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Abstract

High-performance liquid chromatography—electrospray ionization—mass spectrometry has been applied to analyze the
chemical constituents of Danggui (the rhizome of Angelica sinensis) and to study chemical changes of Z-ligustilide. Twelve
phthalides were unambiguously identified as senkyunolide | (3), senkyunolide H (4), sedanenolide (8), butylphthalide (9),
E-ligustilide (13), Z-ligustilide (14), Z-butylidenephthalide (15), Z,Z2'-6.8',7.3'-diligustilide (16), angelicide (17), levistolide
A (18), Z-ligustilide dimer E-232 (19) and Z,Z2'-3.3',8.8'-diligustilide (20) in Danggui extract. The existence of 12 other
phthalides (2, 5-7, 11, 12, 22-27), ferulic acid (1) and coniferyl ferulate (10) in Danggui extract has also been
demonstrated. Phthalides 3, 4, 16—18 and 20 were determined to be the products from chemical change of Z-ligustilide. This

is the first report of the existence of 16 compounds (2—8, 10-12, 20, 22—-25 and 27) in Danggui extract. [ 1998 Elsevier

Science BYV. All rights reserved.
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1. Introduction

The rhizome of Angelica sinensis (Oliv.) Diels
(Umbeélliferag), known as Danggui in Chinese, is one
of the most important traditional Chinese medicines,
used for tonifying the blood and treating female
irregular menstruation and amenorrhoea. It is aso
used for treatment of anemia, hypertension, chronic
bronchitis, asthma, rheumatism and cardiovascular
diseases [1-5]. Over 70 compounds, such as,
phthalides, terpenes, aromatic compounds, etc., have
been isolated and identified from Danggui [3—10]. Its
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main essential component, Z-ligustilide (14), other
phthalides and ferulic acid (1) are thought to be the
biologically active components of Danggui [3,5,6].
For this study high-performance liquid chromatog-
raphy—electrospray ionization—mass spectrometry
(HPLC-ESP-MS) demonstrated the existence of
more than 30 phthalides in Danggui. Eighteen
phthalides, along with coniferyl ferulate (10), were
isolated during this study. Their structures are listed
in Fig. 1ab.

Z-Ligustilide (14) is a volatile and unstable liquid
compound, which can be changed to other phthalides
through oxidation, isomerization, dimerization, etc.,
[11-17]. Z-Ligustilide (14) has been also found to
exist together with its derivatives in a number of
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Fig. 1. (ab) The phthalides and related compounds in Danggui extract.

plants of Unbelliferae [12—25]. These phthalides are
also considered to be the hiologically active com-
ponents which are present in severa important
medicinal herbs, such as the roots of Ligusticum
wallichii [12], L. chuangxiong [18], L. portere [21],
Levisticum officinale (lovage) [23] and Cnidium

officinale [15,24]. In order to monitor the quality of
these important herbs and their drug products, it is
important to have arapid, direct and accurate method
for the analysis of these components. Some
phthalides have been analyzed by gas chromatog-
raphy (GC)-MS [8-10,19,25] and LC-UV [11,26—
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Fig. 1. (continued)

31]. Since some phthalides, for example Z-ligus-
tilide, decompose rapidly at high temperature, GC is
not capable of detecting such unstable compounds
[11]. In addition to this, LC—UV could not identify
most peaks in Danggui extract. Thisis the first report
to use LC-ESP-MS for identification of the
phthalides in Danggui and the main products from
chemical changes of 14.

2. Experimental
2.1. Instrumentation

An HP 1090 Series Il LC system (Hewlett-Pac-
kard, Palo Alto, CA, USA) with photodiode array
detection set at 270 nm was coupled to an HP 5989
B quadrupole mass spectrometer. UV spectra were
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obtained by scanning from 200 nm to 500 nm. For
chromatography a Waters Symmetry C,; column (5
pm, 150X2.1 mm) with a sentry guard column
(Symmetry C,g, 5 pm, 20x3.9 mm) was used. The
mobile phase consisted of (A) water (0.25% HAC)
and (B) methanol using a linear gradient of 35—
100% B in 40 min, and 100-35% B in 40—42 min.
The flow-rate was set at 0.2 ml/min, and the oven
temperature was set at 45°C. The ESP-MS spectra
were acquired in the positive ion mode, using an
electrospray interfface Model HP 59987 A. The
temperature of the drying gas (N,) was 350°C, at a
gas flow-rate of 40 ml/min, and a nebulizing pres-
sure (N,) of 5.5:10° Pa (80 p.si.). The LC system
was directly connected to mass spectrometer without
stream splitting.

