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ABSTRACT

Danshen, the dried rhizome of Salvia miltiorrhiza Bunge is a widely used herb in traditional Chinese medicinal preparations to
treat cardiovascular diseases, renal and liver diseases. Tanshinones and salvianolic acids are used as markers to survey the commer-
cial available products. In this study, a convenient high-performance liquid chromatographic method was developed to simultane-
ously separate and identify six main polyphenolic components, caffeic acid (1), danshensu (2), lithospermic acid (3), rosmarinic acid
(4), salvianolic acid B (5) and salvianolic acid A (6), and four major abietane-type diterpenes, 15,16-dihydrotanshinone I (7), cryp-
totanshinone (8), tanshinone I (9), and tanshinone IIA (10), with UV and MS detectors by comparing their retention time, MS and
MS? data with those data obtained from the authentic compounds. A good resolution of all the analytes was obtained by choosing
methanol and 0.25% aqueous acetic acid (adjusted to pH 2.77 with IN HCI) as the mobile phase. By using LC-UV (290 nm)-MS
method, polyphenols (1-6) and tanshinones (7-10) were easily detected and unambiguously identified in commercial Danshen.
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INTRODUCTION

Danshen, the dried rhizome of Salvia miltiorrhiza
Bunge has been widely used in traditional Chinese medic-
inal combination for the treatment of various diseases!!2).
Both lipid-soluble abietane-type diterpenoid tanshinones
and water-soluble polyphenols in Danshen were consid-
ered its major and effective components for coronary
arteries, inducing apoptosis on cancer cell line, liver
protective effect, and preventing lipid peroxidation®-1%).
In earlier studies, high-performance liquid chromatogra-
phy (HPLC) with UVU®) and various types of high-speed
counter-current chromatography were developed for the
separation and purification of tanshinones and salvianolic
acid B1729 and non-aqueous capillary electrophoresis
was used for tanshinone analysis®!. A liquid chromatog-
raphy-mass spectrometry (LC-MS) was used to character-
ize tanshinones®? and polar components of S. miltior-
rhiza®®. Recently, HPLC and LC-MS-MS was developed
to investigate multi-components of S. miltiorrhiza®*>>.
However the formic acid-containing mobile phase could
not satisfactorily resolve the peaks of polyphenols.
Furthermore, the materials of Danshen were incorrectly
used due to the vast number and poor identification knowl-
edge among Salvia species. Therefore, it is worthwhile to
simultaneously identify both polyphenols and tanshinones
in commercial available Danshen. The aim of this study
is to develop a reproducible method for simultaneous anal-
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ysis of lipophobic and lipophilic constituents in Danshen
and to establish chemical profiles of commercial products.

MATERIALS AND METHODS
1. Instruments and Materials

HPLC analysis was carried out using a quater-
nary pump (SpectraSYSTEM P4000) equipped with an
autosampler (AS 3000) and an UV detector (UV 2000,
ThermoQuest-Finnigan Co., San Jose, CA, USA). Ten
authentic compounds were separated on a C18 reversed-
phase column (Inertsil ODS-3, 250 x 4.6 mm, 5 um) at
ambient temperature. Mass spectra were obtained using
an ion trap mass spectrometer (LCQ, Finnigan MAT)
equipped with an electrospray ion source. Caffeic acid
was purchased from Acros Organics (Geel, Belgium).
HPLC-grade methanol was obtained from Merck (Darm-
stadt, Germany). Water was purified with Milli-Q system
(Millipore, Bedford, MA, USA).

Slices of Danshen imported from mainland China
were purchased from local Chinese herb retailer in
Taipei. Sample was identified by comparison with the
voucher specimen deposited earlier at the Herbarium of
the National Research Institute of Chinese Medicine. For
analysis, 1g of sample was sonicated with 15 mL of aque-
ous methanol (80% methanol/H,O, v/v) for 30 min. After
filtration and concentration, a total volume of 5.0 mL was
made with methanol and then filtered with a 0.45 uM
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PTFE syringe filter. An aliquot of the filtrate (20 uL) was
directly injected into the analytical system.

