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ABSTRACT KEYWORDS
Tanreqing injection is a Chinese medical formula used to treatment of respiratory diseases. In our Qualitative; quantitative
study, we developed a feasible and accurate strategy applying an ultra-high-performance liquid analysis; Tanreqing
chromatography coupled with Q Exactive™ Plus-Orbitrap Fusion mass spectrometers (UPLC-Q-  injection; UPLC-Q-Orbitrap
Orbitrap Fusion MS/MS) to clarify and quantify the chemical profiling of Tanreqing injection rap- fusion MS/MS

idly. A total of 80 ingredients were identified by comparing the accurate mass, fragment ions, and

cleavage pathways, including flavonoids, phenyl propionic acid, coumarins, amino acids, choles-

terol, etc. And 18 characteristic components among them were definitely identified by comparison

with reference substance. Meanwhile, the 18 representative constituents were simultaneously

measured in eight batches Tanreqing injection utilizing UPLC-Q-Orbitrap Fusion MS/MS in negative

ion mode. Among the 18 components, beta-d-glucopyranosiduronic acid, baicalin, ursodeoxycholic

acid, and chenodeoxycholic acid were the predominant constituents. In principal components ana-

lysis results, five dominating components were extracted, and the variant contribution rates were

ranked as: 37.86, 22.86, 16.42, 9.80, 7.32%, with the accumulated value 94.26%. 5-caffeoylquinic

acid, isochlorogenic acid C, and baicalin possessed larger loads on the first factor. Our research

carried out qualitative and quantitative analysis on Tanreqing injection, provided a certain refer-

ence for the research on pharmacodynamic material basis and the selection of quality markers.
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Introduction
elements including individual differences, drugs, pharma-

At presently, Chinese medicine injection (CMI)!'™* has ceutical excipients, solvents, and syndrome differentiation
been increasingly used in clinical practice as a rapid-acting that may cause adverse reactions*™®! of CMI, and the big-
modern dosage form. However, the safety and effectiveness gest obstacle is the ambiguity in pharmacological basis of
of CMI are facing great challenges due to many potential CMI. The complex acted pathways and mechanisms of
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Chinese medicine formula (CMF) make it hard to interpret
the chemical composition of Chinese medicine which exert
its pharmacodynamic effect and it is difficult to explain the
mechanism and characteristics because the uncertainty of
chemical composition in CMF."~*! Therefore, the unknown
chemical profile and quantitative analysis of CMF are of
great significance for elucidating the clinical efficacy and
active mechanism of the drug, establishing quality control
strategies,'”) and solving the safety of CMIL.

Tanreqing injection (TRQI), a heating-clearing and treat-
ing inflammation CMI is comprised of Astragalus, Bear Bile
Powder, Goat Horn, Honeysuckle, and Forsythia. Clinically,
TRQI showed a significant effect on the treatment of acute
pneumonia and presented a good therapeutic effect on
upper respiratory tract infection and viral pneumonia./'*'?!
In addition, TRQI also adhere with unique effects!'>'* o
the treatment of childhood pneumonia, hepatitis, and chole-
cystitis. Nowadays, the instruments commonly applied for
the identification and determination of chemical constituents
of Chinese medicine include high-performance liquid chro-
matography (HPLC), ultra-high performance liquid phase
(UPLC), high performance liquid chromatography-mass
spectrometry (HPLC-MS).

Referring the previous literatures,>™® the sensitivity of
HPLC is generally poor and usually only respond to higher
levels of components, while the finer size particle size and
higher sensitivity of UPLC making the separation of compo-
nents more complete and faster. In additional, some charac-
teristic components with weak ultraviolet (UV) absorption
are easily ignored as the detection principle of HPLC and
UPLC are the ultraviolet absorption by components. In con-
trast, mass spectrometry detects compounds based on
molecular weight, independent of the UV absorption of the
component. In summary, the UPLC-MS overcome the short-
comings of HPLC and UPLC, such as: low sensitivity, nar-
row detection ranges, and long analysis time when conduct
quantitative identification and qualitative analysis of TRQI.
In previous studies, Liu et al.,/'®! developed a liquid chroma-
tography-diode array detector (DAD) coupled with electro-
spray ionization time-of-flight mass spectrometry (ESI-TOF/
MS) for the screening and identification of the multiple
components in Tanreqing injection and 12 components
were explicitly identified, Sun et al.,'*”) established a method
proposed high performance liquid chromatography coupled
with photodiode array detection and evaporative light scat-
tering detection (HPLC-DAD-ELSD) and identified 53 com-
pounds on a formula database of 515 known compounds
with the assistance of accurate mass measurement for
molecular ions and characteristic fragment ions. However,
UPLC-Orbitrap MS featured higher resolution, faster polar-
ity switching functions, wider detected mass range and more
chemical compositions than Q-TOF-MS. 1?12

In our research, UPLC-Q-Orbitrap Fusion MS/MS was
selected for characterizing the overall compositions of TRQI
and measured the contents of the characteristic components.
The components in TRQI entered the mass spectrometer
through an electrospray ionization interface. In qualitative
analysis, the structure of the substance was estimated based

n

on the accurate molecular mass and the cleavage pathway
measured by UPLC-Q-Orbitrap Fusion MS/MS, and com-
pared with m/z cloud library and other literatures. In total,
80 unknown constituents were identified including flavo-
noids, phenyl propionic acid, coumarins, amino acids, chol-
esterol, etc. and 18 major components among them were
explicitly identified by comparing with the retention
time and accurate mass with reference substance. Our inves-
tigation was the first time to characterize the panoramic
chemical composition of TRQI and determine the multi-
composition content in several batches of TRQIL.

