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Sanhua decoction, a famous Chinese herbal formula has been widely used for the treatment of stroke. In
our study, a rapid, swift and straightforward analytical method with the help of UHPLC-FT-ICR-MS/MS
was successfully developed for the first time to separate and identify the chemical constituents of

Sanhua decoction. Chromatography was performed on a Universal XB Cyg column (150 mm x 2.1 mm,

1.8 um) using a mobile phase containing 0.1% formic acid—water (A) and acetonitrile (B). A total of 137
compounds in Sanhua decoction were identified or tentatively characterized. The findings revealed the

fact that Sanhua decoction mainly contains flavonoids (in Aurantii fructus immaturus and Rheum

palmatum L.), anthraquinones (in Rheum palmatum L.), coumarins (in Notopterygii Rhizoma Et Radix),

Received 21st March 2020
Accepted 23rd May 2020

phenylpropanoid glycosides, alkaloids and lignans (in Magnoliae Officmalis Cortex), which made up the

key ingredients existing in Sanhua decoction. This study is hoped to be meaningful for the

DOI: 10.1039/d0ra02264k characterization of components

rsc.li/rsc-advances

1. Introduction

Traditional Chinese medicines (TCMs) play an important role
in Chinese medicine due to their wide application and efficacy,
particularly in the management of chronic diseases.® TCMs are
composed of complex chemical constituents for multi-target
treatment, and produce synergistic effects and reduce side
effects. Although there has been a lot of research on TCMs, the
active ingredients of most traditional Chinese medicine
prescriptions remain unknown. Therefore, developing a fast
and efficient analysis method to separate and identify complex
constituents in TCMs is necessary for illustrating the pharma-
cological material basis of TCMs.

Sanhua decoction (SHD), a famous Chinese herbal formula,
is recorded in the classic traditional Chinese medicine (TCM)
book Suwen Bingji Qiyi Baomingji (Plain Questions: Discourse
on Mechanism for Preserving Life). It consists of four crude
herbs: Zhishi (Aurantii fructus immaturus), Dahuang (Rheum
palmatum L.), Houpu (Magnoliae Officmalis Cortex) and Qian-
ghuo (Notopterygii Rhizoma Et Radix). SHD is used widely for the
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in other traditional Chinese medicines, and lay the foundation for

research on the pharmacology of Sanhua decoction.

treatment of stroke. It can improve ischemic cerebral edema
and brain blood barrier (BBB) permeability.” It has been docu-
mented that Zhishi has neuroprotective, antioxidant, anti
inflammatory and anti-apoptotic effects.®* Dahuang can protect
neurons from hypoxic-ischemic brain damage.* Houpu can
protect neural damage from cerebral ischemia and reperfusion
by suppressing cerebral inflammation and improving BBB
function.®* Qianghuo has a function of anti-thrombosis,
increasing cerebral blood flow and improving cerebral blood
circulation.® However, the chemical material basis of SHD has
not been studied in detail until now.

As the complexity of traditional Chinese medicine, it is very
important to establish a sensitive and reliable detection
method. Chromatography-mass spectrometry (LC-MS) is widely
used for its high sensitivity and specificity. Ultra high perfor-
mance liquid chromatography (UHPLC) coupled with Fourier
transform ion cyclotron resonance mass spectrometry (FT-ICR-
MS) as the most powerful instrument with high resolution,
accuracy and sensitivity play a role in analyzing different kinds
of complex samples.”® It provides an unambiguous elemental
composition and information about the isotopic abundance of
ions to help determine the compositions and structures of
chemical constituents. By usage of this technology, Li et al.
characterized 179 constituents in Rhodiola crenulata as well as
37 prototypes and 142 metabolites in rats.'* Guan et al. char-
acterized 120 constituents in Sijunzi decoction and Liu et al.
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characterized 174 constituents in Gegenqinlian decoction as
well as 107 prototypes and 67 metabolites in rats.”® The results
show that this method is useful in detecting and indenting
chemical constituents and metabolites by information about
accurate molecular weight and MS?.

In this study, a rapid and simple approach by UHPLC-FT-
ICR-MS was established for the systematical characterization
of the constituents of SHD. This constituent characterization
and structural elucidation provided significant information for
a pharmacological study of SHD.

