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Abstract 

Background  Thesium chinense Turcz. (Named as Bai Rui Cao in Chinese) and its preparations (e.g., Bairui Granules) 
have been used to treat inflammatory diseases, such as acute mastitis, lobar pneumonia, tonsillitis, coronavirus dis‑
ease 2019 (COVID-19), and upper respiratory tract infection. However, the material basis, pharmacological efficiency, 
and safety have not been illustrated.

Methods  Anti-inflammatory activity-guided isolation of constituents has been performed using multiple column 
chromatography, and their structures were elucidated by NMR spectroscopy and ECD calculations. The inhibitory 
effects on lung inflammation and safety of the crude ethanol extract (CE), Bairui Granules (BG), and the purified active 
constituents were evaluated using lipopolysaccharide (LPS)-stimulated acute lung inflammation (ALI) mice model 
or normal mice.

Results  Seven new compounds (1–7) and fifty-six known compounds (8–63) were isolated from T. chinense, 
and fifty-four were reported from this plant for the first time. The new flavonoid glycosides 1–2, new fatty acids 4–5, 
new alkaloid 7 as well as the known constituents including flavonoid aglycones 8–11, lignans 46–54, alkaloids 34 
and 45, coumarins 57, phenylpropionic acids 27, and simple aromatic compounds 39, 44 and 58 exhibited anti-
inflammatory activity. Network pharmacology analysis indicated that anti-inflammation of T. chinense was attrib‑
uted to flavonoids and alkaloids by regulating inflammation-related proteins (e.g., TNF, NF-κB, TGF-β). Furthermore, 
constituents of T. chinense including kaempferol-3-O-glucorhamnoside (KN, also named as Bairuisu I, 19), astragalin 
(AG, Bairuisu II, 12), and kaempferol (KF, Bairuisu III, 8), as well as CE and BG could alleviate lung inflammation caused 
by LPS in mice by preventing neutrophils infiltration and the expression of the genes for pro-inflammatory cytokines 
NLRP3, caspase-1, IL-1β, and COX-2. After a 28-day subacute toxicity test, BG at doses of 4.875 g/kg and 9.750 g/kg 
(equivalent to onefold and twofold the clinically recommended dose) and CE at a dose of 11.138 g/kg (equivalent 
to fourfold the clinical dose of BG) were found to be safe and non-toxic.
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Conclusions  The discovery of sixty-three constituents comprehensively illustrated the material basis of T. chin-
ense. T. chinense and Bairui Granules could alleviate lung inflammation by regulating inflammation-related proteins 
and no toxicity was observed under the twofold of clinically used doses.

Keywords  Thesium chinense Turcz., Flavonoid, Bioactive constituents, Chemical composition, Inflammation

Introduction
Acute lung inflammation (ALI) or acute respiratory dis-
tress syndrome (ARDS) has a high global incidence rate 
and mortality [1, 2]. The increased permeability of alve-
olar capillary barrier, which causes pulmonary edema 
and impaired arterial oxygenation, are symptoms of 
ALI/ARDS [3]. ALI/ARDS can be caused by a variety 
of conditions, such as bacterial or viral infection, acute 
eosinophilic pneumonia and immunologically mediated 
pulmonary hemorrhage [4]. During the global period of 
coronavirus disease 2019 (COVID-19), a survey showed 
that 29% of patients with infectious COVID-19 devel-
oped into ARDS [5].

Thesium chinense Turcz., known as “Bai Rui Cao”(百蕊
草) in Chinese, is a kind of perennial weak herb distrib-
uted in northeast China, North China, and most areas 
south of the Yangtze River. It is a parasitic plant that 
feeds on the roots of other plants, and is born on the edge 
of grassland and sand dunes between 500 and 2700  m 
above sea level. This folk herbal medicine is originally 
recorded in the ancient Chinese medicine book “Bencao 
Tujing” (本草图经) [6, 7]. As a traditional Chinese medi-
cine (TCM), the whole herb is mainly used to treat vari-
ous inflammatory diseases, such as acute mastitis, lobar 
pneumonia, tonsillitis, and upper respiratory tract infec-
tion [6, 8].

Phytochemical and pharmacological aspects of T. chin-
ense has not been extensively studied. Hitherto, only 
about 60 compounds including flavonoids, alkaloids, 
phenylpropanoids, steroids, and fatty acids, have been 
identified, and flavonoids are recognized as the main 
chemical constituents of T. chinense [9–15]. Pharmaco-
logical test indicated that T. chinense inhibited mouse 
auricle swelling caused by xylene, rat foot swelling caused 
by egg white, rat cotton ball pulp odontoma, and mice’s 
ear edema caused by xylene [16, 17].

Contemporary pharmaceutics preparation of T. 
chinense has been utilized to treat pulmonary inflam-
mation-related diseases. Administration of Bairui 
Granules alone or combined with other drugs (e.g., 
amoxicillin) could shorten the course of acute tonsilli-
tis [18], and significantly improve symptoms in children 
with acute bronchitis [19]. Bairui Granules as adjunc-
tive therapy effectively alleviate clinical symptoms of 

severe childhood pneumonia, promoting faster recov-
ery in pediatric patients [20]. Bairui Granules could 
alleviate the inflammatory response of chronic obstruc-
tive pulmonary disease (COPD) patients and improve 
the clinical efficacy [21]. Since its remarkable anti-
inflammatory and anti-infective effects, Bairui Gran-
ules were recommended by two official TCM treatment 
guidelines to treat acute pharyngitis, and laryngitis [22, 
23]. Noteworthingly, during the COVID-19 pandemic, 
Bairui Granules was included in the official drug cata-
log issued by local governments of China, including 
Beijing, Shandong, Hebei, Anhui, etc., and was sug-
gested to be the preferred medicine for the treatment of 
COVID-19 infection.

Although it has a good therapeutic effect against res-
piratory diseases in the TCM, the research on chemi-
cal constituents and their anti-inflammatory effect are 
still insufficient. In this work, anti-inflammatory con-
stituents were identified using the bioactivity-guided 
strategy, and the anti-inflammatory effects of CE, BG 
and purified constituents were evaluated using the 
LPS-induced ALI model in vivo. Collectively, we found 
a series of active compounds from T. chinense that sup-
port its traditional application as an anti-inflammatory 
agent. The safety of T. chinense and Bairui Granules has 
been investigated in vivo.

Materials and methods
General
1H NMR, 13C NMR and 2D NMR spectra were acquired 
on a Bruker Avance DRX-600 spectrometer (600 MHz 
for 1H NMR and 150  MHz for 13C NMR). HRESIMS 
spectra were obtained from an LTQ Orbitrap XL mass 
spectrometer (Thermo Fisher scientific). The optical 
rotations were measured by GYROMAT-HP polarim-
eter (Anton paar). The ECD spectra were carried out 
on an applied Photophysics Chirascan spectrometer. 
Semipreparative HPLC was performed on an Agilent 
1260 instrument equipped with a diode array detector 
(DAD) and a YMC-Pack ODS-A column. For column 
chromatography, silica gel (200–300 mesh, Qingdao 
Haiyang Chemical Group Corporation), Sephadex 
LH-20 (25–100  µm, Pharmacia Bio-teck), MCI gel 
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(CHP20/P120, 120  µm, Mitsubishi chemical corpora-
tion), and RP-C18 silica gel (75 µm, YMC ODS-A) were 
used. TLC was carried out with silica gel GF254 plates 
(Qingdao Haiyang Chemical Group Corporation).

Chemicals and reagents
LPS was obtained from Sigma-Aldrich. 3,4-Dihydroxy-
benzohydroxamic acid (DIDOX) was obtained from 
MedChem Express. 3-(4,5-dimethyl-2-thiazolyl)-
2,5-Diphenyl-2-H-tetrazolium bromide (MTT), and 
glycerol were purchased from Genview. Dexametha-
sone (DEX) was purchased from Cisen pharmaceuti-
cal company. Fetal bovine serum (FBS) was obtained 
from Gemini Bio-product. Naphthylethylenediamine 
and sulfanilamide were obtained from Sinopharm 
Chemicals. L-glutamine was obtained from Solarbio. 
Dulbecco’s Modified Eagle’s Medium (DMEM) was 
obtained from Gibco. In addition to the HPLC was 
used for chromatography-grade solvents (Tianjin Con-
cord Technology Co., Ltd), other solvents were analyti-
cal grade (Tianjin Fuyu Fine Chemical Co., Ltd).

Plant material
The plant materials were collected from Fuyang, 
Anhui, P. R. China, in July 2019 and authenticated by 
Prof. Xue-Sen Wen (School of Pharmaceutical Sci-
ences, Shandong University). Voucher specimens 
(20,190,909–10-BRC) were deposited in the Laboratory 
of Pharmacognosy, School of Pharmaceutical Sciences, 
Shandong University, China.

Extraction and isolation of anti‑inflammatory activity 
guided screening
The whole herbs of dried T. chinense (12.0  kg) were 
crushed and soaked at room temperature for 3 h. Then 
it was extracted by heat reflux with 75% ethanol for 
3 times (each time for 3  h). After filtrating, the resi-
due was concentrated in vacuo on a rotary evapora-
tor to obtain a crude ethanol extract of 2850.0 g (yield 
23.8%), which had no obvious nitric oxide (NO) pro-
duction inhibitory activity. The extract of 1800.0 g was 
suspended in H2O and partitioned with petroleum 
ether (PE), dichloromethane (DCM) and ethyl acetate 
(EtOAc) for 4 times, respectively. Finally, 41.2  g of PE 
fraction, 186.5 g of DCM fraction, 35.1 g of EtOAc frac-
tion and 1537.2  g of H2O fraction were obtained. The 
EtOAc fraction was selected for the further trace of 
activity, because of the inhibitory activity of the frac-
tion on LPS-induced NO production in RAW 264.7 
cells (Additional file  1: Fig. S1). The EtOAc fraction 

(35.0 g) was subjected to silica gel column eluted with 
PE − EtOAc (1:0 → 0:1) and EtOAc − MeOH (1:0 → 0:1) 
to obtain eight fractions (E1-E8). Among these frac-
tions, E3-E7 displayed significant inhibitory effect 
against NO production and thus were selected for the 
further trace (Additional file  1: Fig. S1). The detailed 
isolation process was shown in the Supplementary 
Data.