Experiment
Materials and chemicals

TRQI samples were produced by Shanghai Kai Bao
Pharmaceutical Co. Ltd. (Shanghai, China). The reference
standards: beta-d-glucopyranosiduronic acid, chlorogenic
acid, 5-caffeoylquinic acid, 4-dicaffeoylquinic acid, forsytho-
side A, 3,4-dicaffeoylquinic acid, scutellarin, luteoloside, iso-
chlorogenic acid A, isochlorogenic acid C, baicalin,
baicalein, phillyrin, wogonin, taurochenodeoxycholic acid,
30,70,120-trihydroxy-5beta-cholanic  acid, ursodeoxycholic
acid, chenodeoxycholic acid and puerarin (internal standard,
IS) were purchased from the National Institute for Food and
Drug Control (Beijing, China). The purity of all the refer-
ence substances was higher than 98% determined by HPLC
analysis and their chemical structures were displayed in
Figure 1. HPLC grade of acetonitrile, methanol, and formic
acid were provided by Fisher Scientific (Fair Lawn, NJ,
USA). Formic acid was obtained from Fisher Scientific
((Fair Lawn, NJ07410, USA). And, the other solvents,
obtained from Fuyu Chemical Co., Ltd. (Tianjin, China)
were of analytical grade. Ultra-water was prepared using a
Milli-Q system (Millipore, Bedford, USA). Eight batches of
TRQI were purchased from Shanghai Kai Bao
Pharmaceutical Co. Ltd. (Shanghai, China) and their batch
numbers were 1809203, 1806211, 1806208, 1807209,
1805210, 1809206, 1807215, and 1812208, respectively.

Preparation of standard solutions and samples

The methanol solutions containing 0.3200mg mL ™' beta-d-
glucopyranosiduronic acid, 0.1900 mgmL~" chlorogenic acid,
0.2010mgmL~" 5-caffeoylquinic acid, 0.1370mgmL~" 4-
dicaffeoylquinic ~ acid, 0.2100mgmL~" forsythoside A,
0.1820mgmL~" 3 4-dicaffeoylquinic acid, 0.1395mgmL~"
scutellarin, 0.1705mgmL71 luteoloside, 0.2720mgmL71 iso-
chlorogenic acid A, 0.2520mgmL~" isochlorogenic acid C,
0.1355mgmL~"  baicalin,  0.4240mgmL~'  baicalein,
0.1950mgmL~"  phillyrin,  0.2350mgmL~'  wogonin,
0.1930 mgmL " taurochenodeoxycholic acid, 0.1880 mgmL ™"
30,701,120~ Trihydroxy-5beta-cholanic  acid, 0.2000mgmL ™"
ursodeoxycholic acid and 0.0876 mgmL~" chenodeoxycholic
acid were prepared and stored in refrigerator at 4°C. These
reference solutions were diluted with methanol to appropriate
concentration range for qualitative analysis and calibration



JOURNAL OF LIQUID CHROMATOGRAPHY & RELATED TECHNOLOGIES e 3

HO
HO 9y Of o HO =0 s L oW
HO o 0 OH OH
J HOL A~ HO Y OH 0 OH
O OH—@OH
HO OH :
HO
OH

3alpha,7alpha,12alpha-Trihydroxy

3,4-Dicaffeoylquinic acid _Sbeta-cholanic acid

4-Dicaffeoylquinic acid 5-caffeoylquinic acid

(0]
HO
OH"™ 6Ho OH
Baicalein Baicalin Beta-d-glucopyranosiduronic acid Chenodeoxycholic acid
HO
HO O OH
HO)-OH et /_QOH HO o
’ 00 OH HO OH
HO
Chlorogenic acid Forsythoside A Isochlorogenic acid A
|
fe) o
e o
"0
@A% e maH Lo
O 0
HO OH
2
HO e OH
OH OH

Luteoloside

o

Taurochenodeoxycholic acid

Isochlorogenic acid C

OHO
HO/\‘\/uj\‘
HO OH

OH

Scutellarin

Figure 1. The chemical structure of 18 components determined in quantitative an

curves were established in triplicate. The eight batches
of TRQI were diluted to appropriate concentration
with methanol.

In the preparation of sample TRQI, the sample TRQI
were diluted at the ratio of 1:100 (v:v) with methanol. The
mixture was vortexed, centrifuged at 6000 r/min for 10 min,
and then the supernatant was taken for analysis. All the sol-
utions and extraction obtained were filtered through
0.22pm pore size filters and were stored at -20°C
before analysis.

Chromatographic and mass spectrometric condition

Chromatographic separation was performed on an Ultimate
3000 UPLC system (Thermo Scientific, USA) equipped with

Phillyrin

o}
OH
OH
HO OH

Ursodeoxycholic acid

Wogonin

alysis.

an on-line degasser, a quaternary pump, an autosampler and
a column temperature compartment. The process was car-
ried out on an Accucore™ C,g column (2.1 mm x 100 mm,
1.9 um) (Waters Co. Ltd., USA). A heated electrospray ion-
ization (HESI) ion source was used for the ionization of tar-
get compounds. Data acquisition, peak integration, and
calibration were performed using Xcalibur®3.0 software and
data analysis were performed using Compound Discoverer
3.0 and Mass Frontier 7.0.

In qualitative analysis, the mobile phase for chromato-
graphic separation comprised of 0.1% (v:v) aqueous formic
acid in water (A) and methanol (B) and the gradient elution
were as follows: 0-5min, 10-45% B; 5-13 min, 45-65% B;
13-18 min, 65-82% B; 18-27 min, 82-97% B. The column
temperature was set at 30°C with a flow rate of
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Table 1. The relevant MS parameter of the 18 measured constituents.