2. Material and methods
2.1 Chemicals and materials

The purchase of key ingredients including, Aurantii fructus
immaturus (batch number: 170 901; source: Sichuan China),
Rheum palmatum L. (batch number: 20 181 101; source: Gansu
China), Magnoliae Officmalis Cortex (batch number: 181 001;
source: Sichuan China) and Notopterygii Rhizoma Et Radix
(batch number: 13 112 501; source: Sichuan China) was made
from Guoda pharmacy (Shenyang, China), which followed
identification by Professor Jingming Jia (Department of TCM,
Shenyang Pharmaceutical University, Shenyang, China). The
key source of the reference compounds (purity > 98%),
including sennoside B, nodakenin, narirutin, sennoside A,
neohesperidin, naringenin, hesperetin, nobiletin was Shanghai
Yuanye Bio-Technology Co., Ltd. (Shanghai, China); naringin,
hesperidin and honokiol was attained from the National Insti-
tute for the Control of Pharmaceutical and Biological Products
(Beijing, China). In addition, acetonitrile of HPLC grade,
together with formic acid of LC-MS grade was attained from
Fisher Scientific (Fair Lawn, NJ, USA), followed by attaining the
purified water from Wahaha (Hangzhou, China).

2.2 Preparation of SHD for analysis

Following the documentary records of SHD, four constituting
herbs that included Aurantii fructus immaturus (40 ), Rheum
palmatum L. (40 g), Magnoliae Officmalis Cortex (40 g) and
Notopterygii Rhizoma Et Radix (40 g) were soaked in water for
60 min, then decocted two times in 80 mL water for a period of
1 h each time in a glass flask and the ensuing solution was
mixed and dried with the help of lyophilization. Prior to the
analysis, dissolution the 0.5 g of dried powder was dissoluted by
5 mL methanol-aqueous (1 : 1) solution, soaking for 15 min
with 80 °C water.

2.3 Instrument and analytical conditions

The sample was analyzed by the UHPLC-DAD-FT-ICR-MS system
contains an Agilent 1260 UHPLC system combined with
a Bruker Solarix7.0T FT-ICR-MS system (Germany) and Bruker
Compass-Hystar workstation (Bruker, Germany). Chromatog-
raphy was carried out on a Universal XB C;5 column (150 mm X
2.1 mm, 1.8 pum; Kromat, USA) at the temperature of 35 °C. The
mobile phase contained 0.1% formic acid-water (A) and
acetonitrile (B). The gradient conditions were as follows: 8-12%
(B)in 0 to 10 min, 12-13% (B) in 10 to 12 min, 13-18% (B) in 13
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to 18 min, 18-24% (B) in 17 to 28 min, 24-30% (B) in 28 to
31 min, 30-36% (B) in 31 to 35 min, 36-55% (B) in 35 to 37 min,
55-90% (B) in 37 to 47 min, which was delivered at a flow rate of
0.2 mL min~ ' and injection volume was 2 pL.

The mass spectra were performed with positive as well as
negative electrospray ionization (ESI) modes, followed by
setting the optimized conditions are as follows: capillary
voltage, 4.5 kV; plate offset, 500 v; nebulizer gas pressure, 4.0
bar; dry gas flow rate, 8 L min~'; dry gas temperature, 200 °C;
ion accumulation time, 0.15 s, and flight time, 0.6 ms. Full scan
mass spectrometry data were recorded between m/z 100 and
1200 amu and the collision energy was ranged from 10 eV to
30 eV for MS/MS experiments.

3. Results and discussion

The Fig. 1 reveals the base peak ion chromatograms (BPC) of
SHD in positive as well as negative ion modes, together with the
respective compounds. The extract ion chromatograms (EIC) of
each molecule weight were correspondingly attained for
detecting the associated compound followed by presenting in
support information Fig. S1.f Comparing with reference
compounds, eleven peaks from SHD were accurately identified
by the retention times and MS fragments in positive ion mode.
The peak of 1, 2, 3, 4, 5, 6, 7, 8,9, 10, 11 in Fig. 1C were sen-
noside B, nodakenin, narirutin, naringin, sennoside A,
hesperidin, neohesperidin, naringenin, hesperetin, honokiol,
nobiletin, respectively. The others were predicted by Bruker
workstation, whether or not the mass error values between the
identified molecular weights with the measured molecular
weights were below 3.0 ppm. If yes, it can infer the chemical
structure of each component by the retention time and MS/MS
data with published literature.*>* In the end, a total of 137
compounds were identified and characterized, whereas their
layouts were presented in support information Fig. S2.t

The MS/MS spectra of representative compounds are shown
in Fig. 2, and displaying deduced fragmentation pathways are
shown in Fig. 3. Except that, the formula, retention time, MS
data, calculated m/z, error, ion mode and MS/MS data of other
detected components were listed in Table 1.

