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Fig. 6. Typical chromatograms of crude methanolic extract of the referential Passiflora plants

Compounds 1 to 4 are isoorientin, orientin, vitexin and isovitexin, respectively.

Each allow indicates the characteristic peak except for the referential compounds. MC means mass chromatogram.
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Fig. 7. Typical chromatograms of crude methanolic extract of the commercial passion flower products

Compounds 1 to 4 are isoorientin, orientin, vitexin and isovitexin, respectively. MC means mass chromatogram.
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Table 4. LC/PDA/MS chromatogram types and their chemical composition observed in P. edulis samples

Peak detected in LC-PDA-MS analysis

Retention time (min)

66 69 83 86 105 108 124 127 131 134 152 203 215 Samples
LC/PDA/MS X . . . . . E . X ¥ } . .
chromatogram m/z
type 867
579 485 . .
449 449 433 433 563 43 433 577 563 563 467 271 Referential Commercial
i 449
Typel + + + + Pa-3 to Pa-8, Pa-22, 23 Pak-2, Pa-9
Type 2 + o+ + + o+ + Pa-35 Pak-1,5,6
Type 3 + + + + + + + + + + Pa-2, Pa-19 to Pa-21

“+” means the presence of the corresponding peak.

Table 5. Putative source plants of the commercial passion flower products by DNA and chemical analyses

Putative species Putative species
Sample No. - Sample No. -
ITS sequence Flavonoids ITS sequence Flavonoids
Pak-1 no amplicon P. edulis type 2 Pak-8 P. incarnata P. incarnata
Pak-2 P. edulis type 1 P. edulis type 1 Pak-9 P. edulis type 1 P. edulis type 1
Pak-3 n.t P. incarnata Pak-10 P. incarnata P. incarnata
Pak-4 no amplicon P. incarnata Pak-11 P. incarnata P. incarnata
Pak-5 P. edulis type 2 P. edulis type 2 Pak-12 P. incarnata P. incarnata
Pak-6 nt P. edulis type 2 Pak-13 P. incarnata P. incarnata
Pak-7 P.incarnata P. incarnata Pak-14 P. incarnata P. incarnata

n. t.: not tested
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Abstract Three triterpenyl esters, codonopilates A—C (1-3),
were isolated from Codonopsis pilosula, along with fourteen
known compounds. Their structures were elucidated on the
basis of chemical and spectroscopic investigations.

Keywords Tojin - Codonopsis pilosula -
24-Methylenecycloartanol - Triterpenyl esters

Introduction

Recently, the Ministry of Health, Labour and Welfare of
Japan began to study the reclassification of raw materials
exclusively used as pharmaceuticals, and a number of herbs
were investigated for their toxicity and secondary metab-
olites. In this project, new phenylpropanoid glycosides [1],
iridoid glycosides and a cucurbitacin glycoside [2] have
been reported from Neopicrorhiza scrophulariifiora.

The crude drug of Tojin is the roots of Codonopsis
pilosula (Franch.) Nannf. and C. tangshen Oliv., which is
exclusively used as a pharmaceutical in Japan. Phenyl-
propanoid glycosides [3], a f-carboline alkaloid [4], have
been isolated from the roots of this plant. In order to obtain
information about secondary metabolites, we investigated
the chemical constitutes in commercial samples of Tojin
obtained in Japan. This paper describes the isolation and
the structural elucidation of three new triterpenyl esters and
other known compounds.
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Results and discussion

From the CHCl;-soluble portion at the MeOH extract of
C. pilosula, three new triterpenyl esters, codonopilates A—C
(1-3), along with nine triterpenoids, 24-methylenecyclo-
artanyl linolate (4) [5], 24-methylenecycloartan-3-ol (5) [6],
friedelan-3-one [7], 1-friedelen-3-one [8], stigmast-7-en-3-
one {9], 14-taraxeren-3-ol [10], stigmast-7-en-3-ol [11],
stigmast-7,22-dien-3-ol [12] and squalene, a sesquiterpe-
noid, atractylenolide III [13], a furfural, 5-hydroxymethyl-
furfural [14], a polyaceiylene, lobetyolin [15], a-tocopherol
and a pyrrolidine alkaloid, codonopyrrolidium B (6) [16],
were isolated by various chromatographic techniques.
These known compounds were identified by spectroscopic
comparison to reported data in the literature or standard
compounds (Fig. 1).

Codonopilate A (1) was obtained as a colourless amor-
phous powder and the molecular formula was confirmed as
C4oHg,03 by ESI-TOF-MS attached to a Direct-Analysis-
in-Real Time (DART) ionisation system, with the unsatu-
rated rate of 9. In the IR spectrum, absorption bands for
a hydroxyl group (3440 cm™') and a carbonyl group
(1730 cm™") were observed. The 'H-NMR spectrum
(Table 1) showed the presence of a pair of methylene pro-
tons [ 0.33 (d, 4.0), 0.57 (d, 4.0)], 2 oxygenated methine
protons [0 4.14 (td, 6.3, 6.9), 4.56 (m)], 2 singlet protons [é
4.65 (s), 4.70 (s)] and 4 olefinic protons [é 5.42 (td, 7.5,
11.2),65.65(dd, 6.9, 15.5), § 5.96 (1, 11.2), § 6.47 (dd, 11.2,
15.5)]. The '*C-NMR and DEPT spectra (Table 1) showed
the presence of 8 methyl carbons, 22 sp® methylene carbons,
5 sp> methine carbons, 2 oxygenated sp3 methine carbons
(6 73.0, 80.5), 5 sp3 quaternary carbons, an sp2 methylene
carbon (8 106.0), 4 sp® methine carbons (5 125.8, 127.9,
132.9, 136.0), 2 sp® quaternary carbons, including an
ester carbon (6 157.0, 173.8). For the structure elucidation of
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Fig. 1 Structures of the isolated compounds (1-6)

