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Abstract

Background and Objective: Biyuan Tonggiao granule is the Chinese patent medicine commonly used in the treatment of acute and
chronic rhinitis and sinusitis. It is composed of 14 Chinese medicinal herbs. In this study, serum pharmacochemical methods were
employed to analyze the prototype blood components of Biyuan Tonggiao granule after oral administration in rats, aiming to provide
potential quality markers for the quality control of Biyuan Tonggiao granule. Materials and Methods: The UPLC-QTOF-MS technique was
used in combination with PCDL database to analyze and investigate the difference in the chromatograms between blank plasma and
administered plasma under the same detection conditions. According to mass spectrometry data including retention time, precise
molecular mass and secondary fragment ion, the prototype components in the blood of rats were analyzed and identified after
administration of Biyuan Tonggiao granule. Results: Totally 25 prototype monomers were detected, which included 11 flavonoids (like
narirutinand ononin), 4 organic acids (such as protocatechuic acid and chlorogenicacid), 4 terpenoids (like glycyrrhizicacid and oleanolic
acid), 2 quinones (cryptotanshinone and tanshinone llA), 2 coumarins (scopoletin and isoimperatorin), ephedrine and 2 pseudoephedrine
alkaloids. The 25 prototype components in the blood of rats after oral administration of Biyuan Tonggiao granule are derived from 13 out
of 14 medicinal herbs in the compound, which can comprehensively control the quality of the compound. Conclusion: Results in this
study lay an experimental foundation for the development of quality control methods for the compound.
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INTRODUCTION

Biyuan Tonggiao granule is derived from the ancient
Chinese classical formula, which is developed on the basis of
“Cangerzi San” in Song Dynasty'. It consists of 14 medicinal
herbs, including Magnolia, Xanthium sibiricum, Ephedra, Mint,
Scutellaria baicalensis, Forsythia suspensa, Chrysanthemum
indicum, Tianfen, Dihuang, Danshen, Poria cocos, Angelica
dahurica, Gao ben and Licorice. It possesses the effects of
“dispersing wind and clearing heat, promoting the circulation
of the lungs and opening the orifices”. In China, it has been
extensively applied in the treatment of acute and chronic
rhinitis, allergic rhinitis, sinusitis and other external evils
attacking the lungs?. Itisacommonly used traditional Chinese
patent medicine and a simple preparation in clinical
otorhinolaryngology.

At present, symptomatic drug application methods are
frequently used in the clinical treatment of acute and chronic
rhinitis, allergic rhinitis, sinusitis and other diseases. For
example, antiviral drugs, antibiotics and antiallergic drugs are
often used in the treatment of acute rhinitis. Glucocorticoids,
antihistamines and leukotrienes are the conventional
medications for allergic rhinitis. Moreover, the drugs
commonly used for the treatment of chronic rhinitis and
sinusitis include vasoconstrictors, corticosteroids and anti-
inflammatory drugs®. The above-mentioned western medicine
can improve the symptoms of acute and chronic rhinitis,
sinusitis and other diseases, however, there are clinical
problems such as disease recurrence, easy relapse after drug
withdrawal, certain toxic and side effects of the drug and can
not be taken for a long time*. Traditional Chinese medicine
formulas®, especially Biyuan Tonggiao granule, display their
own unique advantages and clinical efficacy in the treatment
of acute and chronic rhinitis, sinusitis and other diseases.
Clinical data have shown that the use of Biyuan Tonggiao
granule alone orin combination is more effective and safer for
chronic sinusitis than conventional Western medicine
treatment, traditional Chinese medicine preparations, or
surgical treatment alone®.

At present, studies regarding Biyuan Tonggiao granule
mainly focus on its clinical evaluation and mechanism of
action'?. While research on the quality control of its
compound only stays in determining the index components
of ephedrine hydrochloride, forsythia and baicalin in the
Chinese Pharmacopoeia. However, since the compound is
composed of 14 traditional Chinese medicinal herbs, some
of which are toxic and some are prone to confusion, the
efficacy of this compound cannot be controlled with only
3ingredients as the index, therefore, quality control methods
are urgently needed.
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Consequently, in response to the above issues, the
research group conducted a preliminary analysis on the
chemical composition of Biyuan Tonggiao granule and
identified a total of 103 compounds, including 29 flavonoids,
19 terpenoids, 12 lignans, 11 coumarins, 9 quinones and 23
other compounds. Therefore, UPLC-Q-TOF-MS/MS technology
was applied in combination with plasma drug chemistry
methods to analyze the blood entering components of Biyuan
Tonggiao granule according to the mass spectrometry
fragmentation patterns of chemical components, database
queries and relevant literature reviews. By combining the
results of /n vitro chemical analysis, this study aimed to lay a
scientific foundation for revealing the pharmacological
substances of Biyuan Tonggiao granule and establishing a
quality control system.

MATERIALS AND METHODS

Study area: The current work was performed at Traditional
Chinese Medicine Products and Development Laboratory,
Liaoning University of Traditional Chinese Medicine, China
from November 2021 to April 2022.