Analyte [M=H]™ (m/z) Retention time (min)
Beta-d-glucopyranosiduronic acid 193.0342 1.28
Chlorogenic acid 353.0867 4.36
5-caffeoylquinic acid 353.0867 6.63
4-Dicaffeoylquinic acid 353.0867 7.32
Forsythoside A 623.197 12.32
3,4-Dicaffeoylquinic acid 515.1184 12.4
Scutellarin 461.0714 12.44
Luteoloside 447.0921 12.5
Isochlorogenic acid A 515.1184 13.79
Isochlorogenic acid C 515.1184 15.41
Baicalin 445.0765 15.15
Baicalein 269.0444 17.91
Phillyrin 533.2017 23.21
Wogonin 283.06 18.97
Taurochenodeoxycholic acid 498.2883 20.59
30,70,12a-Trihydroxy-5beta-cholanic acid 407.2792 21.68
Ursodeoxycholic acid 391.2842 21.03
Chenodeoxycholic acid 391.2842 22.77

0.3mL min~'. The injection volume was set as 5 L. The Q-
Orbitrap mass spectrometer was carried out in the full scan
mode and the quality range from 100 to 1000 m/z with the
resolution of 120,000. The optimized parameters of MS are
follows: spray voltage: +3.5KV or -2.5KV under positive
and negative mode; capillary temperature: 350 °C, auxiliary
gas heater temperature: 300°C; capillary voltage: 4KV,
sheath gas flow rate: 35 arbitrary units (a.u.); auxiliary gas
flow rate: 5 a.u.; sweep gas flow rate: 0 (a.u.). Nitrogen was
used as nebulizing and dry gas. In additional, the automatic
gain control (AGC) target was maintained at 4.0 e* and the
maximum injection time (IT) was 50 ms. In order to narrow
down the options, elements in use was set as C 0-40, H
0-70, O 0-20, Na 0-1 and mass tolerance defined as
<10 ppm in the molecular analysis.

The gradient elution performed in the quantitative ana-
lysis was as following condition: 0-7min, 10-39% B;
7-17 min, 39-52% B; 17-18min, 52-70% B; 18-25min,
70-90% B. The flow rate was 0.2mL min~'. The ESI source
was in negative ionization mode and spray voltage was set
as -3.5V. The relevant MS parameter of the 18 measured
constituents was shown in Table 1.

Results and discussion
Optimization of UPLC and MS condition

In the experiment, formic acid was added to the mobile
phase to improve peak shape and increase ionization effi-
ciency. And we compared three different concentrations of
formic acid water (0.05, 0.1, and 0.2%) and found that the
peak shape was improved significantly at higher concentra-
tions. However, considering that high concentration of for-
mic acid may cause the negative ion mode response to be
suppressed we determined 0.1% formic acid in water as
mobile phase solvent A. And the influence of flow rate
(0.2mL min~', 0.3mL min !, and 0.4 mL min ') on relative
abundance and resolution was investigated. The results
showed that 0.4mL min~' flow rate would lower sensitivity
due to discharge formed by solvent accumulated at ioniza-
tion area. So, flow rate of 0.2mL min~' was optimized for
quantitative analysis. In order to make the separation of the

components in TRQI more complete while a higher flow
rate of 0.3 mL min~' was set for qualitative identification to
reduce the running time. In term of MS condition, ESI
(electrospray ionization) provided better sensitivity than
APCI (atmospheric pressure chemical ionization). And
parameters such as gas flow, capillary voltage, cone voltage
were optimized to obtain the highest signal response of ion.
In addition, the negative ion detection mode showed better
sensitivity than the positive ion detection mode in quantita-
tive analysis.

Qualitative analysis of TRQI

A UHPLC-Q-Orbitrap Mass Spectrometer, an instrument
with high sensitivity and accuracy was employed to identify
the total composition contained in TRQI. The analysis pro-
cessions were as follows: firstly, the relative molecular mass
was estimated by using the Compound Discovered 3.0 soft-
ware; secondly, the fracture mode and related literature were
reviewed; finally, the chemical structure and the cleavage
pathway were further determined by Thermo Scientific™
Mass Frontier 7.0 software. The total ion chromatogram
(TIC) of TRQI were shown in Figure 2, including positive
mode and negative mode. In this study, chemical structures
of 80 unknown compounds were analyzed, including 9 fla-
vonoids, 14 phenylpropanoids, 20 amino acids and alkaloids,
4 bile acids and 33 other compounds. Eighteen of these
compounds were completely confirmed by comparing the
retention time and mass spectral data of the control and
unknown components. In addition, based on the chemical
components contained in the various herbs comprised of
TRQI, we assigned the ingredients to the 80 components. It
was speculated that flavonoids were mainly derived from
Scutellaria  baicalensis'>>>*" and  Fructus forsythia.*>*”)
However, since TRQI does not contain Scutellaria baicalen-
sis but only baicalin was added, baicalein and scutellarin
may be converted from baicalin during the preparation of
TRQI. Phenylpropanoids are a general summary of phenyl-
propionic acids, coumarins and lignans. Most of the phenyl-
propanoids in TRQI were derived from Honeysuckle,?*"!
such as chlorogenic acid and isochlorogenic acid C. Their
quantitative determination in TRQI (batches 1806211)
resulted in 246.10 and 373.66 ng/mL, respectively. Bear bile
powder®**" was the source of bile acids while Cornu gor-
ais"®>?! was the main source of amino acids and alkaloids.

Identification of unknown components in negative

ion mode

Thirty unknown components were identified in negative ion
mode and listed in Table 2. In the MS/MS experiment of
beta-d-glucopyranosiduronic acid (NO.1, tzg=0.94 min), the
major fragments at m/z 113.02412 indicated the loss of CO
group from the precursor ion [M-H]. The MS/MS spec-
trum of NO.3 (tg=3.14min) and NO.4 (tg=4.14 min) were
shown in the Figure 3. In MS/MS spectra, the base peaks of
chlorogenic acid and 5-caffeoylquinic acid  were
[M-H-CyHgO3]™ ion at m/z 191.05582 and 191.05568,
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Figure 2. The total ion chromatogram (TIC) of TRQI.