1, the 2D-incredible natural-abundance double-quantum
transfer experiment (INADEQUATE) spectrum showed five
ring systems that suggested triterpenyl skeleton (Figs. 2, 3).
Based on the HMBC spectra (Fig. 2), correlations from
19-H, to C-1, C-5, C-8 and C-11, from 31-H, to C-23, C-24
and C-25 suggested that the genin of 1 was 24-methylene-
cycloartan-3-ol. Furthermore, the residual portion had 3
unsaturated rates, and more had an ester carbon, 2 double
bonds and a hydroxyl group. This suggested that the residual
portion was straight-chained fatty acid. The position of these
functional groups was decided by the INADEQUATE cor-
relations (Figs. 2, 3). The linkage between the genin and
fatty acid moiety was confirmed by HMBC correlations to
C-1/ (6 173.8) from 3-H. Based on these data, 1 was eluci-
dated as the triterpenyl ester with a hydroxyl group at the
24-methylenecycloartan-3-ol linked to the carboxyl group
of the coriolic acid. The determined double bonds showed
that C-9’ had the Z configuration and C-11’ had the E con-
figuration by their coupling constants. The relative stereo-
chemistry was confirmed from the analysis of the NOESY
spectra. The NOESY correlations were showed from the
methyl protons at C-28 to the methine protons at C-3 and
C-5. Also, NOESY correlations were observed from the
methylene proton at C-19 to the methyl proton at C-29 and
the methine proton at C-8, from the methyl proton at C-18 to
the methine proton at C-8 and C-20. Moreover, the corre-
lations from the methine proton at C-17 to the methyl proton
at C-21 and C-30 were observed (Fig. 4). Therefore, the
relative structure of 1 was determined, except for the ste-
reochemistry of C-13’. In order to confirm the absolute ste-
reochemistry, 1 was hydrolysed under alkaline conditions to
give 24-methylenecycloartan-38-ol that was identified by
spectroscopic comparison with the reported data in the lit-
erature [6], although the fatty acid moiety was not obtained.

Finally, advanced Mosher’s method [17] was applied to 1.
The (R)- and (S)-2-methoxy-2-(trifluoromethyl)phenyl
acetic acid (MTPA) esters of 1 were synthesised and the
values of the chemical shift differences between the (5)- and
(R)-MTPA esters indicated that the secondary alcohol group
at C-13' in 1 was assigned as the S-configuration (Fig. 5).
Therefore, the structure of 1 was consequently confirmed as
the (-)-coriolic acid 24-methylenecycloartan-3 8-yl ester.

Codonopilate B (2) was obtained as a colourless amor-
phous powder, and the molecular formula was C4oHg,03
by DART-TOF-MS, equal to 1. The 'H- and *C-NMR
spectra (Table 1) of 2 were very similar to 1, but the CD
spectra of 2 showed the opposite polarity to 1. The double-
bonds at C-9' and C-11' were determined as Z and E,
respectively, by their coupling constants, and 24-methyl-
enecycloartan-3§-ol was obtained by basic hydrolysis, so 2
was suggested as the stereoisomer of 1 at the C-13'. The
absolute stereochemistry of the secondary alcohol at the
C-13' of 2 was elucidated as the R-configuration based on
the results of the advanced Mosher’s method (Fig. 5).

Codonopilate C (3) was obtained as a colourless amor-
phous solid, and the molecular formula was determined to be
C4oHgoO3 by DART-TOF-MS with the unsaturated rate of
10 degrees. The detailed analysis of the 'H- and ">C-NMR
spectra (Table 1) showed that 3 was similar to 1 and 2,
except that it has 8 olefinic protons. As aresult of hydrolysis,
the genin of 3 was 24-methylenecycloartan-3-ol, so the
fatty acid moiety of 3 was suggested to be the straight-
chained fatty acid which has 3 double-bonds, an ester carbon
and a hydroxyl group. From the COSY spectrum (Fig. 6),
2'-H, to 3'-H, and 8'-H, to 18'-H; were observed, so the fatty
acid moiety of 3 was confirmed to be 13’-hydroxy-9',11',15'-
octadecatrienoic acid. The absolute stereochemistry of C-13'
was deduced as the S-configuration based on the results of
advanced Mosher’s method (Fig. 5). Therefore, 3 was ester-
derived from 13-hydroxy-9,11,15-octadecatrienoic acid and
24-methylenecycloartan-3 -ol.

To the best of our knowledge, codonopilates A-C (1-3),
which are the esters of 13-hydroxy-fatty acid and 24-methy-
lenecycloartan-3-ol, are newly identified compounds.

