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ARTICLE INFO ABSTRACT

Pneumonia is a highly prevalent acute respiratory infection worldwide, and Inula britannica
displayed an anti-pneumonia effect. Herein, twenty compounds were isolated from I. britan-
nica, including seven newly discovered compounds—six terpenoids named inulabritanoids
P-U (1-6) and one novel lignan, inulabritanoid V (7)—along with thirteen known com-
pounds (8-20). Their structural frameworks were clarified through 1D and 2D NMR, and HR-
MS data. Effects of all the elucidated compounds for anti-pneumonia activities were assessed
using the lipopolysaccharide (LPS)-induced pneumonia model in MH-S alveolar macrophages.
Compounds 3, 5, 6, 12, and 18 showed potent anti-pneumonia activities in LPS-exposed
MH-S cells. Notably, compound 6 exhibited the most potent bioactivity: it significantly inhib-
ited nitric oxide (NO) production and downregulated the expression levels of inflammatory
factors tumor necrosis factor-a (TNF-a), interleukin-1a (IL-1a), IL-6, and chemokine (C-C mo-
tif) ligand 5 (CCL5). Further investigations revealed that the anti-pneumonia effect of com-
pound 6 depended on inhibiting the NF-kB and MAPK/AP-1 signaling pathways. These res-
ults indicate that compound 6 represents a viable lead molecule for combating pneumonia,
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laying a foundation for future studies.

1. Introduction

Pneumonia is a globally prevalent acute respiratory infection
with high incidence " * There is an urgent clinical need for anti-
pneumonia candidates with clear anti-inflammatory activity and
good safety *. Its pathological progression is closely linked to ab-
errant activation of NF-kB and MAPK pathways “*, which act as
core hubs regulating inflammatory dysregulation in pneumonia °.
Upon NF-kB activation, its core protein p65 is phosphorylated
and translocates into the nucleus, where it directly regulates the
transcription of inflammatory cytokines such as TNF-a and IL-1a,
resulting in abundant release of inflammatory mediators "
Simultaneously, the MAPK/AP-1 pathway, primarily including
p38, ERK, and JNK, is activated; it amplifies inflammatory signals
by phosphorylating downstream activator protein-1 (AP-1, a
complex of c-Jun/c-Fos) '“'*, thereby exacerbating inflammatory
cell infiltration in lung tissue '’. Synergistic overactivation of
these two pathways triggers an inflammatory cascade, ultimately
driving pneumonia progression toward severe outcomes such as
respiratory failure. This confirms NF-kB and MAPK pathways as
core therapeutic targets for anti-inflammatory intervention in
pneumonia 122

Traditional Chinese medicine (TCM) represents a unique

* Corresponding author.
E-mail addresses: xiaohong shu@dmu.edu.cn (X. Shu); zhangj 428@163.
com (J. Zhang); suncp146@163.com (C. Sun)
® These authors contributed equally to this work.

https://doi.org/10.1016/S1875-5364(26)61192-2

therapeutic strategy for treating and preventing pneumonia, with
a long history of clinical application. Ouya Xuanfu Hua is the
Chinese name for the medicinal plant Inula britannica. Its flowers
are listed in Chinese Pharmacopoeia as well as having been
proven to exhibit significant anti-inflammatory, antioxidant, lung-
protective, and antimicrobial characteristics %28 Furthermore, 1.
britannica, which is recorded in classic TCM formula (Xuanfu Da-
izhe Tang), is commonly used for treating upper respiratory tract
infections, pneumonia, and other febrile diseases 229,

To systematically clarify the pharmacodynamic material
basis and mechanism of action of I britannica for treating pneu-
monia, this study successfully isolated and identified seven new
compounds inulabritanoids P-V (1-7, Fig. 1) and thirteen known
compounds (8-20). Their structures were unequivocally charac-
terized through comprehensive spectroscopic analysis *’. Mean-
while, their anti-pneumonia effects were assayed using lipopoly-
saccharide (LPS)-mediated pneumonia MH-S cell model, and
their potential mechanisms were studied. This study aimed to es-
tablish a scientific foundation and identify candidate compounds
for developing new anti-pneumonia drugs derived from natural
products.

