
Ziziphus mauritiana - Purity test - Oleanolic acid

Introduction

‘Jujube Seed” (BEZE{™) is a crude drug defined as the seed
of Ziziphus jujuba Miller var. spinosa Hu ex H.F. Chou
(Rhamnaceae) in the Japanese Pharmacopoeia, 16th edition
(JP16). It has been used for Kampo (i.e., Japanese tradi-
tional herbal medicine) formulae targeted at insomnia and
psychoneurosis, based on its sedative ingredients such as
saponins and flavonoids [1, 2]. Most Jujube Seeds in Jap-
anese markets are imported from China, and the remaining
stock is drawn from other Asian countries [3].

It has recently become clear that the botanical origin of
‘jujube seeds’ (in this manuscript, we refer to the seed of
Ziziphus plants as “jujube seed” and that of Z. jujuba var.
spinosa of JP grade as “Jujube Seed”) from Myanmar are
not Z. jujuba var. spinosa, but Z. mauritiana on the basis of
genetic analyses [4], but the macroscopic distinction of the
two species is difficult because of their similar appearance,
especially in the cut and powder forms. A method for
discriminating jujube seeds from China and those from
Myanmar by an approach such as high-performance liquid
chromatography (HPLC) or thin-layer chromatography

— 65 —



J Nat Med (2015) 69:68-75

69

(TLC) is desired to select jujube seeds conforming to the
JP16.

In the present study, the botanical origins of jujube seeds
from China and Myanmar were confirmed by a DNA
sequencing analysis. We analyzed the extracts of the two
types of jujube seeds by liquid chromatography-mass
spectrometry (LC-MS) and TLC analyses, and we identi-
fied the specific compounds of each species of seed.

Materials and methods
Crude drugs and materials

The 11 samples of jujube seeds {rom China used in this
study were collected from 1995 to 2012, and the five
samples of jujube seeds from Myanmar were collected
from 1993 to 2011. The details of the crude drug samples
used are shown in Table 1. Authentic jujuboside A, ole-
anolic acid and spinosin were purchased from ChromaDex
Co. (Boulder, CO, USA), Wako Co. (Osaka, Japan) and
Apin Chemicals (Abingdon, Oxon, UK), respectively.
Research-grade organic solvents were used for the LC-MS,
TLC, and extraction and isolation.

General procedure

The LC-MS analysis was performed on an LC-20A HPLC
system (pump, LC-20AD; degasser, DGU-20A;; auto-
sampler, SIL-20ACyy; column oven, CTO-20A; diode
array detector, SPD-M20A) equipped with an LCMS-2020
mass spectrometer (Shimadzu, Kyoto, Japan). The gas

Table 1 Date and area of collection of Z. jujuba and Z. mauritiana

No. Date Area

C-1 December 2012 Hebei, China
C-2 December 2011 Hebei, China
C-3 November 2010 Hebei, China
C4 December 2009 Hebei, China
C-5 August 2009 Shaanxi, China
C-6 December 2008 Hebei, China
C-7 December 2007 Hebei, China
C-8 November 2006 Hebei, China
C-9 September 1999 Hebei, China
C-10 September 1997 Hebei, China
C-11 June 1995 Hebei, China
B-1 March 1993 Myanmar
B-2 January 2011 Myanmar
B-3 March 2011 Myanmar
B-4 January 2011 Myanmar
B-5 March 2011 Myanmar

chromatography-mass spectrometry (GC-MS) analysis was
performed on a GC-2010 system (Shimadzu) equipped
with the GC-MS-QP2010 single quadrupole gas chro-
matograph-mass spectrometer (Shimadzu). 'H- and Be-
NMR spectra were recorded on a spectrometer (ECA-800,
JEOL, Tokyo), and chemical shifts are expressed in
(ppm) with tetramethylsilane (TMS). The high-resolution
mass spectrum was measured on an LCMS-IT-TOF [a
hybrid mass spectrometer coupling atmospheric pressure
ionization with ion-trap (IT) and time-of-flight (TOF)
technologies; Shimadzu] using glycyrrhizin as an external
standard (m/z 821.3965). A ball mill (MM-300, Qiagen,
Hilden, Germany), pulverizer (T1-200, Irie-Shokai, Tokyo),
shaker (SR-2w, Taitec, Saitama, Japan) and centrifugation
(6900, Kubota, Tokyo) were used to process the seeds.

DNA sequence analysis

A single seed (approximately 30-50 mg) of each sample
was crushed with the ball mill in liquid N,. Genomic DNA
was extracted from the powdered sample using the Max-
well 16 Tissue DNA Purification Kit (Promega, Madison,
WI). The internal transcribed spacer 2 (ITS2) region of
nuclear rDNA was amplified by polymerase chain reaction
(PCR) using the obtained genomic DNA as the template.
The PCR was performed on a DNA engine PTC-200 (MJ
Research, currently Bio-Rad, Hercules, CA) using BIOT-
AQ DNA polymerase (Bioline, London) with the following
program: 95 °C for 10 min; 50 cycles of 95 °C for 30 s,
50 °C for 30 s, 72 °C for 45 s; 72 °C for 7 min. After the
removal of excess primers and dNTPs from the reaction
mixture using the MinElute PCR Purification Kit (Qiagen),
the amplicon was directly sequenced on an ABI Prism
3130 Genetic Analyzer (Applied Biosystems; currently
Life Technologies, Carlsbad, CA). The cycle sequencing
reaction was performed using the BigDye Terminator v3.1
Cycle Sequencing Kit (Life Technologies). The DNA
sequences were aligned using the Clustal W program [5].

LC-MS analysis
Sample preparation

Jujube seeds from China (C-1 to C-11) and from Myanmar
(B-1 to B-4) were powdered by the ball mill at 20 Hz for
I min. Thirty milliliters of MeOH was added to the pow-
ders (1 g) and then were shaken at 5 Hz for 20 min. After
centrifugation at 8,000xg for 10 min, the supernatants
were separated. The same procedure was applied to the
residues, except that 15 mL of MeOH was used for the
extraction. The total supernatants were combined and then
adjusted to 50 mL by MeOH using a volumetric flask.
These were used as the sample solutions.
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LC-MS conditions

Analysis of a specific compound in jujube seed from China
(condition A) An Inertsil ODS-3 column (5 pum particle
size, 2.1 mm i.d. x 150 mm; GL Sciences, Tokyo) was
used, and the mobile phase was 0.1 % formic acid aqueous
solution-acetonitrile (65:35; v/v). One microliter of sample
solution was analyzed at 203 nm with 0.2 mL/min at
40 °C. The MS analysis parameters were as follows:
interface, ESI positive/negative mode; nebulizer gas flow,
1.5 L/min; drying gas flow, 10 L/min; CDL temperature,
250 °C; heat block temperature, 200 °C; detector voltage,
120 kV; interface voltage, 4.5 kV/—4.5 kV; interface cur-
rent, 0.6 pA; scan range, m/z 100-1300.