1I. HPLC and ESI-MS Conditions

The mobile phase consisted of (A) 0.25% aqueous
acetic acid (adjusted to pH = 2.77 with 1IN HCI) and (B)
methanol using a gradient elution of 40-80% B at 0-25
min, 80% B at 25-30 min, 80-100% B at 30-50 min, 100%
B at 50-60 min. The flow rate was set at 0.5 mL/min and
the absorbance was measured at 290 and 254 nm. The
injection volume was 20 pL. The mass spectrometric
data were acquired in the negative ion mode for 0-30 min
and positive ion mode for 30-60 min. The full scan mass
spectrum was recorded over the range of m/z 100-1000.
The conditions for ESI spectra were as follows: spray volt-
age, 4.5 kV; capillary voltage, 10 V; capillary temperature,
270°C; sheath gas (N,), 80 units; auxiliary gas (N,), 20

caffeic acid (1)

H H
HO © \ OH

tanshinone | (9) tanshinone 1A (10)

Figure 1. The structures of polyphenols and tanshinones.
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units. Acquisition and processing of data from the mass
spectrometer was performed using the Xcalibur software
revision 1.0 (ThermoQuest-Finnigan Co., San Jose, CA,
U.S.A).

I11. Preparations of Reference Sample

Danshensu (2), lithospermic acid (3), rosmarinic
acid (4), salvianolic acid B (5) and salvianolic acid A
(6) were isolated from the aqueous methanol extract of
S. miltiorrhiza by Diaion HP-20 and Sephadex LH-20
column chromatography. 15,16-Dihydrotanshinone I (7),
cryptotanshinone (8), tanshinone I (9), and tanshinone
ITA (10) were isolated from the ethyl acetate extract of
Danshen by silica gel column chromatography. Their
structures were characterized by MS, 1D- and 2D-NMR
spectra analyses and were compared with that from
literature data!3:23-26-27) " A methanol stock solution of

HO OH

salvianolic acid B (5)

cryptotanshinone (8)

1,2-dihydrotanshinone | (11) methylenetanshinquinone (12)
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Figure 2. (A) UV chromatogram of ten authentic compounds
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at 254 nm, (B) UV chromatogram of ten authentic compounds at 290 nm, (C)

Total ion current chromatogram (TIC) of ten authentic compounds, (D) UV chromatogram of 80% methanolic extracts of Danshen at 290

nm, (E) TIC of 80% methanolic extracts of Danshen.
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Table 1. Retention time (tR), MS data, MSn data for the main constituents in commercially available Danshen

Compound tg (min) [Iz/;g)] i [2?:1_;]_ [M_(};_Z)O 2 [1\2[;1-2)1]" [1\(/[;—/1;1)]* [21\(/2-;21]_ 84”22) (1:/[’123) identity
1 797 197 395 233,235 179 135 Danshensu
2 12.00 179 214, 216 135 Caffeic acid
3 17.40 537 493 493 295 Lithospermic acid
4 17.88 359 719 395, 397 161 Rosmarinic acid
5 19.23 717 519 321 Salvianolic acid B
6 19.83 493 987 295 277 Salvianolic acid A
7 39.87 279 579 261 233 15,16-Dihydrotanshinone I
8 44.76 297 615 279 251 Cryptotanshinone
9 45.99 277 575 249 221 Tanshinone |
10 49.83 295 611 277 249 Tanshinone ITA
or 12 47.76 279 261 Methyle‘netanshinqginone or
48.10 279 261 1,2-Dihydrotanshinone I

all reference compounds were prepared by dissolving 2
mg of each compound in 1 mL of methanol and 10 pL
of each compound was subjected to LC-UV-MS analy-
sis for comparison.

RESULTS AND DISCUSSION

Hu e al.®¥ recently used HPLC-DAD-ESI MS
to determine diterpenes, flavonolignans and phenolic
compounds of Danshen. In addition to protocatechual-
dehyde and danshensu, other major polyphenols, such
as salvianolic acids A, B, rosmarinic acid, were not
mentioned in that paper. Zhao et al.*> developed LC/MS/
MS method to determine multi-components in Danshen as
well. However, the peaks of polyphenols could not be well
resolved in the above studies using formic acid-containing
mobile phase. In order to obtain good resolution of hydro-
philic and hydrophobic components in a run, 0.25% acetic
acid and pH 2.77 was found satisfactory to establish the
fingerprint of Danshen in this study.

Our preliminary experiments suggested that chro-
matographic separation of polyphenols depended on acid
concentration. At a pH value higher than 3, peak tailing
and bad resolution of polyphenols were observed. On the
other hand, at pH value below 3, all the analytes eluted
within 60 min gave satisfactory resolutions except litho-
spermic acid (3) and rosmarinic acid (4) which partially
overlapped. Therefore, methanol and 0.25% aqueous
acetic acid (adjusted to pH 2.77 with 1N HCI) were chosen
as the mobile phase. A complete HPLC-UV profile
obtained with the standard solution is shown in Figure 2A
(detection at 254 nm) and Figure 2B (detection at 290 nm).
Polyphenols and tanshinones could be detected at both 254
nm and 290 nm. However, compound 1 exhibited a very
low absorption at 254 nm compared to others. A better
absorption for all polyphenols of Danshen was found at

290 nm. Thus, 290 nm was used for the fingerprinting of
Danshen products.