Reagents and materials: Biyuan Tonggiao granule was
purchased from Shandong New Times Pharmaceutical Co.,
Ltd. (Linyi, China). Scopoletin, narirutin, luteolin, chlorogenic
acid and oleanolic acid (purities >98%) were bought from
Sichuan Weikeqi Biological Technology, Co., Ltd. (Chengdu,
China). Hesperidin, quercetin, wogonin and isoimperatorin
(purities >98%) were provided by National Institute for the
Control of Pharmaceutical and Biological Products (Beijing,
China). The MS-grade formic acid was purchased from Thermo
Fisher Scientific (China) Co., Ltd. (Shanghai, China). The MS-
grade methanol was acquired from Merck (Darmstadt,
Germany).

Animals: Sixteen male Sprague-Dawley (SD) rats (200£20 g)
were purchased from Liaoning Changsheng Biotechnology
Co.Ltd. [Number: SCXK (Liao) 2020-0001]. Following one week
of acclimatization, rats were used in the experiments.

Ethical consideration: All the animal experiments were
performed based on the approved animal protocols and
guidelines established by the Medicine Ethics Review
Committee for Animal Experiments of Liaoning University of
Traditional Chinese Medicine under the approval number:
2020YS013(KT)-013-01.

Collection of rat plasma samples: The 16 SD rats were
divided into a blank group and a treatment group, with 8 rats
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in each group. To be specific, rats in the treatment group were
provided with oral administration of Biyuan Tongqgiao granule
at 2.025 g/kg twice a day for 3 days, while those in the blank
group were given the same amount of normal saline. After
fasting for 12 hrs on the night of day 2, blood was collected
from the orbital venous plexus at 30 min, 1, 2 and 4 hrs after
intragastric administration on day 3 to extract the plasma>.
After standing for 40 min, the supernatant was obtained by
centrifugation at 3500 r/min for 5 min and set aside at -80°C.

Treatment of plasma samples for UPLC-QTOF-MS analysis:
In brief, 150 pL plasma samples were precisely added with
1 mL ethyl acetate, followed by swirling for 2 min, ultrasonic
treatment for 1 min and centrifugation for 10 min at
13000 r/min at 4°C and then 900 pL supernatant was
collected for vacuum-drying. Thereafter, the residue was
redissolved with 50 uL methanol, swirled for 2 min, treated
with ultrasound for 1 min, refrigerated and centrifuged at
13000 r/min and 4°C for 5 min to collect the supernatant for
testing’.

Preparation of reference solution: An appropriate amount
of each reference substance was accurately weighed and
added with methanol to prepare a mixed reference solution
including 0.172 mg chlorogenic acid, 0.164 mg scopoletin,
0.273 mg narirutin, 0.271 mg hesperidin, 0.124 mg quercetin,
0.162 mg luteolin, 0.139 mg wogonin and 0.489 mg
isoimperatorin per T mL. Another 150 uL blank rat plasma was
collected and the vacuum-dried substance was obtained
according to the treatment method of UPLC-QTOF-MS
analysis. Afterwards, the residue was added into 50 pL mixed
reference solution and redissolved. After vortexing, ultrasonic
treatment and centrifugation, the supernatant was obtained
as the blank plasma-+mixed reference solution.

Conditions of UPLC-QTOF-MS analysis: Plasma samples were
characterized on an Agilent-1290 UPLC/6550 QTOF-MS system
(Agilent Technologies, Inc.,, USA). An Agilent poroshell
120 SB-C18 column (4.6X100 mm, 2.7 um) was used for
chromatographic analysis with the system of 0.1% formic acid
aqueous solution (A)-methanol (B) in the positive mode,
whereas water (A)-methanol (B) in the negative mode.
The gradient elution conditions were as follows, 0-30 min,
5-100% B, at the flow rate of 0.4 mL/min, the column
temperature of 30°Cand theinjection volume of 0.3 uL. Under
the same conditions as those applied in our previous study,
the MS analysis was performed on a dual spray ion source
(Dual AJS ESI_.
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Analysis of components of Biyuan Tonggiao granule
absorbed into the blood of rats: The chemical components
of Biyuan Tonggiao granule in the early stage were analyzed,
as a result, a total of 103 chemical components, including
29 flavonoids, 19 terpenes, 12 lignans, 11 coumarins and
9 quinones, were identified. In this study, the chemical
components of 14 medicinal herbs contained in Biyuan
Tonggiao granule in the literature, including Magnolia,
Xanthium sibiricum, Ephedra, Mint, Scutellaria baicalensis,
Forsythia suspensa, Chrysanthemum indicum, Tianfen,
Dihuang, Danshen, Poria cocos, Angelica dahurica, Gaoben
and Licorice, were also integrated. By inputting the names,
molecular formulas and herbs containing these chemical
components into the Personal Compounds Database and
Libraries (PCDLs) software (B.04.00), a Biyuan Tonggiao
granule PCDL database was established and used to analyze
the prototype components absorbed into blood and the
attributions of medicinal materials®.