2. Results and discussion

2.1. Structural elucidation

Inulabritanoid P (1) was assigned the molecular formula of

Copyright © 2026, China Pharmaceutical University. Published by Elsevier B.V. All rights are reserved.
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Cp0H300, revealed by "*C NMR and positive HR-MS (observed m/z
335.2211 [M + HJ", Calcd. for C,yH3;0,", 335.2222) data. Its "H
NMR spectrum (600 MHz, CD;0D, Table 1) exhibited two olefinic
hydrogen signals [6y 5.27 (1H, br s) and 5.17 (1H, br s)] and two
oxygen-connected protons [6y 3.78 (1H, m) and 3.67 (1H, s)] as
well as two methyl signals [6y 1.21 (3H, s) and 0.95 (3H, s)]. Ana-
lysis of its *C NMR (150 MHz, CD;0D, Table 1) data revealed
twenty distinct carbon resonances. Key signals were assignable to
a carboxyl signal (6; 181.7), two olefinic signals (6; 155.2 and
112.2), two oxygenated signals (6; 83.7 and 72.1), and two
methyl signals (¢ 29.6 and 16.9). The NMR spectral characterist-
ics of 1 are highly consistent with those previously reported for
noueinsiancin D isolated from Nouelia insignis *', whereas their
differences at C-15, C-16, and C-17 were attributed to a hydroxy
group (8¢ 72.1) in 1 substituting for the carbonyl group (8¢ 226.2)
in noueinsiancin D, and an exocyclic olefinic functionality (¢

Table 1 'H (600 MHz) and "*C NMR (150 MHz) data of compounds 1-3.

Chinese Journal of Natural Medicines 24 (2026) 887-896

155.2 and 112.2) in 1 instead of the ethyl group (6; 42.9 and
11.7) in noueinsiancin D. Subsequent HMBC-related signals (H,-
17 to C-15/C-16; H-15 to C-17; Fig. 2) supported this structural
assignment. The NOESY data finally established the relative ste-
reo-configuration of 1 through significant cross-spatial interac-
tions (Fig. 3). Key correlations from H-9 with H-12/H-15, H3-20
with H-11a/H-1a, H-9/H-5 with H-1b/H;-19, and H,-14 with H-
13/H-11a indicated that R configurations of C-8 and C-13, an S
configuration of C-9 were ultimately designated, H3-20/0H-12/
OH-15 were a-oriented, and H3-19/H-5/H-9 were S-oriented.
HR-MS and *C NMR data have undoubtedly confirmed that
the molecular formula of inulabritanoid Q (2) was actually
CyoH3,04. HR-MS displayed a peak at m/z 335.2221 [M - H] (cal-
cd. for CyH;;0,7, 335.2222). The 'H and *C NMR spectra of 2
(600/150 MHz, CD;0D) revealed a profile closely related to those
of 1 (Table 1). Their discrepancy resided in the structural fea-

1° 2* 3°
No.
OS¢ Oy (Jin Hz) [ Oy (Jin Hz) S¢ 6y (Jin Hz)
1 42.1 1.90, m 50.9 2.20,m 41.6 2.54,dd, (18.7, 6.0)
0.86, m 0.70, m 2.08,brd, (18.7)
2 20.5 1.89,m 65.2 4.09, m 147.3 6.85, ddd, (9.6, 6.8, 2.5)
1.42, m
3 39.3 2.15,m 47.8 240, m 1279 5.90, dd, (10.0, 2.8)
1.03,td, (14.3,4.1) 0.93,m
4 449 459 200.2
5 58.2 1.10, m 57.8 1.03,m 55.5 2.23,dd, (11.8,2.8)
6 22.3 1.93, m 2815 1.79,m 17.6 1.82,m
1.77, m 1.19,m
7 36.0 1.76, m 429 1.45, m 321 1.60, dt, (13.8, 6.1, 2.8)
1.38,m 1.31,m
8 48.6 46.0 46.6
9 55.4 1.10,m 56.8 1.05, m 50.3 1.40,m
10 40.6 422 418
11 29.0 1.78, m 20.2 1.68, m 17.8 1.46, m
1.11,m 1.43,m
12 72.1 3.78,m 32.6 1.56, m 3ilk9) 1.54,m
1.45, m 141, m
13 50.9 2.63,m 39.7 2.08,m 41.6 2.65,m
14 36.1 1.89,m 382 1.83, m 351 1.71,brd, (11.4)
1.48,dd, (12.1,5.7) 1.02, m 1.33,m
15 83.7 3.67,s 46.4 1.55,m 80.9 3.66,s
091, m
16 1552 44.5 1.93, m 159.3
17 112.2 5.27,brs 67.8 3.77,m 107.8 5.10,brs
5.17,brs 3.30,m 4.99,brs
18 181.7 181.2 15.5 091,s
19 29.6 1.21,s 29.6 1.24,s
20 16.9 0.95,s 17.0 0.97,s

