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direct injection ESI-Q-TOF-MS
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Abstract; An direct injection ESI-Q-TOF-MS analysis method was developed to value the chemical constituent in Salvia
miltiorrhiza (Danshen) coming from Shangzhou, Luonan, Dali, Danfeng and Tongchuan in Shaanxi Province, through
analyzing the MS abundance of water soluble and lipid soluble extracts and obvious variation in chemical constituent. The
comparison among different abundances was beneficial to select the optimum planting area of Danshen. The results
showed that all Danshen samples from five different regions had nine kinds of lipid soluble chemical constituent ( Tanshi-
none I, Tanshinone I[A, Tanshinone IIB, Cryptotanshinone, Dihydrotanshinone, Danshenxinkun A, Danshenxinkun D,
2-Isopropyl-8-methylphenanthrene-3, 4-dione and 7-beta-hydroxy-8-13- abietadiene-11, 12-dione ) and nine kinds of
water soluble chemical constituent ( danshensu, caffeic acid, ferulic acid, rosmarinic acid, prolithospermic acid, litho-
spermic acid, protocatechuic acid, salvianolic acid A and salvianolic acid B). The contents of danshensu, lithospermic
acid, salvianolic acid B and cryptotanshinone were higher than other chemical constituent with a MS abundance of 30%
at least. However, with the change of planting environment, the content of the same chemical constituents in Danshen
varied greatly in different regions. More tanshinones with important biological activity existed in Danshen coming from
Shangzhou, especially the MS abundance of Tanshinone I was as high as 72.6%, which was much higher than that in
other four regions ranging from 1.8% to 11.3%. According to the comprehensive comparison, the quality of Danshen was
ranged by Shangzhou > Tongchuan > Dali> Luonan> Danfeng. The direct injection ESI-Q-TOF-MS method was not easily
affected by the growth environment and extraction conditions of the medicinal materials. It provides a scientific, reliable
and convenient way to evaluate the medicine quality and a new way to formulate the specifications and grades of tradi-
tional Chinese medicine. The system is suitable for the chemical constituent of Danshen in Shaanxi Province.
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Dry root and rhizome of Salvia miltiorrhiza Bunge
(red sage, family Labiatae), known as “Danshen” in
Chinese ( Pharmacopoeia of the People’ s Republic of
China, 2015) , is widely used as medicine in China and
the neighboring countries for hundreds of years. The ex-
tracts are important in clinic medicine preparations, es-
pecially in the tracatment of cardiovascular diseases
(Feng et al., 2017). Danshen also has a good therapeu-
tic effect on atherosclerosis (Zhao et al., 2016) , myo-
cardial ischemia (Qin et al., 2014) and hepatic fibrosis
(Wang et al., 2017). It is also benefit for emarkable
function on scavenging free radicals because of its
secondary metabolites, such as the well-studied active
ingredient salvianolic acids and tashinones in the
classical phytochemistry research ( Roberts et al.,
2007). However, the constituent of Danshen varies with
different regions, in order to ensuring material quality

and clinical efficacy, it is urgent to look for a scientific,

reliable and convenient identification method to compare
the chemical constituent in different regions.

Danshen has been cultivated widely in different
areas ( Tongchuan, Dali, Danfeng, Luonan and Shang-
zhou) in Shaanxi Province in China. It is well known
that soil, climatic, planting pattern and extraction
methods can cause a change in the contents of these
constituents in Danshen. Many methods has been re-
searched as qualitative and/or quantitative analysis of
chemical constituents, such as HPLC (Zhang et al.,
2017), LC-MS (Liang et al., 2018) , UPLC-MS ( Chen
et al., 2017), CE (Wang & Duan, 2014), NMR
(Zhang et al., 2017), LC-DAD-MS ( Hermund et al.,
2018). However, it is regrettable that seldom mentioned
on comparing the difference of chemical characteristics
in Danshen in Shaanxi Province.