RESULTS

Identification of the prototype components absorbed into
the plasma: By adopting the UPLC-QTOF-MS technology, the
profiles of drug-containing plasma, blank plasma, mixed
control substance and blank plasma-+mixed control substance
at 30 min, 1, 2 and 4 hrs after oral administration of Biyuan
Tonggiao granule in rats were analyzed and compared.
Through analyzing the PCDL database of the chemical
composition of Biyuan Tonggiao granule, the prototype blood
components and medicinal herb attributions were initially
obtained. Thereafter, the structures and molecular formulas of
the compounds were determined by the fragmentation
regularities and relevant literature. Altogether 25 prototype
components were identified and analyzed in rat plasma
samples, as shownin Table 1. After analysis and identification,
the 1 hr plasma sample contained all the 25 prototype
components, therefore, only the baseline peak diagram
(BPC) of the 1 hr plasma sample was listed. The spectra of
drug-containing plasma, blank plasma, mixed control
substance and blank plasma+mixed control substance under
the positive and negative ion modes were presented in Fig. 1.

Analysis of the fragmentation patterns of various blood
entering compounds

Structural analysis of alkaloids: The main fragmentation
regularities of ephedra alkaloids are dehydration,
demethylation and subsequent deamination'. The retention
time of compound 4 was 3.427 min, the excimer ion peak m/z



Int. J. Pharmacol, 20 (3): 482-497, 2024

w/f/6/3/3/q/e

/e

7

q

%/6/q/e

~[*0D-*HD-H-]

0L£0¥€L

_[F0D>-H-W]

L190'6Y1

~[*HD-H-W]

pioe dinia4 69¢0'8L1
+[0D-HO*HD-H+W]

L620°EEL

+[fOD-H+W]

LZSO6L

+[HO®HD-H+I]

9020°191

JEHD-H+I]

Lunajodoos 89¢0'8L1
_[F0D-*O°H®D-H-W]

0Sv0'SEL

~[O*H-*0°H*D-H-W]

LOVO'ELL

O™ HD-H-W]

95£0°6/1

~[FO°H®D-H-]

«p1oe d1uaboiojyd L9s0'L6L
[PHN-THD-OH-H+W]

£690°/11

+[FHD-OH-H+W]

7880°€EL

[OH-H+I]

sulpaydaopnasd SeLLgrl
+EHN-EHD-O%H-H+IA]

8690°/L1

[FHD-OH-H+W]

S880°€EL

O H-H+I]

auupayd3 LeLLsyl
—[F0D-H+W]

pioe 2Iny2a1e10104d €0€0'601
+[HD-H-OHD-HOOD-H+W]
SHYOLLL
+[H-OHD-HOOD-H+W]
8150l
EOTHD-H+I]
LTSO°LEL

[OH-H+I]

£8%0'181

nsusysueq

¢OoﬁIo—U

wOon_U

mOEI@_U

ON*'H"D

ON*'H’D

QOOINU

mOo_ImU

S9°L-

¥0'L-

86'L-

0C'L-

00°¢-

00

9050°€61

S6v0'c6l

8/80€S€

9Ccl'99l

9CCL'991L

€610°€SL

1090661

€806l

€6v0'eol

1£80°¢SE

Yccl o9l

Leel9o9l

6610°€SL

509066

~[H-WI

H+W]

~[H-WI

[H+NI

H+W]

~[H-W]

<[H+W]

9.T6 L

Sv0'6 9

LL19 S

9s¢EY 4

LT7'E €

9eCe 4

[44X4 L

SQUSH

spunodwod paynuap| (z/w)
uol Juawbeiy

e|nwio4

(wdd)
10119 SSe|\

(z/w)

ssew |edl3aioay |

(z/w)

Ssew painses|iy

apow uo|

(L) (1Y) ON
awIl UoNUSIRY

ewse|d 1e4 0jul pagiosqe syuauodwod 3dA1010.d 1| 3|geL

485



Int. J. Pharmacol, 20 (3): 482-497, 2024

6/3/3/p/>/d/e

A/e

EYp)

w/I/3/3/9/e

[COD-H+I]

0650652

[0D-H+W]

£550°S/¢
FO"HD-H+I]
8780611

OPHED-H+I]

9770’ LEL

O H-H+W]

YTL0'6€T

{00 HD-H+I]
£650°191L
JO"HP D0 HPD-H+I]
WSO LLL
JFHD- O HPD-H+W]
€/50%S¢C

PO HD-HHI]
5080'69¢
JFOPHD PO H ! D-H+IN]
7590°561
+[OFHD- PO H ! D-H+I]
8/90°7LT
[FHD- |0 H D-H+I]
8790887
+POPHYD-H+I]
L£80°€0€
[COPHD-F O HDF O HD-H+IA]
LELO'LSL