3.1 Characterization of flavonoids in SHD

Flavonoids have a typical cyclohexene structure in the C ring,
which is unstable and easy to break it for Diels-Alder reaction
(RDA), and get the characteristic fragment ions 1,3A and 1,3B.
Flavonoid glycosides have methoxy group, firstly losing the
glycosyl groups, followed by losing the methyl groups, at last
cleavage of the C ring. The mass spectral fragmentation of
flavonoids by hesperidin as an example was described. In
positive ion mode, adduct ion at m/z 611.19650 (M + H]')
indicating an elemental composition of C,sH34015. The MS/MS
spectrum (Fig. 3A) is presented that the main fragment ions are
m/z 449.14312, 303.08581, 288.09732, 153.02175 as well as
136.04821. Among them, m/z 449.14312 and 303.08581 are
inferred by cleaving of the glycosidic linkage and losing
CeH1005 (162 Da) or C1,H,,0, (308 Da) from the ion of [M — H]",

This journal is © The Royal Society of Chemistry 2020
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Fig.1 The base peakion chromatograms (BPC) of SHT in both positive (A) and negative (B) ion modes and the corresponding compounds (C). (1)
Sennoside B, (2) nodakenin, (3) narirutin, (4) naringin, (5) sennoside A, (6) hesperidin, (7) neohesperidin, (8) naringenin, (9) hesperetin, (10)
honokiol, (11) nobiletin.
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Fig. 2 The MS/MS spectra of the typical compounds. (A) Hesperidin, (B) nomilin, (C) emodin-O-malonyl-glucose, (D) galloyl-glucoside, (E)
epicatechin, (F) honokiol, (G) magnolol, (H) acteoside, (I) magnocurarine, (J) bergaptol.
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Fig. 3 The possible fragmentation pathways of the typical compounds. (A) Hesperidin, (B) nomilin, (C) emodin-O-malonyl-glucose, (D) galloyl-
glucoside, (E) epicatechin, (F) honokiol, (G) magnolol, (H) acteoside, (I) magnocurarine, (J) bergaptol.

m/z 288.09732 is the result of losing CH; (15 Da) from m/z
303.08581, and m/z 153.02175 and m/z 136.04821 was due to the
Diels—-Alder reaction from m/z 288.09732. The characterization
of other flavonoids in SHD was performed based on the frag-
mentation patterns and related literatures.***

3.2 Characterization of triterpenoids in SHD

Triterpenoids are prone to lose H,O (18 Da), CO (28 Da) and CO,
(44 Da), due to the presence of lactone rings. Nomilin was
selected to illustrate the fragmentation pathways. In positive
ion mode, adduct ion at m/z 515.22753 (M + H]") indicating an
elemental composition of C,gH34,09. The MS/MS spectrum
(Fig. 3B) is presented that the main fragment ions are m/z
469.21806, 455.20675, 411.21462, 161.05854. Among them, m/z
469.21806 is inferred by losing CO and H,O (46 Da) from [M +
H]', m/z 455.20675 is presumed by losing C,H,0, (60 Da) from
[M + H]', m/z 411.21462 is the result of losing CO, (44 Da) from
m/z 455.20675, and m/z 161.05854 is estimated by losing
C15H,605 (354 Da) from [M + H]'. The characterization of other

26112 | RSC Adv, 2020, 10, 26109-26119

triterpenoids in SHD was performed based on the fragmenta-
tion patterns and related literatures.*>*®

3.3 Characterization of anthraquinones in SHD

The common characteristic of MS? in anthraquinones is the
continuous loss of CO (28 Da). Anthraquinone glycosides
can lose glycosyl and CO, continually. Aglycones can be
judged by [aglycone — H] . Anthraquinone glycosides can
lose methyl-glucuronide (190 Da), cinnamoyl (148 Da),
malonyl (86 Da), acetyl-glucose (204 Da), and glucose (162
Da). Emodin-O-malonylglucose was selected to illustrate the
fragmentation pathways. In negative ion mode, adduct ion
at m/z 517.09935 ([M H]) indicating an elemental
composition of C,;H,,0;3. The mass spectrum (Fig. 3C)
shows that the main fragment ions are m/z 473.10884,
431.09157, 269.04531 and 241.05131. Among them, m/z
473.10884 is presumed by losing of CO, (44 Da) from [M —
H]™, m/z 431.09157 is inferred by losing of the C;H,0; (86
Da) from [M — H], and m/z 269.04531 is speculated by