2.2, Solvents and chemicals

HPLC grade water and methanol (VWR, Sedttle,
WA, USA) were used for HPLC analysis. Reagent
grade chloroform, ethanol, hexane and acetone
(VWR) were used for extraction and separation. The
sorbent for column chromatography was silica gel 60
(>0.063 mm, E. Merck, Darmstadt, Germany). For
preparative thin-layer chromatography (TLC) nor-
mal-phase TLC plates (silica gel 60 F,.,, 0.5 mm
thickness, 20x20 cm) and reversed-phase TLC
plates (RP-18, F,,, 0.25 mm thickness, 20-20 cm)
(E. Merck) were used.

2.3 Plant material and sample preparation

2.3.1. Extraction of ground Danggui

Danggui was purchased from Asia Natural Prod-
ucts (San Francisco, CA, USA). At room tempera-
ture, 0.2 g of ground Danggui was extracted with 10
ml of methanol using sonication for 10 min. The
extract was filtered through a 0.45 pm nylon acrod-
isk 13 filter (Gelman, Ann Arbor, MI, USA). Addi-
tionally, a 10-ul volume of the extract was injected
onto the analytical column for analysis.

2.32. Preparative TLC of Danggui extract

A ca. 500-pl volume of ethanol extract of Dan-
goui (5 g) was separated by preparative TLC (one
normal-phase plate, hexane—acetone, 7:3, v/v), and
the eight zones founded on the TLC plate could be

visualized under UV light 254 nm. Each zone was
scraped from the plate, and extracted with methanol.
Z-Ligustilide (14) and Z-butylidenephthalide (15)
are mainly in the first zone (R-=0.7). The so-called
DQSP-B fraction consists of zones 2—8 in 20 ml of
methanol, which contains only a small portion of 14.

2.3.3 Light stressing of Z-ligustilide (14)

Qily 14 (10 mg, 95% purity, containing 5% of 15)
was put into a white glass vial, the vial was capped,
and held at room temperature for three days with
contact to some direct sunlight. In addition to this, 5
mg was dissolved in 5 ml of methanol (sample 1) for
LC—ESP-MS analysis.

An additional amount of oily 14 (10 mg) was
treated in the same way, but omitting any contact
with direct sunlight (sample 2).

2.4. |solation of standard compounds

Phthalide standards have been isolated from Dan-
ggui in the following way: powdered Danggui (3 kg)
was extracted with chloroform (3%x6 1) and the
chloroform extract (120 g) was partitioned between
hexane and methanol. The methanol part (50 g) was
repeatedly subjected to silica gel column chromatog-
raphy and preparative TLC to yield 18 phthalides.
The solvents for column and normal-phase TLC
were hexane—acetone (9:1 to 5:5, v/v, for column;
8:2, 7:3 or 6:4, v/v, for TLC); solvents for reversed-
phase TLC were methanol—water (7:3 or 8:2, v/v).
The purity of each isolate was checked by both
HPLC and TLC, and the identity was confirmed on
comparison of NMR data [proton and carbon NMR
spectra, taken in CDCI, solution with Bruker AM-
400 NMR instrument, using trimethylsilyl (TMS) as
internal standard] with published data [3,5,6,13—
18,22,24,32]. The detailed separation procedure will
be reported in near future.

The isolated phthalidesare 2, 3, 4,5, 6, 7, 8, 9, 11,
12, 13, 14, 15, 16, 17, 18, 19, and 20.