* Measured in CD30D; ” Measured in DMSO-dj.
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29 30

Fig. 2 Key HMBC correlations of compounds 1-7.

tures at positions C-16, C-15, C-12, C-2, and C-17.A hydroxy-
methyl group (8¢ 67.8) was identified in 2, while 1 featured two
hydroxyl groups (8¢ 72.1 and 83.7) and an exocyclic olefinic bond
(6c 155.2 and 112.2). This presumption was subsequently corrob-
orated by HMBC evidence of H,-17 to C-13/C-16, H-9 to C-12, and

889

H-1 to C-2 (Fig. 2). Establishment of the configuration for 2 relied
on NOESY correlations (H3-20/H-1a/H-2; H-5/H5-19; H-9/H-5; H-
17b/H-15b/H-13; H-9/H-15a, Fig. 3), suggesting a co-facial ori-
entation of the involved protons. Consequently, (85",13R")-config-
uration, an a-orientation of H3-20 and fS-orientations of H-5, OH-
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Fig. 3 Key NOESY correlations of compounds 1-6.

2, H-16, H-9, and H3-19 were assigned.

Positive HR-MS and *C NMR data established beyond doubt
the molecular formula as C;gH,,0, for inulabritanoid R (3). Ana-
lysis of 'H and "*C NMR data for 3 and 1 demonstrated a striking
structural similarity. Their structural variances were identified as
follows: the hydroxy group at C-12 in 1 was absent in 3, and the
corresponding carbon resonance was shielded (¢ 72.1 in 1 to
31.9 in 3), the methyl carbon at C-4 (6. 29.6) and carboxyl car-
bon (6¢ 181.7) at C-25 in 1 were replaced by a carbonyl in 3 and a
double bond between C-2 and C-3 was established in 3, along
with a significant deshielding of the C-4 signal. The carbon reson-
ances for C-2/C-3 shifted downfield from 6. 39.3 and 20.5 in 1 to
6c 147.3 and 127.9 in 3, while the C-4 resonance moved from &
44.9 in 1 to 6; 200.2 in 3. The above deductions were revealed by
HMBC cross-peaks from H-9 to C-12, and H-3 to C-4/C-2 (Fig. 2).
In addition, its configuration was determined via the NOESY spec-
troscopy showing correlations of H-9/H-15/H-5, H3-18/H-12a, H-
12a/H2-14, and H-17a/H-12b/H-9 (Fig. 3), suggesting that H;-18
and OH-15 were established to exhibit an a-orientation, H-5 and
H-9 were established to adopt a B-orientation, and (8R’,13R)-
configuration was thus unambiguously assigned. In order to de-
termin the absolute configuration of 3, quantum chemical calcu-
lations were performed. As shown in Fig. 4, the calculated ECD
spectrum of 55,8R,95,105,13R,155-3 agreed with its experiment-

— Experimental ECD-3
— 58,8R,95,10S,13R,155-3

— Experimental ECD-5
— 1R,4R,5S,7R,8R,9R-5

al ECD spectrum (Fig. 4), which indicated its absolute configura-
tion.

Based on positive HR-MS data at m/z 613.3746 [M - H]™ (Cal-
cd. for C34Hs530g7, 613.3740), the molecular composition of inu-
labritanoid S (4) was C3¢H5405. The NMR data of 4 revealed that it
shared an oleanane-type triterpenoid skeleton. Comparison of its
NMR data with those of oleanolic acid indicated that 4 had more
three acetyl groups (6¢ 171.1, 171.0, 170.6, 28.5, 22.1, and 21.4)
than oleanolic acid, and the carboxyl group in 4 was located at C-
25 (8¢ 179.7) rather than at C-28 (8 181.0) in oleanolic acid *.
This conduction was supported by correlations of H-21 to OAc-
21, H-3 to OAc-3, H-7 to OAc-7, H-9 to C-25, and H3-28 to C-17/C-
16/C-22 in its HMBC spectrum (Fig. 2). Key NOESY interactions of
H3-24 with H-5/H-3, H-9 with H-7/H3-27 /H-5, and H3-29 with H-
18/H3-28/H-21 (Fig. 3) implied B-orientations of OAc-3, OAc-7,
Hs3-23, H3-26, H3-29, H3-28, and H-18 and a-orientations of OAc-
21, H-5, H-9, H3-24, and H3-27.