Analysis of a specific compound in jujube seed from
Myanmar (condition B) A specific compound in extracts
of jujube seed from Myanmar was analyzed in the same
way as in condition A, except for the following: the mobile
phase, 0.1 % formic acid aqueous solution-acetonitrile
(77:23, viv); wavelength, 190 nm.

Analysis of spinosin (condition C) Spinosin in crude
extracts was analyzed in the same way as in condition A,
except for the following: the mobile phase, 0.1 % formic
acid aqueous solution-acetonitrile (85:15, v/v); wavelength,
254 nm.

Extraction and isolation
Isolation of frangufoline (2)

A jujube seed from Myanmar (B-5; 100 g) was crushed by
the ball mill at 20 Hz for 1 min. The powder was extracted
with MeOH (3 L) at room temperature for 24 h. After fil-
tration, it was evaporated under reduced pressure to give the
extract. The procedure was repeated twice to obtain the
extract (Myn31, 9.7 g). It was suspended with EtOAc
(300 mL) to separate the soluble fraction (Myn31-S, 3.7 g)
and the insoluble fraction (Myn31-IS, 4.4 g) by filtration. A
part of the soluble fraction (0.4 g) was dissolved in EtOAc
(5 mL) and was subjected to a SNAP KP-Sil Samplet car-
tridge (3 g) (Biotage, Uppsala, Sweden). After being loaded
on a SNAP Ultra column (25 g), the fraction was eluted with
n-hexane-EtOAc on an Isolera Dalton (Biotage) to give four
fractions [fr. S(1)-1, 314 mg; fr. S(1)-2, 25.6 mg; fr. S(1)-3,
7.5 mg; fr. S(1)-4, 5.2 mg]. Fr. S(1)-4 (5.2 mg) was sus-
pended in n-hexane:EtOAc = 2:1 (3 mL) and then sub-
jected to silica gel column chromatography (¢ 1 x 4 cm)
with n-hexane-EtOAc (2:1 — 0:1) to obtain frangufoline
(2) (fr. S(1)-4-2, 0.4 mg), together with two fractions.
Frangufoline (2) [6, 7]: White amorphous powder.
HRTOFMS m/z 5353279 [M + H]" (calcd for Cs1Hyn
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N4O4, 535.3297) "H-NMR (800 MHz, CDCl;): see Table 2.
B3C-NMR (200 MHz, CDCl): see Table 2.

Isolation of oleanolic acid (4)

A part of fr. Myn31-S (1.4 g) was dissolved in EtOAc
(15 mL) and then subjected to a SNAP KP-SIL Samplet
cartridge (10 g). After being loaded on a SNAP Ultra
column (50 g), the fraction was eluted with n-hexane-
EtOAc (2:1 — 0:1) by the Isolera Dalton to give two
fractions [fr. S(2)-1, 1.3 g; fr. S(2)-2, 63.4 mg]. Fr. S(2)-2
(63.4 mg) was dissolved in EtOAc (3 mL) and then sub-
jected to a KP-SIL Samplet cartridge (1 g). After being
loaded on a SNAP Ultra column (10 g), the fraction was
eluted with n-hexane-EtOAc (1:1 — 0:1) by the Isolera
Dalton to give four fractions [fr. S(2)-2-1, 37.2 mg; fr.
S(2)-2-2, 2.7 mg; fr. S(2)-2-3, 6.2 mg; fr. S(2)-2-4,
4.7 mg].

The remaining fraction (Myn31-S; 1.6 g) was dissolved
in EtOAc (20 mL) and subjected to a KP-SIL samplet
(10 g). After being loaded on a SNAP Ultra column (30 g),
the fraction was eluted with n-hexane-EtOAc (2:1 — 0:1)
by the Isolera Dalton to give three fractions [fr. S(3)-1,
1.4 mg; fr. S(3)-A, 12.6 mg; fr. S(3)-B, 34.6 mg].

Fr. $(2)-2-2 (2.7 mg) and fr. S(3)-A (12.6 mg) were
combined on the basis of similar TLC patterns to obtain fr.
C (15.3 mg). This fraction was dissolved in CHCl; (4 mL)
and then subjected to silica gel column chromatography (¢
2.5 x 5 cm) and slowly eluted with CHCl; to obtain ole-
anolic acid (4) (fr. C-5, 2.5 mg), together with four
fractions.

Oleanolic acid (4) [8]: White amorphous powder. "H-
NMR (800 MHz, CDCls): oy 5.27 (1H, dd, J = 4.0,
3.2 Hz, H-12), 3.21 (1H, dd, J = 11.2, 4.0 Hz, H-3), 1.12,
1.07, 0.97, 0.92, 0.90, 0.76, 0.74 (3H, s, CH; x 7). '*C-
NMR (200 MHz, CDCly): d- 182.9 (C-28), 143.7 (C-13),
122.7 (C-12), 79.1 (C-3), 55.3 (C-5), 47.7 (C-9), 46.6 (C-
17),45.9 (C-19), 41.7 (C-14), 41.1 (C-18), 39.3 (C-8), 38.8
(C-4), 38.5 (C-1), 37.1 (C-10), 33.9 (C-21), 33.2 (C-7),
32.7 (C-22), 32.5 (C-29), 30.8 (C-20), 28.2 (C-2), 27.8 (C-
23), 27.3 (C-15), 26.0 (C-27), 23.7 (C-16), 23.5 (C-30),
23.0 (C-11), 18.4 (C-6), 17.2 (C-26), 15.6 (C-24), 15.4 (C-
25).