In previous studies, the mass detection with nega-
tive mode were suitable for polyphenols and deprotonated
molecule ions [M-H]"?%. In contrast, the mass detec-
tion with positive mode were suitable for tanshinones
and protonated molecule ions [M+H]"??. On the basis
of above information, a complete LC-ESI-MS profile
obtained with the standard solution is shown in Figure 2C
(total ion current chromatogram), indicating that authen-
tic polyphenols appeared before 30 min and tanshinones
appeared after 30 min using a 60 min single run. The
mass abundance of polyphenols was lower than that of
tanshinones, which is probably due to the acidic mobile
phase favor for forming protonated molecule ion. Enlarge-
ment of Y-axis of the TIC from 0 to 30 min was shown in
Figure 2C (upper layer) for better comparison. In the mass
spectra of all authentic polyphenols, deprotonated molecu-
lar ions [M-H]™ were observed as predominant peaks.
Furthermore, deprotonated dimer molecular ions [2M-H]~
were also evident for danshensu (2), rosmarinic acid
(4), and salvianolic acid A (5). In addition, adduct with
chlorine ions [M+CI] ™ appeared at m/z 233 and 235 for
danshensu , at m/z 214 and 216 for caffeic acid, and at m/z
395 and 397 for rosmarinic acid. A fragment ion corre-
sponding to the loss of CO, [M-H-CO,]™ was found at m/z
493 with relatively high intensity in the mass spectrum
of lithospermic acid. In the mass spectra of all authen-
tic tanshinones, protonated molecular ions [M+H]" were
observed as predominant peaks. Adducts with sodium ion
[2M+Na]" were also observed in a relatively low intensity.

The fragment ions (MS") of authentic compounds
were also carried out through flow injection to ensure the
structural identification of polyphenols and tanshinones.
The corresponding retention time (tg), MS, and MS" data
are summarized in Table 1. Fragment ions corresponding
to the loss of CO, m/z 44 were found for caffeic acid (1),



258

danshensu (2), and lithospermic acid (3), respectively. A
fragment ion corresponding to the loss of danshensu (2)
m/z 198 was found for lithospermic acid, rosmarinic acid,
salvianolic acid B, and salvianolic acid A, respectively.
Furthermore, two units of danshensu (2) (717 — 519 —
321) were found for salvianolic acid B on the basis of the
MS? fragment experiment. The results of the MS? and
MS? experiments for tanshinone ITA (10), cryptotanshi-
none (9), and 15,16-dihydrotanshinone I (7) indicated
a loss of water and a carbonyl group, respectively. The
information of MS" of authentic polyphenols and tanshi-
nones could provide useful information for unambiguous
determination of those compounds in Danshen.

The HPLC-UV (290 nm)-MS total ion current
chromatogram (TIC) of 80% methanolic extracts of S.
miltiorrhiz are shown in Figure 2D and 2E, respectively.
By comparing the retention times and mass values, poly-
phenols (1-6) and tanshinones (7-10) were detected and
unambiguously identified. Among them, the content of
salvianolic acid B was relatively high, and overlapped
with salvianolic acid A. In addition, some minor peaks
were present in both UV and TIC profiles. The mass
spectra of two overlapped peaks at the retention time
47.76 and 48.10 min were identical and showed [M+H]"
ion at m/z 279, which were assignable to a mixture of
methylenetanshinquinone and 1,2-dihydrotanshiquinone
I (11 and 12) according to literature®®. Furthermore,
the fragmentation pattern of methylenetanshinquinone
and 1,2-dihydrotanshiquinone I was similar to that of
15,16-dihydrotanshinone I. On the basis of relative abun-
dance of chromatogram (Figure 2D and 2E), polyphenolic
compounds detected by using UV detector were more
obvious than that using MS detector under this condition.
Tanshinones detected by MS detector were better than
that using UV detector. Further studies will be carried out
to identify other minor peaks.