In this study, with the expectations of providing

aconvenient quality control method for Danshen, the di-
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rect injection ESI-Q-TOF-MS technology was used to
detect 18 chemical compounds present in all the samples
of Danshen coming from five different regions, and most
of them contain primary medicine benefits. The
abundant value in MS is rather different among each
constituent and the same constituent in different regions
under the same conditions. Through comprehensive a-
nalysis, there are four constituents can be seen as po-
tential markers carrying on quality control in direct in-
jection ESI-Q-TOF-MS method. The system is not only
suitable for the chemical constituent of Danshen in
Shaanxi Province, but also easily transplanted and

popularized in other Danshen planting places.

1 Materials and Methods

1.1 Material and Reagents

HPLC grade methanol was purchased from E. Mer-
ck, Darmstadt, Germany; Deionized water was purified
by a Milli-Q system (Millipore, Bedford, MA, USA);
ethanol was purchased from Shanghai Aladdin Bio-Chem
Technology Co., Ltd.

All the root of annual Danshen were collected from
Tongchuan, Dali, Danfeng, Luonan and Shangzhou of
Shaanxi Province in China in September 2016.

1.2 Sample Preparation

Alcohol extract: The roots were smashed after fully
dried through a warm air (50 °C), and then sieved
through a no. 60 mesh. Each of the fine powdered sam-
ples (1.000 0 g) was accurately weighed and extracted
with 50 mL ethanol for 30 min using microwave
method. After cooling, the extracting solution was
filtered through a paper filter and ethanol was removed
by reduced pressure distillation. The evaporated residue
was dissolved in methanol and made up to volume in a
5.0 mL volumetric flask. The solutions were filtered
through a membrane filter (0.45 wm) and then injected
into the ESI-Q-TOF-MS directly.

Water extract: The roots were smashed after fully

dried through a warm air (50 °C), and then sieved

through a no. 60 mesh. Each of the fine powdered sam-
ples (1.000 0 ¢) was accurately weighed and extracted
with 50 mL water for 3 h in 90 °C water bath. After
cooling, the extracting solution was centrifuged at
12 000 r + min™ for 15 min, and then removed water by
freeze drying. The crude extract solution was made up in
a certain concentration in water with 0.5 mg - mL™" | and
filtered through a 0.45 pm membrane filter.

1.3 Instrumentation and analytical conditions

All  analytes were performed on a Bruker
micrOTOF-Q 1T ESI-Q-TOF-MS system in tune low
method. Sodium formate solution was used as a
calibration standard liquid in Enhanced Quadratic
model. The sample injection volume was 10.0 pL and
detected in tune _low method from 50 m/z to 3 000
m/z. The capilary parameters were set to 4 000 V for al-
cohol extract samples and 3 500 V for water extract sam-
ples. Nebulizer pressure was set to 0.04 MPa. Carrier
gas was nitrogen and helium, which had dry gas flow
rate of 4.0 L » min™ and dry heater at 180 °C.

Samples of Danshen, extracted from different
regions in Shaanxi Province, were prepared. A volume
of 10.0 pL of filtered solution was injected into the in-
strument directly and each sample was determined par-
allelly three times.

1.4 Data analysis

The chromatographic data were recorded and pro-
cessed with a Bruker Compass DataAnalysis 4.0
software. The ion abundance refers to the ion signal
strength which was taken as the vertical coordinate in
the standard apectrum. The ion abundance at the peak
of ionic strength was set to be 100% in specified charge
ratio, and the ratio between other ionic peak strength
and the

maximum peak strength was the ionic

abundance at each peak.

1
A= — x 100%

max

A is the ion abundance, [ is the ion strength, [

max

is the ion strength of the maximum peak.



41 TRIRHREE . ESI-Q-TOF-MS E 2 LAY HA AR [l X PES A 2E i o 22 5 493
><104 ) - MS, 0.2 - 0.5 min
197.0489
321.0462
8 1 519.1079

2

‘»

c

e

£ 4 A 255.2370

o

- 2

ﬁ

2 135.0484 — 827.2766

< , |

96.9650
614.2024
g Lul ML N R
100 200 300 400 500 600 700 800 900
BRfrtk m/z
x10% | +MS, 0.0 - 0.2 min
217.1892

2

5 1.5

2 |

L

= 301.1364

o

Z 1.0

+

©

© 413.2616

- -

161.1269
0.5 100.1114
274.2710
| 391.2784
0.0 : Ll J.. l L u L L AW k Lll.u._..u.Lull LL
50 100 150 200 250 300 350 400 450

BRfrtk m/z

Note: A. Spectrum of the water extract of Danshen in Shangzhou; B. Spectrum of the lipid extract of Danshen in Danfeng.

