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Poria cocos on allergic asthma mice, and to investigate its mechanism of action based on metabolomics. Male
BALB/c mice were randomly divided into normal group (CON), model group (M), positive drug montelukastna
group (Y, 1.3 mg'kg"), PHA low-dose group (PHA-L, 15 mg-kg"'), and PHA high-dose group (PHA-H, 30 mg-kg™).
The mouse model of allergic asthma was established by intraperitoneal injection of ovalbumin (OVA) and
aluminium hydroxide adjuvant for sensitisation and OVA nebulisation for excitation. The corresponding drugs were
given by gavage 30 min before modelling, and the drugs were administered for 7 consecutive days. 24 h after the
last administration of the drugs, the mice were tested for cough and asthma indexes, lung function and lung
coefficient, the mice were stained with hematoxylin-eosin (HE) to observe the pathological changes of the lung
histology, and the mice were stained with Masson to observe the level of collagen fibre deposition, and the levels
of inflammatory factors in the serum and alveolar lavage fluid of the mice were measured by enzyme-linked
immunosorbent assay (ELISA) and flow cytometry to determine the levels of inflammatory factors in the mice.
Apoptotic cell levels in lung tissue and Th17 and Tregs cell levels in blood were detected by flow cytometry, and
small molecule metabolites were analysed by liquid-liquid mass spectrometry (LC-MS) in serum samples of mice
of different treatment groups. The metabolic pathway enrichment analysis was used to investigate the biometabolic
pathways involved in the characterised metabolites. The results indicated a comparison with group M, PHA
significantly improved lung function, reduced lung coefficient, attenuated lung histopathological damage and
collagen fibre deposition, significantly down-regulated the levels of interleukin 4 (IL4), immunoglobulin E (IgE),
interleukin 17A (IL17A) in blood and tumor necrosis factor-a (TNF-a) in alveolar lavage fluid, inhibited apoptosis
and the generation of Th17 cells, and increased the level of Tregs cells in lung tissue. Metabolomics analysis of
endogenous substances in the M and PHA groups separated significantly, and 63 differential metabolites were
screened, mainly involving arachidonic acid metabolism, retinol metabolism, biosynthesis of phenylalanine,
tryptophan, and tyrosine, glycerophospholipid metabolism, and tyrosine metabolism. PHA can improve the
pathological state of mice with asthma by inhibiting the production of inflammatory factors IL4 and IL17A,
hindering the recruitment of inflammatory cells, and regulating some differential metabolites and metabolic

pathway disorders. The animal experiment was approved and supervised by the Animal Ethics Committee of

Henan University of Traditional Chinese Medicine (ethics number: DWLL2018080003).
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Figure 1

CON
Effect of PHA on C48/80-induced degranulation of RBL cells. A: Structural formula of peroxydehydrotumulosic acid (2D);
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B: Effect of PHA on C48/80-induced degranulation of RBL cells (10x). The red arrow represents the degranulation state of this cell. CON:

Normal group; C48/80: C48/80 modelling group; PHA: Peroxydehydrotumulosic acid treatment group (10 umol-L™)
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Figure 2 Effect of PHA on lung function in ovalbumin (OVA)-sensitised asthmatic mice. A: Airway stenosis index; B: Respiratory rate; C:

Tidal volume; D: Exhalation time; E: Inhalation time; F: Number of coughs and wheezes; G: Latency of coughs and wheezes (A-G, n = 3);

H: Lung coefficients of HE staining (10%) and Masson staining (10%) of mouse lung tissues, with red arrows representing inflammatory cell

infiltration and alveolar wall thickening, and black arrows representing collagen fiber deposition; I: Lung injury scores; J: Quantitative

results of the mean optical density of collagen fiber deposition; K: Lung coefficients (wet weight of mouse lungs/body weight of mice)

(H-K, n = 6). CON: Normal group; M: OVA sensitisation model group; Y: Positive drug montelukast sodium group (1.3 mg-kg"'); PHA-L:

Peroxydehydrotumulosic acid low dose group (15 mg-kg™); PHA-H: Peroxydehydrotumulosic acid high dose group (30 mg-kg"). x 5. “P <

0.05, P < 0.01 vs CON group; "P < 0.05, "P < 0.01 vs M group
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Table 1 Effect of PHA on the levels of inflammatory factors in serum and alveolar lavage fluid of OVA-sensitised mice. n = 6, X £ 5. "P <
0.05, P < 0.01 vs CON group; "P < 0.05, "P < 0.01 vs M group