TLC analysis
Sample preparation

Jujube seeds from China (C-1 to C-11) and from Myanmar
(B-1 to B-5) were powdered by the ball mill at 20 Hz for
1 min. Five milliliters of MeOH was added to the powders
(0.5 g), and then the mixture was shaken at 5 Hz for
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Table 2 NMR data of compound 2 (CDCl3)

Position 51—[ (5C

2 (800 MHz) Ref. [7] (80 MHz) 2 (200 MHz) Ref. [7] (20 MHz)
I 6.35 (1H, d, J = 8.0 Hz) 6.35 (7.6) {15.6" 123.1
2 6.66 (1H, dd-like, J = 9.6, 8.0 Hz) 6.67 (10.2, 7.6) 1257 1259
3-NH 6.45 (1H, d, J = 9.6 Hz) 6.46 (10.2) - -
4 - - 167.5 167.8
5 402 (1H, ddd, J = 7.2, 4.0, 3.2 Hz) 4.03 (7.6, 3.6) 52.7 52.7
6-NH 5.67 (1H, d. J = 7.2 Hz) 5.67 (7.6) - -
7 - - 1718 171.5
8 449 (1H, dd, J = 9.6, 6.4 Hz) 450 (103, 7.2) 55.3 554
9 5.00 (14, d, J = 6.4 Hz) 5.01 (7.2, 1.7) 81.7 819
11 - - 156.2 156.2
12° 7.19 (1H, dd, J = 8.0, 2.0 Hz) 7.06, 7.12 122.9 122.8
13° 7.06 (1H, d, J = 8.0 Hz) 7.06, 7.12 131.9° 131.8
14 - - 132.0° 132
15° 7.03 (1H, d, J = 8.0 Hz) 7.06, 7.12 130.4 130.3
16 7.2 (1H, dd, J = 8.0, 2.0 Hz) 7.06,7.12 1232 115.5
170 1.32-1.14 (overlapped) 1.20 (11.4, 3.6) 39.1 39.4
178 1.68 (IH, ddd, J = 11.2, 4.0, 3.2 Hz) 1.69 (11.4)
18 1.08 (1H, m) 1.11 (6.6) 245 24.5
19 0.64° (1H, d, J = 6.4 Hz) 0.61 (6.5) 233 23.1
20 0.59¢ (1H, d, J = 6.4 Hz) 0.65 (6.6) 20.5 20.6
21-NH 7.89 (1H, d, J = 9.6 Hz) 7.88 (10.3) - -
22 - - 1727 1727
23 3.20-3.18 (overlapped) 3.2 (8.2) 70.5 70.6
24 2.84 (IH, d, J = 16.0, 8.8 Hz) 2.85 (15.8, 8.2) 30.6 309
24P 3.20-3.18 (overlapped) 3.2 (15.8)
25 - - 140.5 140.4
26 7.27-7.23 (overlapped) 7.2 129.1 128.8
27 7.27-7.23 (overlapped) 7.2 128.6 129
28 7.17 (1H, dd, J = 7.2, 6.6 Hz) 72 126.3 126.2
29 7.27-7.23 (overlapped) 7.2 128.6 129
30 7.27-7.23 (overlapped) 7.2 129.1 128.8
32 2.24 (6H, 5) 225 419 41.9
33 2.24 (6H, s) 225 41.9 419
34 1.92 (1H, ddd, J = 7.2, 6.4, 1.6 Hz) 1.9 (658, 6.7, 1.7) 29.4 294
35 1.00Y (1H, d, J = 7.2 Hz) 1.02 (6.7) 20.5 20.4
36 1.28%(1H, d, J = 7.2 Hz) 1.29 (6.8) 15.1 15.1

*¢ Interchangeable, ‘determined by 2D-NMR

20 min. After centrifugation at 8,000xg for 10 min, the
supernatants were separated. These were used as the sam-
ple solutions.

TLC analysis

Sample solutions (10 pL) were applied on a TLC plate of
silica gel and then developed with a mixture of »n-

hexane:EtOAc:HCOOH = 10:5:1 to a distance of 7 cm
and air-dried. Diluted sulfuric acid was evenly sprayed on
the plate, followed by heating at 105 °C for 10 min.
GC-MS analysis

The GC-MS analysis was carried out using a modification

of Razborsek’s method [9].
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Preparation of TMS derivatives

A part of each sample solution (500 pL) prepared for the
LC-MS analysis was evaporated, and then pyridine (50 pL)
and N-methyl-N-trimethylsilyltrifiuoroacetamide (MSTFA,
100 pul) were added to react for 30 min at 70 °C. The
reaction mixture was adjusted to 1 mL with tetrahydrofuran
(THF). This was used as the sample solution for GC-MS.

GC-MS analysis

A DB-5 capillary column (30 m x 0.25 mm id., 0.25 um
film thickness) was used. The carrier gas was helium at the
flow rate of 0.9 mL/min, with a constant linear velocity of
35 cm/s. The oven temperature program was as follows: ini-
tial 105 °C (0.8 min), 12 °C/min to 200 °C (0.1 min), 7 °C/
min to 290 °C (6 min) and 25 °C/min to 320 °C (10 min).
Injector temperature was set at 290 °C. Injection volume was
2 uL. The transfer line temperature was held at 290 °C. MS
was operated in EI ionization at 70 eV. The MS data were
obtained in full scan mode (mass range m/z 40-700).

Results and discussion

Genomic DNA was extracted from each sample (B-1 to
B-4 and C-1 to C-11 in Table 1) followed by the PCR
amplification of the ITS2 region and direct sequencing to
identify the botanical origins of the jujube seeds from
China and Myanmar. We found that all 11 of the samples
from China had the same 184-bp sequence except for two
sites (aligned positions 88 and 94), which indicates
nucleotide additivity [10]. A similarity survey using the
blast search program revealed that the sequence is identical
to that of Z. jujuba (GenBank accession nos.: GQ434736,
DQ146572, JF421556, GQ434737, etc.) except for the
above-mentioned two sites.

All five of the samples from Myanmar had the same
181-bp sequence except for three sites (aligned positions
69, 75 and 109), which indicates nucleotide additivity. A
similarity survey indicated that the sequence is in agree-
ment with that of Z. mauritiana (GenBank accession nos.:
KC155274, JQ627047-50, DQ146589, etc.) except for the
above-mentioned three sites. These results indicate that the
botanical origins of jujube seeds from China and Myanmar
are Z. jujuba and Z. mauritiana, respectively.

We next prepared the methanol extracts of 16 samples
of jujube seeds (C-1 to C-11, B-1 to B-5 in Table 1) and
analyzed them by LC-MS to identify each compound
specific to Z. jujuba and Z. mauritiana (Fig. 1). When the
extracts were analyzed in condition A, the extracts of Z
Jjujuba showed a peak at 8.5 min, but those of Z. mauriti-
ana did not, indicating that this peak was specific to Z
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Jujuba. The analysis in condition B revealed a peak specific
to Z. mauritiana at 11 min. Spinosin (3), a marker com-
pound of Jujube Seed defined in the JP16, was detected in
each extract (condition C). All samples in Table 1 showed
reproducible results in each condition.