Sedanenolide (8) may also represent its 3-S stereo-
isomer, senkyunolide, which has the same NMR data
[24] as that of 8. Butylidenephthalide (9) may also
represent its 3-S sterecisomer. Z,Z'-6.8',7.3'-Di-
ligustilide (16) represents a mixture of the stereo-
isomers, and also includes riligustilide (21) [6,32].
Z,Z2'-3.3',8.8'-Diligustilide (20) seems to be a new
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compound, a sterecisomer of angelicolide [16,17].
Z-6-Hydroxy-7-methoxydihydroligustilide (6) is also
a new compound.

Ferulic acid (1) and coniferyl ferulate (10) [15]
were also isolated from the extract, and identified in
the same manner.

A reference methanol solution (10 ml) contained 1
(2mg), 2 (1 mg), 3 (1 mg), 4 (1 mg), 5(1 mg), 6 (1
mg), 7 (1 mg), 8 (0.2 mg), 9 (0.2 mg), 10 (0.4 mg),
11 (2 mg), 12 (2 mg), 13 (0.2 mg), 14 (1 mg), 15
(1.4 mg), 16 (0.5 mg), 17 (1.5 mg), 18 (1 mg), 19
(0.5 mg) and 20 (0.4 mg).

3. Results and discussion
3.1. LC-ESP-MS analysis of phthalide standards
Eighteen phthalides, i.e., 2-9, 11-20, aswell as, 1

and 10 were chromatographed in order to determine
their retention times (tz), UV and MS data for

MS chromatogram:

comparison with the chromatograms of the plant
extract and other samples. Their LC-UV and total
ion chromatograms are shown in Fig. 2. Their tg,
[M+H]", [M+Na] " and UV A, values are shown
in Table 1.

Table 1 shows that although the isomers of each
group have the same mass and similar UV data, they
showed differences in t;. They basicaly can be
distinguished by their different retention times. As a
result, it appears possible to enable their identifica-
tion in Danggui extract.

3.2 LC-ESP-MS of Danggui extract and DQSP-
B fraction

The LC-UV and total ion chromatograms of the
methanol extract of Danggui are shown in Fig. 3.

The retention time (tg), [M+H] ", [M+Na ", UV
A VAues and the identification for individual
peaks are listed in Table 2. Based on these data, 14
peaks were identified as 1 (P1; P was used to
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Fig. 2. Simultaneous LC-UV and LC-ESP-MS chromatograms of the Danggui standard compounds. Chromatographic conditions are
described in Section 2. The t; value, MS and UV A, of each compound are listed in Table 1.
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Table 1
Retention time (t,) value, [M+H] ", [M+Na] ", other MS ions, UV A, of the standard compounds
Peak Compound ty, (min) [M+H]* [M+Na] " Other ions Armen
No. (m/2) (m/2) (m/2) (nm)
1 Ferulic acid (1) 7.1 195° - - 295sh, 322
2 E-6,7-Dihydroxydihydroligustilide (2) 10.2 225 247 207 277
3 Senkyunolide | (3) 114 225 247 207 277
4 Senkyunolide H (4) 12.3 225 247 207 277
5 Senkyunolide F (5) 15.2 207 229 189 270, 296, 322
6 Z-6-Hydroxy-7-methoxydihydroligustilide (6) 16.7 239 261 207 277
7 Z-6,7-Epoxyligustilide (7) 20.8 207 229 - 277
8 Sedanenolide (8) 21.4 193 215 - 277
9 Butylphthalide (9) 22.0 191 213 - 270
10 Coniferyl ferulate (10) 224 - 379% - 272, 298, 320
1 2-(1-Oxypentyl)-benzoic acid methyl ester (11)  23.2 221 243 189 230, 276
12 3-Butylidene-7-hydroxyphthalide (12) 232 205 227 - 285, 335
13 E-Ligustilide (13) 24.0 191 213 - 270, 322
14 Z-Ligustilide (14) 25.0 191 213 - 270, 322
15 Z-Butylidenephthalide (15) 259 189 211 - 270sh, 313
16 2,2'-6.8',7.3'-Diligustilide (16) 29.6 381 403 191 283
17 Angelicide (17) 30.2 381 403 191 283
18 Levistolide A (18) 313 381 403 191 276
19 Z-Ligustilide dimer E-232 (19) 316 381 403 191 279
20 Z,2'-3.3',8.8'-Diligustilide (20) 33.9 381 403 191 296

#Ferulic acid and coniferyl ferulated showed only a poor response.

represent peak in the text), 3 (P2), 4 (P3), 8 (P4), 9
(P5), 10 (P6), 13 (P7), 14 (P8), 15 (P9), 16 (P10),
17 (P11), 18 (P-13), 19 (P14) and 20 (P15) based on
their t,, [M+H]", [M+Na] ", other ions and UV
Anax VAlUES in the comparison with the data of our
isolated standards. Only peak 12 was unidentified.