respectively, and the further splitting of H,O and CH,O
were discovered. Chlorogenic acid and 5-caffeoylquinic acid
were stereo-isomerized and showed same cleavage mode.
Chlorogenic acid (NO.3, tg = 3.14 min), 5-caffeoylquinic acid
and 4-dicaffeoylquinic acid (NO.5, tg =4.36 min) all have a
quinic acid (C;H;,0g¢) structure and are isomers for the
same relative molecular mass and pyrolysis ion C,0sHq™,
CoO3Hs, CgO,H; . According to the cleavage of NO.9
(tr =6.08 min), ions at m/z 353.08774, 179.03456, 173.04520,
161.02460, 135.04477 were discovered, resulting that NO.9
was identified as 3,4-dicaffeoylquinic acid and the retention
time and accurate molecular mass of reference proved our
speculation. Combined with the literatures,*>**) NO.12
which possessed the same skeleton with NO.9 were assigned
as isochlorogenic acid A (tfg=6.77min). In addition, iso-
chlorogenic acid C (NO.13, tg =7.01 min) were confirmed
by comparing with the retention time of reference substance.
NO.10 (tg=6.28 min) gave the [M+H-Glu]™ ion at m/z
287.05466 and Glu™ ion at m/z 175.02417 which suggest the
presence of the glycoside unit in the structure and NO.10
was tentatively assigned as Scutellarin by comparing with
reference substance. No.15 (tx 7.88min) gave [M-H]™
ion at m/z 269.04555 (C15HyO5") in the full scan mass spec-
trum with the characteristic fragment ions at m/z 241.05003

(C14HoO4") which was attributed to the loss of the CO unit
(28Da). By comparing with retention time and high-
resolution accurate mass of reference standards, NO.19
(tg=14.11min) was identified as wogonin. NO.19 and
NO.20 (tg=14.11min) gave the same m/z and the accurate
mass, thus NO.20 was speculated as wogonin isomer. Cholic
acid components often exhibit strong acidity due to the
presence of carboxyl groups. The cracking process often
loses a hydrogen ion and exhibits a quasi-ion peak as the
base peak. For example, taurochenodeoxycholic acid (NO.
21, tzg=14.99min), ursodeoxycholic acid (NO. 25,
trg=17.96 min) displayed [M-H] at m/z 498.28909 and m/z
391.28494, respectively. Of course, the elimination of the
neutral group HCOOH and H,0 (18 Da) were also cleavage
ways of the cholic acid components. 30,70, 120.-trihydroxy-
Sbeta-cholanic acid (NO. 22, tzg=15.14min) showed the
diagnostic loss of the H (1Da) with the ion at m/z
407.28030, and the further elimination of HCOOH unit at
m/z 36127414, while chenodeoxycholic acid (NO. 27,
tg=20.06 min) gave the characteristic ion
[M-H-H,O]" at m/z 373.27402.

Taking into account the sources of these 30 unknown
ingredients, the corresponding components in negative ion
mode are mostly derived from honeysuckle and bear bile

fragment
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Figure 3. The MS/MS spectrum of chlorogenlc acid and 5-caffeoylquinic acid.

powder. Quinic acid, chlorogenic acid, 5-caffeoylquinic acid,
4-dicaffeoylquinic acid, 3,4-dicaffeoylquinic acid, isochloro-
genic acid A, and their isomer were derived from honey-
suckle,®** 5o conjectured that the organic acid
components in honeysuckle were basic substances in TRQI
that played a pharmacodynamic role in treatment. After all,
a large number of studies have shown that organic acid
components in honeysuckle presented antioxidant effects
and enhanced the body’s immune function. As botanical
research discovered, taurochenodeoxycholic acid, 3a,70,
12a-trihydroxy-5beta-cholanic acid, ursodeoxycholic acid
and chenodeoxycholic acid were from bear bile pow-
der,’>?"! and quantitative analysis results in this study
showed that ursodeoxycholic acid and Chenodeoxycholic
acid were the principal components in TRQIL

Identification of unknown components in positive

ion mode

The detailed MS data of 50 unknown constituents detected
and deduced in positive mode were list in Table 3. From

previous studies, it was concluded that peptides, amino
acids, phospholipids, and other nitrogen-containing compo-
nents were the main components in goat horns. In this
study, 13 species of amino acids and 7 other nitrogen-
containing components were successfully identified. Amino
acids usually have a carboxyl group and an amino group on
the same carbon atom, and they tend to lose the neutral
molecules HCOOH (46 Da) and NH3 (17 Da) during cleav-
age.l*?! The formation of the base peak is often attributed to
the absence of HCOOH unit from the quasi-molecular ion
[M + H]*. For example, the base peak of leucine and isoleu-
cine were expressed as [M +H-HCOOH]". In the MS/MS2
spectra of NO. 8 (tg=0.97 min) and NO. 17 (tg=1.63 min),
fragment ions [M+H-HCOOH]" (CsH;,N") at m/z
86.09652 and 86.09654, [M +H-HCOOH-NH,]" (CsHy")
at m/z 69.07001 and 69.07002, were obtained, therefore NO.
8 was speculated as Leucine. Due to the similar molecular
structures and cracking laws, NO. 17 was further deduced as
leucine isomer: isoleucine. NO. 2 (zx=0.94 min) displayed
[M+H]" ion at m/z 106.06987(C3HgNO;"), and
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Figure 4. The MS/MS spectrum and the proposed fragmentation pathway of 4-guanidinobutyric acid.

fragment ions [M+H-H20]" at m/z 88.03944 and
[M + H-HCOOH] "at m/z 60.04453 were observed, therefore
NO. 2 was deduced as D-serine. In the MS/MS analysis of
NO. 1 (tx=0.92min), the[M+H-NH;]" ion at m/z
158.09326 was detected, which was cracked from bond
C;-NH, and the following splitting decomposition of CO
contributed the [M+ H-NH;-CO]" ion at m/z 130.09749.
Besides, [M 4+ H-CN;H;]" ion was found at m/z 116.07090
which showed that NO. 1 split on the other fragmentation
pathway. Therefore, NO. 1 was identified as rL-arginine. In
addition, many compounds have isomers due to structural
diversity, some of which can be distinguished by cracking
modes. NO. 10 (tz=1.00 min) provided [M + H-HCOOH]"
ion at m/z 70.06526 as base peak which was formed by the

neutral  elimination of HCOOH from [M+H]"
(CsHoNO, ") ion, and the MS/MS spectra of NO. 10 exhib-
ited product ions [M-+H-H,0]" (CsHgNO") and