Inulabritanoid T (5) had a molecular formula of C;5H,(03, as
evidenced by means of its >C NMR and HRMS data. Its NMR data
suggested the similarity with (1R,4R,5S,6R,7R,85)-8,15-di-
hydroxyguaia-10(14),11(13)-dien-12,6-olide *. The critical dif-
ferences lied in the substitution of a methyl group (¢ 20.2) in 5
for the hydroxymethyl group (6; 66.1) in (1R,4R,5S,6R,7R,8S)-
8,15-dihydroxyguaia-10(14),11(13)-dien-12,6-olide, the C-4 res-

20
— Experimetal ECD-6

— 8S9R,1'S2'R3'S,T'R,8S,10'S-6

-10
250 300 200

A/mm

350 400 250

300

A/mm

350 400 250 300

Anm

350 400

Fig. 4 Experimental and calculated ECD spectra of compounds 3, 5, and 6.
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onance was observed at a significantly downfield shift (6 49.4)
compared to its position in 5 (6¢ 38.8), which was supported by
HMBC cross-peaks (H3-15 to C-3/C-4/C-5; Fig. 2). Key spatial cor-
relations of H-5 with H-1/H-7/Hs-15, and H-6/H-4, and H-7/H-8
were observed in the NOESY spectrum (Fig. 3), supporting a-ori-
entations for H-1, H-5, H-7, and Hs3-15, and S-orientations for H-6,
H-4, and OH-8. (1R,4R,5S,7R,8R,9R)-configuration was determ-
ined based on the quantum chemical calculation (Fig. 4).

Inulabritanoid U (6) possessed a molecular formula as
Cp7H3004 depended on its *C NMR and HR-MS data. The NMR
characteristics data of 6 were highly comparable to those of dib-
ritannilactone A **. Their main distinction was the presence of the
A" exocyclic olefinic bond in 6. This structural difference was
validated by the upfield shifts observed at C-11' (6¢ 39.9) and C-
13' (6¢ 9.7) in dibritannilactone A, compared to their positions in
6 (6¢ 139.9 and 118.0). In its HMBC spectrum, correlations of H-
13a' to C-11'/C-12'/C-7" were used to determine the location of
the A" exocyclic olefinic bond (Fig. 2). Further NOESY analys-
is determined its relative stereochemistry through key correla-
tions: Hs-14'/H-9; H-2'/H-3'/Hs-14'/H-8'; H-5/H5-15'; H-7'/H-
6'a; and H;-14'/H-6'b (Fig. 3), suggesting B-orientations of Hz-14',
H-8', and H-9 and a-orientations of OH-9, OAc-2', and H-7'. The
absolute configuration of 6 was defined as 8S,9R,1'S,2'R,3'S,
7'R,8'S,10'S through a comparison of experimental and calcu-
lated ECD spectra of 6 (Fig. 4).

HR-ESI-MS analysis of inulabritanoid V (7) generated an [M +
H]" ion at m/z 471.2020 (Calcd. for C,¢H3,0g°, 471.2019), sug-
gesting its molecular formula as C,¢H3(0g. Interpretation of the
HSQC and HMBC NMR spectra revealed that 7 was an aryl di-
hydronaphthalene. Evaluation of the NMR data between 7 and
the known (7'S,8'R)-4,5,3',4'-tetrahydroxy-2,7'-cyclolign-7-ene-
9,9'-dioic acid diethyl ester revealed key differences at side chain
of C-9 and C-9' . Characteristic *C NMR data was observed at &;
64.0, 63.8, 30.3, 30.1, 18.6, 18.4, 13.6, and 13.6, which demon-

A 100 010 pmol'L™" @ 20 pmol-L™!
80
60

40

NO inhibition/%

20

O 40 pmol-L™!
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strated the presence of two n-butyl groups in 7. Their locations
were determined based on HMBC cross-peaks of H,-10 with C-9
and H,-10" with C-9' (Fig. 2). 7 had the same configuration as
(7'S,8'R)-4,5,3",4'-tetrahydroxy-2,7'-cyclolign-7-ene-9,9'-dioic
acid diethyl ester according to its NOESY spectrum.