We then used high-resolution mass spectrometry to
identify the peak specific to Z. jujuba to give m/z 1251.5957
as a formic acid adduct, indicating a molecular formula,
Cs3Ho,O06, which is identical to that of jujuboside A, a
principal compound of Z. jujuba. The LC-MS analysis of an
authentic sample of jujuboside A revealed the identical
retention time and a mass spectrum identical to that of the
specific peak (Fig. 2, Fig. S-1). Thus, the compound specific
to Z. jujuba was identified as jujuboside A. Since spinosin
was found to be present in both the seeds from China and
those from Myanmar, jujuboside A is better as the marker
compound to discriminate Z. jujuba from Z. mauritiana.

Next, to identify a marker compound that is specific to
Z. mauritiana and that would be useful for the purity test of
Jujube Seed in the JP against Z. mauritiana, we started to
isolate a specific constituent in Z. mauritiana based on our
comparison of the LC-MS data of Z. jujuba and those of Z.
mauritiana.

Briefly, a seed of Z. mauritiana (100 g) was extracted
with methanol at room temperature. Its extract’s EtOAc-
soluble fraction was repeatedly fractionated by silica gel
column chromatography to obtain compound 2 with a
pseudo-molecular ion peak, m/z 535 [M + H]'. In high-
resolution mass spectrometry, compound 2 showed m/z
535.3279 [M + H]™, suggesting the molecular formula
C31HyoN4O4. As several cyclopeptide alkaloids have
already been isolated from Z. mauritiana [11], we specu-
lated that the structure of compound 2 was also similar to
it. In a nuclear magnetic resonance (NMR) evaluation,
compound 2 showed the same spectrum as the frangufoline
isolated from Jujube Seed (Fig. 2) [7]. However, in the
literature, the chemical shifts of C-1 and C-16 were
described as dc 123.1 and 6¢ 115.5 ppm, respectively
(Table 2) [7]. In our present experiments, the '"H-'H cosy
correlations between the signals at dy 6.35 (H-1) and dy
6.66 (H-2) and the signals at dy 7.12 (H-16) and gy 7.03
(H-15), and the HMBC correlations of the signals at dy
6.35 (H-1) to the signals at é¢ 131.9 (C-13) and ¢ 130.4
(C-15) were observed, and these data clearly suggested that
the signals at 115.6 and 123.2 ppm should be assigned to
C-1 and C-16, respectively. Since the other spectra were in
accord with the structure of frangufoline, compound 2 was
identified as frangufoline.

Generally, TLC analyses are used for the purity testing
of crude drugs in the JP16, considering both efficiency and
cost economy. Thus, in order to confirm whether com-
pound 2 is suitable as a marker compound for the TLC
purity test of Z. jujuba against Z. mauritiana, we sought to
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Fig. 1 The LC-PDA-MS chromatograms of jujube seeds from China () and from Myanmar (b) (A condition A, B condition B, C condition C)

determine whether 2 was detectable in the extracts of Z.
mauritiana by TLC analysis. We found that it was difficult
to detect 2 because of the low content of 2 and the lack of
sensitive detection reagents. Therefore, we subsequently
examined a characteristic spot from each extract on TLC.

When we analyzed each extract on normal-phase TL.C
using n-hexane:EtOAc:HCOOH = 10:5:1 as a developing
solvent, a characteristic magenta spot turning to dark pur-
ple at Ry 0.43 was found by spraying with diluted sulfuric
acid (Fig. 3). Thus, we isolated this compound by the same

@ Springer
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i O

1. jujuboside A

OH
3. spinosin

Fig. 2 Structures of compounds /-4

35

v Vs

B

4. oleanolic acid

Fig. 3 The TLC analysis of Z. jujuba (a—k), Z. mauritiana (I-p). Lanes a—p are C-1 to C-11, B-1 to B-5, respectively. Developing solvent, n-
hexane:EtOAc:HCOOH = 10:5:1; developing length, 7 cm; visualization, diluted sulfuric acid

procedure as that described above to obtain compound 4.
The 'H-NMR spectrum of 4 showed olefin proton (Jy
5.27 ppm), hydroxyl methine proton (éy 3.21 ppm) and
seven methyl protons (g 1.12, 1.07, 0.97, 0.92, 0.90, 0.76,
0.74 ppm). The >C-NMR spectrum displayed 30 carbon
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signals and carbonyl carbon of carboxylic acid (Jc
182.9 ppm), suggesting oleanolic acid. The NMR data of 4
were in good agreement with those in the literature and an
authentic standard. Therefore, compound 4 was identified
as oleanolic acid [8] (Fig. 2).
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Fig. 4 Mass chromatograms at m/z 600 of methanol extracts from Z. jujuba (A) and Z. mauritiana (B) on GC-MS analysis

To confirm whether 4 characterizes Z. mauritiana
against Z. jujuba, we analyzed each methanol extract by
GC-MS (Fig. 4). A peak for 4 was detected only in the
extracts of Z. mauritiana, and this peak was not detected in
the extracts of Z jujuba (LOD, 2.8 ng, Fig. S-2). It was
thus revealed that 4 could be a marker compound in the
TLC purity test of Jujube Seed against Z. mauritiana.

Conclusions

We searched for a marker compound to be used in the
identification test for Z. jujuba var. spinosa and the purity
test against Z. mauritiana. We identified jujuboside A (1)
as a compound specific to Z. jujuba, and frangufoline (2)
and oleanolic acid (4) as compounds specific to Z. mauri-
tiana. Compound 4 is not a highly specific constituent, in
contrast to compound 2. However, compound 4 in extract
showed a characteristic spot by TLC analysis and showed a
peak that is specific to Z. mauritiana against Z. jujuba in
the GC-MS chromatogram. Compound 4 can thus be used
as a marker compound in the purity test of Jujube Seed
against Z. mauritiana, although further validation studies
are needed to establish the purity test as an official method.
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Cistanche salsa (C. A. Meyer) G. Beck, Cistanche deserticola Y. C. Ma and Cistanche
tubulosa (Schrenk) Wight (Orobanchaseae), the sources of a crude drug called Cistanchis
Herba (7%, and Boschniakia rossica (Cham. et Schitdl.) B. Fedtsch. ex Fedtsch. et
Flerov, the source of a crude drug called Boschniakiae Herba (F1IZE%Y) were analyzed by
high performance liquid chromatography (HPLC) systems attached to a photodiode array
(PDA) detector and a charged aerosol detector (CAD). Based on the HPLC chromatograms,
Boschniakia rossica samples were easily distinguished from the Cistanche samples. For three
Cistanche samples, principal component analysis (PCA) was carried out, based on the
quantities of the 10 constituents (cistanoside F, echinacoside, cistanoside A, acteoside,
tubuloside A, acteoside isomer, syringalide A 3'-a-L-rthamnopyranoside, cistanoside C,
2'-acetylacteoside and tubuloside B) which have pharmacological activities. The samples
were not divided according to the plant species.