Because of the instability of Z-ligustilide (14) and
some other phthalides, the sample preparation and
HPLC analytical conditions have been strictly con-
trolled to avoid any detectable degradation of the
phthalides during the performance. Furthermore, we
have anayzed fresh Danggui, which showed the
same detectable phthalides. The only difference
between the two Danggui samples is the relative
ratios among these phthalides. This fact indicated
that the phthalides in Table 2 should be the original
compounds of Danggui, not artifacts.

The major component (14) comprised more than
60% of the total amount of the phthalides. Other
phthalides appeared as very minor peaks. In order to
detect these minute components, the DQSP-B frac-
tion was subjected to LC—-ESP-MS analysis and the
te, [M+H] ", [M+Na] ", UV A, values and identi-
fication of each of the additional peaks were made.

Five of them were identified as stereoisomer of 3 and
4,5, 22, 7 and 12, respectively. Peaks 14—17 appear
to be unidentified dimers of 14 (chromatograms not
shown).

In the same way, analyses of some of other
fractions from the column and TLC separation
detected the existence of eight other phthalide mono-
mers and at least five other dimers. Using the UV
and [M+H]" or [M+Na]" data, five monomers
could be tentatively identified as senkyunolide B
(23), senkyunolide C (24), senkyunolide D (25),
neocnidilide (26) (or its isomers), senkyunolide G
(27) [or senkyunolide K (28)]. Another three mono-
mers could be identified as 2, 6 and 11.

As shown in Tables 1 and 2, although ESP-MS is
a rather soft ionization method, it usually showed
protonated molecular ions as strong peaks. However,
some phthalides still showed some fragments in
higher intensity than these of their [M+H]" and
[M+Na] . So, it is difficult to establish the molecu-
lar mass only based on these mass spectra. There-
fore, it is better to identify them by direct com-
parison to the ESP-MS spectra from the standards.

Ferulic acid (1) and coniferyl ferulate (10) showed
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MS chromatogram:
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Fig. 3. Simultaneous LC-UV and LC—ESP-MS chromatograms of a Danggui extract. Chromatographic conditions are described in Section
2. Peak assignments are listed in Table 2.

Table 2
Peak assignment for the analysis of the methanol extract of Danggui
Peak ty [M+H]* [M+Na " Other ions Amax I dentification
No. (min) (m/2) (m/2) (m/2) (nm)
1 7.1 195 - - 295sh, 322 Ferulic acid (1)
2 114 225 247 207 277 Senkyunolide | (3)
3 12.3 225 247 207 277 Senkyunolide H (4)
4 21.4 193 215 - 277 Sedanenolide (8)
5 220 191 213 - 270 Butylphthalide (9)
6 224 - 379 - 272, 298, 320 Coniferyl ferulate (10)
7 24.0 191 213 - 270, 322 E-Ligustilide (13)
8 25.0 191 213 - 270, 322 Z-Ligustilide (14)
9 259 189 211 - 270sh, 313 Z-Butylidenephthalide (15)
10 29.6 381 403 191 283 Z2,2'-6.8',7.3'-Diligustilide (16)
11 30.2 381 403 191 283 Angelicide (17)
12 311 381 403 191 283 Unknown
13 313 381 403 191 276 Levistolide A (18)
14 31.6 381 403 191 279 Z-Ligustilide dimer E-232 (19)

15 339 381 403 191 296 Z,2'-3.3',8.8'-Diligustilide (20)
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avery low response under this LC—MS condition. It
could be suggested that they have different physico-
chemical properties compared to the phthalides since
they do not have phthalide (or partially hydrogenated
phthalide) group. They could be identified only based
on the retention time and UV data, in comparison
with those of their standards.