[M+H-CO]" (CH;(NO") at m/z 98.06017 and m/z
88.07590 by the loss of H,O group and CO. Differently,
NO. 4 (tg=0.96 min) which had the same accurate relative

molecular masses and constitutional formula (CsHgNO,)
with components NO. 10, displayed ion C,HcO,",
C4HgNO™, and C;HsN™ at m/z 85.02845, m/z 84.04451, and
m/z 56.04961 caused by the elimination of neutral groups:
CH,=NH,, HCHO, and CH3;COOH, respectively. These
indicated that NO. 10 was deduced as proline and compo-
nent NO. 4 and component NO. 10 were mutual isomers,
but they were cleaved in different ways. Ultimately, NO. 4
was guessed to be the optical isomer of NO. 10. The pro-
posed fragmentation pathway of NO. 5 were shown in
Figure 4. The MS/MS spectra of NO. 5 (tg =0.96 min) dis-
played the precursor ion [M+H]" (CsH,N3;0,7) at m/z
146.09212 and  the  fragment ions at m/z
128.08180(CsH;oN;0 ™), 104.07070 (C,H;oNO,"), 86.06017
(C,HgNOH) corresponding to [M +H-H,0]t,
[M +H-CH,N,]*, and [M+H-CH,N,-H,0]*. In its MS/
MS spectra, the product ions [M+H-CHsN;]" at m/z
87.04412 and CH¢N; ™ at m/z 60.05573 were observed which
suggested the presence of -NHCH(NH,)=NH unit in the
structure. From the above information, NO. 5 was identified



10 S-X. FENG ET AL.

100 [M+H-C,H;NOJ* 136.07567  [M+H-HCOOH]*
B (C/Hg0,") OH Q (CgH1oNO™)
] m/z 123.04405 HO  m/z 136.07567
88—
] +
] [M+H-HCOOH-NH,]* HO HO
- (C8H70+) . T
r m/z 119.04916 _ 12344405 P
o + \0
63—
- 119.04916
50—
- 91.05428 154.04979 [M+H'N'j3]+
s (CoHgO5")
] HO m/z165.05426
N 0
25— VA OH
7] 95.04925 +
13+ 108.04444
- 6225756 73.94511 84.95976 ‘ 136.03933 | L6s-0pazs
oLl L [T L1 0 I O 1 [T b 1y | LT il
|IIII|IIII[IIIIIIIIIIIIIIIIIIIllIII|IIII|IIII|IIII|IIII|IIII
60 70 80 90 100 110 120 130 140 150 160 170 180
HO
HO
o}

OH
A\
? . NH,*
m/z165.05426w 22 +H] y m/z136.07567
0
42 OH A7

HO

\—OH
m/z123.04405

NH,

m/z182.08117

HO

+

m/z119.04916

Figure 5. The MS/MS spectrum and the proposed fragmentation pathway of tyrosine.

as 4-guanidinobutyric acid NO. 11 (tx=1.00min) gave
[M+H]" ions at m/z 120.08079, and obtained fragment ion
[M+H-H,0]" at m/z 102.05499, [M+H-HCOOH]" at
m/z 7406014 and [M+H-HCOOH-H,0]" at m/z
56.04962. NO. 11 was speculated as Homoserine. As for
(NO. 14, tg=1.02) adenosine which Ny linked to C; of D-
Ribose by glycosidic bonds, product ion [M + H-CsHgO,4]™"
at m/z 136.06168 that proved to be the cleavage of glycosidic
bonds were showed as base peak in the MS/MS spectra. NO.
16 (tg=1.39 min) and NO. 18 (tg=2.38 min) were defined as
Tyrosine and L-Phenylalanine, respectively. In the MS/MS
experiment of NO. 16 (Figure 5), the major fragments at
m/z 136.07567 (CsH;oNO™), 123.04405 (C,Ho0,") indicated
the loss of HCOOH and C,H;3;NO from the precursor ion,
and ion m/z 119.04916 (CsH,O™) produced by the loss of
NH; from the m/z 136.07567 ion. The other ions in low
abundance at m/z 165.05426 (CoHoO3") produced by the

loss of NH; from the precursor ion. r-Phenylalanine gave
base peak ion [M +H-HCOOH]™" at 120.08083.

Long-chain amides are prone to break carbon-carbon sin-
gle bonds, thereby eliminating long neutral olefin chains. In
MS/MS spectra of decanamide (NO. 33, #r=16.27 min),
product ion [M+H-C,Hg] * at m/z 116.10701,
[M +H-CsH,] " at m/z 102.09136, [M + H-C4Hy,] " at m/z
88.07577, and [M+H-C,H,,]T at m/z 74.06008 were dis-
covered. NO. 39 (tg=17.71 min) obtained the quasi-molecu-
lar ion [M+H]" at m/z 27225787 and fragment ion
[M +H-C,H,4]" at m/z 104.07057. And the heterocyclic
ion containing oxygen pentacyclic ring [M + H-C;,Hy] " at
m/z 102.05505 were yielded in its spectra. [M + H]™ at m/z
300.28928, [M—l—H—CMHzg]+ at m/z 104.07068 were
obtained in the MS/MS spectrum of (-)-D-erythro-sphingo-
sine (NO. 42, tz=19.58 min). NO. 46 (tz=22.53min) and
NO. 48 (tr=23.85min) exhibited similar fragmentation



pattern. NO. 46 displayed [M+H]" at m/z 256.26306,
[M+H-CjoH,] " at m/z 116.10703, [M+H-C; Hy,]" at
m/z 102.09137, [M+H-C,H,,]" at m/z 88.07579, while
NO. 48 gave [M +H]" at m/z 284.29416, [M + H-C; H,,] "
at m/z 130.12250, [M+H-C,H,y]" at m/z 116.10699,
[M +H-Cy3H,6] " at m/z 102.09135. NO. 46 and NO. 48
were assigned as hexadecanamide and stearamide, respect-
ively. NO. 47 (tg=22.85min) yielded the precursor
ion(CgH3NO™") [M+H]" at m/z 247.24107 and fragments
CgH (NO™ at m/z 142.12231, CgH150" at m/z 125.09606,
and C,H (Nt at m/z114.09140 indicating the elimination of
neutral group Terpene from the precursor ion and the fur-
ther splitting of NH; and CO group. Besides, the product
ion C,gHs;" at m/z 247.24107 was attributed to the loss of
NH,OH from the precursor ion. NO. 48 was surmised as
Oleamide, eventually.