Experimental
General experimental procedures

Optical rotations were measured on a JASCO DIP-370
(Tokyo, Japan) digital polarimeter, UV spectra on a SHI-
MADZU UV-2550 (Kyoto, Japan) spectrophotometer, IR
spectra on a JASCO FT-IR-5300 (Tokyo, Japan) spectro-
photometer and CD spectra on a JASCO J-720 (Tokyo,
Japan) spectropolarimeter. 'H- and *C-NMR spectra were
recorded on JEOL ECA-500 spectrometer (500.16 MHz for

2} Springer
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Table 1 "H- and '>C-NMR spectral data of 1-3 in CDCl,

Carbonno. 1 2 3
¢ Oy (J in Hz) oc dy (J in Hz) ¢ dy (J in Hz)
1 317 123m,159m 31.7 123m,159m 317 124m,160m
2 269 159m,1.74m 269 1.59m, .74 m 269 160m,174m
3 805 4.56m 804 4.56m 80.4 4.56m
4 396 - 396 - 396 -
5 473 138 m 473 138m 473 139m
6 210 079 dd (2.9, 12.6), 1.56 m 21.0 0.78 dd (2.5, 12.3), 1.56 m 210  0.78dd (2.8,69), .57 m
7 259 1.06m, 131 m 259 1.07m,130m 259 1.08dd(28,128),1.32m
8 479 149m 480 1.50dd (5.0, 11.9) 480 150 dd (4.8, 12.8)
9 202 - 202 - 202 -
10 260 - 260 - 260 -
11 266 1.10 m, 1.98 td (8.6, 14.9) 266 1.09m, 1.98 td (8.6, 14.7) 265 1.10dd (6.9, 142), 1.99 m
12 330 16lm 329 161lm 329 162m
13 454 - 454 - 454 -
14 489 - 489 - 489 -
15 356 128m 356 127m 356 129m
16 282 128m,1.90m 282 128m,191m 282 129m,191m
17 523 1.59m 523 1.59m 523 1.60m
18 181 096s 181 096s 181 096s
19 299 0.33d (4.0), 0.57 d (4.0) 299 0.32d(4.1),0.56 d (4.1) 299 033d(4.1),055d 4.1
20 362 137m 362 138m 362 139m
21 184 088 m 184 088 m 184 0.88m
22 351 1.12m, 1.56m 351 1.12m, 1.54m 351 1.14m, 1.56 m
23 314 1.87dd (52, 109),2.12t(4.0) 314 1.87dd (50, 11.5),2.11 ddd (4.3, 11.5,152) 314 187t(42),2.11m
24 1570 - 1570 - 1570 -
25 339 222m 339 222m 339 222m
26 219 1.03d(6.9) 220 1.02d(6.9) 220 1.02d(69)
27 220 1.02d(6.9) 22.1 1.01d(6.9) 221 1.01d(7.0)
28 153 088 m 154 087 m 153 0.88m
29 255 0.83s 255 083s 255 083s
30 194 088m 194 088 m 194 088m
31 1060 4.65s,4.70 s 1060 4.655,470s 1060 4.655,470s
r 1738 - 173.8 - 1738 -
2 349 229t (7.4) 349 228dt(23,7.3) 349 2291 (2.0,7.6)
3 251 1.61m 252 160m 252 1.62m
4 292 129°m 29.2° 1.30°m 29.2° 1.30'm
5 292° 129°m 29.3* 1.30°m 29.2° 130°'m
6 20.1° 129°m 295° 123 m 29.1° 1.30°m
7 296 136m 294 137m 296 136m
8 277 216 (1.5,7.5) 278 216m - 280 2.161td (7.5,7.5)
9 1329 5421 (7.5, 11.2) 1332 5441 (74, 10.8) 1330 5.421td (7.5, 10.8)
10 1279 596t (11.2) 1277 5.951t(10.8) 1278  5.96t (10.8)
iy 1258 6.47 dd (11.2, 15.5) 1260 647 dd (10.8, 15.1) 1259 6.50 dd (10.8, 15.1)
12/ 1360  5.65 dd (6.9, 15.5) 1358 5.64 dd (6.9, 15.1) 135.1 5.68 dd (6.4, 15.1)
13 73.0 4.141d (6.3, 6.9) 73.0 4.141d (64, 6.9) 722 4201 (4.6, 6.4)
14’ 374 1.50m, 1.56m 374 149m,155m 354 2311t(64),235t(1.3)
15’ 252 130m,1.37m 254 129m,137m 1239  5.351td (7.3, 10.6)
16’ 319 128m 3168 128m 1354 5.6 1td (7.3, 10.6)
17 227 130m 2265 129m 208 2.06m
18’ 141 088t 142 087t 143 096t

22 The assignments may be exchanged

@_ Springer
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'H, 125.77 MHz for *>C) and/or ECA-800 (800.14 MHz for
4, 201.20 MHz for 13C) spectrometers, using tetramethyl-
silane as an internal standard. The 2D-INADEQUATE
spectrum was recorded on a JEOL ECA-600 (150.79 MHz
for 1*C) spectrometer attached to a VARIAN cold probe
(60HSCNC/COLD) on a 50-mg sample dissolved in about
100 pl of methanol-ds. Coupling patterns are indicated as
follows: singlet, s; doublet, d; triplet, t; quartet, q; muitiplet,
m; and broad, b. Mass spectra were obtained on a JEOL JMS-