This journal is © The Royal Society of Chemistry 2020
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cleaving of the glycosidic linkage and losing C¢H;005 (162
Da) from m/z 431.09157, m/z 241.05131 is the result of losing
CO (28 Da) at m/z 269.04531. The characterization of
anthraquinone compounds in SHD is inferred from this
cleavage rule and related literatures.>***

3.4 Characterization of glucosides in SHD

Glucosides are formed by the esterification of acid with glucose.
According to the type of acid, it can be divided into cinnamoyl-
glucose, dihydrocinnamoyl-glucose, p-cinnamoyl-glucose,
dihydro-p-cinnamoyl glucose, galloyl-glucose, and resveratrol-
galloyl-glucose in rhubarb. They are vulnerable to loss of
neutral fragments 148 Da, 150 Da, 164 Da, 166 Da, 170 Da, and
228 Da, respectively. Galloyl-glucose was selected to illustrate
the fragmentation pathways. In negative ion mode, adduct ion
at m/z 331.06759 ((M — H] ) indicating an elemental composi-
tion of C;3H;6010. The mass spectrum (Fig. 3D) shows that the
main fragment ions are m/z 313.05289, 271.04772, 211.02436,
169.01338, and 125.00325. Among them, m/z 313.05289 is
presumed by losing H,O (18 Da) from [M — H]~, m/z 271.04772
is inferred by losing C,H,0, (60 Da) from [M — H]|, m/z
211.02436 is the result of losing C,HgO, (120 Da) from [M —
H]~, m/z 169.01338 is speculated by cleaving of the glycosidic
linkage and losing glucose C¢H1005 (162 Da) from [M — H],
and m/z 125.00325 is deduced by losing CO, (44 Da) from m/z
169.01338. The characterization of glucosides in SHD is
concluded by referring to the cleavage rule and related
literature.*

3.5 Characterization of epicatechin in SHD

Epicatechin was selected to illustrate the fragmentation path-
ways for catechins. The adduct ion at 289.07213 (M — H])
indicating an elemental composition of C,5H;,04, and the MS/
MS spectrum (Fig. 3E) is presented that the main fragment ions
are mj/z 245.08235, 203.07153. Among them, m/z 245.08235 is
presumed by losing CO, (44 Da) from [M — H]| ", and m/z
203.07153 is inferred by losing of C,H,O (42 Da) from m/z
245.08235. The characterization of catechins in SHD is
concluded by referring to the cleavage rule and related
literatures.**>

3.6 Characterization of lignans in SHD

Most of the lignans have the presence of allyl and hydroxyl
groups, which relative positions are different, their cleavage
methods will be different. Honokiol and magnolol were
selected to illustrate the fragmentation pathways. Magnolol
showed m/z 265.12394 ([M — H] ) in the negative ion mode,
which indicated the elemental composition of C;3H;50,. The
mass spectrum (Fig. 3F) shows that the main fragment ions are
mfz 247.10096, 245.09517, 223.07491. Among them, m/z
247.10096 is presumed by losing H,O (18 Da) from [M — H] ",
m/z 245.09517 is inferred by losing H, (2 Da) from m/z
247.10096, and m/z 223.07491 is obtained by losing C;Hg (42
Da) from [M — H] . Honokiol showed m/z 265.12413 ([M —
H] ) in the negative ion mode, which indicated the elemental
composition of C;3H;30,. The mass spectrum (Fig. 3G) shows
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that the main fragment ions are m/z 224.08126, 223.07514,
197.05923. Among them, m/z 224.08126 is presumed by losing
C;H; (41 Da) from [M — H] ™, m/z 223.07514 is inferred by
losing C3Hg (42 Da) from [M — H] ™, and m/z 197.05923 is ob-
tained by losing of C,H, (26 Da) by m/z 223.07514. The char-
acterization of lignans in SHD is concluded by referring to the
cleavage rule and related literatures.****