According to previous publishes, flavonoids, terpenoids,
organic acids and their derivatives and other ingredients are
considered as the main chemical constituents of forsythia
and these components usually contain carbonyl groups.
Theoretically, compounds containing carbonyls are inclined
to break of a-C bonds. NO. 6 (tg=0.96 min) gave [M + H]"
ion (CgHoO,") at m/z 137.05971, and characteristic frag-
ment ions [M + H-H,0]" (CgH,0™) at m/z 119.04897 and
[M +H-HCOOH]" (C,H,") at m/z 91.05431 were observed
in its MS/MS* spectrum. In additional, the prototype
(CgHgO,) of NO. 6 at m/z136.05119 and neutral molecule
[M — C,H;50] at m/z 94.04127 indicated the structure of the
component was stable, not easy to crack and the group for-
myl existed, the unknown component was deduced as 2-ace-
tylphenol. NO. 31 (tzg=15.72 min) showed the [M +H]" ion
as base peak at m/z 209.15328 and product ions
[M+H-CO]" at m/z 181.15832, [M+H-C;Hq]" at m/z
167.10652, [M + H-C,Hg]" at m/z 153.09087, and CoH,,0™"
ion at m/z 135.08040 which was formed by the further
cracking of H,O loss from CoH;50™ ion at m/z 153.09087.
Combining the above information, NO. 31 were speculated
as (3R)-hydoxy-beta-ionone by comparing with the retention
time and high-resolution accurate mass. NO. 27
(tr=14.4min) assigned as Benzophenone displayed
[M+H-C4He] " at m/z 105.03356 with extremely high
abundance that provided us some basis to presume that
groups on both side of carbonyl are benzene rings.
Similarly, in the MS/MS spectrum of NO. 30 (tg=15.70 min)
and NO. 32 (tr=16.22 min), characteristic feature fragments
[M +H-C¢Hg]" at m/z 121.02844 and m/z 119.04926 were
observed, respectively. It demonstrated that NO. 27, NO. 30,
and NO. 32 may possess the same skeleton. Also, NO. 30
also obtained the product ion [M+H— CeHO]" at m/z
105.03340 and NO. 32 provided fragment ions
[M+H-C,Hg]" (C,HsO") at m/z 105.03350 and
[M +H-C,H,0]" at m/z 155.08568, speculating that the
chemical structure of NO. 30 and NO. 32 were one more
hydroxyl group and one more methyl group than that of
NO. 27. So, NO. 30 was inferred to be 4-
Hydroxybenzophenone, while NO. 32 was assumed to be 4-
Methylbenzophenone. Monoterpenoids often lose neutral
groups olefin when they are cracked. In the MS/MS analysis
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of NO. 13 (tg=1.01 min), the prototype of the molecular
CioH60 at m/z 152.07036, the precursor ion [M+H]" at
m/z 153.12745, and the product ions [M+H-CH4"
(CoH;30™) at m/z 135.08046, [M +H-C,H,] " (CsH;30™) at
m/z 125.09651 and [M+H-C;H¢]t (C,H;,0") at m/z
111.08058 were detected. And the major fragment ions
CsHoO" at m/z 97.06476 and CgH;;" at m/z 107.08521
indicated the further splitting of CH; and H,O group from
ion CgH;30" and CoH,;30", respectively. Combined with
the literatures, NO. 13 may be could identified as pulegone.
The MS/MS spectra of aldehydes with longer conjugated
chains usually show fragment ions causing by parent ion
loss neutral group: H,O, olefin, and paraffin. For example,
NO. 15 (tg=1.07min) speculated as 2,4-octadienal yielded
quasi-molecular ion [M+H]" (CgH;30"), fragment ions
[M+H-CH,]" (C,H,O™) at m/z 109.06490,
[M +H-H,0]" (CgH ;1) at m/z 107.08566, [M + H-C,Hg] "
(CeH,0™) at m/z 95.04921, [M +H-C;He]" (CsH,0™) at
m/z 83.04933, [M + H-C;Hg]™ (CsHsO™) at m/z 81.07001.
In the MS/MS spectrum of NO. 40 (tx=17.83min), the
product ions C;;H;50," at m/z 179.10649 and C,H,0," at
m/z 123.04409 attributed to the successively two C,Hy units
removement from ion [M+H]" (C;sH,;0,") were moni-
tored and proved the existence of two tert-butyl groups in
its chemical structure. Then, NO. 40 was inferred to be 3,5-
di-tert-butyl-4-hydroxybenzaldehyde.