w== 20-INADEQUATE correlations

- Selected HMBC comelalions

Fig. 2 2D-INADEQUATE and selected HMBC correlations of 1

T100LC spectrometer attached to a DART ion source sys-
tem. A column chromatography was carried out on Sepha-
dex LH-20 (GE Healthcare UK Ltd., England). Preparative
low-pressure liquid chromatography (LPLC) was performed
on an EYELA ceramic pump VSP-3050 (Tokyo, Japan)
using a prepacked glass column SI-40B (Yamazen Chemi-
cal, 26 mm i.d. x 300 mm, Tokyo, Japan) or ODS-S-40B
(Yamazen Chemical, 26 mm i.d. x 300 mm). High-per-
formance liquid chromatography (HPLC) was performed on
a SHIMADZU LC-8A pump with the flow rate of 4 mL/min
using an Inertsil SIL 100A, NH, (10 mm i.d. x 250 mm,
GL Science Inc., Tokyo, Japan), and/or Mightysil RP-18GP
(10 mm i.d. x 250 mm, Kanto Chemical, Tokyo, Japan)
prepacked column equipped with a SHIMAMURA
RI-monitor YRD-883 or SHIMADZU SPD-6AV monitor.

Plant material

The raw material of Tojin, Codonopsis pilosula (Franch.)
Nannf., was purchased from Uchida Wakan-yaku Co. Ltd.
A voucher specimen was deposited in the National Institute
of Health Sciences (NIHS), Japan. ‘
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Fig. 4 The NOESY correlations of 1
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Fig. 5 Chemical shift differences (Hz) between (S)- and (R)-MTPA
esters of 1-3

=== selected 'H-'H COSY conetations

iz Selected HMBC correlations

Fig. 6 Selected COSY and HMBC correlations of 3

Extraction and isolation

The dried roots of C. pilosula (5 kg) were divided into ten
portions and each respective portion was extracted with
MeOH (2 x 2 1) at room temperature and the solvent was
evaporated in vacuo. The residue was suspended in H,O
and extracted with CHCl;. The H,O layer was added 4 M
HCI to adjust to pH 2 and then partitioned with 1-BuOH.

@ SPringer

The aqueous layer treated an aquarius NHj solution to
adjust to pH 11 and then partitioned with 1-BuOH. The
evaporated CHCl; fraction (120 g) was chromatographed
on Sephadex LLH-20 [hexane-CHCl; (4:1), CHCl;-ace-
tone: (3:2, 1:4), acetone and MeOH] to give 10 fractions
(frs. 1-10) and fraction 2 was further chromatographed on
silica gel [hexane—acetone (20:1, 10:1, 5:1 and 1:1)] to
afford 9 fractions. The sixth fraction was chromatographed
on LPLC [hexane—acetone (20:1) and benzene-EtOAc
(40:1)] to give four fractions (fr. A1-A4). Fraction A2 was
purified by HPLC with hexane-acetone (20:1) and (30:1) in
turn, to give compounds 2 (80 mg) and 4 (250 mg). Frac-
tion A3 was purified by HPLC [hexane—acetone (40:1) and
benzene-acetone (100:1)] to give compounds I (120 mg)
and 3 (100 mg). Fraction 3 was separated by LPLC [hex-
ane~CH,Cl, (1:1)] to give 10 fractions (fr. B1-B10).
Fraction B3 was purified by HPLC [hexane-CH,Cl, (2:1)]
to give a-tocopherol (500 mg). Fraction B4 was purified by
HPLC [hexane—-CH,Cl, (5:1) and hexane-EtOAc (50:1)] to
give friedelan-3-one (250 mg). Fraction B5 was purified by
HPLC [hexane—~CH,Cl, (2:1) and hexane-EtOAc (30:1)] to
give friedelan-3-one (50 mg) and atractylenolide III
(50 mg). Fraction B6 was purified by HPLC [hexane—
EtOAc (30:1) and (50:1)] to give stigmast-7-en-3-one
(200 mg). Fraction B7 was purified by HPLC [hexane—
EtOAc (30:1)] to give 24-methylenecycloartan-3-ol (5:
750 mg) and 14-taxeren-3-ol (150 mg). Fraction 4 was
repeatedly chromatographed on HPLC [hexane-EtOAc
(20:1)] to give eight fractions (fr. C1-C8) and fractions C1
and-C2 were squalene (1.2 g). Fraction C4 was purified by
HPLC [benzene—EtOAc (50:1) and hexane-acetone (30:1)]
to give stigmast-7-en-3-ol (280 mg) and stigmast-7,22-
dien-3-ol (150 mg). Fraction 10 was purified by reverse-
phase HPLC with 50% MeOH to afford lobetyolin
(100 mg). The alkaline BuOH layer was evaporated in
vacuo to give a residue (90 g). This BuOH fraction was
chromatographed on LH-20 to give six fractions. Fr 2 was
purified by HPLC on an amino column to give codono-
pyrrolidium B (6: 150 mg).

Codonopilate A (1)

Colourless amorphous powder; [«]3 +30° (c 1.6, hexane);
UV Apmax (hexane) nm (log ¢): 234.2 (4.23); IR (KBr) em™h:
3440, 2940, 2860, 1730; CD (hexane) Ae (nm): +2.60
(236.4). The 'H- and 13C_.NMR data are summarised in
Table 1; HR-ESI-MS m/z: 717.6207 [M-H]~ (calcd. for
C49H3103Z 7176186)

Codonopilate B (2)

Colourless amorphous powder; ()% +6° (c 0.4, hexane);
UV Apmax (hexane) nm (log &): 234.4 (4.44); IR (KBr) cm™:
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3450, 2930, 2870, 1730; CD (hexane) Ag (nm): —6.05
(233.4). The 'H- and >C-NMR data are summarised in
Table 1; HR-ESI-MS m/z 717.6221 [M~H]~ (calcd. for
C49Hg;03: 717.6186).