In conclusion, the reverse phase liquid chromatog-
raphy coupled with on-line UV and ESI-MS provides a
convenient method for the separation and identification of
both polyphenols and tanshinones of Danshen in a single
run. This analytical method can be considered a suitable
analytical method for the quality control of Danshen and
can be applied to the analysis of polyphenols and tanshi-
nones in Danshen preparation.

ACKNOWLEDGEMENTS

The authors are grateful to the Department of
Health of the Republic of China for the financial support
(CCMP92-CT-04).

REFERENCES

1. Pharmacopoeia Committee of the Health Ministry of the
People’s Republic of China (ed.) 1995. “Pharmacopoeia

10.

I1.

12.

13.

14.

15.

Journal of Food and Drug Analysis, Vol. 14, No. 3, 2006

of People’s Republic of China”, Vol. 1, Guangdong
Scientific Technologic Publisher; Guangdong; 62-63.

. Xiao, P. G. Mordern Chinese Materia Medica, Press of

Chemical Industry, Beijing, 2001. Vol. 1, pp.212-229.

. Cao, E. H., Liu, X. Q., Wang, J. J. and Xu, N. F. 1996.

Effects of natural antioxidant tanshinone IIA on DNA
damage by lipid peroxidation in liver cells. Free Rad.
Biol. Med. 20: 801-806.

.Kang, D. G., Oh, H. C., Sohn, E. J., Hur, T. Y., Lee,

K.C., Kim, K. J., Kim, T. Y. and Lee, H. S. 2004.
Lithospermic acid B isolated from Salvia miltiorrhiza
ameliorates ischemia/reperfusion-induced renal injury
in rats. Life Sci. 75: 1801-1816.

. Liu, G. T,, Zhang, T. M., Wang, B. E. and Wang, Y.

W. 1992. Protective action of seven natural phenolic
compounds against peroxidative damage to biomem-
branes. Biochem. Pharmacol. 43: 147-52.

.Liu, P, Hu, Y. Y., Liu, C. and Zhu, D. 2001. Effects of

salvianolic acid A (SA-A) on liver injury: SA-A action
on hepatic peroxidation. Liver 21: 384-390.

.Liu, P, Hu, Y. Y, Liu, C., Zhu, D. Y., Xue, H. M., Xu,

Z. Q., Xu, L. M,, Liu, C. H., Gu, H. T. and Zhang, Z.
Q. 2002. Clinical observation of salvianolic acid B in
treatment of liver fibrosis in chronic hepatitis B. World
J. Gastroenterol. 8: 679-685.

. Nan, J. X., Park, E. J., Kang, H. C., Park, P. H., Kim,

J. Y. and Sohn, D. H. 2001. Anti-fibrotic effects of a
hot-water extract from Salvia miltiorrhiza roots on liver

fibrosis induced by biliary obstruction in rats. J. Pharm.
Pharmacol. 53: 197-204.

. Wang, X. J., Wang, Z. B. and Xu, J. X. 2005. Effect of

salvianolic acid A on lipid peroxidation and membrane
permeability in mitochondria. J. Ethnopharmacol. 97:
441-445.

Wang, H., Gao, X. M. and Zhang, B. 2005. Tanshinone:
An inhibitor of proliferation of vascular smooth muscle
cells. J. Ethnopharmacol. 99: 93-98.

Yagi, A., Fujimoto, K., Tanonaka, K., Hirai, K. and
Takeo, S. 1989. Possible active components of Tan-
Shen (Salvia miltiorrhiza) for protection of the myocar-
dium against ischemia-induced derangements. Planta
Med. 55: 51-54.

Yoon, Y., Kim, Y. O., Jeon, W. K., Park, H. J. and Sung,
H. J. 1999. Tanshinone IIA isolated from Salvia miltior-
rhiza Bunge induced apoptosis in HL-60 human pre-
myelocytic leukemia cell line. J. Ethnopharmacol. 68:
121-127.

Ryu, S. Y., Lee, C. O. and Choi, S. U. 1997. In vitro
cytotoxicity of tanshinones from Salvia miltiorrhiza.
Planta Med. 63: 339-342.

Liu, J., Shen, H. M. and Ong, C. N. 2000. Salvia milt-
iorrhiza inhibits cell growth and induces apoptosis in
human hepatoma HepG2 cells. Cancer Lett. 153: 85-93.
Yang, L. J., Jeng, C. J., Kung, H. N., Chang, C. C.,
Wang, A. G., Chau, G. Y., Don, M. J. and Chau, Y.
P. 2005. Tanshinone IIA isolated from Salvia miltior-
rhiza elicits the cell death of human endothelial cells. J.