Compounds 4, 5, 8, 26–28, 27, 37, 38, 39–42 and 43 
were isolated from E3. Compounds 9–11, 25, 32, 35, 
36 and 43 were obtained from E4. Compounds 16–18 
and 30 were afforded from E5. Compounds 12, 14, 15, 
22, 24 and 38 were obtained from E6. E7 was separated 
to yield 1–3, 13, 19–21, 23, 29, 31, 33 and 34.

The other whole herbs of dried T. chinense (5.0 kg) were 
crushed and then extracted by 0.3 mol/L HCl. The acidic 
solution was adjusted to pH 10 with 1.32  mol/L NaOH 
and extracted with DCM to obtain the water extract 
(11.3  g, yield 0.23%). The water extract had better anti-
inflammatory activity (Additional file 1: Fig. S1) than the 
ethanol extract and 5.2 g water extract was subjected to 
a silica gel column eluted with PE − DCM − NH3·H2O 
(1:1:0.03) and DCM − MeOH (97: 3 → 6:4) to give 10 frac-
tions (S1–S10). The results indicated that the fractions of 
S5, S6 and S7 had significant NO production inhibitory 
activities (Additional file 1: Fig. S1). Compounds 6, 7, 45, 
58 and 59 were obtained from S5. S6 was isolated to yield 
48, 49, 60, 62 and 63. Compounds 46, 47, 50–57 and 61, 
were obtained from S7.

Physical and spectroscopic data of new compounds
Compound 1
Thesiuside A. Yellow oil; [α]D

20 + 60.3 (c 1.0, MeOH); 
1H NMR (CD3OD, 600  MHz) and 13C NMR (CD3OD, 
150  MHz) data see Table  1; HRESIMS m/z 879.1991 
[M + H] + (calcd. for 879.1978).

Compound 2
Thesiuside B. Yellow oil; [α]D

20 -157.2 (c 1.0, MeOH); 
1H NMR (CD3OD, 600  MHz) and 13C NMR (CD3OD, 
150  MHz) data see Table  1; HRESIMS m/z 879.1991 
[M + H] + (calcd. for 879.1978).

Compound 3
4-acetyl-6, 4′-diferuloylsucrose. Colorless amorphous 
solid; [α]D

20 + 103.3 (c 1.0, MeOH); 1H NMR (CD3OD, 
600  MHz) and 13C NMR (CD3OD, 150  MHz) data see 
Table  2; HRESIMS m/z 735.2159 [M − H] − (calcd. for 
735.2141).
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Compound 4
(2E, 4E, 6R)-6-hydroxy-2,4-oxtadienoic acid. Yellow oil; 
[α]D

20 -3.3 (c 1.0, MeOH); 1H NMR (CD3OD, 600  MHz) 
and 13C NMR (CD3OD, 150  MHz) data see Table  3; 
HRESIMS m/z 155.0706 [M − H] − (calcd. for 155.0714).

Compound 5
(E)-13-methoxy-13-oxotridec-2-en-4-ynoic acid. 
Colorless amorphous solid; [α]D

20 -1.8 (c 1.0, MeOH); 
1H NMR (CD3OD, 600  MHz) and 13C NMR (CD3OD, 
150  MHz) data see Table  3; HRESIMS m/z 251.1279 
[M − H] − (calcd. for 251.1289).

Compound 6
Thesiumine A. Colorless oil; [α]D

20 -2.7 (c 1.0, MeOH); 
1H NMR (CD3OD, 600  MHz) and 13C NMR (CD3OD, 
150  MHz) data see Table  4; HRESIMS m/z 247.1805 
[M + H] + (calcd. for 247.1805).

Compound 7
Thesiumine B. Colorless oil; [α]D

20 + 11.2 (c 1.0, MeOH); 
1H NMR (CD3OD, 600  MHz) and 13C NMR (CD3OD, 
150  MHz) data see Table  4; HRESIMS m/z 249.1960 
[M + H] + (calcd. for 249.1961).

ECD calculations
The theoretical calculations were carried out by using 
the Gaussian 09 program. The conformers were opti-
mized at the B3LYP/6-31G (d, p) level according to the 
Boltzmann distribution theory. ECD calculations were 
performed using the TD-DFT method at the B3LYP/6-
31G (d, p) level (in methanol solution with SMD 
implicit solvation model).

Glycohydrolysis and sugar identification experiments
Compound 3 (2  mg) was hydrolyzed with 3% HCl 
(2  mL) and heated under reflux for 2  h. The products 
were subjected to identified by comparing the TLC 
behavior with D-glucose and D-fructose [developed 
with CHCl3-MeOH-H2O (9:11:2) plus two drops of 
glacial acetic acid]. Then, the reaction mixture was 
extracted by using ethyl acetate and monosaccharide 
residues were obtained from H2O layer extraction. 
The residues were dissolved in pyridine (0.5  mL) and 
heated with L-cysteine methyl ester (1.5 mg) for 2 h at 
60 °C, and then aryl isothiocyanate (1.5 µL) was added 
and further reacted for 2  h at 60  °C. The derivatives 
of D-glucose and L-glucose were produced by using 
the same method. The reaction mixtures, derivatives 
of D-glucose and L-glucose were analyzed by HPLC 
(MeOH − H2O, 10:100 to 100:0).

Anti‑inflammatory activity screening in vitro
Cell culture
RAW 264.7 murine macrophages were purchased 
from the American Type Culture Collection (ATCC, 
USA) and cultured at 37 ℃ with 5% CO2 using a cell 

Table 1  1H NMR and 13C NMR spectroscopic data for 
compounds 1–2 

No 1 2

position δC δH δC δH

2 119.5 119.5

3 81.7 81.7

4 192.5 192.5

5 165.5 165.6

6 98.0 5.96, d (2.1) 98.0 5.92, d (2.1)

7 169.6 169.6

8 96.2 5.90, d (2.1) 96.2 5.88, d (2.1)

9 162.6 162.6

10 100.3 100.2

1′ 125.2 125.1

2′/6′ 129.6 7.35, d (8.9) 129.6 7.36 d (8.9)

3′/5′ 115.8 6.78, d (8.9) 115.8 6.78 d (8.9)

4′ 160.2 160.2

2′′ 158.8 158.6

3′′ 134.7 134.7

4′′ 179.6 179.7

5′′ 166.6 166.6

6′′ 96.3 6.57, s 96.2 6.57, s

7′′ 167.1 167.1

8′′ 108.1 108.1

9′′ 153.5 153.4

10′′ 107.4b 107.3b

1′′′ 122.5 122.5

2′′′/6′′′ 132.9 8.12, d (9.0) 132.9 8.20, d (9.0)

3′′′/5′′′ 116.0 6.90, d (9.0) 115.9 6.91, d (9.0)

4′′′ 161.7 161.7

1′′′′(Glc) 100.1 5.74, d (7.7) 100.1 5.80, d (7.7)

2′′′′ 79.7 3.63, dd (9.2, 7.7) 80.27 3.63, dd (9.2, 7.7)

3′′′′ 79.0 3.55, dd (9.2, 8.7) 78.9 3.53, dd (9.2, 8.7)

4′′′′ 71.9 3.27, dd (9.8, 8.7) 71.8 3.24, dd (9.8, 8.7)

5′′′′ 78.5 3.23, ddd (9.8, 5.9, 
2.1)

78.6 3.19, ddd (9.8, 
5.9, 2.1)

6′′′′a 62.7 3.73, dd (12.0, 2.1) 62.5 3.70, dd (12.1, 2.1)

6′′′′b 3.49, dd (12.0, 5.9) 3.43, dd (12.1, 5.9)

1′′′′′(Rha) 102.5 5.23, d (1.9) 102.8 5.22, d (1.9)

2′′′′′ 72.4 3.98, dd (3.4, 1.9) 72.4 4.00, dd (3.4, 1.9)

3′′′′′ 72.3 3.73, dd (9.5, 3.4) 72.3 3.76, dd (9.5, 3.4)

4′′′′′ 74.0 3.33, overlap 74.0 3.33, overlap

5′′′′′ 69.9 3.98, overlap 69.9 4.01, overlap

6′′′′′ 17.5 0.91, d (6.2) 17.5 0.93, d (6.2)
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incubator. DMEM high glucose media were supple-
mented with 10% FBS, 1% penicillin and streptomycin 
for cell culture.

NO production inhibition assay
The RAW 264.7 cells (1 × 105 cells/well) were inocu-
lated into a 96-well plate for overnight incubation. The 
model group received DMEM culture with LPS (1  µg/
mL), and the drug-treatment groups were exposed to 
DMEM medium with LPS (1  µg/mL) and indicated 
doses of tested drugs for 24 h. Meanwhile, the control 
group received DMEM medium. Subsequently, 100 
µL of supernatant from each well was mixed with 100 
µL of the Griess reagent in a separate 96-well plate. 
Absorbance at 570 nm was measured using the Model 
680 plate reader (Bio-Rad, USA), with NaNO2 used to 
establish a standard curve. Then, 20 µL of MTT solu-
tion (2 mg/mL) was added to each well. After an addi-
tional 3h incubation, the supernatant was aspirated, 
and 100 µL of dimethyl sulfoxide (DMSO) was added to 
dissolve the precipitation. Cell viability was determined 
by measuring the absorbance at 570 nm.