Fig. 1

2 Results and Analysis

ESI-Q-TOF-MS parameters such as fragmentor,
spray pressure and capilary voltage which could
influence the ion peak of corresponding molecular and
the relative abundances were optimized for detecting to
alcohol extract and water extract of Danshen. Fig. 1 is a
typical direct injection ESI-Q-TOF-MS spectrum.

There were altogether 18 known chemical consti-

tuents obtained from the fragment ions information which

A typical direct injection ESI-Q-TOF-MS spectrum

effectively reflect the structures (Fig. 2) of Danshen
constituent.

The spectrums showed concrete MS analysis results
and 18 compounds were identified (Table 1). In the
positive ion mode, the adduct ion of [ M+Na]" was the
mainly observed peaks. For instance, peak at m/z
317.112 8 corresponded to the molecule of Tanshinone II
A with the adduct ion of [ M+Na]". In the negative ion
mode, the adduct ion of [ M-H ]~ was observed as com-
for example, peak at m/z

mon fragment peak,

717.154 0 was the molecule of salvianolic acid B. It was
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Fig. 2 Chemical structures of constituents in Danshen detected by direct injection ESI-Q-TOF-MS

nearly uniform in compounds classification among Dan-
shen samples from five regions, but a greater distinction
was existed in some specific constituent.

Combined predecessor’s work (Pan et al., 2002) ,
the special fragmentation of Tanshinone IIA as a repre-
soluble
displayed in Fig.3. Tanshinone IR lost neutral molecular
fragments—CH,, H,0 and —CO to form the peak at m/z
303.123 7, 300.103 2 and 289.112 4. Fragment peak at
m/z 285.138 3 was obtained not only by losing a H,0
molecule from m/z 303.123 7, but also via splitting a
molecule —CH, from the fragment m/z 300.103 2 which
can split into fragment m/z 195.044 1 and 272.116 2. In

sentative  Lipid chemical constituent was

brief, the fragmentation of Tanshinone IA occurred

through a loss of neutral small molecular fragments
-CH,, -CO, H,0 and so on.

Through the abundance analysis, it varied quite
drastically among the 18 chemical constituents from five
regions at the same conditions. The reason for the varia-
tion might be due to different planting environment.

For lipid soluble chemical constituents of Danshen
from five different regions ( Table 2, Fig. 4) , it was ob-
vious that the abundance of some chemical constituents,
such as Tanshinone I, Cryptotanshinone, Danshenxinkun
A and Danshenxinkun D, varied greatly with the change
of Danshen planting area. Danshen from Shangzhou had
overwhelming superiority in the content of Tanshinone 1,

Danshenxinkun A and Danshenxinkun D with the abun-
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Table 1 Identification data of chemical constituents of Danshen by direct injection ESI-Q-TOF-MS

Chemical constituents Analyte Caled. (m/z) Obsd. (m/z)
Lipid soluble chemical 1 Tanshinone 299.068 4 299.084 1 [ M+Na]*
constituents 2 Tanshinone 1A 317.115 4 317.112 8 [ M+Na]*
3 Tanshinone 1B 349.084 2 349.127 3 [M+K]*
4 Cryptotanshinone 301.120 4 301.127 7 [ M—H,0+Na]*
5 Dihydrotanshinone 279.102 1 279.155 8 [ M+H]"
6 Danshenxinkun A 304.071 2 304.295 6 [ M—CH,+Na]*
7 Danshenxinkun D 332327 2 332.327 3 [M—~CHO+Na]"
8 2-Isopropyl-8-methylphenanthrene-3, 4-dione 287.104 8 287.143 7 [M+Na]"*
9 7-beta-hydroxy-8-13-abietadiene-11 , 12-dione 302.188 1 302.141 5 [ M—CH,+H]"
Water soluble 10 Danshensu 197.045 0 197.048 7 [M—H]"
chemical constituents 1 Caffeic acid 179.034 5 179.039 0 [ M-H]"
12 Ferulic acid 193.050 1 193.054 3 [M-H]"
13 Rosmarinic acid 359.076 7 359.082 3 [M-H]~
14 Prolithospermic acid 339.050 5 339.056 3 [ M—H,0-H]"
15 Lithospermic acid 519.103 3 519.101 8 [ M—H,0-H]"
16 Protocatechuic acid 135.018 8 135.048 3 [ M=H,0-H]"
17 Salvianolic acid A 493.113 5 493.121 3 [M-H]"
18 Salvianolic acid B 717.145 6 717.154 0 [M-H]~
0 (@]