Group
Inflammatory factor
CON M Y PHA-L PHA-H

Serum IL4/pg-mL" 5.44+0.42 6.26 +0.30" 5.01+1.15 4.99+0.52™ 4.46+0.86"
Serum IL17A/pg-mL"! 5.03+0.32 6.76 = 0.80™ 4.90+0.70" 5.80 +0.63" 5.58 +0.38"
Serum IgE/ng-mL" 2.17+0.11 243 +0.12" 2.17+0.18™ 2.13£0.09™ 2.12+0.09™
Serum IFN-a/pg-mL" 7.23+£0.49 5.93+0.57" 6.96 + 0.83" 6.78 £0.75" 6.98 +0.72"
Serum GM-CSF/pg-mL" 11.25+0.88 12.60 + 0.92 11.93 +0.98 12.04 +0.67 12.00 £ 1.16
Serum IL6/pg-mL" 30.60 +2.16 36.52 + 4.26" 32.80 £ 52.9 28.23+4.63" 33.60 +2.31
BALF IL10/pg-mL" 7.96 +1.25 6.68 = 1.60 8.79 +0.25 8.92 +0.57 8.41+0.26
BALF IL13/ng-L" 6.31+1.48 9.95+ 1.60% 9.12+1.53 790+ 1.17 8.43 +1.58
BALF IL33/pg-mL" 19.73+£1.13 22.33+221 21.43+1.37 20.96 + 2.66 21.64 +0.89
BALF TNF-a/pg-mL’ 159.40 + 11.91 168.74 + 23.59 146.92 + 17.33" 149.86 +9.26 139.07 + 10.79"™
BALF TGF-A1/pg-mL" 19.39 +0.92 23.33 +2.02* 21.49 +2.67 22.14 +0.74 20.9 +1.23
BALF MUCSAC/ng-mL"! 9.93+0.82 10.89 + 0.79 10.88 + 1.14 9.80 + 0.45 937+1.23"
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Figure 3 Effect of PHA on the levels of inflammatory factors in serum and alveolar lavage fluid of OVA-sensitised mice. A: Flow cytometry

to detect apoptotic cell levels in mouse lung tissue; B: Flow cytometry to detect Th17 cell levels in mouse peripheral blood; C: Flow cytometry

to detect Tregs cell levels in mouse peripheral blood. 7 =6, ¥ £ 5. P < 0.01 vs CON group; "P < 0.05, "P < 0.01 vs M group
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Figure 4 Serum metabolite profile analysis in groups of mice. A and F: PCA score plot; B, C, G, and H: OPLS-DA score plot; D and I:

Permutation (permutation test plot); E and J: OPLS-DA S-plot (orthogonal partial least squares discriminant analysis S-plot); K: Heatmap of

significantly changed differential metabolites in CON, M and PHA. HETE: Hydroxyeicosatetraenoic acid; DHET: Dihydroxyeicosatrienoic

acid; POS: Positive source mode; NEG: Negative source mode. n =
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Table 2 Quantitative plot of differential metabolites in each group of mice. The quantitative results of LC-MS are relative to and reflect

only the relative changes in metabolites between samples. n =6, x + 5. "P < 0.05, P < 0.01 vs CON group; "P < 0.05, "P < 0.01 vs M group

Group
Metabolite quantification relative abundance (10°)

CON M PHA
5-HETE 53.94+3.26 86.57 + 7.28" 41.01 = 14.25™
5,6-DHET 53.94+3.26 71.50 £ 14.87* 41.01 = 14.25™
8-HETE 53.94+3.26 71.50 + 14.87" 41.01 +14.25™
Arachidonic acid 0.78 +0.28 1.87 +0.83% 0.61+0.22"
12-Keto-leukotriene b4 0.75+0.18 1.90 + 0.82% 0.61+0.22"
all-trans-5,6-Epoxyretinoic acid 2.07 +0.34 3.62+0.70" 2.16+0.817
20-Hydroxyeicosatetraenoic acid 53.94+3.26 71.5+ 14.87" 41.01 + 14.25"
11,12-Epoxyeicosatrienoic acid 53.94+3.26 71.5+14.87" 41.01 + 14.25™
4-Hydroxyretinoic acid 2.10+0.34 3.29 +0.87" 2.16+0.80"
all-trans-18-Hydroxyretinoic acid 2.14+0.31 3.64 £ 0.65" 2.15+0.81"
12-Keto-tetrahydro leukotriene b4 53.53 £3.41 72.01 £ 5.20” 39.69 £ 17.77"
cis-8,11,14,17-Eicosatetraenoic acid 53.9+3.62 67.01 £9.54 39.76 + 17.74"
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Figure 5 Enrichment analysis of metabolic pathways for differential serum metabolites and correlation analysis. A: Differential metabolite

pathway enrichment analysis; B: Heatmap analysis of the correlation between significantly altered pharmacological indicators and differential

metabolites; C: Analysis of the correlation network between significantly altered pharmacodynamic indicators and differential metabolites
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AT I B E A (B SA), AR 6 12 50 4 £ (impact)
ghGr PAE, 45 R SRR HES BT 7S 10 I8 B v e A DU I R AR
(P =0.000 000 000 000 000 141, impact = 0.364 68)-
L3 B AR5 (P = 0.000 582 78, impact = 0.154 64). 7K
R I 2 R A B = R AR & (P = 0.094 533,
impact = 0.5) H 1 % JIg X ¥ (P = 0.219 72, impact =
0.156 34) B ER R (P=0.651 99, impact = 0.156 34).
HER A —BRACHI(P = 0.477 98, impact = 0.081 87).
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Figure 6 Network diagram of the regulatory mechanisms of metabolic disorders in PHA-intervened OVA-sensitised mice. HPETE:

Hydroperoxyeicosatetraenoic acid; Compared with the M group, the levels of related metabolites in the CON group increased were marked

as UP, decreased were marked as Down, and no significant changes were marked as NC; similarly, the same comparison was made between

the PHA group and the M group
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