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[Abstract] Objective: The study is based on spatial metabolomics technology combined with pharmacological
indicators to analyze the mechanism of action of Fritillariae Cirrhosae Bulbus(FCB) powder in improving
bleomycin-induced pulmonary fibrosis in rats. Method: Sixty SD rats were randomly divided into five groups:
control, model, and high, medium, and low dosage groups of FCB. Except for the blank group, a rat model of
pulmonary fibrosis was established in all groups through tracheal injection of bleomycin. Post-surgery, the high,
medium, and low dosage groups of FCB were administered aqueous solutions of FCB powder at doses of 0.36, 0.18,
and 0.09 g * kg* respectively, continuously for 28 d. The blank and model groups were given an equal volume of
distilled water by gavage. Post-surgery, the high, medium, and low dosage groups of FCB were administered aqueous
solutions of FCB powder at doses of 0.36, 0.18, and 0.09 g * kg, respectively, continuously for 28 d. The blank and
model groups were given an equal volume of distilled water by gavage. After the last administration, lung tissue and
blood samples were collected. The pathological condition of rat lung tissue was comprehensively evaluated using
hematoxylin and eosin(HE) and Masson's trichrome staining. Mass spectrometric imaging of the rat lung tissues from
different experimental groups was performed using desorption electrospray ionization mass spectrometry with air
flow assistance. Spatial metabolomics analysis was conducted on the fibrotic areas of lung tissues in the model and
high dosage FCB groups based on the HE staining images. Differential metabolites between groups were identified



using a supervised orthogonal partial least squares-discriminant analysis(OPLS-DA), with variables important in the
projection(VIP) values(VIP>1), T-test P-values(P<0.05), and fold change analysis. Metabolic pathway analysis of
the identified differential metabolites was performed using the Kyoto Encyclopedia of Genes and Genomes(KEGG)
database. Protein expression levels of nuclear factor kappa B p65(NF- « B p65) and heme oxygenase-1(HO-1) in rat
lung tissues were detected using Western blot analysis. Biochemical assessments of superoxide dismutase(SOD),
malondialdehyde(MDA), and glutathione(GSH) levels in rat lung tissues were conducted. Rat serum levels of
interleukin-1 B (IL-1 8), interleukin-6(IL-6), nuclear factor erythroid 2-related factor(Nrf2), and tumor necrosis
factor- @ (TNF- @) were measured using ELISA kits to validate the selected representative signaling pathways.
Result: The mass spectrometry imaging experiment results revealed that, following the administration of FCB
powder for 28 days, the content of L-arginine in the fibrotic regions of lung tissues in rats with pulmonary fibrosis
exhibited significant differences compared to the model group rats. Additionally, the phosphatidylcholine content in
the fibrotic regions of the lung tissues was lower than that in the model group rats. Western blot experiments
confirmed that, in comparison to the model group, oral administration of FCB powder for 28 d could inhibit the
elevated expression of NF-«B p65 protein in the lung tissues of rats with pulmonary fibrosis. Furthermore, high-dose
FCB powder oral administration significantly suppressed the expression of HO-1. The cytokine detection results
indicate that, compared to the model group, the concentrations of IL-15, IL-6, and TNF- @ in the serum of rats from
the FCB powder, medium, and low-dose administration groups were significantly reduced. Following the oral
administration of a high dose of FCB powder, there was a pronounced inhibition of the decrease in SOD, GSH, and
Nrf2 induced by bleomycin, along with the suppression of the trend of increased MDA content. Conclusion: Oral
administration of FCB powder has the potential to partially ameliorate bleomycin-induced pulmonary fibrosis in rats.
The underlying mechanism of this effect may involve the regulation of pathways associated with
inflammation(NF-xB p65) and oxidative stress(Nrf2/HO-1).

[Keywords] Fritillariae Cirrhosae Bulbus; pulmonary fibrosis; spatial metabolomics; inflammation; oxidative
stress; mass spectrometry imaging
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F SRR 7 & BN UIBGH /> A E T 4% 2 R RS 2, BT HE F1 Masson Jefi; PIEGE 7
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IEAZ i dpe /N — i3] 50 Hr (OPLS-DA) RIS & B EMERE (VIP) {E>1. T K% P<0.05 DL =55
ST R R IR 1A 22 AR = . R AR E R SR R 2 A R T (KEGG,  https:/iwww.kegg.jp/) Xt i
9 H I 22 AR AT A % = TR T

2.6 ELISA KK R ILES TNF-a. 1L-61 IL-18. Nrf2 f7KF  BUKRUIME, #% ELISA W{7& Ui B 772
M E KRR MG S IL-18. IL-6. Nrf2 Al TNF-o [ & & .
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Fig. 1 Effects of Fritillariae Cirrhosae Bulbus powder on lung tissue inflammation and fibrosis in rats
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Table 1  Effect of Fritillariae Cirrhosae Bulbus on fibrosis area of lung tissue in rats ( x#s, n=3)

2 531 57 Elg kgt LA & E/%
=L 3.13+.0
R 24.4243.42
J Rk IR A 0.36 11.7442.89
JI BRI 2 0.18 11.4145.29
I DURHE ) 4 0.09 17.6382.1%

W 5 AMEE DP<0.05, 2P<0.01; SHEAIAH i ¥P<0.05, YP<0.01
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Fig. 2 Differences in metabolic substances between groups spatial shrunken centroids clustering analysis
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Fig. 3 Multivariate Metabolomic Analysis of Target Regions Across Different Groups
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Fig. 4 Hierarchical clustering of metabolic differences influenced by Fritillariae Cirrhosae Bulbus
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Fig. 5 Mouse lung tissue peiminine in situ mass spectrometry imaging
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Fig. 6 Enrichment of metabolic pathways of differential metabolites in pulmonary fibrosis region
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Fig. 7 Key differential metabolite in situ mass spectrometry imaging
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Table 2 Effect of Fritillariae Cirrhosae Bulbus on levels of TNF-a, IL-6, and IL-18 in rat serum ( x3s, n=3)

215 7l /g kgt TNF-a IL-6 IL-18
=k 109.19413.81  42.0944.92  11.13+2.61
TR 2H 147.81#11.759  66.4046.769  19.0242.152
1 DUBE Ry ) 5 4H 0.36 128.2845.65¥  52.1845.35%  14.72+1.59%
I DUBE 7] 5 4H 0.18 133.60#10.96  54.2944.253  14.2330.93%
1 DR 41 0.09 141.708.73 63.3444.71 16.20+1.79

: AEAHE YP<0.05, 2P<0.01; LML IP<0.05, 9P<0.01 (% 3. K 4[F)
£3 INESTKRAMALF SOD. MDA, Nrf2. GSH /KPR ( x3s, n=3)
Table 3 Effect of Fritillariae Cirrhosae Bulbus on levels of SOD, MDA, Nrf2, and GSH in rat lung tissue
C x3s, n=3)

20 531 7l /g kgt SOD MDA Nrf2 GSH
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- AL R R AR NF-xB p65. Nrf2/HO-1 (5 Sl E AN RIEE. WLk 4. E 8.
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Table 4 Fritillariae Cirrhosae Bulbus impact on NF-xB p65 and HO-1 expression in various groups of rat
lung tissues ( x4s, n=3)

2H ) 7 elg kgt NF-xB p65/ 8 HO-1/ B-actin
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Fig. 8 Electrophoresis of NF-xB p65 and HO-1 protein expression in rat lung tissue from each groups
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