PO HD"O " HD-H+I]
66v0°€0€

PO HPD-HHI]
8/01'6¥Y

PO HD-HHI]

unny 8C0L'99Y
JO°H -0 H* -0 H*D-H+]
LL10°ESL

PO HDO " HD-H+IN]
YSLO€LT

PO HPD-HHI]
6EEL6LY

PO HD-HHI]
S8TLSEY
~[FHD-“0D-*HD-H-]
9¢10°/0L

MILERIE] o)

uuabnuinbiy

ujuouQ

<uIplRdsaH

<unniueN

NOO—Im,.U

<O~—ImﬁU

mONNI NNU

ﬁquImmU

o_OoMIRU

:ONM_I_NNU

S6'Y-

8L°0-

98'L-

¥6'C-

80"

ySL-

6670°€0¢

8080°LS¢C

Leel’Ley

0/61°LL9

L09L°LL9

5981185

¥8¥0°€0€ +[H+I]

9080°LS¢C +H+I]

+H+I]

6celley

+H+I]

¢s6L°L1L9

+H+I]

091119

9581185 +H+I]

vyl

068CL

¥98CL

80L¢CL

S0L'LL

vLO'LL

€l

[4)

oL

SQUSH

spunodwod payiusp| (z/w)
uol Juswbel

e|nwio4

(wdd)
10113 sse|y

(z/w)
SSEW [D119103Y |

(z/w) apow uo|
SSew painsesiy

(Uw) (1Y)
auil} UoNUSISY

“ON

anunRuod

‘L olqeL

486



Int. J. Pharmacol, 20 (3): 482-497, 2024

3P/

3P/

9/p

I8

B6/3/3/p/>/9

JOH-H"D-H+I]
€770°S8L
[0D®H*D-H+I]
€EE0'S/L
JBHTD-HHI]
8€€0°€0T
+[0D-H+I]

WA\ ¥d74
[FHD-H+WI
S150°04T
PO"HD-H+I]
9€50°€0L
[FOFHPD-HAW]
TLS0TEL
+PHED-H+I]
7810°€S1L
0D-H+I]
¥0£0°LTT
+[H-0D-*HD-H+I]
S6V0'LYT
+[0D-*HD-H+IA]
v/50°THT
+[0-0D-fHD-H+W]
¥790'9¢C
[FHD-H+WI
0750°0£T
+[0D-FHD-° 0 H " D-H+I]
S6V0'LYT
[FHD-*0"*H D-H+I]
S¥90'69C

PO HD-H+I]
¥¥90'$8C

L0 HPD-HHI]
98T1 LYY
PO"HD-H+I]
SEVOSEL
[COPHED-HAI]
LLLOESL
+[0D-H+I]
1090'65C
[COPHD-HAI]
0620°S61
+[‘0D-0D-H+I]
0590'L£C

Lunoleladwios)

unsdedy

uisAiyD

<Uiuobop

uueur

LuljoaInT

wOiIfU

mON_IfU

wOo_ImﬁU

mON_IfU

Q_ONMImNU

wOo—ImﬁU

8L~

e

/A4

95y~

LLE-

424

§960°LLC

£5/0°S8¢C

¢590'SS¢C

£5/0°S8¢C

G981°€6S

0550°/£8¢

1960°LLC +{H+W]

£v/0°S8¢C

+H+]

S¥90'SSC +{H+W]

Y¥/0°S8C +H+W]

EV8L'€6S +H+W]

L€S0'L8C (H+W]

SeS'le

€6E6L

G988l

5981

y0CslL

S60°S1L

6l

8l

L1

9l

Gl

vl

SqUaH

spunodwod paynuap) (z/w)
uol Juswbel

e|jnwo4

(wdd)
10119 SSse|\

(z/w)
Ssew [ed112103y |

(z/w) apow uoj
Ssew painseaiy

(unw) (1Y)
SWI1 UONUAY

ON

anuiuod

‘L olqeL

487



Int. J. Pharmacol, 20 (3): 482-497, 2024

esounib ejuuewwyay ‘W pue eljoubew A|i7:| ‘9210317 ‘PASNBI| ewozZIYY [ ‘snfew jwwy (| ‘5020 eLod Y
‘ZIYLIONIW BIAES B wWndpul WnwYIuesAIY) ) ‘esusdsns elyifsIo D 'SIsusesieq eueyaIns ip WIN D ‘paydy SUIYD 1q (PILY-IIS) WNILIGIS WNiyIUEY B ‘9DURISGNS 9DUI9J1 Y1 YIM patedwod,

%/6/3/3/9

A\/6/3/3/9

pide djjosin

»Pedlj0UL3|O

pioe 21Ny LA

V|| duoulysue]

auouysueoydAn

p1oe 21ZIyuAdA|D

~[*HD-“0"HD-H-W]

£65€°€6€
-[FO"HD-H-W]
86€€'L0Y

~[*HD-0°H-HOODH-H-W]

6/1€9L€E

~[O*H-HOODH-H-W]

ree’l6e

~[HZ-HOODH-H-W]

Y0EE L0V
~[HOODH-H-W]
Yhre60t
+[O*H-H+W]
L9EE'ESY
+[0D-0O°H-H+I]
9eTL'6¥T
JOH-*HD-H+W]
886079C

O H-H+W]
9LTLLLT
[EHD-H+I]
7601082

+[*HD-*HD-02-0°H-H+W]

6€L0°LCC

+*HD-0D-OH-H+W]