oy vt
m/z=317.1148 m/z=303.0992 m/z=285.0886
0
0 N CHs
®
o ‘ J .
* Na

m/z=300.1115 £0

:

i (0]

l‘ >

m/z=289.1199 O O m/z=272.1162
®

m/z=195.0441

Fig. 3 Fragmentation process of Tanshinone IIA by the adduction of [ M+Na]"

dance value of 72.6% , 100% and 100%. The different 70.8%, 96.0% and 96.1%, respectively. At the same

gaps between the maximum and the minimum value were time, Danshen from Tongchuan owned the most Crypto-
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Table 2 MS abundance analysis of the chemical constituents of Danshen in five regions

No. Analyte Tongchuan (%)  Danfeng (%) Luonan (%) Dali (%) Shangzhou (%)
1 Tanshinone 1 2.0 1.8 11.3 9.9 72.6
2 Tanshinone [IA 13.3 7.5 5.5 20.7 9.7
3 Tanshinone 1IB 5.3 2.0 4.4 7.5 7.1
4 Dihydrotanshinone 4.5 5.0 11.4 32.1 17.4
5 Cryptotanshinone 100.0 63.8 34.8 49.3 49.5
6 Danshenxinkun A 8.4 4.0 24.5 26.4 100.0
7 Danshenxinkun D 8.3 3.9 224 21.6 100.0
8 2-Isopropyl-8-methylphenanthrene-3 ,4-dione 1.6 1.3 5.1 53 6.2
9 7B-hydroxy-8-13-abietadiene-11, 12-dione 16.7 11.6 7.3 10.3 8.2
10 Danshensu 100.0 44.8 93.5 72.0 100.0
11 Caffeic acid 31.2 13.3 26.9 21.7 29.7
12 Ferulic acid 3.4 1.9 1.7 2.7 6.6
13 Rosmarinic acid 4.2 1.8 6.0 3.9 6.5
14 Lithospermic acid 79.1 58.4 100.0 75.3 82.0
15 Protocatechuic acid 33.7 11.9 23.3 21.2 34.0
16 Prolithospermic acid 50.8 23.0 42.6 36.1 51.9
17 Salvianolic acid A 10.3 11.3 11.6 15.5 15.9
18 Salvianolic acid B 36.2 56.6 65.1 58.4 34.1

120.001 ——Tongchuan ——Danfeng Luonan 120. 00 ——Tongchuan —Danfeng Luonan
—a—Dali —a— Shangzhou —+—Dali —# Shangzhou
100. 00 100. 00

S S
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(] o
o o
| = . =4
s 60.00 g 60.00

© el
j= =
- >
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20. 00 20. 00
v
0.00 ! 0.00 !

1 2 3 4 5 6 7 8 9
Lipid soluble chemical constituents

Note: 1. Tanshinone I; 2. Tanshinone [[A; 3. Tanshinone IIB;
4. Dihydrotanshinone; 5. Cryptotanshinone; 6. Danshenxinkun A ;
7. Danshenxinkun D; 8. 2-Isopropyl-8-methylphenanthrene-3,
4-dione; 9. 7B-hydroxy-8-13-abietadiene-11,12-dione.

Fig. 4 Abundance comparison on lipid soluble

chemical constituents in Danshen

tanshinone with a value of 100%, followed by 63.8% in
Danfeng.