Codonopilate C (3)

Colourless amorphous powder; []E +31° (c 1.1, hexane);
UV Amax (hexane) nm (log &): 235.0 (3.10); IR (KBr) cm™:
3440, 2950, 2860, 1730; CD (hexane) Ag¢ (nm): +3.62
(234.8). The 'H- and '*C-NMR data are summarised in
Table 1; HR-ESI-MS m/z 715.6052 [M~H]™ (calcd. for
C49H7903Z 7156029)

Alkaline hydrolysis of compounds 1-3

Compounds 1-3 (1: 10 mg, 2: 8 mg, 3: 6 mg) were dis-
solved in a mixture of 10% KOH (4 ml), acetone (6 ml),
MeOH (2 ml), and the solution was refluxed for 6 h. After
cooling, the reaction mixture was extracted with CHCl;
and the organic layer was concentrated in vacuo. The
residue was purified by HPLC on silica gel with hexane-
EtOAc (10:1) to give genin, 24-methylenecycloartan-3f-ol
(from 1: 1 mg, from 2: 0.5 mg, from 3: 3.4 mg).

Synthesis of (S)- and (R)-MTPA esters of 1-3

Well dried samples (each 3 mg) were dissolved in CDCl;
(200 pl) and added to N,N-dimethyl-aminopyridine after
being appended to 300 pl of R-(-)-a-methoxy-o-(tri-
fluoromethyl)phenyl-acetyl chloride solution (40 mM) or
S-(+)-a-methoxy-a-(trifluoromethyl)phenyl-acety! chloride
solution (40 mM) in each NMR tube. Then, these NMR
tubes were mixed and kept for 24 h at room temperature. The
assignment was made on the basis of COSY correlations.
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Abstract

As a part of development of profiling analysis for raw material in the health foods, sixteen kinds of Setsucha products purchased

from the Japanese market were performed principal component analysis (PCA) based on the bucket integration of 'H NMR spectra.

The results of metabolome analysis by PCA in 'H NMR spectrum showed a characteristic signal at § 3.66 due to a sterol

derivative. This signal was indicated to be existence of a reference compound to distinguish among Setsucha products. These data

was different from the profiling results by HPLC analysis with UV detection and taste-sensing system.

However, by limiting analysis range of '"H NMR spectrum into three regions observed in three reference compounds identified

by HPLC analysis, the metabolome analysis by PCA confirmed a similar classification result to HPLC profiling.

Keywords : E%. #HEAR. 70774 VA, NMR., A ¥ F O3/ X
Setsucha, health foods, profile analysis, NMR, metabolomics
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NFTICHRE LTV REHEE: &7 L0 EED OB E R 54T
FEEEETL K, BRHEThakFE v FHO>&THL
EYIERA BB O A A T LT REL VO B BT
BHIBUTWwA, ' HNMR AR My F—ZIC T ERS 5
#7 (Principal Component Analysis, PCA) ZFIHL. A¥ &K
O—ABHEIT. TRETOGHER LB L -0 THE
T5o

I XBRAE

1. MEEH

SE16 BOBRHEREABELTHERALL, 2hond
B, YEREIA Ry EBLTHEAL. o2 85t
BREIVESSNLLOTHE, SHEFRGOBLTE
B, RE, BRUERISGERENTWLKAFEE Table 1
IR T, BRAGENEEGAENGFENIEITAEELRICRES
nTwna,

NMR B IZE K -d, 99.0 atom% (Isotec) %>, HIER
EEYEELT3- (MAFLVI L) 1- 7T Rk VB
F P (TSPSA. HFILELTEE) %HV/z,

3. AEoRs

BRSO THRL, 165 (1 mm) 5»50% &8
THLOEHRABE LIz, BEFEHEH 100 mg ZHEIH
EL+ 0.05 % (W/v) D TSPSA ZFHFANLEHK 2 mL #1711
YRy MITERICIA. 5 5 H8EHAEETo7z, b
. 3000 rpm TS5 R LTHEL . HEZ 045 um 74 V5 —
FAAZIZTHBLIZ S D% 'HNMR BIEIZHV,

4, ¥E

NMR 281, JEOL # INM-ECA 800 %\ /2 'HNMR
AT MR, TV FFab—ar v A (70dB) 2 H
VW, BRI FVETEEL RS UTOBEIE &M TITo72,
HIEREE 25 °C. BHEIE 15024.0 Hz (X_offset= 5.0 ppm) .
INVASG 450, BB L SVAE LR 5.0 s, T Y IUERE
218 s, BUMT—7 R4 8032 k. FRERE 32 B, #
FrCiE, o4 FoBE (BB 10Hz 2V, 737
W7 MEik TSPSA & # L L7286 (ppm) TEL7Z.