Keywords: Cistanche salsa; Cistanche deserticola; Cistanche tubulosa; Cistanchis Herba;
Boschniakia rossica; Boschniakiae Herba; charged aerosol detection; principal component
analysis
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Fig. 1 Chemical structures of 10 constituents



Table 1 Plant materials used for this study

Sample No. species place of collection year collected
1 Cistanche deserticola Y.C. Ma Alxa Left, Inner Mongolia, China 2010
2 Cistanche deserticoia Y. C. Ma Alxa Left, Inner Mongolia, China 2010
3 Cistanche deserticola Y. C. Ma Alxa Left, Inner Mongolia, China 2010
4 Cistanche deserticola Y. C. Ma Alxa Left, Inner Mongolia, China 2010
5 Cistanche deserticola Y. C. Ma Alxa Left, loner Mongolia, China 2010
6 Cistanche deserticola Y. C. Ma Alxa Left, Inner Mongolia, China 2010
7 Cistanche deserticola Y. C. Ma Alxa Right, Inner Mongolia, China 2010
8 Cistanche deserticola Y. C. Ma Alxa Left, Inner Mongo]ia, China 2010
9 Cistanche deserticola Y. C. Ma Alxa Left, Inner Mongolia, China 2001
10 Cistanche deserticola Y. C. Ma Alxa Left, Inner Mongolia, China 1993
11 Cistanche deserticola Y. C. Ma Ningxia, China 2006
12 Cistanche deserticola Y. C. Ma Inner Mongolia, China 2007
13 Cistanche deserticola Y. C. Ma Inner Mongolia, China 2009
14 Cistanche deserticola Y. C. Ma Bayannur, Inner Mongolia, China 2011
15 Cistanche deserticola Y. C. Ma Inner Mongolia, China 2007

.16 Cistanche deserticola Y. C. Ma Inner Mongolia, China 2008
17 Cistanche deserticola Y. C. Ma Inner Mongolia, China 2008
18 Cistanche tubulosa R. Wight Minfeng, Xinjiang Uyghur, China 2002
19 Cistanche tubylosa R. Wight Hotan, Xinjiang Uyghur, China 2001
20 Cistanche tubulosa R. Wight Hotan, Xinjiang Uyghur, China 2010
21 Cistanche tubulosa R. Wight Hotan, Xinjiang Uyghur, China 2010
22 Cistanche tubulosa R. Wight Hotan, Xinjiang Uyghur, China 2010
23 Cistanche tubulosa R. Wight Hotan, Xinjiang Uyghur, China 2010
24 Cistanche tubulosa R. Wight Hotan, Xinjiang Uyghur, China 2010
25 Cistanche salsa G. Beck Ningxia, China 2011
26 Cistanche salsa G. Beck Ningxia, China 2001
27 Cistanche salsa G. Beck Ningxia, China 2011
28 Cistanche salsa G. Beck Ningxia, China 2011
29 Cistanche saisa G. Beck Ningxia, China 2011
30 Cistanche salsa G. Beck Ningxia, China 2011
31 Cistanche salsa G. Beck Ningxia, China 2011
32 Cistanche salsa G. Beck Ningxia, China 2011
33 Boschniakia rossica B. Fedtschenko Yamanashi, Japan 2012
34 Boschniakia rossica B. Fedtschenko Yamanashi, Japan 2012
35 Boschniakia rossica B. Fedtschenko Yamanashi, Japan 2012
36 Boschniakia rossica B. Fedtschenko Yamanashi, Japan 2011

Samples were identified by Prof. Peng Fei Tu (No.1 to 10 and No.18 to 32) or Mr. Nobuyoshi Hanaoka (sample No.11 to 17

and No.33 to 36), respectively.
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Table 2 Pharmacologically active constituents contained in Cistanche samples

[n=3:pg/g (%)]

Species Sample No. I i it v \% VI VI VI X X Total

C. deserticola 1 69.4 7080.3 5202.8 70.5 35.0 71.3 232 965.8 T ND 135183
(05 (524 (38.5) (0.5) ©03) 0.5) 02 .1 (0.0) (0.0)

5 21.0 3561.4 1608.7 219.6 355 58.9 ND 264.9 13.7 ND 5783.7
‘ ©4 (616 QT8 (33 (©.6) (1.0) 0.0) “.6) ©2) (00

3 75.8 4333.4 3797.4 2199 150.1 108.5 33.8 2949 153 T 9029.2
08)  @80) @21 @4 7 12 0.4) 3.3 02) (0.0)

4 111.2 112.6 158.8 64.3 ND 6.7 13.0 31.0 T ND 497.7
(223) @26 (19 (129 0.0) (13 @6 6.2) 0.0) ©.0)

5 87.9 2521.8 496.4 3838 16.1 793 20.2 182.1 i9.2 ND 3806.7
@3)  (662)  (13.0) (0.1 (04) @ 05) .8 ©.5) 0.0)

6 15.0 858.8 2443.8 ND ND 21.3 T 109.4 ND ND 34482
(04) (249 (709 (0.0) (0.0) (0.6) 0.0) (32) (0.0) (0.0)

7 487.1 458.4 96.5 1628.3 98.9 476.8 408.8 169.3 761.6 3135 4899.2
9.9) 94) @0  (332) @.0) ©.7n 83) (B5) (155) 64

g 1041.1 7207.9 5495.3 7976.8 1004.0 1073.4 191.2 842.0 13854.0 21947  40880.5
@5 (176 (134 (195 @2.5) 2.6) 0.5) @) (339 (5.4)

9 218.6 86.3 374 472.2 6.2 82.0 155 68.1 2177 30.6 1234.5
17.7) (7.0) GO (383) 0.5) (6.6) 13) (55 (176 @.5)