¥8L19¢€C
+[0D-0O°H-H+I]
LIYLLST
+[O*H-H+W]
L9€1'6LC
AFHD-H+I]
LET1T8T
[LPOPHPDZ-H+I]
09vE LLY
LOPHPD-H+W]
LSLE /Y9
+[{0D-0H-H+W]
LOL¥'19Z

O H-H+W]
S00t'508
[ODTPH D-H+I]
SYhO' /bl

mOEuIOmU

mOEuIOmU

vquIOMU

mOw_Io_U

mOONIm—U

o—ONoT_NwU

€Le

9L'L-

-

€0'C

104

01

LESESSY

LESESSY

69V LLY

6CE1L'S6C

S8YL°L6C

LLLY'€EC8

YLSESSY ~[H-W]

€CSESSY ~[H-W]

8YYeLLY +H+]

GEEL'SHC +H+]

L6Y1'L6C +[H+W]

SCLy'ecs +[H+W]

S9/'[¢

989°L¢C

S0v'9C

12274

861°€C

e

S¢

74

€

[44

0¢

SQIaH

spunodwod payiuap|

(z/w)
uol Juswbelq

ejnwioS

(wdd)
10113 sse|y

(z/w)
Ssew [e2132109Y |

(z/w) apow uoj
ssewl painseay

(unw) (14)
aWI1 UoNUIRY

“ON

onuniuo)

‘L 9lqeL

488



Int. J. Pharmacol, 20 (3): 482-497, 2024

30

min

0 10

®

T (d) T

5 10 15 25

10

)}

|
\

14

|

16

L
-

6 |\
8

19
13

Fig. 1(a-h): BPC diagram of each plasma sample, (a) 1 hr administration plasma in positive ion mode, (b) 1 hr administration
plasma in negative ion mode, (c) Blank plasma in positive ion mode, (d) Blank plasma in negative ion mode, (e) Blank
plasma and mixed reference substance in positive ion mode, (f) Blank plasma and mixed reference substance in
negative ion mode, (g) Mixed reference substance in positive ion mode and (h) Mixed reference substance in negative

ion mode

166.1221[M+H]* was the base peak and the fragmention m/z
148.1121[M+H-H,0]*, m/z 133.0885[M+H-H,0-CH;]* and m/z
117.0698[M+H-H,0-CH;-NH,]* could be seenin the secondary
spectrum. This suggested that it might first remove one
molecule of H,0 and then remove a methyl group and an
amino group. According to the reference reports, the
fragmentation regularities of ephedrine and pseudoephedrine
were the same, therefore, it was inferred that peak 4 was
ephedrine and peak 5 was pseudoephedrine. The possible
cleavage pathways of alkaloids were displayed in Fig. 2.

Structural analysis of organicacids: Organic acids are a class
of organic compounds with acidic groups. Such compounds
are prone to neutral molecule loss under high-energy
collisions, such as H,0, COOH and CO, resulting in
corresponding characteristic fragment ion peaks'. In this
study, 4 organic acid compounds, namely, protocatechuic
acid, chlorogenic acid, danshensu and ferulic acid, were
identified. Forinstance, the retention time of compound 6 was
6.177 min, the excimerion peak m/z353.0871[M-H]~ was seen

489

in the negative ion mode and the quinic acid m/z 191.0561
[M-H-C,H4O;]~ was produced due to the breaking of its acyl-
oxygen bond. And fragmention m/z 179.0356[M-H-C;H,,05]~
was seen for caffeicacid. Subsequently, the two fragmentions
were further fragmented, resulting in fragment ions m/z
173.0407[M-H-CyH¢O;-H,0]~ and m/z 135.0450[M-H-C,H,O;-
CO,]~ and it was speculated that one molecule of CO, or H,0
might be lost. The compound was detected as chlorogenic
acid. Figure 3 presents the possible cracking pathways of
organic acid compounds.

Structural analysis of coumarins: The mother nucleus
structure of coumarin compounds is C;;H¢O; and its main
cleavage pathway is the cleavage of the methoxy or benzyl
ether bonds on the side chains of the mother nucleus'. In this
study, 2 coumarin compounds were identified in the plasma,
including scopoletin and isoimperatorin. For example, the
retention time of compound 7 was 9.045 min, the excimerion
peak in the positive ion mode was m/z 193.0493[M+H]*, the
excimer ion peak was cracked and 1 CH;fragment group,
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1 neutral CO, molecule and 2 CO molecules were lost
respectively. The fragmentions m/z 178.0268[M+H-CH;]*and
m/z 149.0521[M+H-CO,]* were produced, respectively. In
addition, the fragmention peakalso lost the CH;OH group first
and later obtained the fragment ion m/z 161.0206[M+H-
CH,OH]*. As forfragmention m/z 133.0285[M+H-CH,0H-COJ*,
it was speculated that a neutral CO molecule might be lost;
according to the comparison of reference product, the
compound was inferred to be scopoletin. In addition, the
possible cleavage pathways of coumarins were inferred in
Fig. 4.