This study was the one that enabled to determine
the existence of compounds 2-8, 10-12, 20, 22, 23,
24, 25 and 27 (or 28) in Danggui extract.

It was observed during the study that even when
the sample vials were tightly closed to prevent
evaporation losses, 14 was gradually lost during
storage of Danggui and purified products under
norma conditions. Some derivatives were formed.
This fact led to the identification of the reaction
products of 14.

Four major produced phthalides of sample 1 were
identified as the dimers 16, 17, 18, and 20 based on
the direct comparison of their t,, [M+H]", [M+
Na]© and UV A, vaues with these of the stan-
dards. Among the six unidentified peaks, one of them
may be a Z-ligustilide oxidation compound, the
others should be the isomers from Z-ligustilide dimer
(chromatograms not shown).

In the same way, analysis of Z-ligustilide reaction
sample 2 found that 3 and 4 were the main products.

The results show that Z-ligustilide (14) mainly
produced its dimers with only a trace amount of its
normal oxidation products, for example 3 and 4,
when it is exposed to direct sunlight. This fact
suggests that the exposure of 14 (or Danggui, or its
product) to direct sunlight seems to be one of the
conditions for the dimerization of 14. Some of the
reaction mechanism may be similar to the postul ated
biogenetic method for the naturally occurring dimers
18 and 21 [13]. However, under normal, non-sun
exposed conditions, normal oxidation products of 14,
such as 3 and 4, have been mainly produced, which
might follow the same path as the postulated bio-
synthetic method for 3, 4 and 7 [13].

This study showed that LC-ESP-MS was a
powerful tool for the rapid and reliable analysis of
the congtituents of plants, plant extracts and their
chemical change products utilizing a relatively small
amount of material. The result from LC-ESP-MS
provides important information for the further phyto-
chemical studies and quality control of the pro-

duction process of Danggui. Use of LC-MS for the
identification of phthalide isomers still needed com-
parison with the standards, which was time-consum-
ing. LC-MS-MS can provide more information
about the fragmentation of each compound [33,34],
thus offering more chance for direct identification.
However, combined techniques, such as LC-MS (or
LC—MS-MS) and LC-NMR, will be more powerful
for on-line identification of the compounds directly
within the crude extracts [33,34].

Acknowledgements

The authors would like to thank all employees of
East Earth Herb for their encouragement and support
of this study.

References

[1] W. Tang, G.F. Eisenbrand, Chinese Drugs of Plant Origin,
Springer-Verlag, Berlin, 1992, pp. 118-122.

[2] Pharmacopoeia of the People's Republic of China (English
Edition), Guandong Science and Technology Press,
Guangzhou, 1988, pp. 106—107.

[3] M. Lin, C.-D. Zhu, Q.-M. Sun, Q.-C. Fang, Acta Pharm. Sin.
14 (CA:92: 177412m) (1977) 529.

[4] Y.-Z. Chen, H.-D. Zhang, N.-Y. Chen, T.-Z. Zhao, M.-T.
Wang, Kexue Tongbao 29 (CA: 102: 3197¢e) (1984) 560.

[5] P-M. Hou, C.-M. Lee, T.F. Choang, K.-Y. Chui, H.N.C.
Wong, Phytochemistry 29 (1990) 1189.

[6] T.Kanita, F. Tsutsui, M. Matsuda, A. Yamashita, N. Kozaka,
S. Sekida, M. Satake, Jpn. Koka Tokyo Koho, JP 09 077666
(1997); CA: 126: 334370m.

[7] Y.-Z. Chen, H.-Q. Li, N.-Y. Chen, X.-Y. Ma, Lanzhou Daxue
Xuebao, Ziran Kexueban 21 (CA: 104:85822c) (1985) 130.

[8] N.X. Dung, L.D. Cu, L.D. Mai, PA. Leclercg, J. Essent. Qil
Res. 8 (1996) 503.

[9] Y.-Z. Chen, N.-Y. Chen, X.-Y. Ma, H.-Q. Lin, Gaodeng
Xuexiao Huaxue Xuebao 5 (CA:100:188755k) (1984) 125.