10 209.2 36219 1959.0 2773.3 163.9 454.6 161.5 74.9 348.3 ND 9766.5
@n G @01 (284) @ .7 an 0.8) (.6) 0.0)

11 7304 14776.9 53374 8079.1 752.3 1051.4 405.0 2021.2 2402.0 492.6  36048.3
(20)  (4L0) (148 (224 @ 2.9) (LD (5.6) 67 1.4

12 571.6 1526.1 3743 16881.0 4823 4185.7 1735.0 236.1 15331.8 5740.2  47064.0
(12) 3.2 0.8 (359 (1.0) (89) 3.7 035 (26 (122

13 462.5 113457 6933.8 4154.0 149.1 384.6 112.2 932.2 2279 38.3 247404
(19)  (#59)  (280) (168 ©.6 L6 ©3) (3.8) 09 02

14 2483 6145.8 6324.0 2421.0 121.0 281.6 221.1 9143 602.2 749 17354.1
14 (54 (364  (140) ©.7) (1.6) (13 53) (.5) 0.4

15 103.6 102378 5334.7 4097.0 976.1 478.3 414 630.6 43373 5019 267387
: 04  (383)  (200)  (153) 3.7 (1.8) 02) @4 162 (1.9)

16 656.5 915.9 298.4 41914 111.0 3943 3385 1162.5 5087.8 413.7  13570.1
(4.8) 6.7) 2.2) (30.9) (0.8) 2.9) (2.5) (8.6) (37.5) 3.0

17 533.6 2488.9 986.7 7857.9 354.1 951.8 928.5 788.4 9296.8 14237 256104

eh @1 69 00D a9 G 68 6D 063 (6

Mean 331.9 45459 2757.9 3617.1 262.1 597.7 2735 569.9 3089.2 660.2 167053
@43 (LY @L7)  (185) (12) (3.2) n @n 2 (2.3)

C. tubulosa 18 505.8 8305.3 243 2177.1 367.4 550.8 168.9 T 4.8 36.1 121410
@2 (684) 02 (179 (3.0) @.5) (1.4) (0.0) (0.0) ©03)

19 179.0 8219.1 41.0 48354 244.3 2825 210.6 ND 71.0 12.7 140955
13y (583 03) (343 an @.0) s 0.0) ©.3) ©.1)

20 464.1  41076.0 286.9 9285.0 ND 1643.5 443.8 159.3 22.7 ND 533813
09  (76.9) ©5) (74 ©.0) G.1) ©8) ©3) 0.0 0.0)

21 548.6  14406.9 74.9 3593.1 730.2 578.6 279.6 T 137.9 62.4 204122
@n (106 04 (176 (.6) 238 14 (0.0) ©7 ©3)

22 408.0 8338.4 34.8 6699.4 635.2 1007.8 3273 ND 265.6 19.0 177355
@3)  (@7.0) 02 (378 (3.6) (5.7 (1.8) 0.0) (1.5) ©.0

23 133.7 125394 70.2 6067.4 982.7 721.7 109.1 T 2549 63.1  20942.3
06 (599 03  (29.0) @7 (3.4) 0.5) (0.0) (1.2) 0.3)

24 167.1 3785.1 26.2 23253 546.6 2352 63.3 ND 110.7 7.8 7267.3

L@ G Q4 () 09 6209 00 @5 ©n

Mean 3438  13810.0 799 4997.5 500.9 717.2 2289 22.8 1239 28.7 20853.6
(2.0) (61.9) (0.3) (26.6) (3.4) (3.5) (1.2) (0.0) (0.8) (0.2)

24.5 1451.9 9.7 1312.6 45.6 330.0 ND ND 121.8 243 3320.5

C. salsa 25

07 @37 ©03)  (39.5) (1.4) 9.9) (0.0) 0.0) G.7 ©.7

2% 119.1 18589.9 7515 436044 271.4 6297.6 409.0 1773.4 667.3 1449 72628.6
02) (256 1.0 (60.0) (0.4) &7 0.6) (2.4) (©.9) (02)

27 64.0 8720.6 591.9 6574.9 214.9 772.4 277 1806.0 326.8 234 191225
(03) (456 (3.1 (344) a.n (4.0) ©.1 9.4) 7 ©.0)

28 751 2049.8 107.4 3886.8 499.5 3183 17.2 793.9 6089.1 511.5 143486
05  (143) 7 QLY 3.5) @2 ©.1 (55 (@24 (3.6)

29 71.0 293.6 8.9 548.6 ND 76.2 ND 141.9 18.7 ND 1158.9
6.1 (25.3) ©08) (4713 (0.0) (6.6) 00 (122) (1.6) 0.0)

30 149 176319 1064.2  13460.9 188.9 1716.5 223 2977.2 121.6 ND 371983
00 @14 (29  (362) ©.5) (@.6) ©.1) (8.0) (©3) 0.0)

31 263 10037.5 141.4 2042.3 709.6 464.9 ND 97.0 182.2 382 137394
02 (7.0 1.0) (149 .2) 3.4 0.0) @7 a3 03)

32 206.0 829.4 38.6 3974.7 471.5 386.1 424 116.2 138024 1752.0 216254
G8) O (84 22 (18 (02 (05 (638 (8D

Mean 7450.6 339.2 9425.6 300.9 1295.3 64.8 963.2 2666.2 311.8 228928
(L) (349) (13) (47 (1.8) 5.2) ©.1) “49)  (145) (1.6)

I : cistanoside F, I ': echinacoside, 10 cistanoside A, IV:acteoside, V: tubuloside A, VI: acteoside isomer, VI: syringalide A 3’-  -L-rhamnopyranoside,

VI: cistanoside C, VHI: cistanoside C, IX: 2’ -acetylacteoside, X: tubuloside B.
ND: not detected, T: trace, (%): Each 10 constituents content / Toral 10 constitutents content X 100.