3.7 Characterization of phenylpropanoid glycosides in SHD

The phenylpropanoid glycosides are composed of glucose and
phenethyl alcohol, which mainly based on the loss of coffee
groups (162 Da). Verbascoside is chosen as an example to
explain the cleavage pathway. It showed m/z 623.19814 ([M —
H]7) in the negative ion, which indicated an elemental
composition of CygH3¢015. The mass spectrum (Fig. 3H) shows
that its main fragment ion is m/z 461.16314, 161.02265. Among
them, m/z 461.16314 is presumed by losing CoHgO;3 (162 Da)
from [M — H], and m/z 161.02265 is inferred by losing
Cy0H3001, (462 Da) from [M — H] . The characterization of
phenylpropanoid glycosides in SHD is concluded by referring to
the cleavage rule and related literatures.>»**

3.8 Characterization of alkaloids in SHD

The main rupture method of alkaloids is the loss of N. (R)-
Oblongine is chosen as an example to explain the cleavage
pathway. It showed an m/z 314.17473 (M + H]") in the positive
ion mode, which indicated the elemental composition of
C10H,4NO;". The mass spectrum (Fig. 3I) shows that the main
fragment ions are m/z 269.11625, 237.09024, 175.07485,
107.04861. Among them, m/z 269.11625 is presumed by losing
C,H¢NH (45 Da) from [M + H]", m/z 237.09024 is inferred by
losing CH,O (32 Da) at m/z 269.11625, m/z 175.07485 is obtained
by losing CcHgO (94 Da) from m/z 269.11625, and m/z 107.04861
is speculated by losing C;,H;5sNO, (207 Da) from [M + H]'. The
characterization of alkaloids in SHD is concluded by referring to
the cleavage rule and related literature.”

3.9 Characterization of coumarins in SHD

The main cleavage mode of coumarins is loss of CO and CO,,
while coumarin glycosides lose glucose firstly, and then break
by the above-mentioned cleavage law. Bergaptol is chosen as an
example to explain the cleavage pathway. It showed an m/z
201.01957 ([M — H]") in the negative ion mode, which indicated
an elemental composition of C;;HgO,. The mass spectrum
(Fig. 3]) shows that the main fragment ions are m/z 185.02456,
157.17256, 129.10451, 101.96320. Among them, m/z 185.02456
is presumed by losing OH (17 Da) from [M — H| ™, m/z 157.17256
is presumed by losing CO (28 Da) from m/z 185.02456, m/z
129.10451 is inferred by losing CO (28 Da) from m/z 157.17256,
and m/z 101.96320 is obtained by losing CO (28 Da) from m/z
129.10451. The characterization of coumarins in SHD is
concluded by referring to the cleavage rule and related
literatures.”*®
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4. Conclusions

In our study, a rapid, swift and straightforward analytical
method with the help of UHPLC-FT-ICR-MS/MS was success-
fully developed for the first time to separate and identify the
chemical constituents of SHD. A total of 137 compounds in SHD
were identified or tentatively characterized, and 11 compounds
were accurately identified by reference. The research indicated
that SHD mainly contains 42 flavonoids (in Aurantii fructus
immaturus and Rheum palmatum L.), 3 triterpenoids (in Aurantii
fructus immaturus), 23 anthraquinones (in Rheum palmatum L.),
14 glucosides, 5 catechins and 2 anthranone (in Rheum
palmatum L.), 11 phenylpropanoid glycosides, 5 alkaloids and 11
lignans (in Magnoliae Officmalis Cortex), 16 coumarins (in
Notopterygii Rhizoma Et Radix and in Aurantii fructus immatur-
us),which has laid the foundation for prospective research asso-
ciated with SHD. And it is hoped to be useful to identify and
characterize the components in other TCMs. And it provided
a basis for finding the prototype components and metabolites in
the serum of containing SHD.

In this study, the structure of the compound, except for the
comparison of the reference, was obtained through the
combination of retention time, accurate primary and secondary
mass spectrometry information, cracking rules of the same
compound and literature comparison. The identification of
compound structure by this method is limited to known
compounds, because this method only mass spectrometry for
identification.

Abbreviations

TCMs Traditional Chinese medicines

SHD Sanhua decoction

Zhishi Aurantii fructus immaturus

Dahuang Rheum palmatum L

Houpu Magnoliae Officmalis Cortex

Qianghuo Notopterygii Rhizoma Et Radix

BBB Brain blood barrier

UHPLC-FT-ICR- Ultra high performance liquid

MS/MS chromatography coupled with Fourier
transform ion cyclotron resonance mass
spectrometry

BPC Base peak ion chromatograms

EIC Extract ion chromatograms

RDA Diels-Alder reaction
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