Journal of Food and Drug Analysis, Vol. 14, No. 3, 2006

16.

17.

18.

19.

20.

21.

22.

23.

Biomed. Sci. 12: 347-361.

Shi, Z. H., He, J. T. and Chang, W. B. 2004. Micelle-
mediated extraction of tanshinones from Salvia miltior-
rhiza Bunge with analysis by high-performance liquid
chromatography. Talanta 64: 401-407.

Li, H. B. and Chen, F. 2001. Preparative isolation
and purification of six diterpenoids from the Chinese
medicinal plant Salvia miltiorrhiza Bunge by high-
speed counter-current chromatography. J. Chromatogr.
A 925: 109-114.

Tian, G. L., Zhang, Y. B., Zhang, T.Y., Yang, F. O.
and Ito, Y. 2000. Separation of tanshinones from Salvia
miltiorrhiza Bunge by high-speed counter-current chro-
matography using stepwise elution. J. Chromatogr. A
904: 107-111.

Li, H. B., Lai, J. P.,, Jiang, Y. and Chen, F. 2002.
Preparative isolation and purification of Salvianolic acid
B from the Chinese medicinal plant Salvia miltiorrhiza
Bunge by high-speed counter-current chromatography.
J. Chromatogr. A 943: 235-239.

Gu, M., Zhang, G. F., Su, Z. G. and Ouyang, F. 2004.
Indentification of major active constituents in the finger-
print of Salvia miltiorrhiza Bunge developed by high-
speed counter-current chromatography. J. Chromatogr.
A'1041: 239-243.

Gu, M, Zhang, G. F., Su, Z. G., Chen, Y. and Ouyang,
F. 2004. Fingerprinting of Salvia miltiorrhiza Bunge
by non-aqueous capillary electrophoresis compared
with high-speed counter-current chromatography. J.
Chromatogr. A 1057: 133-140.

Battistini, M., Griffini, A. and Peterlongo, F. 1995.
Identification of tanshinones from Salvia miltiorrhiza
roots by liquid chromatography-thermospray mass spec-
trometry. Fitoterapia 66: 265-272.

Kasimu, R., Tanaka, K., Tezuka, Y., Gong, Z. N., Li,
J. X., Basenet, P., Namba, T. and Kadota, S. 1998.
Comparative study of seventeen Salvia plants: aldose
reductase inhibitory activity of water and MeOH
extracts and liquid chromatography-mass spectrometry
(LC-MS) analysis of water extract. Chem. Pharm. Bull.
46: 500-504.

24,

25.

26.

27.

28.

29.

30.

259

Hu, P, Liang, Q. L., Luo, G. A., Zhao, Z. Z. and Jiang
Z. H. 2005. Multi-component HPLC fingerprinting of
Radix Salviae Miltiorrhizae and its LC-MS-MS identifi-
cation. Chem. Pharm. Bull. 53: 677-683.

Zhao, Y., Chen, B. and Yao, S. 2005. Simultaneous
determination of abietane-type diterpenes, flavonolig-
nans and phenolic compounds in compound prepara-
tions of Silybum marianum and Salvia miltiorrhiza by
HPLC-DAD-ESI MS. J. Pharm. Biomed. Anal. 38: 564-
570.

Ai, C. B. and Li, L. N. 1988. Stereostructure of salvi-
anolic acid B and isolation of salvianolic acid C from
Salvia miltiorrhiza. J. Nat. Prod. 51: 145-149.

Tanaka, T., Nishimura, A., Kouno, I., Nonaka, G.I.
and Yang, C. R. 1997. Magnesium and ammonium-
potassium lithospermates B, the active principles having
a preventive effects from Salvia miltiorrhiza. Chem.
Pharm. Bull. 45: 1596-1600.

Li, L. N, Tan, R. and Chen, W. M. 1984. Salvianolic
acid A, a new depside from roots of Salvia miltiorrhiza.
Planta Med. 50: 227-228.

Lin, Y. L., Wang, C. N., Shiao, Y. J., Liu, T. Y. and
Wang, W. Y. 2003. Benzolignanoid and polyphenols
from Origanum vulgare. J. Chin. Chem. Soc. (Taipei)
50: 1070-1083.

Yokozawa, T., Chung, H. Y., Oura, H., Nonaka, G. L.
and Nishioka, I. 1988. Isolation of the active component
having the uremia-preventive effect from Salviae
Miltiorrhizae Radix extract. Chem. Pharm. Bull. 36:
316-320.