Anti‑inflammatory evaluation in vivo
ALI model establishment and drug administration
Forty male C57BL/6N mice (6–8  weeks, 19–21  g, Bei-
jing Vital River Laboratory Animal Technology Co., Ltd.) 
were utilized in this research. The mice were housed 
under a 12 h/12 h dark/light cycle with enough water and 
regular rodent diet. All in  vivo experiments were con-
ducted in accordance with the rules of Ethical Committee 

Table 2  1H NMR and 13C NMR spectroscopic data for compound 3 

No. position 3 No. position 3

δC δH δC δH

1 63.6 3.72, s 1′′ 127.7

2 105.9 2′′ 112.0 7.13, d (2.0)

3 78.9 4.19, d (8.2) 3′′ 149.3

4 76.5 4.14 overlap 4′′ 150.7

5 81.0 4.03 overlap 5′′ 116.5 6.80, d (8.2)

6 66.4 4.48, d (6.8)
4.47, d (3.7)

6′′ 124.2 7.03, dd (8.2, 2.0)

OAc-4 172.7
20.8

2.04, s α′′′ 147.4 7.63, d (16.0)

1′ 93.5 5.47, d (3.8) β′′′ 115.2 6.33, d (16.0)

2′ 73.4 3.58, dd (9.7, 3.8) γ′′′ 168.3

3′ 72.6 4.02, dd (9.7, 9.2) 1′′′ 127.6

4′ 72.6 4.93, dd (10.2, 9.2) 2′′′ 111.8 7.12, d (2.0)

5′ 69.9 4.40, ddd (10.2, 5.5, 2.9) 3′′′ 149.3

6′ 64.5 4.15 dd (12.1, 5.5)
4.13 dd (12.1, 2.9)

4′′′ 150.7

α′′ 147.1 7.62, d (16.0) 5′′′ 116.5 6.78, d (8.2)

β′′ 115.2 6.39, d (16.0) 6′′′ 124.1 7.02, dd (8.2, 2.0)

γ′′ 169.0 OMe 56.5 3.87, s

OMe 56.5 3.86, s

Table 3  1H NMR and 13C NMR spectroscopic data for 
compounds 4–5 

No 4 5

position δC δH δC δH

1 171.8 169.7

2 124.0 5.89, d (15.4) 131.5 6.10, d (15.9)

3 144.8 7.22, dd (15.4, 11.0) 126.8 6.69, dt (15.9, 2.0)

4 128.8 6.39, dd (15.2, 11.0) 78.8

5 145.8 6.10, dd (15.2, 6.1) 101.2

6 74.0 4.08, q (6.1) 20.2 2.40, td (7.0, 2.0)

7 30.9 1.56, m 29.4 1.56, m

8 10.1 0.94, t (7.4) 29.7 1.35, m

9 29.8 1.35, m

10 30.0 1.42, m

11 25.9 1.62, m

12 34.7 2.32. t (7.4)

13 176.0

OMe 52.0 3.65, s
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and Institutional Animal Care and Use Committee of 
Shandong University. After one-week adaptive feeding, 
the mice were randomly divided into eight groups (n = 5) 
for different treatments: the control group, the LPS 
group, the DEX group (1 mg/kg), the CE group (50 mg/
kg), the BG group (50 mg/kg), the KN (19) group (20 mg/
kg), the AG (12) group (20 mg/kg) and the KF (8) group 
(20  mg/kg). All drugs and DEX were dissolved with 5% 
ethanol saline. The administration of the above drugs was 
carried out via an intragastric administration (i.g.) 4  h 
after LPS intratracheal instillation for a total of 14 days. 
Simultaneously, a same volume of 5% ethanol saline was 
given to mice in the control group and LPS group. The 
mice were sacrificed on the 14th day.

Histopathological evaluation
The lung samples were collected, fixed with a 10% para-
formaldehyde solution, dehydrated routinely, embedded 
in paraffin, sliced into sections of 4 µm thick, and stained 
with hematoxylin and eosin (H&E). Histopathology was 
evaluated under 100 × magnification using BX53 + DP73 
microscope system.

Bronchoalveolar Lavage Fluid (BALF) analysis
After the mice were sacrificed, the trachea of the mice 
was fully exposed. 1  mL of pre-cooled phosphate-buff-
ered saline (PBS) was injected into the trachea and 
recovered with a syringe three times to obtain the total 
BALF. Then, the supernatant was collected after centrifu-
gation at 2000  rpm for 20  min under 4  °C. The level of 
interleukin-1β (IL-1β) in the BALF was tested by ELISA 
kit (ABclonal Technology Co., Ltd.) according to the 
manufacturer’s instructions.

Complete blood counts
Orbital blood of mice was gathered into EDTA anticoag-
ulation tubes (Wuhan Servicebio Technology Co., Ltd.). 
Complete blood cell counts were analyzed by an auto-
matic blood cell analyzer (mindray BC-6800).

Quantitative Real‑Time Polymerase Chain Reaction (qRT‑PCR)
The total RNA of the lung tissues was extracted by Tri-
zol reagent (Invitrogen). Reverse transcription was per-
formed using PrimeScriptTM RT Reagent Kits with 
gDNA Eraser (Takara Bio Inc., Shiga, Japan) following 
the instructions. qRT-PCR analysis was carried out on 
LightCycler 480II RT-PCR system (Roche, Basel) using 
primer and TB GreenTM Premix Ex TaqTM (Takara Bio 
Inc.). The data was relative mRNA levels normalized to 
β-actin.

All primer sequences are represented in Additional 
file 1: Table S1.

Safety evaluation in vivo
2.10.1. Subacute toxicity model establishment and drug 
administration
A total of 12 male and 12 female Kunming mice, at the 
age of four weeks and weighing between 18 and 22  g, 
were obtained from Beijing Vital River Laboratory Ani-
mal Technology Co., Ltd. They were randomly assigned 
to four different treatment groups (n = 6 per group): the 
control group (purified water), the CE group (at 11.138 g/
kg), the low-dosage BG group (BG-L at 4.875 g/kg), and 
the high-dosage BG group (BG-H, at 9.75 g/kg). All ani-
mals were acclimatized to the laboratory conditions for 
one week before the study commenced.

The subacute toxicity study adhered to the guidelines 
outlined in the OECD guideline 407, which provides 
standardized procedures for evaluating the toxicity of 
substances. While the control group received a stand-
ard diet and purified water, the other groups were orally 
administered the test medicine dissolved in purified 
water daily for a duration of 28  days. All animals were 
systematically evaluated for clinical signs, including 
behavioral changes, and a range of physiological param-
eters such as body weight, urination patterns, food and 

Table 4  1H NMR and 13C NMR spectroscopic data for 
compounds 6–7 

No 6 7

position δC δH δC δH

2a
2b

57.0 3.46, overlap
2.89, overlap

56.9 3.47, overlap
2.88, overlap

3a
3b

19.9 1.97, overlap
1.70, overlap

19.9 2.01, overlap
1.72, overlap

4a
4b

26.8 1.85, m
1.80, overlap

26.8 1.86, overlap
1.78, overlap

5 34.8 2.11, overlap 35.5 1.99, overlap

6 64.6 3.39, t (3.2) 64.9 3.36, t (2.9)

7 41.2 2.07, overlap 43.0 1.84, overlap

8a
8b

25.2 2.01, overlap
1.72, overlap

25.2 2.06, overlap
1.70, overlap

9a
9b

20.3 2.07, overlap
1.74, overlap

20.3 2.06, overlap
1.70, overlap

10a
10b

56.9 3.46, overlap
2.89, overlap

56.9 3.47, overlap
2.88, overlap

11 52.0 4.13, ddd, (11.8, 8.4, 
7.3)

53.7 4.01, ddd (11.3, 8.9, 6.0)

12a
12b

28.0 2.79, m
2.34, m

28.1 2.22, m
1.50, m

13a
13b

140.7 6.64, ddd (9.8, 4.7, 3.8) 19.3 1.84, overlap
1.72, overlap

14a
14b

124.1 5.84, dt (9.8, 2.0) 33.4 2.39, m
2.28, m

15 167.6 172.3

17a
17b

42.0 4.25, dd (14.0, 5.0)
3.23, dd (14.0, 12.9)

41.5 4.49, dd (14.0, 4.7)
3.18, t (14.0, 12.8)
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water intake, respiration, convulsions, tremors, consti-
pation and any alterations in eye and skin coloration, 
etc. These assessments were conducted at multiple time 
intervals, including 30 min, 1 h, 3 h, and 6 h after each 
dosing. Blood samples were collected from the mice via 
retro-orbital puncture under anesthesia to minimize ani-
mal discomfort. One portion of the collected blood was 
transferred to a centrifuge tube, while the remaining por-
tion was placed into an anticoagulant tube containing 
EDTA for standard blood tests. The former portion was 
subjected to centrifugation at 4,000  rpm for 15  min to 
separate plasma, and the resulting supernatant was care-
fully extracted. The excised organs were rinsed with ice-
cold saline solution (0.9% NaCl) to remove any residual 
blood, followed by drying with absorbent tissue paper, 
measurement of organ weights, and preservation in a 
4% paraformaldehyde solution. These preserved organs 
were later utilized for histopathological examination. 
Throughout the 28-day period of oral drug administra-
tion, detailed records of mortality were meticulously 
maintained for each experimental group.

Body weight and organ coefficient
Body weight measurements were recorded every other 
day throughout the subacute toxicity study using a digi-
tal balance. After the 29-day study period, the animals 
were humanely euthanized, and all organs were carefully 
collected. Blood was meticulously removed from each 
organ, including the heart, liver, spleen, lung, kidney, 
stomach and colon. The weight of each organ was deter-
mined using a digital balance. Subsequently, the relative 
organ weight was calculated as the ratio of the organ 
weight to the body weight, expressed as a percentage, 
using the formula below:

Hematological analysis
The following hematological parameters were evaluated 
from the collected blood samples: red blood cell count 
(RBC), white blood cell count (WBC), hemoglobin con-
centration, hematocrit, platelet count, mean platelet 
volume (MPV), mean corpuscular hemoglobin (MCH), 
eosinophils, lymphocytes, neutrophil-to-granulocyte 
ratio (neut/gran). These hematological parameters were 
quantified using an automated blood cell analyzer (min-
dray BC-6800).