10 11 12 13 14 15 16 17 18
Water soluble chemical constituents

Note: 10. Danshensu; 11. Caffeic acid; 12. Ferulic acid;
13. Rosmarinic acid; 14. Lithospermic acid; 15. Protocatechuic
acid; 16. Prolithospermic acid; 17. Salvianolic acid A;

18. Salvianolic acid B.

Fig. 5 Abundance comparison on water soluble

chemical constituents in Danshen

Compared to the previous, other five lipid soluble

chemical constituents did not possess big different gap
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or obvious abundance degree. It was alike among the
trends among Tanshinone IIA |, Tanshinone IIB, Dihydro-
tanshinone,  2-Isopropyl-8-methylphenanthrene-3, 4-
dione and 7-B-hydroxy-8-13-abietadiene-11, 12-dione.
They respectively reached the maximum abundance value
of 20.7% (Dali), 7.5% (Dali), 32.1% (Dali), 6.2%
(Shangzhou) and 16.7% (Tongchuan).

In brief, the abundance value of Cryptotanshinone
was the highest in all samples, the followed was Dansh-
enxinkun A with a range from 4.0% to 100%, and other
lipid soluble constituents also owned good abundance
response except for Tanshinone IIB and 2-isopropyl-8-
methylphenanthrene-3,4-dione. The rank of the content
of lipid soluble constituents in five regions was
Shangzhou > Dali >Tongchuan > Luonan >Danfeng.

For water soluble constituents of Danshen from
five different regions ( Table 2, Fig. 5), the tendency
of abundance variation is nearly the same. All samples
contain more danshensu, lithospermic acid, prolitho-
spermic acid and salvianolic acid B than other
chemical constituents. The four constituents reached
the respective maximum abundance value of 100.0%
( Shangzhou & Tongchuan ), 100. 0% ( Luonan ),
51.9% ( Shangzhou) and 65.1% ( Luonan). It was
well to be reminded that danshensu and lithospermic
acid had higher abundance signal response with a value
more than 45.0%, and abundance gap (55.2% for
danshensu, 41.6% for lithospermic acid) was obvious
from the maximum to the minimum value. In the mean-
time , ferulic acid, rosmarinic acid and salvianolic acid
A showed nearly the common variation tendency with
low abundance value. They reached the maximum of
6.6%, 6.5% and 15.9% in Danshen from Shangzhou.
There was no obvious distribution in different regions.

Salvianolic acid B is important as active medical
constituent in clinic. Danshen from luonan owned the
highest abundance value of 65.1%, and the lowest level
was also achieved a abundance value of 34.1% in Shang-
zhou.

In brief, the abundance values of danshensu and

lithospermic acid were the highest in all samples, the
followed is salvianolic acid B with a range from 34.1%
to 65.1%, and other water soluble constituents also
owned good abundance response except for ferulic acid
and rosmarinic acid. The rank of the content of water
soluble constituents in five regions was Shangzhou >

Tongchuan>Luonan>Dali>Danfeng.

3 Conclusion

This paper developed a scientific, reliable and

convenient identification method to compare the
chemical constituent in Danshen from different regions
by direct injection ESI-Q-TOF-MS. Eighteen chemical
constituent were identified in all Danshen samples. The
chemical compunds are strongly correlated with geo-
graphical distinctions and varied quite drastically at the
same conditions. By comprehensive comparison, the
quality of Danshen ranked by region is Shangzhou >
Tongchuan > Dali > Luonan > Danfeng. Cryptotanshinone,
danshensu, lithospermic acid and salvianolic acid B can
help to carry on quality control as potential markers for
the evaluation. Meanwhile, the method and results can

be a guidance of Danshen in effective cultivation and

medicinal collection in Shaanxi Province.

References .

CHEN Y, ZHANG N, MA ], et al., 2017. A platelet/cme cou-
pled with offline Uple-Qtof-Ms/Ms for screening antiplatelet
activity constituents from aqueous extract of Danshen [ J]. J
Pharmceut Biomed Anal, 117 178—183.

FENG Y, 2017. Modern pharmacological study and clinical ap-
plication of radix salviae miltiorrhizae [ J]. Clin J Chin Med,
9(30) : 46-47. [1BEZ, 2017. FHZ [ BARC LS FLHF 53 Il
IRIEH (1], HERIRIRBFTE, 9(30) : 46-47.]