Structural analysis of flavonoids: Flavonoids possess a
C6-C3-C6 basic skeleton. The main characteristics of this class
of compounds are the RDA cleavage of the ring and the loss of
fragments of neutral small molecules including CO and CO,™.
In this study, we identified 11 flavonoids, including narirutin,
rutin, hesperidin, ononin, liquiritigenin, quercetin, luteolin,
linarin, wogonin, chrysin and acacetin. For instance, the

m/z 161.0206
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\_I -CO \_I
QL = <O

m/z 133.0291

retention time of compound 9 was 11.674 min in the positive
ion mode and 11.665 min in the mixed control. The high-
resolution excimerion peak was m/z 581.1856[M+H]*and the
molecular formula was C,,H;,0,,. The excimer ion peaks were
cleaved to produce m/z 419.1339[M+H-C¢H,,0s]" and m/z
435.1285[M+H-C¢H,,0,]* fragmentions and it was speculated
that a CgH,,05 or C4H,,0, fragment group might be lost.
Subsequently, the fragment ion was further decomposed,
losing a CgH,,0s fragment group to produce fragmention m/z
273.0754[M+H-CH,,0,-C¢H,00s]*, which later lost a CgHgO
fragment group. Finally, the fragment ion 153.0177[M+H-
CsH1004-CeH005-CgHgOI+ was obtained. Combining with the
secondary fragment ion of the reference product, the
compound was inferred to be naringin. The possible pathways
of flavonoid cracking were displayed in Fig. 5(a-c).

Structural analysis of quinones: Quinones are a kind of
chemical components with quinone structure in traditional
Chinese medicine, mainly including anthraquinones and most
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of them have important biological activities. Under high-
energy collisions, COis gradually lost, accompanied by the loss
of CO,"”. Two quinone compounds were identified in this
experiment, namely, cryptotanshinone and tanshinone llA. For
instance, the retention time of compound 22 in the positive
ion mode was 23.198 min and that in the mixed reference
solution was 23.196 min. The primary MS data revealed a quasi
molecular ion peak of m/z 297.1497[M+H]*, indicating a
molecular formula of C,gH,,05. The excimer ion peaks were
cleaved and one CH; fragment group and one H,O molecule
were lost to generate fragmentions m/z282.1237[M+H-CH;]*
and m/z 279.1361[M+H-H,0I*, respectively. In addition, the
fragmention m/z 279.1361[M+H-H,Q]* also lost a neutral CO
molecule and a CH; fragment group successively to produce
the fragment ions m/z 251.1417[M+H-H,0-COI* and m/z
236.1184[M+H-H,0-CO-CH;]*. Immediately after the loss of a
CH; fragment group, the fragment ion m/z 221.0739[M+H-
H,0-CO-CH5-CH;]* was obtained. Through comparing the
retention time and secondary fragment ions with the
reference product, the compound was inferred to be
cryptotanshinone. Figure 6 shows the cleavage pathways of
quinones.

Structural analysis of terpenoids: Terpenoids, especially
triterpenoids, exist in the free form or as glycosides or esters
combined with sugars. The cleavage mode of these
compounds under MS conditions mainly shows that the
sugar end of the glycoside bond is broken and one or more
H,0 molecules may be lost during the cleavage process'®. In
this study, 4 terpenoids were identified, which were
glycyrrhizic acid, glycyrrhetinicacid, oleanolic acid and ursolic
acid. For example, the retention time of compound 25 in the
negative ion mode was 27.686 min and that in the mixed
control product was 27.678 min. The high-resolution quasi
molecular ion peak was m/z 4553523[M-H]- and its
speculated molecular formula was C;H,0;. The quasi
molecularion was cleaved, losing one HCOOH fragment group
to produce the fragment ion m/z 409.3444[M-H-HCOOH] . In
addition, the fragment ions lost 2 H and 1 H,0 molecules,
thereby producing fragment ions m/z 407.3304 [M-H-
HCOOH-2H]~ and m/z 391.3042[M-H-HCOOH-H,0]",
respectively. Subsequently, a CH; fragment group was
further lost to obtain m/z 376.3179[M-H-HCOOH-H,0-CH-]~.
Combined with the secondary fragment ions of the reference
substance, it was inferred that the compound was oleanolic
acid. The cleavage pathway of terpenoids was displayed in
Fig. 7.
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DISCUSSION

In this experiment, UPLC-QTOF-MS technology was
applied in combination with plasma pharmacochemical
method to analyze the active monomer components of Biyuan
Tonggiao granule entering into blood through clarifying the
chemical composition of Biyuan Tonggiao granule. In total,
102 chemical components were analyzed and a PCDL
database was established according to molecular weights,
structural formulas and information of medicinal materials. By
conducting differential analysis on the MS data of drug-
containing plasma, blank plasma and mixed control samples
after the intragastric administration of Biyuan Tonggiao
granule to rats, combined with the PCDL database, chemical
composition fragmentation patterns and other information,
altogether 25 prototype blood components were identified,
including flavonoids, organic acids, terpenes, quinones,
coumarins and alkaloids. The above-mentioned blood
entering prototype components were derived from 13
medicinal herbs, namely, lily magnolia, Xanthium sibiricum
(stir-fried), Chinese Ephedra, Ammi majus, mint, rhizoma
ligustici, Scutellaria baicalensis, Forsythia suspensa,
Chrysanthemum indicum, Rehmannia glutinosa, Salvia
miltiorrhiza, Poria cocos and licorice. These monomer
chemical components provide new indexes for controlling the
quality of Biyuan Tonggiao granule.