Biochemical parameters
Serum samples were analyzed for the following param-
eters: creatine kinase (CK), lactate dehydrogenase (LDH), 

Organ coefficient (%)

=

(

Organ Weight / Body Weight
)

× 100 %

total bile acids (TBA), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline phosphatase 
(ALP), blood urea nitrogen (BUN), creatinine (Crea). 
These biochemical parameters were quantified using an 
automatic biochemical analyzer (Chemray 240, Rayto 
Life and Analytical Sciences Co., Ltd.).

Histopathological assessment
Heart, liver, spleen, lung, kidney, stomach, and colon 
specimens were fixed in 4% paraformaldehyde. These 
specimens then underwent a series of processing steps, 
including dehydration with a graded series of alcohol 
concentrations (beginning with lower concentrations and 
ending with absolute alcohol), xylene cleaning to remove 
residual paraffin, paraffin embedding to prepare tissue 
blocks, and sealing for preservation. Subsequently, sec-
tions measuring 4 μm in thickness were cut and stained 
with H&E. All tissue samples were randomly examined 
under light microscopes at 20 × magnification using the 
BX53 + DP73 microscope system to comprehensively 
analyze and identify any histological alterations.

Statistical analysis
The analysis was performed using Graph Pad Prism 8.0 
software. One-way analysis of variance (ANOVA) and the 
LSD test were used for multiple comparisons. Significant 
level was established at P < 0.05. Data were presented as 
means ± SD.

Results
Structure elucidation of constituents
A total of sixty-three constituents, including seven new 
compounds (including two flavonoid glycosides 1–2, one 
phenylpropionate 3, two fatty acids 4–5 and two alka-
loids 6–7), were isolated and identified from T. chinense. 
The isolation and identification of new compounds have 
deepened our understanding of the chemical composi-
tion of T. chinense, enhancing the in-depth analysis of 
the drug-target network. This leads to a better discovery 
of active ingredients and a more comprehensive under-
standing of T. chinense’s mechanism of action in treating 
lung inflammation.

Compound 1 (thesiuside A) was obtained as a yel-
lowish solid, and the molecular formula was deduced 
as C42H38O21 based on HRESIMS and the protonated 
molecular ion [M + H] + at m/z 879.1991 (calcd. for 
879.1978). The 1H NMR spectrum (Table  1) displayed 
two groups of AA′BB′ aromatic spin system signals [ring 
B, δH 7.35 (2H, d, J = 8.9 Hz), 6.78 (2H, d, J = 8.9 Hz); ring 
E, δH 8.12 (2H, d, J = 9.0  Hz), 6.90 (2 H, d, J = 9.0  Hz)]. 
In addition, ring A was a tetrasubstituted aromatic ring 
[δH 5.96 (1H, d, J = 2.1 Hz), 5.90 (1H, d, J = 2.1 Hz)] and 
ring D was an 1,2,3,4,5-pentasubstituted aromatic ring 



Page 8 of 22Peng et al. Chinese Medicine           (2024) 19:67 

[δH 6.57 (1H, s)]. Besides, two anomeric protons were 
identified at δH 5.74 (1H, d, J = 7.7 Hz) and 5.23 (1H, d, 
J = 1.9 Hz), and a series of proton signals on sugars were 
identified at δH 3–4, which revealed a β-glucopyranosyl 
moiety and an α-rhamnopyranosyl moiety. The 13C NMR 
spectrum (Table 1) exhibited a carbonyl signal (δC 192.5), 
an α, β-unsaturated carbonyl group (δC 179.6), two 
olefinic protons (δC 158.8, 134.7), 24 aromatic carbon sig-
nals. It was worth noting that the carbon resonance at δC 
119.5 and δC 81.7 were ascribed to C-2 and C-3 bearing 
oxygen atoms. According to the molecular formula, C-2 
and C-3 should form a ternary ring through one oxygen 
atom. In addition, further analyses of HMBC associations 
of H-2′ to C-2 and H-2′′′ to C-2′′ revealed that ring B 
and ring C were connected as well as ring D and ring E 
were connected. Thus, the relative configuration of 1 was 
proposed as a biflavone glycoside, which was formed by 
a structure of kaempferol (ring A, B and C), an epoxy fla-
vanone (ring D, E and F) and two sugar substituents. And 

the C-3 in ring C and C-8′′ in ring D were the only pos-
sible connection mode of these two flavonoid structures. 
The 2D NMR data (HSQC, 1H-1H COSY and HMBC) of 
1 showed the signal attribution of the β-glucopyranosyl 
moiety [δH 5.74 (1H, d, J = 7.7 Hz), 3.73 (1H, dd, J = 12.0, 
2.1 Hz), 3.63 (1H, dd, J = 9.2, 7.7 Hz), 3.55 (1H, dd, J = 9.2, 
8.7  Hz), 3.49 (1H, dd, J = 12.0, 5.9  Hz), 3.27 (1H, dd, 
J = 9.8, 8.7  Hz) and 3.23 (1H, ddd, J = 9.8, 5.9, 2.1  Hz), 
and δC 100.1, 79.7, 79.0, 71.9, 78.5 and 62.9] and the 
α-rhamnopyranosyl moiety [δH 5.23 (1H, d, J = 1.9  Hz), 
3.98 (1H, dd, J = 3.4, 1.9 Hz), 3.98 (1H, overlap), 3.73 (1H, 
dd, J = 9.5, 3.4  Hz), 3.33 (1H, overlap) and 0.91 (3H, d, 
J = 6.2 Hz), and δC 102.5, 72.4, 72.3, 74.0, 69.9 and 17.5]. 
The HMBC cross-peak from H-1′′′′ to C-3′′ suggested 
the position of the β-glucopyranosyl moiety (Fig.  1A). 
It was further confirmed that β-glucopyranosyl moiety 
was linked at C-2′′′′ to α-rhamnopyranosyl moiety at 
C-1′′′′′ based on the HMBC spectrum.

Fig. 1  Key HMBC and 1H-1H COSY correlations. A compounds 1–2. B compound 3. C compound 4. D compound 5 
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The determination of the absolute configuration of 
compound 1 was elucidated via the ECD spectrum. The 
ECD spectrum (Additional file 1: Fig. S8) showed positive 
cotton effects for the π → π* transition at 320 nm indicat-
ing the presence of para substituted phenolic motif and 
a negative cotton effect for the n → π* transition at 288 
nm proving the presence of ketone carbonyl group. The 
relative configuration of 1 was analogous to the struc-
ture of [(2S,3S)-2,3-epoxy-5,7,4′-trihydroxyflavanone] 
-(3→8)-kaempferol 3″-O-β-D-glucopyranoside, which 
has reported the ECD spectrum of its hydrolysate, 
and the ECD spectrum of 1 has similar cotton effects 
with its ECD spectrum [24]. Consequently, the abso-
lute configuration of C-2 and C-3 was determined as S. 
Based on these results, compound 1 was proposed to be 
[(2S,3S)-2,3-epoxy-5,7,4′-trihydroxyflavanone]-(3→8)-
kaempferol 3″-O-α-L-rhamnopyranosyl-(1→2)-β-D-
glucopyranoside, and named as thesiuside A.

Compound 2 (thesiuside B) was isolated as a yellow-
ish solid and its molecular formula was determined to 
be C42H38O21 by the HRESIMS, which exhibited the 
molecular ion [M + H] + peak at m/z 879.1991 (calcd. 
for 879.1978). Intriguingly, the 1D (1H NMR and 13C 
NMR) and 2D NMR (HSQC, 1H-1H COSY and HMBC) 
data of 2 (Table  1 and Fig.  1A) resembled those of 1, 
which revealed that 2 was a diastereomer of 1. Their 
relative configurations were identical, and the only dif-
ference was the absolute configuration at positions 
C-2 and C-3. The ECD spectrum of 2 (Additional file 1: 
Fig. S15) and 1 had opposite cotton effect at 320  nm 
and 288  nm, which suggests that the absolute con-
figuration of 2 at C-2 and C-3 was R. Accordingly, the 
structure 2 was established as [(2R,3R)-2,3-epoxy-5,7,4′-
trihydroxyflavanone]-(3 → 8)-kaempferol 3″-O-α-L-
rhamnopyranosyl-(1 → 2)-β-D-glucopyranoside, and 
named as thesiuside B.

Compound 3 was purified as a colorless amorphous 
solid. The molecular formula was deduced as C34H40O18 
by HRESIMS, which displayed the molecular ion [M − H] 
− at m/z 735.2159 (calcd. for 735.2142). The 1H NMR 
data (Table 2) showed characteristic signals for one oxy-
genated methyl group [δH 2.04 (3H, s)], three oxygen-
ated methylenes [δH 4.48 (1H, d, J = 6.8  Hz) and 4.47 
(1H, d, J = 3.7 Hz); 4.15 (1H, dd, J = 12.1, 5.5 Hz) and 4.13 
(1H, dd, J = 12.1, 2.9  Hz); 3.72 (2H, s)], eight oxygen-
ated methines [δH 5.47 (1H, d, J = 3.8 Hz), 4.93 (1H, dd, 
J = 10.2, 9.2 Hz), 4.40 (1H, ddd, J = 10.2, 5.5, 2.9 Hz), 4.19 
(1H, d, J = 8.2 Hz), 4.14 (1H, overlap), 4.03 (1H, overlap), 
4.02 (1H, dd, J = 9.7, 9.2 Hz), 3.58 (1H, dd, J = 9.7, 3.8 Hz)], 
four olefinic protons [δH 7.63 (1H, d, J = 16.0  Hz), 
7.62(1H, d, J = 16.0  Hz), 6.39 (1H, d, J = 16.0  Hz), 6.33 
(1H, d, J = 16.0 Hz)], which were two trans double bonds 
on the basis of coupling constants, two aromatic rings 

