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from Saposhnikovia divaricata in ameliorating acute lung injury (ALI) in mice. Molecular docking, drug affinity
responsive target stability (DARTS), cellular thermal shift assay (CETSA), and dual-luciferase reporter gene assays
were employed to elucidate the binding mode of 19A with farnesoid X receptor (FXR) and its regulatory effect on
FXR transcriptional activity. /n vitro, an inflammatory model was established by stimulating bone marrow-derived
macrophages (BMDMSs) with lipopolysaccharide (LPS), and the effects of 19A on cell viability, nitric oxide (NO)
release, mRNA expression of inflammatory cytokines, and NF-xB p65 phosphorylation were evaluated. The FXR-
dependence of these effects was verified in BMDMs derived from Fxr' mice. In vivo, two ALI mouse models were
established via intratracheal instillation of LPS and Escherichia coli (E. coli) to evaluate lung function, total
protein concentration in bronchoalveolar lavage fluid (BALF), pulmonary inflammatory histopathology,
inflammatory cytokine levels, and reverse validation was performed in Fx7" mice. The use of animals in this study
was approved by the Ethics Committee of Shanghai University of Traditional Chinese Medicine, with the approval
number: PZSHUTCM2412200007. 19A forms stable interactions with FXR, enhancing its transcriptional activity.
In vitro, 19A inhibited LPS-induced NO release and the mRNA expression of inflammatory cytokines, reduced
IxkBa degradation and phosphorylation, and decreased NF-xB p65 phosphorylation; these anti-inflammatory and
NF- xB-inhibitory effects were markedly attenuated or abolished in Fxr’ BMDMs. In wild-type mice, 19A
markedly improved LPS-induced lung dysfunction, reduced lung index and BALF total protein, alleviated
structural damage and inflammatory cell infiltration in lung tissue, and downregulated pulmonary inflammatory
cytokine mRNA levels and NF-xB p65 phosphorylation. In contrast, these protective effects of 19A were largely
lost in Fxr’ mice. In summary, the Saposhnikoviae Radix chromone 19A attenuates LPS-induced macrophage
inflammatory responses and ALI in mice by activating FXR and inhibiting the NF- kB signaling pathway.
Compound 19A may serve as a lead candidate for ALI prevention and treatment based on the chromone scaffold of
Saposhnikoviae Radix, providing experimental support for the modernization of the traditional Chinese medicine
Fangfeng and the development of new therapeutics for ALI.
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Table 1 The primer sequences of real-time quantitative PCR. //-6:

Interleukin 6; //-1f: Interleukin 1 beta; 7nf-a: Tumor necrosis factor o

Gene Primer sequence (5'-3")
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N T 0 VR AR 19A T A ROCR, AL LPS 5 5
() 5 158 20 B oF 71-6 T1-18 A1 Tnf-a ) mRNA %35 7K F,
R 19A 2 0 T X B R R R T il B Rk
(B TH~J), I 7 HPTRAEH . FXRAE 20 5N il 57
b 32 B I Sz ) 4% NF-«B I8 %R ¥ E B .
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Figure 1

19A ameliorates inflammatory responses by activating the farnesoid X receptor (FXR) and suppressing the NF-«xB signaling

pathway in vitro. A: Molecular docking analysis of compound 19A with the FXR protein and presentation of its chemical structure; B:

Transcriptional activity of FXR in HEK-293T cells measured by dual-luciferase reporter assay (n = 6); C: The drug affinity responsive target
stability (DARTS) assay of 19A with FXR (n = 3); D, E: The thermal shift assay (CETSA) to assess the interaction between 19A and FXR

(n = 3); F: Viability curve of bone marrow-derived macrophage (BMDM) cells (n = 6); G: Nitric oxide release in BMDM cells (n = 6); H-I:
mRNA expression levels of /-6, /I-1f, and Tnf-0. in BMDM cells determined by RT-PCR (n = 3); K: Protein expression of phosphorylated