5 7A7 7414 NaH

B 5772 'HNMR A7 b vid. 104 ppm 5 5 0.6 ppm
T TOHEHBE% 0.04 ppm 2 245 ONF v MG EL BSOS
L7z #OB, BRI 7 FVOEBENS 47 ppm 205 49
ppm DEEFUIERILL . BHE9T 239 DNy MR UTHRAT
2iT0lze BARI MVETOH Y TIVIBEOEZHRTL:
BDIZ, AT MV EOBRTEFEER 240 L L, £ v Mk
BEEALL 7o AT MVOBTRUHEI 2B ST H o2
ETBHI0035 — 2 BESHTE LTO PCA 1%, ALICE 2 for
metabolome version 5.2 software (JEOL) %HW/2, FOES.
PCA BT BWCEHE SN A /S (PC) Dt 4 &L72,

M HFRRUEE

EXRFOKEEESIOWT H NMR Z#IEL22—5)
% Fig. 1ICdo 7 FNGAIE—RRIC, § 3.0 ~ 4.0 fEiC
SRS, ZOMBES A0S, BEEMCH
TPV TINVBBHENLDORTH oz, Eiz, R—AFA4
ARETCIR,. B—-{bEPEELBRE REL TPV E—
I HEBREICHBEL . WERSCLAEESRBINTNS

Table 1. List of Setsucha products -

How to drink

No. Product type Form and Color

1 Dry material Tea leaf form, Milk-white
2 Dry material Tea leaf form, Milk-white
3 Tea bag Powder, Milk-white

4 Dry material Tea leaf form, Milk-white
5 Dry material Tea leaf form, Milk-white
6 Dry material Tea leaf form, Milk-white
7 Dry material Powder, Milk-white

8 Dry material Tea leaf form, Milk-white
9 Dry powder Powder, Milk-white

10 Dry material
1 Dry material
12 Dry material
13 Dry material
14 Dry material
15 Dry material
16 Dry material

Tea leaf form, Milk-white
Tea leaf form, Milk-white
Tea leaf form, Milk-white
Tea leaf form, Milk-white
Tea leaf form, Milk-white
Tea leaf form, Milk-white
Tea leaf form, Milk-white

Pour 300 mL of water into 10 g of product and boil, then hold for 3 min
Pour 1 L of water into around 6 g of product, then boil for 8-10 min
Pour hot water into one tea bag

Pour hot water into 2-3 g of product, then stay for 1-2 min

Pour 500 mL of water into 2-3 g of product, then boil for 10 min

Pour 500 mL of hot water into 5-7 g of product, then stay for 5 min

Pour 300 mL of water into 10 g of product, then boil for 5 min

Not described

Pour 500 mL of hot water into around 3 g of product, then stay for 5 min
Pour 1 L of water into 2.5 g of product, then boil for 10 min

Pour 500 mL of water into 2-3 g of product and boil, then hold for 10 min
Pour 500 mL of water into 2-3 g of product, then boil for 10 min

Pour 600 mL of water into 5 g of product and boil, then hold for 5 min
Not described

Not described

Pour 500 mL of hot water into 5-7 g of product, then stay for 5 min
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Fig. 1. Example of 'H NMR spectrum of Setsucha product

Table 2. Principal buckets selected in descending order of contribution ratio (%)

PC 1 (76.0%) PC 2 (10.1%)
ppm* % ppm % ppm % ppm % ppm % ppm % ppm %
366 4692 390 0.29 5.22 0.05 2.10 0.01 3.34 7.16 3.82 0.06 2.38 0.01
3.86 4.43 3.54 0.27 4.62 0.05 4.38 0.01 370 1.24 3.46 0.05 2.30 0.01
3.94 3.80 2.38 026 2.50 0.04 422 0.01 3.66 0.32 2.06 0.05 5.22 0.01
3.82 3.67 3.42 0.23 3.62 0.04 242 0.01 3.54 0.29 3.50 0.05 3.26 0.01
374 3.21 1.50 0.18 3.30 0.03 2.02 0.01 3.86 0.12 3.94 0.05
3.22 3.01 1.34 0.17 1.46 0.03 1.54 0.01 3.74 0.09 378 0.04
3.58 2.58 3.50 0.17 6.46 0.03 2.58 0.01 3.18 0.09 3.58 0.04
370 2.22 4.66 0.16 2.26 0.02 8.46 0.01 3.22 0.08 1.46 0.03
3.26 172 2.54 0.12 6.62 0.02 5.06 0.01 3.90 0.06 1.50 0.02
378 1.06 3.46 0.09 3.34 0.02 458 0.01 4.62 0.06 342 0.01
1.94 0.61 3.38 0.06 2.46 0.02 1.06 0.01 3.62 0.06 1.90 0.01

*: All of values are with + 0.02 ppm tolerance from the 0.04 ppm width of bucket integration.



46

Jpn. J. Food Chem. Safety, Vol. 18(1), 2011

%o, THETIT, BEOBSTL LTsterol EHVBESINTE
) B 53.66 DT FIViE. sterol ED 3 L F 713 250 LD A
FACRETLY STV THLTESENEZLNE ), L
L. SEOBRHTRINSDOY TV ERETHICIHZD B
HBEEETHERTE Lo/ 0 s, S5L55BRUTRE
&L,