of ABX spin system [δH 7.13 (1H, d, J = 2.0  Hz), 7.03 
(1H, dd, J = 8.2, 2.0 Hz) and 6.80 (1H, d, J = 8.2 Hz); 7.12 
(1H, d, J = 2.0 Hz), 7.02 (1H, dd, J = 8.2, 2.0 Hz) and 6.78 
(1H, d, J = 8.2  Hz)]. The 13C NMR and DEPT spectrum 
(Table  2) exhibited 34 carbon signals, corresponding 
to three ester carbonyl carbons (δC 172.7, 169.0, 168.3), 
sixteen sp2 carbons (δC 147.4, 147.1, 115.2, 115.2, 150.7, 
150.7, 149.3, 149.3, 127.7, 127.6, 124.2, 124.1, 116.5, 
116.5, 112.0, 111.8), three methyl carbons (δC 56.5, 56.5, 
20.8) and twelve oxygenated carbons related to sugar 
groups (δC 105.9, 81.0, 78.9, 76.5, 66.4, 63.6; δC 93.5, 73.4, 
72.6, 72.6, 69.9, 64.5). In addition, the 2D NMR data 
(HSQC, 1H-1H COSY and HMBC) suggested the exist-
ence of two identical trans ferulic acid structures and two 
sugars. Further analysis of the anomeric protons [δH 5.47 
(1H, d, J = 3.8 Hz), 3.72 (1H, s)] and anomeric carbons (δC 
93.5, 63.6) revealed that the structures of the two sugars 
were one β-D-fructose moiety and one α-D-glucose moi-
ety, respectively. The HMBC cross-peak (Fig.  1B) from 
H-1′ to C-2 established the linkage of the two sugar moi-
eties, indicating the presence of a sucrose moiety. After 
the glycohydrolysis experiments, it was determined that 
the sugar was sucrose analyzed by TLC and HPLC. The 
HMBC spectrum exhibited key correlations from H-6 
to C-γ′′, from H-4′ to C-γ′′′ and from H-4 to carbonyl 
carbon (δC 172.7), which further revealed the connect-
ing positions of two ferulic acids and one acetyl group. 
This compound was similar to compound helonioside B 
[25], with the main difference being the different con-
nection positions of the trans ferulic acid groups and the 
acetyl group. Therefore, 3 was established as 4-acetyl-6, 
4′-diferuloylsucrose.

Compound 4 was obtained as a yellowish oil. 
HRESIMS measurements of this compound showed a 
[M − H] − ion peak at m/z 155.0706 and the molecular 
formula was assigned as C8H12O3 (calcd. for C8H11O3, 
155.0714), deducing three degrees of unsaturation. The 
1H NMR spectrum (Table 3) indicated that 4 contained 
one methyl group [δH 0.94 (3H, t, J = 7.4 Hz)], one meth-
ylene [δH 1.56 (2H, m)], one oxygenated methine [δH 4.08 
(1H, q, J = 6.1)] and four olefinic protons [δH 7.22 (1H, 
dd, J = 15.4, 11.0 Hz), 6.39 (1H, dd, J = 15.2, 11.0 Hz), 6.10 
(1H, dd, J = 15.2, 11.0 Hz), and 5.89 (1H, d, J = 15.4 Hz)]. 
The 13C NMR data (Table 3) of 4 confirmed the presence 
of 22 carbon resonances, including one methyl carbon 
(δC 10.1), one methylene carbon (δC 30.9), one oxygen-
ated methine carbon (δC 74.0), four olefinic carbons (δC 
145.8, 144.8, 128.8 and 124.0) and one carboxylic car-
bon (δC 171.8). 1H-1H COSY correlations (Fig.  1C) of 
H-2/H-3/H-4/H-5/H-6/H-7/H-8 and the HMBC cross-
peaks (Fig.  1C) of H-2/C-4; H-3/C-1, C-3; H-6/C-4; 
H-7/C-5 and H-8/C-6 proved that the compound bears 
a long-chain fatty acid structure. Furthermore, the E 
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configurations of the C-2/C-3 and C-4/C-5 double bonds 
were determined by the coupling constants, which also 
explained the presence of an α, β, γ, δ-unsaturated car-
bonyl moiety. The absolute configuration of the hydroxyl 
group at C-6 was assigned to be R by measuring the spe-
cific rotation of 4 ([α]D

20 -3.3), which is opposite to that of 
the similar compound previously reported [26]. Finally, 
compound 4 was elucidated as (2E,4E,6R)-6-hydroxy-
2,4-oxtadienoic acid.

Compound 5 was isolated as a yellow oil. It had 
a molecular formula of C14H20O4 inferred from the 
[M − H] − ion peak at m/z 251.1279 (calcd. for 251.1289), 
which was deduced from the HRESIMS spectrum, and 
it required three degrees of unsaturation. The 1H NMR 
spectrum (Table 3) gave signals for one methyl group [δH 
3.65 (3H, s)], seven methylenes [δH 2.40 (2H, td, J = 7.0, 
2.0  Hz), 2.32 (2H, t, J = 7.4  Hz), 1.62 (2H, m), 1.56 (2H, 
m), 1.42 (2H, m), 1.35 (2H, m), 1.35 (2H, m)] and two 
olefinic protons [δH 6.69 (1H, dt, J = 15.9, 2.0  Hz), 6.10 
(1H, d, J = 15.9  Hz)]. Its 13C NMR and DEPT spectrum 
(Table  3) suggested the presence of one methyl carbon 
(δC 52.0), seven methylene carbons (δC 34.7, 30.0, 29.8, 
29.7, 29.4, 25.9, 20.2), two olefinic carbons (δC 131.5, 
126.8), two carbonyl carbons (δC 176.0, 169.7) and two 
acetylenic carbons (δC 101.2, 78.8). A long methylene 
chain unit was established by the 1H-1H COSY spec-
trum (Fig. 1D), which showed the correlations at H-6/H-
7/H-8/H-9/H-10/H-11/H-12. The HMBC cross-peaks 
(Fig.  1D) of H-3/C-1, C-5; H-2/C-1; H-6/C-2, C-3, C-4, 
and H-7/C-5 confirmed that one end of the acetylenic 
bond was connected to the fat chain and the other to 
the α, β-unsaturated carbonyl group, which could also 
be identified by the 1H-1H COSY cross-peaks from H-3 
to H-6. The existence and position of the methyl ester 
group were supported by the HMBC data, which indi-
cated the cross-peaks from methyl hydrogen to C-13 
and from H-11 to C-13. Furthermore, the coupling con-
stants between H-2 and H-3 (J = 15.9 Hz) suggested the 
C-2/C-3 double bonds were E geometry. The structure of 
compound 5 was similar to the known compound ana-
colosine, the main difference was the presence of methyl 
ester unit (δH 3.65, δC 52.0) in compound 5 [27]. There-
fore, compound 5 was named as (E)-13-methoxy-13-ox-
otridec-2-en-4-ynoic acid.

Compound 6 was obtained as a colorless oil. The 
[M + H] + ion was observed at 247.1805  m/z (calcd. for 
247.1805) by HRESIMS and the molecular formula of 6 
was deduced as C15H22N2O with 6 degrees of unsatu-
ration. The 1H NMR spectrum (Table  4) and HSQC 
spectrum revealed the presence of two olefinic protons 
[δH 6.64 (1H, ddd, J = 9.8, 4.7, 3.8  Hz) and 5.84 (1H, dt, 
J = 9.8, 2.0 Hz)], eight methylenes [δH 3.46 (1H, overlap) 
and 2.89 (1H, overlap), 1.97 (1H, overlap) and 1.72 (1H, 

overlap), 1.85 (1H, m) and 1.80 (1H, overlap), 2.01 (1H, 
overlap) and 1.72 (1H, overlap), 2.07 (1H, overlap) and 
1.72 (1H, overlap), 3.46 (1H, overlap) and 2.89 (1H, over-
lap), 2.79 (1H, m) and 2.34 (1H, m) as well as 4.25 (1H, 
dd, J = 14.0, 5.0 Hz) and 3.23 (1H, dd, J = 14.0, 12.9 Hz)], 
and four methines [δH 4.13 (1H, ddd, J = 11.8, 8.4, 7.3 Hz), 
3.39 (1H, t, J = 3.2 Hz), 2.11, (1H, overlap) and 2.07, (1H, 
overlap)]. The analysis of 13C NMR and DEPT spec-
trum (Table  4) showed 15 carbon resonances, includ-
ing eight methylene carbons (δC 57.0, 56.9, 42.0, 28.0, 
26.8, 25.2, 20.2, 19.8), four methines (δC 64.6, 52.0, 41.2, 
34.8), two olefinic carbons (δC 140.7, 124.1) and one car-
bonyl carbon (δC 167.6). The 1H-1H COSY cross-peaks 
of H-14/H-13/H2-12/H-11, together with the HMBC 
correlations (Fig. 2A) from H-14 to C-15, from H-13 to 
C-15 and from H-11 to C-13/C-15 established the loca-
tion of the α, β unsaturated ketone. The 1H-1H COSY 
cross-peaks of H-11/H-7/H-6/H-5/H2-17, H-7/H2-8/
H2-9/H2-10  and H-5/H2-4/H2-3/H2-2 together with the 
HMBC correlations from H-11 to C-15, from H-17 to 
C-15, from H-17 to C-11, from H2-2 to C-6, from H2-10 
to C-6 and from H2-2 to C-10 revealed that the skeleton 
of 6 was a matrine-type alkaloid. The relative configura-
tion of 6 was deduced by the NOESY spectrum (Fig. 2A), 
where correlations of H-17b/H-7 and H-11, H-6/H-8b 
as well as H-11/H-8a exhibited the H-7 and H-11 were 
β-orientations. The cross-peaks of H-3b/H-5 and H-6 
suggested the α-orientations of H-5 and H-6.