Additionally, thirteen known compounds (8-20) were ob-
tained from I britannica, and named as ent-16a,17-dihydroxy-
kauran-19-oic acid (8) *, atractyligenin (9) ¥/, arnidiol (10) **,
3B,16p-dihydroxylup-20(29)-ene (11) *, taraxast-20-ene-38,
30-diol (12) *, oleanolic acid (13) *', 2-0-8-D-glucopyranosyl
actracyligenin (14) **, hupehenoside A (15) *, 17-hydroxy-
16-ent-kauran-19-oic acid (16) *, casticin (17) **, inuchinen-
olide C (18) **, cadinanolide (19) *°, and loliolide (20) *’, respect-
ively.

2.2. Anti-pneumonia assessment

I britannica is widely employed in China to treat inflamma-
tion-mediated pulmonary diseases, such as pneumonia and pul-
monary fibrosis, therefore we constructed an LPS-exposed MH-S
pneumonia cell model for assaying anti-pneumonia effects of
compounds 1-20, and indometacin (Ind) was used as the posit-
ive control drug. As shown in Fig. 5A, compounds 3, 5, 6, 12, and
18 inhibited nitric oxide (NO) production by more than 40% at
10 pmol-L™", and at 40 pmol-L™" , all except compound 3 main-
tained an inhibition rate of over 70%. It was worth noting that
compound 6 displayed most potent anti-inflammatory effect
(83.6%, Fig. 5B). These results indicate anti-pneumonia poten-
tials of compounds 3, 5, 6,12, and 18.

2.3. Compound 6 exhibited anti-pneumonia effect in vitro

Next, compound 6 was therefore selected for further invest-
igation. Subsequent ELISA experiments revealed that compound

B 25

NO/(umol-L™")
_ =
(=) w (=)

v

0 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Cul LPS 10 20 40
Compounds 6/(umol-L™")
1500 ] - 200 — 400
3 5 3
T 4000 = b < 150 < 300
£ 2 1000 2 Z Z
2 & S £ 100 £ 200
< = L{, 2 3
3 3 = = =
2 2 500 S > S
= = 2 2 50 2 100
0 0 El >4 3
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E Ctrl LPS LPS+6
40 5 150
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Fig. 5 Compound 6 exhibited anti-pneumonia effect in vitro. (A) Anti-pneumonia effects of compounds 1-20 at concentrations of 10, 20, and 40 pmol-L ™" in LPS-stimulated
MH-S pneumonia cell model; (B) Inhibitory effects of compound 6 toward NO production; (C) Levels of TNF-a and IL-6 in the culture supernatants of LPS-stimulated MH-S
cells treated with compound 6; (D) mRNA levels of TNF-a, IL-6, IL-1a, and CCL5 treated with compound 6; (E) Flow cytometry analysis of IL-6 expression in LPS-stimulated

MH-S cells treated with compound 6. Data were expressed as mean + SEM (n = 3). "P < 0.01,

one-way ANOVA.
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6 inhibited the release of inflammatory factors NO, TNF-a, and IL-
6 (Fig. 5C). Consistent with these findings, compound 6 markedly
decreased mRNA expressions of IL-1a, IL-6, TNF-a, and CCL5 in
LPS-exposed MH-S cells (Fig. 5D). Furthermore, flow cytometry
experimental result confirmed that compound 6 could suppress
IL-6 secretion as well (Fig. 5E). These results illustrated the anti-
pneumonia potential of compound 6 in vitro.