HPLC I X DT L2 E0HE O 12BwT, AT V—7D
BAETIE, FEIRFTPLEY 2 PRLEENEV—H.
B Z7V—7OBRETIE. L&Y SHPRIEENEL. s
BN —T7E. HOPICES T 77 ANDEBELRLZEERL
Too Flow INLOBGEBOZICHELT, BRERLLE
ELHBALTWA ), 1AM 1 ~ 3 13, DMSO B2V
THNMR A7 FUVIZBWT, §102~10.1IC7VFEF, 56.8
~6AVEERE. RUE26~ 19 ICAFVEIIFNEFNE
k4B 7TPABRAISATHYS 9 FRETCIL, BEICH
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Fig. 2. PCA score plot of PC 1 and PC 2, in which 239 variables were equally accounted for the data sets
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Fig. 3. Final PCA score plot of PC 1 and PC 3 based on the selection of the 35 variables
Each marker expresses the classification by difference of squamatic acid contents (Group A, € ; Group B, [1).
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TR 272D, BHICEFETAZ LI HERD,

PC 1 RUPCIMERFDEFFREOEEHL61.2% THY,
BREOFOBREL TSR L WA LEZ Nz, i,
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BEEA T 22 IR LRSS 7V —T1hid R
FEhz, LPLZ0EE, A, BZV—7HEEEF GRS
NTLEH 70, BRIV —FLICIBRS R U RSO
EHOAEETH LI EDHONER o7, BLE. NMR 2w
RETH, FENSIAYICH -7 A ML ERY BR
THIET, ThETOREAERBLBEREELI LN
BeCdh BT EASHIBAL 72,

B, WEIRFTiIE, ATV—TCBTHOREE L
BLT X BOEFIANTEY, BANV—FIZBELTWE
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As per the Pharmaceutical Affairs Law in Japan, leaflets, leaf rachises, leaf stalks
(petioles), and fruits of senna (Alexandrian senna: Cassia acutifolia Delile or Tinnevelly
senna: C. angustifolia Vahl) have been designated as raw materials for exclusive use in
pharmaceuticals. In contrast, the stems of senna have been regarded as non-pharmaceuticals,
unless their products have shown any “medical effects” or “dosage and administration”; this
is attributable to the fact that the content of sennosides—the active constituents of crude
drugs—is lower in stems than in the other parts mentioned above. Therefore, the stems of
senna are used in health foods. However, health foods are sometimes found to contain
sennosides in medicinal quantities; this is thought to be due to the illegal use of leaf
rachises rather than stems. Inspectors can find leaf rachises when health foods consist of
nonpowdered plant tissues, such as tea bags. However, when the product contains the plant
in the powdered form, it is extremely difficult to distinguish the types of plant tissues
therein. To overcome this problem, we developed a method of distinguishing powdered
senna leaf rachises from powdered senna stems by using microscopy.

Our key findings are as follows. Epidermal cells in the stomata distributional
region are distinct in shape in the case of leaf rachises and stems: the former cells are
elliptical, while the latter are polygonal. In addition, the relative length of the longitudinal
axis of the epidermal cells differs in these 2 parts of the plant: the epidermal cells from the
leaf rachis are longer than the adjacent stomatal cells, whereas the epidermal cells from the
stem are usually shorter than the adjacent stomatal cells. These morphological

characteristics were observed both in slices and in powdered samples of the plant, and were
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common to both Alexandrian and Tinnevelly senna. When we tested powdered samples

containing a mixture of leaf rachises (5%) and stems (95%), we could identify the leaf

rachises. Since the microscopic method does not warrant any expensive equipment, we

believe it could be very useful for on-site inspection.

Keywords:

Senna, supplement, Alexandrian, Tinnevelly, Cassia acutifolia, C. angustifolia,

Leguminosae, stem, rachis, microscope, morphology, anatomy
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Table 1. Diameters (um) of epidermal cells and the adjacent stomatal cells (guard cells) of stems, leaf
rachises and fruit axises of Alexandrian senna and Tinnevelly senna

Stems Leaf rachises Fruit
- - 5
Apical pm(A)1 Central part(B)  Basal part(C) Adaxial partfa)  Adaxial part{b)  Abaxial part(c) axises
@ Epidermal  15823.4-326° 10.9-21.6-46.4 96-16.8-279  19.6-32.5-539 206-40.3-59.5 12.4-40.5-79.6  16.0-35.5-774.
&=
£ cells 85-15.1-26.0° 10.3-20.5-20.2 113-19.4-31.3  11.0-21.3-30.5 10.0-9.0-325 9.1-154-24.8  9.9-19.0-30.5
@
=
=
© Stomatalcells ,g,,4 5507 27.7-20.3-31.3 30.5-34.0-37.0  24.5-27.4-30.5 25.0-27.5-29.6 - 31.8-34,5-37.7
£ (guard cell)
2
X
< E<s™ E<S E<S E>S E>S E>S
o Epidermal 126.20.2-30.0° 13.7-23.432.7 11.3-20.3-32.3  19.3-20.7-47.9 20.9-41.1-63.1 218-33.9654  12.8-39.6-945
§ cells 82-47.2-26.3° 10.4-18.0-33.7 153-25.7-49.2  13.3-21.5-292 9.0-16.5-25.5 9.0-14.4-207  12.3-23.7-426
]
>
$ Stomatalcells o5, 5553512 245293355 30.9-32.4347 22520.4-38.1 268-31.1-352 20.531.2-33.0  31.3-36.0-44.8
2  (guard cell)
=
. E<s™ E<S E<S E>S E>S E>S E>S

*{ The alphabet of each part shows the same position in the illustrations of Fig. 5 or 8.

*2 Diameters of longitudinal (fong) axis direction. Each set of values represents the minimum-average-maximum.
*3 Diameters of lateral (short) axis direction. Each set of values represents the minimum-average-maximum.
*4 Comparison of the average diameters in longitudinal axis of epidermal cells(E) and stomatal cells(S).