In term of phenolic acids containing phenolic hydroxyl
groups and carboxyl groups, their MS/MS spectrums show
the elimination of neutral molecules such as H,O, HCOOH,
HCHO, and CO. NO. 25 was referred to be phenolic acid
derivative: diethyl phthalate. In the MS/MS experiment of
NO. 25, the ion [M+H-2CH,]t (CgH,0,") at m/z
167.03365 was observed as base peak ion, and the ion
[M+4+H-2C,H,—H,0]" at m/z 149.02316 was detected.
Those ions demonstrated the presence of two ethyl groups,
the breakdown of ester bonds, and the dehydration and con-
densation of two adjacent carboxyl groups on the benzene
ring. So, NO. 25 was tentatively identified as diethyl phthal-
ate. Since most flavonoids contain multiple hydroxyl groups,
[M+ H-H,0]" ions are always the characteristic ion of
most flavonoids. However, the pyrolysis manners of flavo-
noids are various due to quite disparity in their structural
formulas. For instance, NO. 23 (tg=7.82min) which
deduced as genistein (C;5H;0Os) gave [M+H]" as base
peak ion at m/z 271.05972 and fragment ion
[M+H-H,0l+ ions (C;sHsOs") at m/z 253.04889.
Similarity, NO. 26 (tg=13.75min) speculated as glycitein
also displayed [M + H]" (C,¢H,305") as base peak ion, and
showed ion [M+H-H,0]" (C;¢H;,047) at m/z 253.05019
and neutral molecular C;5HyO5 at m/z 270.05188. In the
MS/MS spectrum of NO. 35 (tg=16.59 min), the elimination
of CgHg from precursor ion contributed to the
[M +H-C¢Hg]" (CoH,O1) at m/z 131.04909. The other
product ions [M +H-HgO4] " (C,H:0™") and
[M+H-C,HsO]" (CgH,") resulted from two pattern of
fracturing the same bond. Combined with retention time,
accurate mass and literature, NO. 35 was ultimately deduced
as chalcone. NO. 37 (tg= 1691min) and NO. 50
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Figure 6. The full scan mass spectra of reference standards (A, B) and Tanreqing injection samples.

(t/=24.40min) possessed the similar fracture manner.
According to the ions: [M + H-C¢H,4,0,]" (CeH,50™) at m/z
101.09563 and [M+H-CgH;s0]" (CHoO,") at m/z
89.05974 observed in the MS/MS of spectrum of NO. 37 and
the ion: [M+H-C;sH;,0]" (C,H,,05") at m/z 143.07007,
[M+H-C¢H30]"  (CeHoO5") at  m/z  129.05453,
[M + H-C,¢H3,0-H,0]" (C4H,0,") at m/z 111.04407 and
[M +H-C;¢H3,0-CO]" (CsHoO,") at m/z 101.05969 the
NO. 50 (tg=24.40min) showed, NO. 37 and NO. 50 were
assigned as bis(2-butoxyethyl) ether and bis(2-ethylhexyl) adi-
pate, respectively.

Quantitative analysis of samples

Method validation

In order to verify the rationality of the optimized method,
we conducted methodology validation of selectivity, linearity,
limit of detection (LOD), limit of quantification (LOQ), pre-
cision, repeatability, recovery, and stability.

Selectivity. The full scan mass spectra of the above men-
tioned 18 components in TRQI under the optimal condition
that described in Section “Chromatographic and mass spec-
trometric condition ” were shown in Figure 6. According to
the full scan mass spectra, we conclude that no interference
was found between the peaks and peak shape was good.

Linearity, LOD, and LOQ. A mixed standard solution con-
taining 18 compound controls was prepared and then
diluted into 6 concentration gradient series to obtain cali-
bration curves. When calculating the linear regression

equation, the concentration value of the measured compo-
nents was set as the X-axis, and the peak area value of the
measured components was set as the Y-axis. The LOD and
LOQ under optimized chromatographic conditions were
determined at S/N =3 and 10, respectively. The regression
equation, correlation coefficient (r), linear range, LOD, and
LOQ of the 18 components that were quantitatively analyzed
are shown in Table S1 (Supplementary material). The results
demonstrated that all the 18 analytes showed a good linear
relationship with r values greater higher than 0.995, and the
LOD (0.045-0.763ng/mL) and LOQ (0.147-2.607 ng/mL)
values are within the range that satisfy the required
requirements.

Precision, stability, and repeatability. To evaluate the preci-
sion of the instrument, intra-day variability was tested with
the mixture standard solutions during a day, inter-day vari-
ability was measured during three consecutive days. At
room temperature, the stability of the sample solutions and
the standard control solutions for three consecutive days at
Oh, 12h, 24h, 36h, 48h, 60h, and 72h were analyzed. The
prepared 6 sets of TRQI sample solutions were analyzed in
parallel to examine the repeatability of the samples. Of
course, the 6 sets of TRQI sample solutions were prepared
from the same batch of TRQIL The precision, Stability and
Repeatability results of 18 compounds were expressed as
relative standard deviation (RSD) and shown in Table S2
(Supporting material). Regarding the precision results, the
RSD values of majority of compounds were below 3.00%,
which was a satisfactory result and the intra-day RSD values
of 4-Dicaffeoylquinic acid and 3,4-Dicaffeoylquinic acid are
3.15 and 4.01%, respectively, which are within the acceptable
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scope. As for stability, the RSD values of the 18 analytes
were all below 3.07%, indicating that all analytes in the sam-
ple solution and the reference standard solution were suffi-
ciently stable. Repeatability results of 18 compounds
depicted that RSD values were less than 3.00%.
Comprehensive analysis presented that the experimental
method adhered good precision, stability, and repeatability.

Recovery. Recovery was verified by adding different concen-
trations (high, medium, low, n=3) at 80%, 100%, and 120%
known amounts of stock standard into one samples of
known concentration, respectively. Each level was performed
in triplicate and the results were calculated by the following
formula: recovery (%) = (amount detected - original
amount)/amount spiked x 100. The recovery results of 18
components were displayed in Table S2 (Supporting mater-
ial), and the RSD was employed as a measured index. The
recovery of the 18 compounds were in the range of
97.25-102.42% with the RSD values were less than 2.27%,
which showed the recovery of samples were satisfied.