[10] Y.-Z. Chen, Z.-X. Duan, H.-D. Zhang, J.-Y. Tao, Y.-P. Ruan,
Q.-B. M€, S. Liu, Q.-D. Tian, F.-X. Xig, Y.-F. Yu, Lanzhou
Daxue Xuebao, Ziran Kexuebao 20 (CA:101:147812d)
(1984) 158.

[11] M.J. Gijbels, JJ.C. Scheffer, A.B. Svendsen, Chromato-
graphia 15 (1982) 358.

[12] M. Kobayashi, H. Mitsuhashi, Chem. Pharm. Bull. 35 (1987)
4789.

[13] M. Kaouadji, F.D. Pachtere, C. Pouget, A.J. Chulia, S.
Lavaitte, J. Nat. Prod. 49 (1986) 872.

[14] T. Tsuchida, M. Kobayashi, K. Kaneko, H. Mitsuhashi,
Chem. Pharm. Bull. 35 (1987) 4460.



L-Z. Lin et al. / J. Chromatogr. A 810 (1998) 71-79 79

[15] M. Kobayashi, M. Fujita, H. Mitsuhashi, Chem. Pharm. Bull.
35 (1987) 1427.

[16] SK. Banerjee, B.D. Gupta, W.S. Sheldrick, G. Hofle, Liebigs
Ann. Chem. (1984) 888.

[17] SK. Banerjee, B.D. Gupta, W.S. Sheldrick, G. Hofle, Liebigs
Ann. Chem. (1982) 699.

[18] T. Naito, Y. lkeya, M. Okada, H. Mistuhashi, M. Maruno,
Phytochemistry 41 (1996) 233.

[19] PN. Kaul, G.R. Mallavarapu, R.P. Chamoli, Planta Med. 62
(1996) 80.

[20] Z.-W. Li, Q. Zhang, Yaowu Fenxi Zazhi 13 (CA:119:210861)
(1993) 187.

[21] G. Delgado, R.G. Reza-Garduna, R.A. Toscano, R. Bye, E.
Linares, Heterocycles 27 (1988) 1305.

[22] M. Maruhashi, K. Hanada, K. Mizogami, A. Nsgakura, Jpn.
Koka Tokyo Koho., JP04334378 (1992); CA: 118: 240924c.

[23] M.JM. Gijbels, JJ.C. Scheffer, A.B. Svendsen, Planta Med.
44 (1982) 207.

[24] T. Naito, Y. Iketani, T. Yamaguchi, H. Hiroshi, Jon. Kokai
Tokyo Koho, JP 05247022 (1993); CA: 120: 173452.

[25] G.-X. Rao, X.-J. Yu, H.-D. Sun, Acta Bot. Yunanica 13 (CA:
115:78697) (1991) 85.

[26] S.J. Shen, Y.S. Ho, Y.P. Chen, HY. Hsu, Planta Med. 53
(1987) 377.

[27] N. Kikuchi, H.-L. Lay, T. Tanaabe, T. Mike, Acta Chroma-
togr. 1 (1992) 23.

[28] T. Naito, M. Sakata, Y. lkeya, Y. Ichiro, M. Okada, Nat. Med.
49 (1995) 425.

[29] J-L. Zhang, X.-F. He, Z.-H. Zhou, Yaoxue Xuebao 31 (CA:
126: 115121) (1996) 622.

[30] S. Segebrecht, H. Schilcher, Planta Med. 55 (1989) 572.

[31] C.-W. Mo, S.-J. Sheu, Chin. Pharm. J. (Taipei) 46 (1994)
155.

[32] T. Naito, T. Katsuhara, K. Niitsu, Y. lkeya, M. Okada, H.
Mitsuhashi, Heterocycles 32 (1991) 2433.

[33] J-L. Wolfender, S. Rodriguez, K. Hostettmann, W. Hiller,
Phytochem. Anal. 8 (1997) 97.

[34] K. Hostettmann, J.-L. Wolfender, S. Rodrigues, Planta Med.
63 (1997) 2.