As discovered through literature review, currently, with
regard to the quality control of Biyuan Tonggiao granule, the
2020 Edition of the Chinese Pharmacopoeia only uses
ephedrine hydrochloride and pseudoephedrine hydrochloride
as the content determination indicators. Other experimental
research reports only use components such as baicalin and
forsythrin as the single indicators for detection, while there is
no comprehensive quality evaluation system for the
compound formula of Biyuan Tonggiao granule. The 25
prototype blood components identified in this study are the
potential indicator components for controlling the quality of
compound prescriptions, which provide key indicators for
controlling compound prescriptions. Meanwhile, the research
group focused on the pharmacological effects and
mechanisms of action in diseases such as acute and chronic
rhinitis and sinusitis and conducted partial literature research
on relevantindicators. As reported, in the blood components
of Biyuan Tonggiao granule, ferulic acid regulates some
inflammatory factors and exerts anti-inflammatory effects'’,
whereas cryptotanshinone inhibits the inflammatory response
by lowering the levels of IL-4, IL-5 and IL-13 and elevating the
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level of Th1 cytokine IFN-y'®. In the study on drugs for the
treatment of other sinusitis, chemical components such as
isoimperatorin and oleanolic acid have been reported to exert
therapeutic effects at varying degrees. In line with the plasma
pharmacochemistry theory that “drugs must first be absorbed
into the blood to play a therapeutic role”'?, the research team
will construct the quality control system of Biyuan Tonggiao
granule on the basis of qualitative and quantitative index
methodology, by combining the discovery mechanism of
disease network pharmacology with the discovered prototype
blood components in the future. This research provides
experimental data to ensure the effectiveness, safety and
controllability of traditional Chinese patent medicines and
simple preparations of Biyuan Tonggiao granule.

CONCLUSION

In the current work, UPLC-QTOF-MS technology
combined with PCDL database is adopted to analyze the
blood entering components of Biyuan Tonggiao granule after
oral administration in rats. A total of 25 prototype
monomers are identified, including 11 flavonoids, 4 organic
acids, 4 terpenoids, 2 quinones, 2 coumarins and 2 alkaloid
components, which come from 13 medicinal herbs in the
compound. This study lays an experimental foundation for the
selection of quality control indicators for the compound.

SIGNIFICANCE STATEMENT

Biyuan Tonggiao granule has been widely applied in the
treatment of acute and chronic rhinitis, sinusitis and other
external evils attacking the lungs. Clinical data have suggested
that the use of Biyuan Tonggiao granule alone or in
combination is more effective and safer than conventional
Western medicine treatment, traditional Chinese medicine
preparations, or surgical treatment alone. Although it consists
of 14 traditional Chinese medicinal herbs, its current quality
controlindicators are limited and its therapeutic effect cannot
be better guaranteed. The 25 prototype blood components
identified in this study are the potential indicator components
for controlling the quality of compound prescriptions, which
will provide key indicators for controlling compound
prescriptions and lay a foundation for their rational clinical
application.

ACKNOWLEDGMENTS

This research was funded by the 2022 Basic Scientific
Research Project of Liaoning Provincial Department of

496

Education (LJKMZ20221318), Liaoning Province Doctoral
Research Initiation Fund Project (2023-BS-138) and the 2021
School Level Natural Science (key) project of Liaoning
University of Traditional Chinese Medicine (2021LZY036,
2021LZY032).

REFERENCES

Wang, R., T. Yang, Q. Feng, Y. Jiang and X. Yuan et a/, 2024.
Integration of network pharmacology and proteomics to
elucidate the mechanism and targets of traditional Chinese
medicine Biyuan Tonggiao granule against allergic rhinitis in
an ovalbumin-induced mice model. J. Ethnopharmacol.,
Vol.318.10.1016/j.,jep.2023.116816.

Ding, Z, N. Yang, X. Cui and de Zhou, 2022.
Therapeutic  effect of Biyuan Tonggiao granules
combined with mometasone furoate nasal spray on clinical
symptoms of children with allergic rhinitis. Am. J. Transl. Res.,
14:5116-5123.

Dykewicz, M.S., D.V. Wallace, D.J. Amrol, F.M. Baroody and
J.A.Bernstein et al, 2020. Rhinitis 2020: A practice parameter
update. J. Allergy Clin. Immunol., 146: 721-767.

Soukavong, M., J. Kim, K. Park, B.R. Yang, J. Lee, X.M. Jin and
B.J. Park, 2016. Signal detection of adverse drug reaction of
amoxicillin using the Korea adverse event reporting system
database. J. Korean Med. Sci., 31: 1355-1361.