Quantitative results of TRQI

According to the principle of Theoretical Basis of
Traditional Chinese Medicine, the five herbs in TRQI served
as different roles, Scutellaria the root of eliminating heat
and eliminating toxin was monarch drug in TRQI, Goat
horn, and bear gallbladder powder which enhanced the
effect of Scutellaria were used as ministers’ medicine and
Honeysuckle was regarded as adjuvant. Therefore, baicalin,
the main component in bear bile powder, chlorogenic acid
and its derivatives in honeysuckle, forsythoside A and phil-
lyrin in Fructus forsythiae were detected as index compo-
nents. Amino acids in Cornu gorais are mostly endogenous
components, so amino acids were not elected as quantitative
indexes, On the contrary, scutellarin and baicalein the com-
monly derivative of baicalin were optimized as markers. The
18 components of TRQI in three batches were quantitatively
analyzed by utilizing UHPLC-Q-Orbitrap method. Analyze
each corresponding component according to the corre-
sponding calibration curve determining and determine the
quantitative results by three parallel experiments. Table 4
and Figure 7 presented the quantitative results of the 18 rep-
resentative components in the 8 batches of TRQI. The
results showed that the content of the 18 components was
quite different. Beta-d-glucopyranosiduronic acid, baicalin,
ursodeoxycholic acid, and chenodeoxycholic acid were the
predominant constituents, 4-dicaffeoylquinic acid, scutel-
larin, and isochlorogenic acid C presented moderate con-
tents levels. Baicalin showed highest amounts in 8 batches,
ursodeoxycholic acid followed by, both of wogonin and
taurochenodeoxycholic acid displayed the lowest amount. In
the same sample, the highest content of ingredients is almost
60,000 times higher than the lowest content of ingredients.
High and low constituents can be quantified in one analysis
proving the higher resolution and superior selectivity of the
validated method. Comparing the contents of each compo-
nent in different batches, it was found that the distinction
between the high-content components was not significant,
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Figure 7. Quantitative results of the 18 representative components in the 8
batches of TRQI.

while the greater disparity was between the low-content
components. For example, the amount of Wogonin in batch
18,06,211 was approximately 3.5 times higher than that in
batch 18,07,209. From another perspective, the major com-
ponents: baicalin, beta-d-glucopyranosiduronic acid, urso-
deoxycholic acid, and chenodeoxycholic acid were derived
from Scutellaria baicalensis, Honeysuckle and Bear gallblad-
ders powder, respectively. The results were consistent with
the theory of compatibility of Chinese medicine compound
prescription. Thus, combining the quantitative analysis
results with the compatibility principle of traditional
Chinese medicine, it was speculated that beta-d-glucopyra-
nosiduronic acid, chlorogenic acid, 4-dicaffeoylquinic acid,
scutellarin, isochlorogenic acid C, baicalin, ursodeoxycholic
acid, and chenodeoxycholic acid may be the primary effec-
tors, while 5-caffeoylquinic acid, 3,4-dicaffeoylquinic acid
and isochlorogenic acid A may be used primarily to enhance
the potency of major constituents. In addition, Principal
components analysis was performed according the quantita-
tive determinations in 8 batches of Tanreqing injection. As a
result, five principal components were extracted, and the
variance contribution rates of the five principal components
were ranked as: 37.86, 22.86, 16.42, 9.80, 7.32%, with the
accumulated value 94.26%. Considering the Figure 8 which
displayed the factor loading results of these 18 components
in factor 1, factor 2 and factor 3, variable 5-caffeoylquinic
acid, isochlorogenic acid C, and baicalin possessed larger
loads on the first factor, variable 3,4-dicaffeoylquinic acid
and isochlorogenic acid A harbored greater loads on the
second factor, and variable forsythoside A, wogonin and
ursodeoxycholic acid occupied the dominant loads on the
third factor. Therefore, it is speculated that 5-caffeoylquinic
acid, isochlorogenic acid C, isochlorogenic acid A, 3,4-dicaf-
feoylquinic acid, baicalin, forsythoside A, wogonin and urso-
deoxycholic acid may be the main reason for the quality
difference between different batches. This study provides a

No.1 (Beta-d-glucopyranosiduronic acid)
No.2 (Chlorogenic acid )
No.3 (5-Caffeoylquinic acid)
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No.4 (4-Dicaffeoylquinic acid)
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No.7 (Scutellarin)

No.8 (Luteoloside)

No.9 (Isochlorogenic acid A)
No.10 (Isochlorogenic acid C)
NO.11 (Baicalin)

NO.12 (Baicalein)
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NO.14 (Wogonin)

NO.15 (Taurochenodeoxycholic acid)
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Sbeta-cholanic acid )

NO.17 (Ursodeoxycholic acid)
NO.18 (Chenodeoxycholic acid)

Figure 8. The factor loads of the 18 components in Factor 1, Factor 2, and Factor 3.



certain experimental reference for the selection of quality
markers for Tanreqing Injection.

Conclusion

In this paper, the chemical constituents of TRQI was quali-
tatively identified with the utilization of UPLC-Q-Orbitrap
mass spectrometry and the contents of 18 characteristic
components in three batches TRQI were measured.
According to the accurate mass of the constituents and the
cleavage pathway, 80 unknown components such as flavo-
noids, amino acids, coumarins, and cholic acids were
deduced, and 18 of them were confirmed unambiguously by
the comparison with corresponding reference. On the basis
of qualitative research, the contents of 18 representative
components was determined in 8 batches of TRQI samples.
In the study, the experimental method showed high sensitiv-
ity, strong specificity, good stability, and reasonable recovery
rate, which proved the applicability of the method.
Therefore, UHPLC-Q-Orbitrap mass spectrometry method
shown sensitivity, accuracy, and time-saving advantages in
the basic researches on compounded Chinese medicinal pre-
scription, and can be applied for simultaneously quantitative
detection of multiple components. This study not only
enriched the research on the chemical constituents in
Tanreqing injection, provided a theoretical basis for pharma-
codynamics basic research about traditional Chinese medi-
cine compound, but also provided a certain experimental
reference for the selection of quality markers of Tanreging
injection, which was far-reaching significance for the quality
control of traditional Chinese medicine compounds.
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