HERMUND DB, PLAZA M, TUMER C, et al., 2018. Structure
dependent antioxidant capacity of phlorotannins from
Icelandic Fucus vesiculosus by UHPLC-DAD-ECD-QTOFMS
[J]. Food Chem, 240. 904-909.

LIANG K, SUN H, AN R, et al., 2018. Simultaneous determi-

nation of eleven constituents in Huxin Oral Liquid by LC-



498 i i |

39 &

MS/MS [J]. Chin Trad Patent Med, 40(1) 105-109. [ %%
B, IV, AL, 4, 2018. LC-MS/MS i [R] B Il 7 470>
R 11 ﬁﬂﬁ}zéj\ [J]. T2, 40(1): 105-109.]

PAN XJ, NIU GG, LIU HZ, 2002. Comparison of microwave-
assisted extraction and conventional extraction techniques for
the extraction of Tanshinones from Salvia miltiorrhiza Bunge
[J]. Biochem Eng J, 12; 71-77.

QIN RA, LIN J, LI CY, et al.,

mechanisms of Compound Danshen Tablet (Fufang Danshen

2014. Study of the protective

Pian) against myocardial ischemia/ reperfusion injury via
the Akt-eNOS signaling pathway in rats [ J]. J Ethnopharm
acol, 156: 190—-198.

ROBERTS AT, MARTIN CK, LIU Z, et al., 2007. The safety
and efficacy of a dietary herbal supplement and gallic acid
for weight loss [J]. J Med Food, 10; 184—-188.

State Pharmacopoeia Commission, 2015. Pharmacopoeia of the
People’ s Republic of China [ M]. Beijing: Chinese Medical
Science and Technology Press. [ E xR 2y 14 2015,
ENRILAEZ 4 [ M]. dbnt. hEEZGRHL . ]

WANG JJ, PEI TX, GUO JY, et al., 2017. The rapeutic effects
of Danshen Dropping Pills on hepatic fibrosis in rats induced
by dimethylnitrosamine [ J]. Drug Clin, 32 (4). 572 -
578. [ FAhdh, FERAN, BRI, 25, 2017 PRI
B A 5 3 R U 2F AR AR AT AT (7], B,
PSR, 32(4) : 572-578.]

WANG WM, DUAN Q, 2014. Analysis of phenolic acids and
their antioxidant activity by capillary electrophoresis-mass
spectrometry with field-amplified sample injection [ J]. Trad
Chin Drug Res Clin Pharmcol, 25(3) : 338-342. [ E3CH,
BUR, 2014, BARGE HLUIORBTREIRE FH 7R Tk 4 I 2 L
EYSHGTAACTEETEY [J]. 2557 25 5l PR 24 1,
25(3) : 338-342.]

ZHANG XC, LUO DD, TAO AE, et al., 2017. Species diffe-
rentiation and quality assessment of Salvia miltiorrhiza and
Salvia trijuga by HPLC fingerprint [ J]. J Chin Med Mat, 40
(5): 1061 - 1065. [ 3K Wedli, % f+ 7%, b3 & &, 4,
2017. SEFHRSUEIE ML T2 07 2 KR P S i
PENIFSE (1], HH25HF, 40(5) ; 1061-1065.]

ZHANG Y, ZHU HL, SUN LR, 2017. Phenolic acids from the
roots of Salvia miltiorrhiza var. alba [J]. J Chin Med Mat,
40(4) : 854-857. [ ki, AIEAR, FhEER, 2017. FI4EST
SRR [1]. F25HF, 40(4) ; 854-857. ]

ZHAO QY, JIA LQ, WANG JY, et al., 2016. The effect of
Tanshinonell A on macrophages reverse cholesterol transport
related genes expression in ApoE—/—Mice [J]. Guid J Trad
Chin Med Pharm, 22(11) . 15-19. [T, B3R, £
R4, 55, 2016. FEBHEANA X} ApoE ~ (~/~) BB FERE
Ao/ BRUIEL s I s 2 6 I T I 4 R G 58 PR 2 32K 14 3 W)
[J]. PEEZ G, 22(11) : 15-19.]