The C-5, C-6, C-7, and C-11 of the compound were 
chiral carbon atoms, and there may be two absolute con-
figurations of the compound, namely enantiomers 6A 
(5R, 6R, 7R, 11S) and 6B (5S, 6S, 7S, 11R), respectively. 
The ECD spectra of the two configurations were obtained 
by the method of ECD calculations. It was found that the 
calculated ECD curves of 6B (5S, 6S, 7S, 11R) were basi-
cally consistent with those of compound 6 measured by 
experiments (Fig.  2A). Thus, its absolute configuration 
was determined as 5S, 6S, 7S, 11R. Compound 6 was 
established as a new structure and named as thesiumine 
A.

Compound 7 was obtained as a colorless oil. The 
[M + H] + ion was observed at 249.1960  m/z (calcd. for 
249.1961) by HRESIMS and the molecular formula of 7 
was deduced as C15H24N2O with 5 degrees of unsatura-
tion. The significant difference between the 1H NMR 
and 13C NMR data (Table  4) of 7 and those of 6 was 
the absence of a double bond. The NOESY correlations 
(Fig.  2B) of H-17b/H-6, H-7 and H-11 exhibited the 
H-11, H-7 and H-6 were β-orientations. The cross-peaks 
of H-2b/H-6 and H-2a/H-5 indicated the α-orientations 
of H-5. The absolute configuration was also determined 
by ECD calculations with the same method of compound 
6. The experimental ECD spectrum of compound 7 was 
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compared with the calculated ECD spectrum (Fig.  2B 
and Additional file 1: Fig. S51) of compound 7A (5S, 6R, 
7S, 11R) and 7B (5R, 6S, 7R, 11S). The results showed 
that the ECD curves of 7A (5S, 6R, 7S, 11R) configura-
tion were in good agreement with those of compound 7. 
Therefore, its absolute configuration was determined as 
5S, 6R, 7S, 11R. Compound 7, which was an enantiomer 
of tetrahydroneosophoramine [28], was identified as a 
new compound named thesiumine B.

The other 56 known compounds (Fig.  3) were identi-
fied by comparing their spectroscopic data with those 
reported in the literature (Additional file  1: Table  S2), 
including kaempferol (8), luteolin (9), quercetin 
(10), tricin (11), astragalin (12), isoquercitrin (13), 
rhamnetin-3-O-β-D-glucopyranoside (14), kaempferol-
3-O-(6′′-O-acetyl)-β-D-glucopyranoside (15), 
quercetin-3-O-(6′′-O-acetyl)-β-D-glucopyranoside (16), 
kaempferol-3-O-(3′′-O-acetyl)-β-D-glucopyranoside 
(17), tiliroside (18), kaempferol-3-O-glucorhamnoside 
(19), kaempferol-3-O-α-L-rhamnopyranosyl-(1 → 2)-[6-O-acetyl]-
β-D-glucopyranoside (20), kaempferol-3-O-

α -L-rhamnopy rano s y l - (1  →  2 ) - [3-O -ace ty l ] -β -
D-glucopyranoside (21), ajugasterone C (22), 
20-hydroxyecdysone (23), calonysterone (24), esculetin 
(25), caffeic acid (26), (E)-ferulic acid (27), (E)-p-cou-
maric acid (28), syringin (29), 4,5-di-O-caffeoylquinic 
acid 1-methyl ether (30), geniposide (31), pha-
seic acid (32), uridine (33), 1-(β-D-ribofuranosyl)-
1H-1,2,4-triazone (34), 3-hydroxypyridine (35), 
methyl-5-hydroxypyridine-2-carboxlate (36), isohe-
matinic acid (37), uracil (38), protocatechuic acid 
(39), p-hydroxybenzoic acid (40), vanillic acid (41), 
p-hydroxyphenethyl alcohol (42), gallic acid (43), 
3,4-dihydroxybenzyl alcohol (44), 1H-indole-3-carboxal-
dehyde (45), ( +)-syringaresinol (46), lirioresionol (47), 
( +)-medioresinol (48), ( +)-pinoresinol (49), 5-meth-
oxy-( +)-isolariciresinol (50), ( +)-isolariciresinol (51), 
( +)-lyoniresinol (52), (7S, 8R)-dihydrodehydrodico-
niferyl alcohol (53), 5-methoxydehydroconiferyl alco-
hol (54), isoscopoletin (55), scopoletin (56), isofraxidin 
(57), ( +)-dehydrovomifoliol (58), ( −)-loliolide (59), 
( +)-isololiolide (60), p-hydroxyacetophenone (61), 

Fig. 2  A Key HMBC, 1H-1H COSY correlations and key NOESY correlations, and experimental and calculated ECD spectra of compound 6; B Key 
HMBC, 1H-1H COSY correlations and key NOESY correlations, and experimental and calculated ECD spectra of compound 7 
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Fig. 3  Chemical structures of compounds 1–63 isolated from the T. chinense 
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dihydroconiferylalcohol (62), acetovanillone (63). Nota-
bly, forty-seven previously unseparated compounds 
(10–11, 13–18, 20–24, 26–27, 29–39, 41–58, 60, and 
62–63) were discovered from the plant in addition to the 
compounds 1–7.

Inhibition of NO production by isolated compounds
The in  vitro anti-inflammatory activity of isolated com-
pounds was evaluated by detecting NO level in LPS-
induced RAW 264.7 macrophages. Cytotoxicity of the 
compounds was determined by MTT assay to confirm 
that the reduction in NO production was not due to inhi-
bition of cell proliferation.

New compounds 1, 2, 4 and 5 displayed NO produc-
tion inhibition activity. Flavonoid aglycones 8–11 and 
fatty acid 5 displayed strong anti-inflammatory activity 
and their MIRs either exceeded or were equal to that of 
DIDOX (Fig. 4). Flavonoid glycosides 1 and 2, fatty acid 
4, alkaloids 7 and 34, phenylpropionic acid 27, simple 
aromatics 39, lignans 44–54, coumarin 57 and terpenoid 
58 demonstrated moderate anti-inflammatory activity. It 
was worth mentioning that although flavonoid glycosides 
were the main constituents of T. chinense, compounds 
12–21 exhibited no inhibitory activity of NO production.

Targets of T. chinense against lung inflammation based 
on network pharmacology analysis
For further exploration of the potential targets of T. chin-
ense against lung inflammation, we conducted a net-
work pharmacology analysis of T. chinense against lung 
inflammation. A total of 88 constituents in T. chinense 
were obtained from literature reviews and our identified 
constituents in this article, and 10 active constituents 
were obtained after screening by Swiss target ADME. 
236 drug targets and 1768 disease targets were collected 
from the HERB, TCMSP, and Genecards databases. We 
matched targets of the ingredients and the disease, 147 
common targets were obtained and shown with a venn 
diagram (Fig.  5A; Additional file  1: Table  S4). To better 
demonstrate the connection between drugs and disease 
targets, a T. chinense-constituents-targets-lung inflam-
mation network diagram was constructed (Fig. 5B). The 
active ingredients were sorted by degree and displayed in 
Fig. 5C, and of which, five constituents (6–7 and 9–11) 
in the top ten active constituents were new compounds 
or firstly isolated from T. chinense. Protein–protein inter-
action (PPI) network was constructed to further explore 
the protein–protein interaction relationship between 
common targets. The key proteins for T. chinense treating 
lung inflammation included TP53, AKT1, STAT3, TNF, 
JUN, IL6, HSP90AA1, SRC, MAPK3, EGFR (Fig.  5D). 
Gene ontology (GO) enrichment analysis demonstrated 

that T. chinense may intervene lung inflammation 
through participating in inflammation-related biologi-
cal processes containing response to molecule of bacte-
rial origin, response to xenobiotic stimulus, regulation 
of defense response, response to oxygen levels, regula-
tion of cellular response to stress, and cellular response 
to cytokine stimulus (Fig. 5E). KEGG enrichment analy-
sis showed that T. chinense intervened lung inflammation 

Fig. 4  Heat map analysis of inhibitory activity of compound 
on LPS-induced NO production in RAW 264.7 cells. NO level 
was measured after treatment with compounds at indicated doses 
along with LPS (1 μg/mL) for 24 h. The data were normalized using 
Z-score (https://​www.​omics​hare.​com/​tools). The color of the spots 
represents the level of NO production in each group, with red 
indicating a higher level and blue indicating a lower level. C: control 
group

https://www.omicshare.com/tools
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Fig. 5  Results of network pharmacology prediction of T. chinense for lung inflammation. A Venn diagram of lung inflammation target and T. 
chinense target. B The “constituent-target-disease” network of T. chinense. The pink oval represents T. chinense, the green oval represents the active 
constituents in T. chinense, yellow oval represents predicted target, and blue diamond represents lung inflammation. C Active components sorted 
by degree. D Common target protein interaction network diagram. E GO biological process enrichment analysis of the potential targets of T. 
chinense against inflammation. F KEGG signaling pathway enrichment analysis on the potential targets of T. chinense against inflammation
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via regulating TNF signaling pathway, FoXO signal-
ing pathway, NF-κB signaling pathway, HIF-1 signaling 
pathway, TGF-β signaling pathway, and other inflam-
mation-related pathways (Fig.  5F). All these data indi-
cated the enormous potential of T. chinense therapy for 
lung inflammation and potential therapeutic targets and 
mechanisms.

The constituents, extract and preparation of T. chinense 
attenuate LPS‑induced ALI in mice
Based on network pharmacology analysis, flavonoids 
and their glycosides play a crucial role in treating lung 
inflammation by T. chinense  and Bairui Granules. The 
predominant and representative constituents were flavo-
noid glycosides KN (Bairuisu I, 19) and AG (Bairuisu II, 
12) with contents of 15.072  mg/g and 8.014  mg/g in T. 
chinense, and 4.23  mg/g and 1.87  mg/g in Bairui Gran-
ules. Although they did not rank among the top ten most 
active constituents, their common glycoside, kaempferol, 
was predicted by network pharmacology analysis. In 
addition, 12 and 19 did not display an inhibitory effect 
against NO production. Thus, the two constituents (19 
and 12) were further evaluated for their anti-inflamma-
tory activity in vivo. Moreover, KF (Bairuisu III, 8) with 
potent inhibition on NO production, as well as BG and 
CE have also been determined.