2.4. Inactivation of NF-xB and MAPK/AP-1 pathways by compound
6 alleviated pneumonia

Inflammatory conditions such as pneumonia are critically
governed by the activity of the NF-kB and MAPK/AP-1 pathw-
ays “**°. To elucidate the underlying molecular mechanism for its
efficacy in fighting pneumonia, the regulatory effect of com-
pound 6 toward NF-kB and MAPK/AP-1 pathways were investig-
ated. LPS stimulation significantly activated NF-kB and MAPK
pathways (Fig. 6A), as evidenced by increased phosphorylation
levels of p65, p38, ERK, and JNK, whereas compound 6 can pre-
vent their phosphorylation for downregulating expressions of
downstream protein iNOS and COX-2 (Figs. 6B and 6C). Mean-
while, we performed immunofluorescence experiment for stain-
ing p65 (green) and COX-2 (red), and found that green-labeled
p65 entered into the nucleus and red-labeled COX-2 were in-
creased after LPS administration, while these results were re-
versed by compound 6 (Fig. 6A). AP-1, the complex of c-Jun and c-
Fos, served as the transcription factor of MAPK pathway to ex-
ecute a regulatory role. Fig. 6D showed that compound 6
repressed c-Jun and c-Fos expressions in LPS-exposed MH-S cells,
which was supported by immunofluorescence staining results
(Fig. 6E). Therefore, the anti-pneumonia mechanism of com-
pound 6 involved NF-xB and MAPK/AP-1 pathways.
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3. Conclusions

In conclusion, the investigation of chemical constituents of L
britannica enabled the successful isolation of seven new com-
pounds (inulabritanoids P-V, 1-7) and thirteen known com-
pounds (8-20). Compounds 3, 5, 6, 12, and 18 showed potent
anti-pneumonia activities in LPS-exposed MH-S cells. Mechanist-
ically, compound 6 demonstrated significant anti-pneumonia ef-
ficacy in vitro by blocking NF-kB and MAPK/AP-1 pathways,
which illustrated that compound 6 held promise as a prospective
lead molecule for the discovery and development of anti-pneu-
monia medicines, laying a foundation for future studies.

4. Experimental

4.1. General experimental procedures

Bruker AV-600 spectrometer (Bruker, Germany) was used to
record NMR data, and signals of CD3;0D, CDCl;, and DMSO-dg
functioned as references. Botanical samples of I. britannica were
collected from Shenyang, Liaoning Province, China, with species
authentication completed by Prof. Jingming Jia (Shenyang Phar-
maceutical University, China).

4.2. Extraction and isolation

Aerial parts of I britannica (8.6 kg) were extracted twice
with 95% EtOH followed by 75% EtOH under the same condi-
tions. The combined withdrawals were concentration, subjected
to successive extractions with ethyl acetate and n-butanol. The
fraction (315.8 g) dissolved in ethyl acetate was separated by

1 - ——
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Fig. 6 Compound 6 suppressed the activation of NF-kB and MAPK/AP-1 pathways to exert its anti-pneumonia effect. (A) Immunofluorescence staining of p65 (green) and
COX-2 (red); (B-D) Effects of compound 6 toward iNOS, COX-2, p-p65, p65, c-Fos, c-Jun, p-p38, p38, p-ERK, ERK, p-JNK and JNK in LPS-stimulated MH-S cells; (E) Immuno-
fluorescence staining of c-Jun (green) and c-Fos (red); (F) Quantitative data of p-p38/p38, p-JNK/JNK, p-ERK/ERK, COX-2/GAPDH, iNOS/GAPDH, and p-p65/p65. Data were
expressed as mean + SEM (n = 3). "'P < 0.001 vs the control group; *P < 0.05, P < 0.01, **P < 0.001 vs LPS group; NS, no significance, one-way ANOVA.
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silica gel column chromatography (CC) and eluted with methyl-
ene chloride-methanol (100:1 to 1:1), yielding fractions
E1-E11. E4 was further purified by a silica gel column and eluted
with petroleum ether-acetone (50:1 to 1:1) to yield seven sub-
components (E41-E47). E43 was refined by polyamide column
chromatography and successfully separated three secondary
components (E431-E433) using methanol-water gradient elu-
tion (50%-90%). Subsequent purification of E432 by ODS CC
(10%-90% MeOH) and preparative HPLC (75% CH3CN) yielded
compounds 4 (2.5 mg), 10 (5.8 mg), 11 (10.1 mg), 12 (3.7 mg),
and 13 (4.7 mg). Purification of E5 on silica gel (CH,Cl,-acetone,
100:1-1:1) furnished seven subfractions (E51-E57). Com-
pounds 1 (7.4 mg), 2 (18.5 mg), and 9 (7.2 mg) were obtained
from subtraction E53 after ODS CC (MeOH-H,0, 10%-90%) and
preparative HPLC (50% MeOH). E7 was separated by silica gel CC
(methylene chloride-methanol, starting ratio of 100:1 to 4:1) to
yield 15 sub-components (E71-E715).E710 (1.16 g) was pro-
cessed by silica gel CC using a CH,Cl,-MeOH gradient (20:1-
1:2) and followed by further purification by preparative HPLC
with 35% CH3CN to yield compound 15 (6.9 mg). E712 was sep-
arated by silica gel column (CH,Cl,-CH30H, 18:1 to 1:2) and
preparative HPLC (26% CH3CN and 65% CH;0H)to get com-
pounds 14 (3.0 mg) and 8 (17.8 mg). The n-butanol extract
(150.0 g) was separated by silica gel CC (CH,Cl,-CH3;0H, 50:1 to
1:1) to afford 10 fractions (B1-B10). B3 was separated by ODS
column (50%-70% CH30H) to yield 12 subfractions (B31-B312).
B312 was separated by ODS column (10%-100% CH3;O0H) and
preparative HPLC (40% CH3CN) to obtain compounds 18 (4.4
mg), 19 (4.2 mg), and 20 (6.1 mg). Purification of B322, B323,
B325, and B327 by preparative HPLC (67% CH3;0H for B322; 70%
CH30H and 50% CH;CN for B323; 70% CH30H for B325; 70%
CH30H and 50% CH3CN for B327) to afford compounds 3 (3.6
mg), 5 (3.8 mg), 7 (2.5 mg), 16 (2.7 mg), 17 (3.6 mg), and 6 (3.7
mg).