*5 The axis of inflorescence in a fruting stage.
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Table2. Accumulative percentages of longitudinal axis diameters of the epidermal cells in the stomata distributional region
in stems, leaf rachises and fruit axises of Alexandrian senna and Tinnevelly senna

Alexandrian senna

Tinnevelly senna

Diame't1efs Stems Leaf rachises Fruit Stems Leaf rachises Fruit
(Hm) Apical " Gentral Basal Adaxial part Abaxial _ . 3  Apical Central  Basal Adaxial_part Abaxial .
part(A) > Pat(B)  part(C) @) ©  patc) AXISES ™ pana)  pan@)  per(C) @ @) pat(c) axises
0~5
~10 1.4%
~15 8.3% 34.3% 1.4% 10.0% 5.0% 11.0% 1.4%
~20 16.0% 45.0% 81.4% 5.0% 43% 10.0% 52.5% 26.7% 53.0% 3.3% 8.6%
~25 70.0% 75.0% 95.7% 30.0% 56% 71% 17.1% 85.0% 70.0% 86.0% 26.7% 43% 157% 20.0%
~30 94.0% 91.7% 100.0% 45.0% 10.0% 22.9% 37.1% 100.0% 95.0% 98.0% 53.3% 14.3% 38.6% 31.4%
~35 100.0% 96.7% 65.0% 23.3% 40.0% 54.3% 100.0% 100.0% 86.7% 31.4% 60.0% 40.0%
~40 98.3% 80.0% 53.3% 514% 67.1% - 93.3% 486% 80.0% 55.7%
~45 98.3% 80.0% 71.1% 67.1% 80.0% 96.7% 67.1% 91.4% 65.7%
~50 100.0% 95.0% 83.3% 757% 92.9% 100.0% 814% 94.3% 74.3%
~55 100.0% 93.3% 857% 95.7% 886% 97.1% 81.4%
~60 100.0% 94.3% 95.7% 95.7% 98.6% 87.1%
~65 95.7% 98.6% 100.0% 98.6% 92.9%
~70 97.1%  98.6% 100.0% 94.3%
~75 98.6% 98.6% 95.7%
~80 100.0% 100.0% 97.1%
~ 100.0%

*1 Longitudinal axis direction of epidermal cells.

*2 The alphabet of each part shows the same position in the illustrations of Fig. 5 or 6.

*3 The axis of inflorescence in a fruting stage.

2.2.2 3884 (Fig. 6)

BHRDLNEZEND, BALICEVREHIRROFA KD 2
RBZEPHEES NI, T CHEBOREE, 2 FOBITITE
FNREERL CODE5 (a), OS> DIEEM EIH
T (b), Wl (c) O 3 ERETICT TR OREE
1Tigote. HEMLORBEME% Fig. 6 (TR T

BIZIXSENIZEL (@) 1%, FELTUZFERED4~6 7
FOREEIREIVRY, SEROKILCEMREBSITRE
BEOL. [ILTZIERBFMICES). BRI EL
LT 5~6 fOMRLDRY, KarkicEFIL T KILD
SAEEL, 400 (FTORET, 1 REFH-0 10 HELEX
HRIERD-. FEFICb BB 3~5 HOKILERD
HTENTEIz. REMBOREEEOFEHRIIT LRI
BT R, FURRUEFHRICH 30um EORL, THEL
EEILEDDTIC K ED T, Eie, MRV R A
BaD# 280, 30pm LH KB Ch-o7z (Tablel. Table2.) .

B LI OMEIZM Y 3 HHA (b) 1T, REFMICR
WRFBE~EAABORKMILZRY, FE@EIEWE
L, BEROKREOHIIENZRBOON. [ALITEERES
FNZES, LU T 5~6 DORFNRICELSI U7 B B
TV, BOEBICHET 2R LML, B
EFIL, fiZH_EHEN THo . KILREODHIL,

(119)

BRI ENTZENAL (a) LVBRTh o728, FiTH~TED
oz R 1 EBFHEY 8~10 BT Thl L, 1 %o
ZEHIZZBBLA 1~4 EFEOLN. REMRORE
FROEERL, 7L RIT RS, FURRYRT
FH4940um 2RL, KHLOFHREEA T, EHIE
Bz REHBOK 80%LL LML, 30um IV KET
7= (Tablel. Table2.).

FEAl ()10, BEFEICEVE ORI L
FRRDON. KALDOZIIAHRL, b ThicBOoNER
ik, REF ALY, BIMIRITELLTS~6E&DoT
We. REMBORMBROFHEL, TLXFIURITE
TR 40pm ZRL, RIECHA ORI OR 80%D
HRREX 30um ZABX Tz, FUR~UkF 0k BRI
FLEHURYTEFIC A, INTHo728, $ 60%0D
HEREIX 30um 2 #8Z TV /= (Tablel. Table2.).

LA EDRERENG, BT, TV Y RUT RV, FU
FARYBFEBIZ, A DRFEMBITR LI ARKE
ThHHENZD.

2.2.3 & (Fig. 7-1)

ReoFRE% Fig. 7-1 1ORT. BALICKVFR~IES
BHETEORBEMIGEL T b0, REAT TERO
FEMRICERTAb08RHENZ. KILIZHh T