As displayed in Fig.  6A, LPS exposure led to the per-
sistent infiltration of inflammatory cells, accumulation 
of neutrophils in the alveolar and interstitial space, the 
thickened alveolar and airway walls. While, these symp-
toms of inflammation were obviously alleviated after KN 
(19), AG (12), KF (8), BG and CE. Furthermore, com-
pared with the control group, the count of leukocytes and 
neutrophils in peripheral blood increased significantly in 
LPS-treated group (Fig. 6B-C). And the number of these 
inflammation-related cells was reduced in mice treated 
by KN (19), AG (12), KF (8), BG and CE. Abnormal acti-
vation of NOD-like receptor protein 3 (NLRP3) inflam-
masome could lead to the high expression of caspase-1 
and the secretion of IL-1β, leading to the occurrence of 
inflammatory diseases [29]. Acute inflammation could 
lead to high expression of cyclooxygenase-2 (COX-2) and 
damage tissues [30]. Thus, we measured the levels of the 
inflammatory cytokine IL-1β in the BALF using ELISA 
assay and the mRNA levels of NLRP3, caspase-1, IL-1β 
and COX-2 using RT-PCR. As depicted in Fig. 6D, treat-
ment with KN (19), AG (12), KF (8), BG and CE blocked 
the LPS-stimulated increase of IL-1β in BALF. Similarly, 
they significantly inhibited the LPS-stimulated upregu-
lation of mRNA levels of NLRP3, caspase-1, IL-1β and 
COX-2 in the lung tissues (Fig.  6E-H). These data sug-
gested that KN (19), AG (12), KF (8), BG and CE were 
capable of alleviating lung inflammation. KN (19), AG 

(12) and KF (8) are responsible for the traditional and 
clinical application of Thesium chinense Turcz. and Bairui 
Granules against inflammation-related diseases. Never-
theless, there is a deficiency of established quality control 
standards and markers for T. chinense. It is proposed that 
KN (19) and AG (12) could serve as foundational ele-
ments to enhance quality standards or act as markers for 
assessing the quality of T. chinense and its preparations.

Safety
Clinical observations and body weight including food intake.
In the subacute toxicity assessment, we conducted pre-
cise and systematic observations to detect potential 
signs of toxicity. These observations were conducted 
at specific time intervals, including 0, 30 min, 1, 3 and 
6 h, followed by daily evaluations over a 28-day period. 
Notably, no fatalities or adverse indicators of toxicity, 
such as emesis, lethargy, paw jerking, and cutaneous 
lesions, were observed across all administered doses 
when compared to the normal control group (Table 5). 
Furthermore, despite the observed progressive increase 
in body weight throughout the experiment, we found 
no statistically significant differences in either body 
weight or food intake among the experimental groups 
(Additional file 1: Fig. S12A-B).

Organ coefficients and morphological examination
Hearts, livers, lungs, kidneys and spleens were dis-
sected, rinsed in saline, and then placed on a blank 
background under the white light for the photographic 
documentation. The results demonstrated the struc-
tural integrity and healthy appearance of the organs 
across all four groups of mice, with no significant dif-
ferences observed (Fig. 7C). The organ coefficient, cal-
culated as the ratio of organ mass to body weight, is a 
commonly employed parameter in toxicology experi-
ments. In this study, there were no statistically signifi-
cant differences in organ coefficients among the control 
group, CE, BG-L and BG-H group (Fig. 7D-G).

Histopathological assessment
Significant histological changes were not observed in the 
control and treatment groups.

Heart: The microscopic analysis of the heart in all treat-
ment groups displayed normal architecture of the cardiac 
muscle fibers with intact length and regular cell striation 
and nuclei and was bereft of significant cellular infiltra-
tion or degeneration.

Liver: The tissue slices displayed intact hepatic 
parenchyma including hepatocytes, central vein and 
portal triad. No significant mixed macro and micro 
vesicular steatosis, vacuolated hepatocytes or any kind of 
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infiltration was observed in the liver tissue (hepatocytes). 
Hepatocytes were organized in cords with intact cellular 
and nucleus borders.

Lung: All treated groups showed normal lung archi-
tecture. No significant damage (such as granulomas, 
increased alveolar cell wall, inflammatory cells) was 
observed in the lung tissue of any treated group rats. The 
section showed an intact alveolar membrane.

Spleen: No significant damage was observed in the 
spleen tissue of any treated group. The graph showed the 
normal white and red pulp areas with no cell breakage in 
the splenic parenchyma.

Kidney: In all treatment groups, the kidneys exhib-
ited tightly arranged and well-organized glomerular and 
tubular structures.

Stomach: No significant damage (such as focal necro-
sis, mucus wall disruption, extensive congestion in the 

Fig. 6  Effects of T. chinense on lung inflammation induced by LPS. A H&E staining of lung tissue sections. Scale bar, 50 µm. B, C Peripheral blood 
leukocyte and neutrophil count. D The level of IL-1β in BALF. E–H Relative mRNA level of NLRP3, caspase-1, IL-1β and COX-2. Data were expressed 
as mean ± SD (n = 3), * p < 0.05 as compared to LPS group
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mucosa and haemorrhagic bands) was observed in the 
inner lining of stomach of any treated group. The inner 
mucus membrane was completely remained intact.

Colon: No significant damage (villi atropy, inflam-
mation, superficial erosion and crypt hyperplasia) was 
observed in the tissues of small intestine of any treated 
groups rats. The histology result displays no abnormali-
ties in the microscopic structure of small intestine.

Blood biochemistry and routine blood indicators
Blood supernatants were analyzed using a blood bio-
chemistry analyzer, which revealed no statistically sig-
nificant differences in cardiac function parameters, 
including CK and LDH, between the treatment and con-
trol groups (Additional file 1: Fig. S52A-D). Similarly, no 
statistically significant differences were observed in TBA, 
ALP, ALT and AST, which serve as indicators of liver 
function (Additional file 1: Fig. S52C-F). There is no sig-
nificant difference in creatinine and urea nitrogen levels, 
which are indicative of renal function (Additional file 1: 
Fig. S52G-H).

The results of the blood routine analysis are presented 
in Additional file 1: Fig. S52. In this analysis, there were 
no statistically significant differences observed between 
the experimental group and the control group in various 
indicators used for assessing infection and immune func-
tion, such as white blood cell count, red blood cell count, 
lymphs, eosinophils, and neut/gran. Furthermore, param-
eters such as hemoglobin, hematocrit, mean corpuscular 
volume, mean platelet volume, mean corpuscular hemo-
globin, mean corpuscular hemoglobin concentration and 
platelet count, which are indicative of anemia, blood vis-
cosity, and platelet function, also showed no significant 

differences. In summary, the administration of CE, BG-L 
and BG-H did not have significant impacts on the blood 
and serum biochemical indices of the mice.

Discussion
Pneumonia is the principal cause of ALI/ARDS, which 
can be brought on by gram-negative or positive bacte-
ria, viruses, and other exogenous hazardous substances 
[31]. ALI is characterized by pulmonary inflammation, 
accompanied by a systemic “cytokine storm”, which 
simultaneously produces damage to the epithelium and 
endothelium, leading to the rupture of the alveolar cap-
illary barrier, pulmonary edema and neutrophil infiltra-
tion, which can further develop into ARDS [32–34]. 
Inflammatory responses, such as the recruitment of neu-
trophils and the generation of proinflammatory cytokines 
IL-1β, are frequently present in ALI [4]. High level of 
proinflammatory cytokines, including COX-2, caspase-1, 
and NLRP3, are also thought to play a significant role in 
the development of the inflammatory responses in ALI 
[35–37]. The formation of NLRP3 inflammasome can 
activate procaspase-1 to generate caspase-1, thereby pro-
moting the maturation and secretion of inflammatory 
cytokine IL-1β [38]. Numerous serious human diseases, 
such as asthma, allergic airway inflammation, COVID-
19 and gout are correlated with the overactivation of the 
NLRP3 inflammasome [39].

NO production inhibition assay was a useful bioassay 
for finding anti-inflammatory compounds and extracts 
[40]. In this study, it was found that the EtOAc fraction 
of the ethanol extract and the water extract of T. chinense 
had significant anti-inflammatory activity.

Table 5  Effects of Control, CE, BG-L and BG-H on physical and behavioral parameters in mice during a 28-day subacute toxicity study

Parameter Control CE BG-L BG-H

Survival rate 100% 100% 100% 100%

Evident anomalies Not observed Not observed Not observed Not observed

Respiratory rate Normal Normal Normal Normal

Vomitus Not observed Not observed Not observed Not observed

Lethargy Not observed Not observed Not observed Not observed

Micturition Normal Normal Normal Normal

Fecal coloration Normal Normal Normal Normal

Diarrhea Not observed Not observed Not observed Not observed

Mucoid stool Not observed Not observed Not observed Not observed

Eye colour Normal Normal Normal Normal

Skin colour Normal Normal Normal Normal

Cutaneous lesions Not observed Not observed Not observed Not observed

Paw jerking Not observed Not observed Not observed Not observed

Paw licking Not observed Not observed Not observed Not observed

Paw biting Not observed Not observed Not observed Not observed
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Fig. 7  Effects of Control, CE, BG-L, BG-H on mice growth and organ characteristics in a 28-day subacute toxicity study. A Body weight. B Food 
intake. C The gross appearance of heart, liver, spleen, lung and kidney. D–H Organ coefficients of heart, liver, spleen, lung and kidney. I H&E staining 
of heart, liver, spleen, lung, stomach and colon tissue sections. Scale bar, 50 µm. Data are illustrated as mean ± SD (n = 6); * p < 0.05 as compared 
to the control group
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T. chinense, is frequently used by the local resident to 
treat a wide range of inflammatory disorders. Flavonoids, 
alkaloids, and organic acids are additionally regarded as 
the principal components [8]. But only a limited amounts 
of flavonoids, alkaloids and organic acids had been dis-
covered in T. chinense [9, 10, 13]. Herein, our study dis-
covered seven new compounds (1–7) and compounds 
10–11, 13–18, 20–24, 26–27, 29–39, 41–58, 60, and 
62–63 were isolated from this plant for the first time, 
which enriched the chemical diversity of T. chinense.