Inulabritanoid P (1): colorless solid; 'H and °C data, see Ta-
ble 1; HR-MS data at m/z 335.2211 [M + H]" (Calcd. for C,,H3,0,",
335.2222).

Inulabritanoid Q (2): colorless solid; 'H and **C data, see Ta-
ble 1; HR-MS data at m/z 335.2221 [M - H] " (Calcd. for C,4H3;0,,
335.2222).

Inulabritanoid R (3): colorless solid; 'H and “°C data, see Ta-
ble 1; HR-MS data at m/z 273.1866 [M + H]" (Calcd. for C;gH,50,",
273.1855)

Inulabritanoid S (4): colorless solid; 'H and “C data, see Ta-
ble 2; HR-MS data at m/z 613.3746 [M - H] (Calcd. for C34Hs5504",
613.3740).

Inulabritanoid T (5): colorless solid; "H and *C data, see Ta-
ble 3; HR-MS data at m/z 249.1499 [M + H]" (Calcd. for C;5H,;05",
249.1491).

Inulabritanoid U (6): colorless solid; 'H and “*C data, see Ta-
ble 3; HR-MS data at m/z 449.1961. [M - H] (Calcd. for
Cp7H,904", 449.1964).

Inulabritanoid V (7): colorless solid; "H and *C data, see Ta-
ble 3; HR-MS data at m/z 471.2020 [M + H]" (Calcd. for C,sH3,0g",
471.2019).

4.3. Cell culture

MH-S cells were maintained overnight in RPMI-1640 medi-
um within a humidified incubator set at 37 °C and 5% CO,. After
pre-treatment with compound 6 (10, 20, and 40 pmol-L™") for 1 h,
LPS (1 pug-mL™") was used for stimulating cells. Subsequently, cell
precipitates were collected for further experimental analysis.

4.4. Western blotting

Harvested cell pellets were subjected to lysis in a buffer con-
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Table 2 'H (600 MHz) and *C NMR (150 MHz) data of compound 4 in CDCl;.

4
No.
[ Sy (Jin Hz) oS¢ 6y (Jin Hz)
1 36.4 2.58, m 17 35.0
1.02, m 18 47.7 2.04,m
2 255 1.80, m 19 46.7 1.86, m
1.63, m 1.19,m
3 80.0 4.53,dd, (11.9,4.5) 20 35.5
4 385 21 763  4.78,dd, (12.2, 4.8)
5 51.5 1.24,m 22 41.4 1.51,m
6 24.8 2.58, m 1.39,m
1.79,m 23 273 0.95,s
7 75.3 5.17,dd, (11.1,5.0) 24 17.7 0.83,s
8 449 25 179.7
9 47.0 1.84,m 26 8.9 1.17,s
10 47.8 27 25.8 1.23,s
11 255  2.17,dt,(18.2,4.9) 28 283 0.88,s
1.95, m 29 18.4 0.93,s
12 122.8 5.27,dd, (4.2, 2.5) 30 29.1 0.88,s
13 143.7 OAc-3 171.0
14 44.0 285 2.04,s
15 283 1.98, m OAc-7 170.6
1.04, m 221 2.02,s
16 213 2.04, m OAc-21 1711
214 2.05,s

taining PMSF to obtain total protein extracts. Following electro-
phoretic separation, proteins were transferred to PVDF mem-
branes which were blocked with skim milk. Primary antibody in-
cubation was performed overnight at 4 °C, subsequently fol-
lowed by secondary antibody incubation at room temperature.
To visually present the experimental results, we treated the pro-
tein bands with enhanced chemiluminescent (ECL) reagents and
then accurately quantified with the help of Image] software
(Bethesda, USA).