(5)
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INBDIEND, C. deserticola, C. tubulosa o OF C. salsa
i3, 2 2 O OMREELED, BARICRESELRDHO
THRARWEHETEN =, $£77, B. rossica 1%, Zi 5 Cistanche J&
R 3 TLIL R0, FAHIICREC B Bb DT

2. RADOER

Cistanche BHEDREHIBWT, BOOEE B R UMEE L
FEEZEN RO, B OUTE RO
HiIviz(Table 2) . 372d>%, echinacoside (1) I Cistanche
BHEY 3 FICHEBL TEL, C tubulosa IZHBHTEU.
cistanoside A ()% C. deserticola \ZHEBHIZEL, C
tubulosa O\ C. salsa 120720, acteoside (IV)id 3 FEIC @
LT\, 2-acetylacteoside (IX)id C. deserticola B} C. salsa
I2%<, C tubulosa W07 WEERE OGN, £z,
cistanoside F (1) Bt syringalide A 3'-o-L-thamnopyranoside

i

(V) i3ftho 2 FEELLEST D& C salsa 120774, cistanoside C
(VIl) & X tubuloside B (X)X C. tubulosa 12078\ MER DT
biTz. 7233, Boschniakia FE¥D B. rossica MHITWT LD
SbBtENehoT (Fig 4).

EFEWFED echinacoside ()& acteoside (IV) DEBE
1%, 3000 pg/g ZHBX SEBIBEIEEL, LD DR
B, £BLCHOBRSIVEWVERICH . F,
cistanoside F (I) , tubuloside A (V) KT} syringalide A
3"-a-L-thamnopyranoside (V) %, &4 EA% 1000 pg/g %82
BREBHIIFEA LK, T b0 RSy DR R TR ME
{Z& 7=, acteoside isomer (VI), cistanoside C (VI) & UF
tubuloside B (X)id, W\ WX-oHDREIT, SH B 1000 pg/g
FBXDDOBEIELILR, sy OB RITEVEMIZH

27z,

C. deserticola (No.10) §
g v
< b4
k| o
g %
1
- v )
£ i X
v
5 44 i W“"‘&-&ww‘»" : {{ p A,L_j:
& 'ﬁi b Lo X i
ta fenind
icdd o]
C. tubulosa (No.23) C. salsa (No.27)
g I g 5 1 iv
§ g
H = 2w W
: I v g o
)iig I * ! Vi
§ | '; v K X = . vy g X x
lg H i ¢ ¥ 1 L ;% A B
5 ik v*i‘i?‘«;}g\ﬂéw,’ A : s N1 LM\%.Q}M A ‘iim__j\-’\. ¥
4 o & g £ i & % s 0 gr; we
b Lomind Tty i)
100 -
B. rossica (No.35)
&
-
5
B
% 5o
2
&
o o L',.M(s} 5 Fi 4 M{‘LA_A‘ A
.0 2] iy a0 8¢ pice
tr{mtin)

Fig. 4 HPLC chromatograms for typical Cistanche deserticola, C. tubulosa, C. salsa and Boschniakia rossica samples recorded

at 335 nm
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Table 3 Eigenvectors and eigenvalues from the data of HPLC analyses for Cistanche samples

Variable Z1 z2 Z3 74 Z5 Z6
cistanoside F (1) 0315  -0.186 0.345 0.231  -0.493 0.459
echinacoside (II) 0.112 0.476 0.162 0492  -0.322  -0.123
cistanoside A (II) 0.031 0.052 0.693  -0.358  -0.121  -0.589
acteoside (IV) 0.362 0.429 -0.188 -0.034 0.179  -0.062
tubuloside A (V) 0223  -0.109 0.353 0.560 0.610  -0.048
acteoside isomer (VI) 0.405 0.341 -0.261 -0.039 0.075  -0.204
syringalide A 3’-a-L-rhamnopyranoside (VII) 0433  -0.133  -0.201 -0.037  -0.381  -0.128
cistanoside C (VII) 0.156 0.421 0.302 -0.458 0.175 0.560
2’-acetylacteoside (IX) 0.384 -0.357 0.073 -0.142 0.231 0.129
tubuloside B (X) 0.428 -0.320 -0.097 -0.168 0.030  -0.183
Eigenvalues 3.675 2.103 1.442 0.972 0.740 0.449
Cumulative contribution ratio 36.7% 57.8% 72.2% 81.9% 89.3% 93.8%
22{21%) 73 (14%)
6 -
a .. b
S A
3 g o
4
A Mo
3 o
1 =
e, . : . 21(37%)
u] 2 4 6 8
- Z21(37%) 1
-2 A

¢ Z2(21%)

(7)

Fig. 5 Distribution of Cistanche samples on the
basis of a: 1st principal components (Z1) and 2nd
principal components (Z2), b: Z1 and 3rd principal
components (Z3), ¢: Z2 and Z3

: C. deserticola
A\ C. salsa
@: C tbulosa




3. ERLIHT (PCA)

PCA DF 1 £ (Z1) 2305 6 ERSY (Z6) ETOEE
ANV, BEEERIOCREF5F% Table 3 IR

EHME 1 BLEDERIE Z1 235 23 £TTHY, 23 £TO
BEFEEDND Z1~23 TRED 12.2%SHHATEDLHETL
Te. Z1~Z3 DERLSERICESEMEE Fig. 5 (WRLIZ.
REHIE RN B R TAZ —EAEDZ L1 3L T
BY, SERIEL 10 By TR EREE BRI 5813 T&ER
WeEZBND.

RN Oy "SI E BT B, C. tubulosa (XA
IZEEY, C deserticola B C. salsa X WEEFIZ AL TV
To. ERABICHDE, Z1 WD D8 A (Fig. 5a KU b)
TiE, No.8, 12 (Wb C. deserticola), KT 26 (C. salsa)?’
EDFHICBEN TR TR0l Zhi, Z1 DEFE~Y
IMRETEDETHL DR TORSY & A BEEDFMEMN
BHY, ZDH>H syringalide A 3'-o-L-rhamnopyranoside (VI) ,
tubuloside B (X) & (N acteoside isomer (VI) DA KEIN

CEERRUIbDTHD. 22 W58 (Fig. 5a RO

5¢) T, No.26, 30 (W T b C salsa) 0820 (C. tubulosa)
PEDHFICEENTHAMRT D EeoTe. Zhud, 22 OBEF
ARIMUBED F I KEFEEL T B echinacoside (1),
acteoside (IV) , K UXcistanoside C (Vll) &, BDFHFEIZKEL
R C\\\5 2'-acetylacteoside (IX) & tubuloside B (X) /3
TUREFRBUICL D THD. 37205, No.26 IZIEDHFIZE
BOKREN3 Fiore < &AL, No30Znbm 3 fisyE %<
EH L2 tubuloside B (X) K Uttubuloside F (1) 234K,
No.20 % tubuloside A (V), 2-acetylacteoside (IX) K% O
tubuloside B (XA 72inofc/=dThD. Z3 Sl b2 5800
(Fig. 5b W) TiE, No.g, 11, 13, 14 KU 15 (BT C
deserticola) HFIEDIFENZA3ARL, #IZ No.12 (C. deserticola)
BX 26 (C. salsa) [ZRDHRIEEN THA T DEMRT.
Zhu, Z3 OBEHE SNV cistanoside A (TN D EEHRIED
FIAZKES, BDOETHD acteoside (IV), acteoside isomer
(VI), syringalide A 3'-a-L-thamnopyranoside (VII) B LT

tubuloside B (X) D GEXE) B/hSWedTHY, C.