NF-«B p65 (pp65) in BMDMs (n = 3). ¥ + 5. “*P < 0.001 vs CTRL group; ‘P < 0.05, "P <0.01,
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Figure 2 Genetic ablation of FXR in BMDMs attenuated the anti-inflammatory effects of 19A. A: Nitric oxide release in BMDMSs upon

inflammatory stimulation (n =

6); B—D: Relative expressions of /-6, II-1§ and Tnf-a were assessed by RT-PCR (n = 3); E-H: Protein

expression levels of plxBa, IkBa and phosphorylated NF-xB p65 (pp65) in BMDMs (n = 3). X 5. " P < 0.001 vs CTRL group; "'P < 0.01,

P <0.001 vs LPS+IFN-y group. ns: No significance

A B
- 0.25
0.08 iy
X 2020 —
£ £ o5 *okk
3 g
s B 0.10
£ £
= m 0.054
0.00-
& & o *2*
§
é@) hd ><Q§) N \Q
£ &
VS
F
*ok Kk
ns o
R
<
.8
on
g
—
0_.
S F v R S
R 2 X
Q«“y Vo &
Q %X %X
TS

&
Rad

C D
109 500
o 8- ot g * %k %k * %k
2 S 400+
3 ns 3 - #HH *
a 6 g ‘= i
8 * %k R=1 é 300
g L8
5 S g 2001
= * ok ok £ g
M2 2 100
-
0- 0= i
AR S e L gy R
& Vo Q@ywx&\q‘w@v
£ EF £ &
FE S FS
G
1500
1=}
L
=
g”- 1000 i
g2 s
S & * %
2 < 500 dkk
o
g
-9
0_
ol A o gy R
o“’ \qY* & F
& o
£ FFES
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Enhanced pause; D: Respiratory frequency; E: Minute volume; F: Lung index; G: Protein concentration of bronchoalveolar lavage fluid. n =6,
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Figure 4

19A significantly attenuates pulmonary inflammatory response in LPS-induced ALI mice. A, B: The histopathological changes in

lung tissue samples were assessed by H&E staining. Scale bar = 50 um, at x20 magnification; C-E: The relative mRNA expression levels of

1I-6, 1I-1f, and Tnf-a in lung tissue were determined by RT-PCR; F, G: Protein levels of plxBa, IxkBa and phosphorylated NF-«B p65 (pp65)
in lung tissues. n = 6, X+ 5. P < 0.001 vs CTRL group; "P < 0.05, "P<0.01, ""P < 0.001 vs LPS group
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Figure 5 The absence of FXR attenuates the beneficial effect of 19A on pulmonary function in LPS-induced ALI mice. A: Inspiratory

time; B: Expiratory time; C: Enhanced pause; D: Respiratory frequency; E: Minute volume; F: Lung index; G: Protein concentration of
bronchoalveolar lavage fluid. n = 6, ¥ + 5. P < 0.001 vs CTRL group; "P < 0.05, "P<0.01, P < 0.001 vs LPS group
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Figure 6 The effect of 19A in attenuating pulmonary inflammatory responses in LPS-induced ALI mice is diminished following FXR

knockout. A, B: The histopathological changes in lung tissue samples were assessed by H&E staining. Scale bar = 50 pm, at x20

magnification; C—E: The relative mRNA expression levels of //-6, II-1f, and Tnf-a in lung tissue were determined by RT-PCR; F-I: Protein

levels of plxBa, IxkBa and phosphorylated NF-xB p65 (pp65) in lung tissues. n = 6, ¥ = 5. P < 0.001 vs CTRL group; "P < 0.01,

0.001 vs LPS group
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Figure 7 The efficacy of 19A in E. coli-induced ALI mice. A: Inspiratory time; B: Expiratory time; C: Enhanced pause; D: Respiratory
frequency; E: Minute volume; F: Lung index; G: Protein concentration of bronchoalveolar lavage fluid; H, I: The histopathological changes
in lung tissue samples were assessed by H&E staining. Scale bar = 50 um, at x20 magnification; J: Bacterial load in 25 mg of lung tissue; K-
M: The relative mRNA expression levels of //-6, II-1f, and Tnf-o in lung tissue were determined by RT-PCR; N, O: Protein levels of plxBa,
IxBa and phosphorylated NF-xB p65 (pp65) in lung tissues. n = 6, ¥ + 5. ““P < 0.001 vs CTRL group; P < 0.05, "P < 0.01, ""P < 0.001 vs
E. coli group
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