4.5. Quantitative real-time PCR

After total RNA extraction with Trizol, cDNA was generated
via reverse transcription. Target genes were analyzed by real-
time qPCR using a 2 x SYBR Green system and specific primer
sets.

4.6. Immunofluorescence

After supernatant removal, MH-S cells were cleaned with
PBS, followed by fixation with pre-chilled methanol and sealing
with 5% BSA. Subsequently, cells were separately incorporated
with primary antibodies at 4 °C overnight. The following day,
samples underwent treatment with fluorescently labeled second-
ary antibodies, the cell nucleus is colored with DAPI. Finally, ima-
ging and analysis were performed using Leica DM6B thunder sys-
tem (Leica, Germany).
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Table 3 'H (600 MHz) and "*C NMR (150 MHz) data of compounds 5-7 in DMSO-d.
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5 6 7
No.
8¢ 6y (Jin Hz) o¢ 6y (Jin Hz) 8¢ 6y (Jin Hz)
1 46.9 2.84,q,(8.2) 138.2 122.6
2 30.0 1.79, m 110.4 6.60, d, (3.7) 129.1
1.67, m
3 34.6 192, m 158.4 116.1 6.46, s
1.21,m
4 38.8 1.92, m 132.0 147.8
5 53.9 1.81,m 124.9 6.50, dd, (7.6, 3.7) 144.3
6 80.4 4.25,q,(9.5) 120.6 6.53,d, (7.6) 116.4 6.87,s
7 50.0 297, m 209 2.15,s 1375 7.52,s
8 64.3 423, m 58.8 134.1
9 44.8 2.39,dd, (13.0, 4.4) 103.8 6.20,d, (5.7) 166.2
2.29,dd, (13.1, 4.0)
10 145.1 35.6 2.79,dd, (12.8, 4.1) 63.8 4.06,t, (6.5)
1.45, m 4.06,t, (6.5)
11 136.8 30.3 1.56, m
1.56, m
12 169.8 18.6 1.32,m
1.32,m
13 1209 6.12,d, (3.4) 13.6 0.88,t,(7.4)
5.63,d, (2.9)
14 114.5 4.90,brs
4.87,brs
15 20.2 1.07,d, (5.9)
1' 68.2 121.1
2! 83.8 4.43,4d, (7.5) 114.6 6.32,d, (2.0)
3 46.8 2.60, m 144.9
4' 138.8 143.9
5' 134.5 115.4 6.57,d, (8.2)
6' 25.1 2.88,dd, (15.4, 2.6) 117.9 6.26, dd, (8.2, 2.0)
1.92,m
7' 44.0 0.84, m 44.8 4.24,4d, (3.0)
8' 80.7 3.95,td, (12.2, 2.6) 47.8 3.71,d, (3.1)
9' 35.1 1.88, m 172.0
1.37,m
10' 26.0 2.53,m 64.0 3.93,m
3.93,m
11' 139.9 30.1 141, m
1.40, m
12' 169.4 18.4 1.19,m
1.19,m
13' 118.0 5.83,d, (3.4) 13.5 0.81,t,(7.3)
5.56,d, (3.1)
14' 19.1 0.91,d, (7.0)
15' 13.2 1.93,s
OAc-2' 169.8
20.8 2.07,s
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4.7. Flow cytometry

Following PBS washing, MH-S cells were collected and fixed
with methanol. The fixed samples were then blocked with 5%
BSA. Subsequently, incubation was performed with IL-6, fol-
lowed by FITC-conjugated goat anti-rabbit IgG secondary anti-
body (SF134, Solarbio). Finally, sample analysis was performed
using a CytoFlex flow cytometry (Beckman, USA).
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against pneumonia by suppressing LPS-mediated inflammation in non-epithelial MH-S cells.
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