deserticola 73 cistanoside A () &% EH THEVHRFEE
BBLTbDThB. 72721, No.12 i cistanoside A (T)H34
72< acteoside (IV), acteoside isomer (VI), syringalide A
3'-g-L-thamnopyranoside (V)& Uf tubuloside B (X) #%<&
BLTWied, ISR FEEL 2T

(8)

R

SEIOSZFEREBRHE (190 ~ 400 nm) KR OFTE/ KT
HHERIC LD HPLC 70/ I A0, Cistanche BFEY) 3 F&
(C. deserticola, C. salsa T U* C. tubulosa) VFFELILTEKY, B.
rossica VX NSHERL T, F, FARBRICBWTEEL
7o Cistanche BIEMIDHLHE SN COLEBIEMRR DD, B.
rossica OIXEHEINRD -T2, Lo T, B. rossica iXHTER
EIEBI DAL TROIONERLEZD.

—77, A EFAE LI Cistanche BHEN) 3 ORBIDDBIL, 57
Boo#s 'S OLFERRICEE BR OO FITEBRFE D/ 5
—ATBHENDLOD, 3 MOTRTHE 10 FODEEE
PEREI DI HEE I, ZHICEES< PCA KBTS, TERDSE
RIZBDBNN 0T, Lindio T, RIUAKELL TH-TRH
BaneEZLND.

238, C. deserticola ' O" C. salsa DRy EHERPZEOL
S C. tubulosa FVERPRED SN, ZIUITFELORE
MNIHBINT, SERAELABHII T C. deserticola K
W C. salsa 13, FIEEEDBHEA TV C. tubulosa W EE~THE,
BN & C, BURTIRICLY, WS OCHIEICE T
DBHY, Z0 2 EFFETIE, BROOEICEDEER, K
EBRUIZO TR IEHERSNS.

-
p—

Elhiibra N
Chinese Pharmacopeia Committee, Ministry of Public
Health, the People's Republic of China, “The Chinese
Pharmacopeia 2010 Part 17, Chemical Industry Publishing
House, Beijing, 2010, p. 126.

1)

2) Japan Kampo Medicines Manufacturers Association,

Japan Medicinal Plant Federation , “self-imposed

2007, p. 15.
Ministry of Health, Labour and Welfare, Evaluation and

standards”,
3
Licensing Division, Pharmaceutical and Food Safety
Bureau, “The Japanese standards for non-Pharmacopoeial
crude drugs”, 2012, p. 56.
4)  Japan Kampo Medicines Manufacturers Association,
Japan Medicinal Plant Federation, “self-imposed standards,”
2012, p. 11
5)  Shanghai Scientific & Technical Publishers, “The
Dictionary of Traditional Chinese Medicine Part 37,
Syogakukan, Tokyo, 1985, pp. 1584-1585.
Kobayashi H., Komatsu J., Yakugaku Zasshi, 103(5),

508-511 (1983).

6)



7

8)

9

10)

11)

12)

13)

14)

15)

16)

Kobayashi H., Karasawa H., Miyase T., Fukushima S,
Chem, Pharm. Bull., 32(5), 1729-1734 (1984).

Kobayashi H., Karasawa H., Miyase T., Fukushima S.,
Chem. Pharm. Bull., 32(8), 3009-3014 (1984).

Kobayashi H., Karasawa H., Miyase T., Fukushima S.,
Chem. Pharm. Bull., 32(10), 3880-3885 (1984) .
Kobayashi H., Karasawa H., Miyase T., Fukushima S.,
Chem. Pharm. Bull., 33(4), 1452-1457 (1985) .

Kobayashi H., Karasawa H., Miyase T., Fukushima S,
Chem. Pharm. Bull., 33(9), 3645-3650 (1985) .

Karasawa H., Kobayashi H., Takizawa N., Miyase T,
Fukushima S., Yakugaku Zasshi, 106(7), 562-566 (1986).
Karasawa H., Kobayashi H., Takizawa N., Miyase T,
Fukushima S., Yakugaku Zasshi, 106(8), 721-724 (1986).
Kobayashi H., Oguchi H., Takizawa N., Miyase T., Ueno
A., Usumanghani K., Ahmad M., Chem. Pharm. Bull.,
35(8), 3309-3314 (1987) .

Yoshizawa F., Deyama T., Takizawa N., Usumanghani K.,
Ahmad M., Chem. Pharm. Bull., 35(8), 3309-3314 (1987) .
Moriya A., Tu P, Karasawa D., Arima H., Deyama T,
Hayashi K., Ibe N., Kegasawa K., Natural Medicines, 49,

(9)

17)

18)

19)

20)

21)

22)

23)

394-400 (1995).
Hayashi K., Natural Medicines, 58(6), 307-310 (2004).

Murai F., Tagawa M., Chem. Pharm. Bull., 28(6),
1730-1735 (1980).

Konishi T., Narumi Y., Watanabe K., Kiyosawa S., Shoji J.,
Chem. Pharm. Bull., 35(10), 4155-4161 (1987).

Konishi T., Shoji J, Chem. Pharm. Bull., 29(10),
2807-2815 (1981) .

Shyr MH., Tsai TH., Lin LC., Chem. Pharm. Bull., 54(2),
252-254 (2006) .

Xiong Q., Kadota S., Tani T., Namba T., Biol. Pharm. Bull.,
19(12), 1580-1585 (1996).

Sato T, Kozima S. Kobayashi K., Kobayashi H.,
Yakugaku Zasshi, 105(12) 1131-1144 (1985).

Xiong Q., Hase K., Tezuka Y., Tani T., Namba T., Kadota
S., Planta Med., 64, 120-125 (1998).

Abstract papers of the 59" Annual Meeting of The
Japanese Society of Pharmacognosy, p. 129 (Chiba, 2012).
Moriya A., Tu P., Karasawa D., Arima H., Deyama T,
Kegasawa K., Natural Medicines, 49(4), 383-393 (1995).