In addition, there were few active compounds discov-
ered in T. chinense, and limited evidence of pharmacolog-
ical mechanism were reported. In the present study, we 
found twelve active compounds (1, 2, 4, 5, 8–11, 27, 34, 
39 and 44) from the EtOAc fraction and thirteen active 
compounds (7, 45–54, 57 and 58) from the water extract 
by using NO production inhibition assay. Flavonoids and 
fatty acids demonstrated strong inhibitory activity, while 
lignans, flavonoids, fatty acids, alkaloids, coumarins, 
phenylpropionic acid, and simple aromatics displayed 
moderate inhibitory activity. These findings preliminarily 
revealed the material basis of T. chinense against inflam-
matory diseases.

A network pharmacology analysis was constructed to 
further explore the potential targets of T. chinense against 
lung inflammation. We gathered constituents and their 
active targets to construct the network pharmacology 
analysis. However, in previous studies related to the T. 
chinense, only 34 compounds were identified [41]. Our 
research has firstly identified 54 compounds from T. 
chinense, and integrated them into the analysis, which 
significantly enriched the compositional data and made 
the analysis more authentic and reliable. KN (19), AG 
(12) and KF (8), respectively known as “Bai Rui Cao Su 
I” (百蕊草素I), “Bai Rui Cao Su II”(百蕊草素II), and “Bai 
Rui Cao Su III”(百蕊草素III) in Chinese, are the main 
constituents of T. chinense [42, 43]. KN (19) and AG 
(12) did not exhibit anti-inflammatory activity in RAW 
264.7 cells induced by LPS, but demonstrated this activity 
in vivo. Additionally, in the network pharmacology analy-
sis, they did not appear in the list of the top ten active 
compounds. Interestingly, their aglycone, kaempferol, 
exhibited strong activity both in  vitro and in  vivo, and 
it ranked as the third most active constituent in the net-
work analysis (Fig. 4 and 11; Additional file 1: Table S3). 
We speculated that this might be due to changes in the 
physical properties of the flavonoid glycosides within 
the body. These changes could lead to a decrease in oral 
absorption, preventing them from crossing cell mem-
branes. However, in the stomach, these flavonoid glyco-
sides could be hydrolyzed at the glycosidic bond, thereby 
increasing the likelihood of their absorption.

Our study explored the anti-inflammatory activity 
of KN (19), AG (12) and KF (8) in ALI mice. The most 
numerous white blood cells in circulation are neutrophils 
and the site of inflammation will cause the aggregation of 
immune cells [44]. An overactive immune response can 
result in an imbalance between pro- and anti-inflam-
matory processes, which will then cause tissue damage 
[45]. Numerous cytotoxic substances, such as different 
pro-inflammatory cytokines, are produced by activated 
neutrophils, which will induce lung tissue damage [46]. 
In this study, we found that CE, BG, KN (19), AG (12) 
and KF (8) could reduce the number of leucocytes and 
neutrophils in ALI mice, which indicated that they could 
lessen the amount of alveolar neutrophil infiltration by 
preventing the production and recruitment of neutro-
phils. Furthermore, the level of IL-1β can significantly 
rise in the BALF of animals with ALI and overexpression 
of IL-1β tends to induce acute inflammation and alveo-
lar tissue destruction [47]. The result showed that the 
CE, BG, and flavonoids of T. chinense might relieve LPS-
induced ALI by preventing the production of IL-1β. KN 
(19) and KF (8) have anti-inflammatory activity by inhib-
iting the mitogen-activated protein kinase (MAPK) and 
nuclear transcription factors-κB (NF-κB) [48, 49]. AG 
(12) also attenuated the inflammatory response in the 
LPS-induced ALI mice model by decreasing not only the 
generation of TNF-α, IL-6, and IL-1β but also the acti-
vation of NF-κB [50]. In addition, inhibition of COX-2 
reduces NLRP3 inflammasome-derived IL-1β secretion 
and macrophage pyrogenesis [51]. However, there is 
no evidence to suggest that the three compounds men-
tioned above can attenuate LPS-induced ALI through 
the NLRP3 inflammasome. According to our results, 
these three compounds together with CE and BG could 
alleviate the ALI by inhibiting NLRP3-related genes (e.g. 
NLRP3, caspase-1, IL-1β and COX-2).

The occurrence of adverse reactions or events associ-
ated with Traditional Chinese Medicine (TCM) not only 
poses a risk to the safe utilization of these medicines by 
the general public but also impedes the healthy growth of 
the TCM industry, its commercial ventures, and the pro-
cess of internationalization [52]. Subacute toxicity, is often 
defined as functional or structural damage to an organ-
ism within a relatively short period or a brief exposure to 
a toxic agent (ranging from several days to a few months) 
[53]. Even drugs with relatively low toxicity may accu-
mulate within the body over time due to environmental 
persistence or long-term human consumption, leading to 
potential adverse health effects and toxic reactions that 
cannot be dismissed. T. chinense, was subjected to an 
extensive literature review that failed to reveal systematic 
evidence of toxicity [41]. BG serves as a prime example of 
a natural herb successfully transformed into a widely used 
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clinical product. Nonetheless, clinical trial records for 
BG have reported several adverse reactions linked to the 
gastrointestinal tract. Besides, evaluating the safety of the 
BG contributes to validating regulatory approval, recon-
ciling discrepancies between nonclinical and clinical data, 
elucidating mechanisms of adverse effects, and providing 
assurance for human multiple dosing or large-scale clini-
cal trials [54]. Thus, we conducted a 28-day subacute tox-
icity experiment involving CE and BG.

The BG clinical dosage used was 5  g/3 times/day, a 
selection made while considering granule solubility and 
applying Young’s rule (child age/(child age + 12) × adult 
dose) for dose conversion in adults and children (assum-
ing an adult weighing 70 kg and a child aged 8 years) [55]. 
Consequently, we selected doses of 4.875 g/kg and 9.75 g/
kg in the BG group, which equate to one and twofold 
of clinically administered dose, respectively. For the CE 
group, we selected a dosage of 60 g, following the recom-
mendations in ‘Zhonghua Bencao’ [56] for the treatment 
of chronic bronchitis. Therefore, we set the dosage for the 
CE at 11.14 g/kg, which is equivalent to fourfold clinical 
dosage, taking into account the 23.8% yield of the CE and 
the specifications of the granules.

Changes in body weight and food intake observed dur-
ing the toxicity study were closely monitored as compre-
hensive indicators of the test substances impact on the 
animal pathophysiological condition [57]. In comparison 
to the control group, the four treatment groups exhibited 
no notable abnormalities, alterations in behavior, varia-
tions in body weight, shifts in food and water consump-
tion, or instances of mortality.

Toxicity testing relies on standard blood markers as 
essential tools for assessing the impact of toxic sub-
stances on the hematological system [53]. These toxicants 
or pharmaceutical agents have the potential to induce 
conditions such as leukopenia (reduced white blood cell 
count), anemia (reduced red blood cell count, including 
hemoglobin and hematocrit levels), immunosuppression 
(decreased lymphocyte count), or hemorrhagic tenden-
cies (irregularities in platelet-related parameters). Nota-
bly, our analysis revealed that none of the experimental 
groups exhibited statistically significant deviations in 
standard blood parameters. Furthermore, comprehensive 
data acquired from serum biochemical analyses, aimed 
at quantifying levels of TBA, ALP, ALT, AST (well-rec-
ognized markers for liver and biliary health), BUN and 
CREA (markers of kidney function), CK and LDH (com-
monly employed biomarkers for assessing cardiac and 
muscular health among other functions) similarly exhib-
ited no statistically significant disparities.

It is worth noting that toxic substances typically dis-
tribute to specific organs upon entering an animal’s body, 
and certain organs may become primary target sites for 

toxic effects, potentially resulting in variations in organ 
coefficients [58]. Organ coefficients provide valuable 
insights into the cumulative toxic impacts of chemical 
agents on respective organs and serve as critical clues 
in identifying the primary target organ of toxicity [59]. 
The organ coefficients of the major organs in the treat-
ment group showed no significant variations compared 
to those in the normal control group.

In light of the gastrointestinal adverse effects men-
tioned in the clinical instructions, we conducted his-
tological analyses of vital organs, including the heart, 
liver, spleen, lungs, stomach, and intestines, using H&E-
stained sections. Our findings revealed no statistically 
significant differences between the treatment group and 
the control group. This evidence, combined with the 
organ coefficient data, strongly suggested that extracts, 
granules, derived from T. chinense have minimal impact 
on organ tissues.

In summary, a total of sixty-three compounds were 
discovered from T. chinense, including seven new com-
pounds and forty-seven compounds were isolated from 
T. chinense for the first time. Among them, the new com-
pounds 1, 2, 4 and 5 as well as a variety of other com-
pounds had NO production inhibition activity, including 
flavonoids, fatty acids lignans, alkaloids, coumarins, phe-
nylpropionic acids, and simple aromatics. In addition, 
both flavonoid KF (8) and its glycosides KN (19) and 
AG (12) from T. chinense could alleviate lung inflamma-
tion caused by LPS-induced ALI in mice, which might 
be related to the regulation of NLRP3, caspase-1, IL-1β, 
and COX-2. No toxicity of T. chinense and Bairui Gran-
ules was observed under the twofold of clinically used 
doses. Collectively, our research discovered the active 
constituents and verified the safety of T. chinense and 
Bairui Granules that support their clinical and traditional 
applications. Above results not only provided scientific 
basis for the clinical treatment of inflammatory diseases 
with T. chinense and its preparations, but also verified 
the potential of its representative flavonoid glycosides to 
be further developed into drugs for treating pulmonary 
inflammatory diseases.
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