Chen, Y., J. Wang, L. Wu, Y. Zhang, H. Chen and Z. Zhang,
2023. Efficacy of Chinese herbal medicine on nasal
itching in children with allergic rhinitis: A systematic review
and  meta-analysis.  Front. Pharmacol., Vol. 14.
10.3389/fphar.2023.1240917.

Chang, T, Z. Lidan, Z. Yingjie and X. Yanming, 2022.
A systematic review and meta-analysis on the effectiveness
and safety of Biyuan Tonggiao granules in the treatment of
chronic left eye closure [In Chinesel. China J. Chin. Materia
Med., 47: 4489-4504.

Wang, S, X.X.Yang, T.J.Li,X.M.Tianand Y.L. Wang et a/,, 2023.
Metabolic regularity of bioactive compounds in Bufei Jianpi
granule in rats using ultra-high-performance liquid
chromatography coupled with triple quadrupole mass
spectrometry analysis technology. Biomed. Chromatogr.,
Vol. 37.10.1002/bmc.5740.

Wang, S, XX. Yang, TJ. Li, L. Zhao, Y.R. Bao and
X.S. Meng, 2022. Analysis of the absorbed constituents
and mechanism of liquidambaris fructus extract on
hepatocellular carcinoma. Front. Pharmacol., Vol. 13.
10.3389/fphar.2022.999935.

Wylie, P.L, J. Westland, M. Wang, MM. Radwan,
C.G. Majumdar and M.A. EISohly, 2020. Screening for more
than 1,000 pesticides and environmental contaminants in
cannabis by GC/Q-TOF. Med. Cannabis Cannabinoids,
3:14-24.



10.

1.

12.

13.

14.

Int. J. Pharmacol, 20 (3): 482-497, 2024

Noui, A, T. Boudiar, H. Boulebd, L. Gali and M. del Mar
Contreras etal, 2022. HPLC-DAD-ESI/MS profiles of bioactive
compounds, antioxidant and anticholinesterase activities of
Ephedra alata subsp. alenda growing in Algeria. Nat. Prod.
Res., 36:5910-5915.

Xu, P, Y. Song, B. Feng, Q. Zeng, B. Shan, K. Liu and D. Su,
2019. Multi-component profiles through the blood-brain
barrier in rat after oral administration of over-the-counter
drug Keke capsule by ultra-performance liquid
chromatography/quadrupole-time-of-flight MSE method.
Biomed. Chromatogr., Vol. 33. 10.1002/bmc.4380.

Arruda, H.S., C.F.F. Angolini, M.N. Eberlin, G.M. Pastore and
M.R. Marostica, Jr., 2023. UHPLC-ESI-QTOF-MS/MS profiling
of phytochemicals from araticum fruit (Annona crassiflora
Mart.) and its antioxidant activity. Foods, Vol. 12.
10.3390/foods12183456.

Yang, R, L. Wei, J. Wang, S. Huang and P. Mo et a/, 2023.
Chemical characterization and metabolic profiling of Xiao-Er-
An-Shen decoction by UPLC-QTOF/MS. Front. Pharmacol.,
Vol. 14.10.3389/fphar.2023.1219866.

Singh, A, P. Singh, B. Kumar, S. Kumar, K. Dev
and R. Maurya, 2019. Detection of flavonoids from
Spinacia oleracea leaves using HPLC-ESI-QTOF-MS/MS and
UPLC-QqQ+-MS/MS  techniques. Nat.  Prod. Res,,
33:2253-2256.

497

15.

Zuo, T., Y. Qian, C. Zhang, Y. Wei and X. Wang et a/, 2019.
Data-dependent acquisition and database-driven efficient
peak annotation for the comprehensive profiling and
characterization of the multicomponents from compound
Xueshuantong capsule by UHPLC/IM-QTOF-MS. Molecules,
Vol. 24.10.3390/molecules24193431.

Kumar, S., A. Singh and B. Kumar, 2017. Identification and
characterization of phenolics and terpenoids from ethanolic
extracts of Phyllanthus species by HPLC-ESI-QTOF-MS/MS.
J.Pharm. Anal., 7: 214-222.

Li, D., Y.X. Rui, S.D. Guo, F. Luan, R. Liu and N. Zeng, 2021.
Ferulic acid: A review of its pharmacology, pharmacokinetics
and derivatives. Life Sci., Vol. 284. 10.1016/].1fs.2021.119921.
Fan, L.M.,Y.Q. Zhang, Y.P. Chen, L.L. Chen and W.H. Xu et a/,
2022. Cryptotanshinone ameliorates dextran sulfate
sodium-induced murine acute and chronic ulcerative colitis
via suppressing STAT3 activation and Th17 cell
differentiation. Int. Immunopharmacol., Vol. 108.
10.1016/j.intimp.2022.108894.

Shao, D., X. Liu, J. Wu, A. Zhang, Y. Bai, P. Zhao and J. Li, 2022.
Identification of the active compounds and functional
mechanisms of Jinshui Huanxian formula in pulmonary
fibrosis by integrating serum pharmacochemistry with
network pharmacology. Phytomedicine, Vol. 102.
10.1016/j.phymed.2022.154177.



	IJP.pdf
	Page 1




