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Asthma-alleviating effects of Poria cocos based on network pharmacology
and gut microbiota
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Abstract  This study investigated the asthma-alleviating effects of Poria cocos from the perspectives of immuno-inflammation and gut
microbiota ( GM)  providing a theoretical basis for its rational clinical use. Male Balb/c mice were randomly divided into normal
model positive control ( montelukast sodium 1.5 mgekg™") low-dose P. cocos (0.057 g*kg™') medium-dose P. cocos (0. 114 ge
kg™') and high-dose P. cocos (0.227 g=kg™') group. Except for the normal group the other groups were sensitized with ovalbumin

( OVA) by intraperitoneal injection combined with nebulization to establish an asthma model and treated with the corresponding drugs.
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After modeling cough and wheezing indices lung function and asthma characteristic indicators including immunoglobulin E ( IgE)
interferon-y ( IFN-y) interleukin 4 ( IL4) and interleukin 10 ( IL10) levels were measured. Lung tissue pathology was observed by
hematoxylin-eosin ( HE) and Masson staining. Quantitative real-time PCR ( qRT-PCR) was used to detect airway inflammation—and
remodelingrelated mRNA levels in lung tissue. Levels of 12 inflammatory factors in serum and bronchoalveolar lavage fluid were
detected by multiplex assay. Furthermore the asthma-alleviating mechanism of P. cocos was analyzed by network pharmacology and GM
16S rRNA sequencing. Results showed that P. cocos reduced cough frequency in asthmatic mice improved lung function alleviated
pathological damage in lung tissue decreased serum IgE and IL 4 levels increased IL 10 and IFN-y levels and multi-target regulated
related inflammatory factors in serum and alveolar lavage fluid maintaining immune homeostasis. Network pharmacology predicted that
P. cocos exerts its asthma-alleviating effects via inflammation regulation pathways. GM sequencing showed that P. cocos effectively
alleviated dysbiosis induced by OVA sensitization significantly downregulated Murtbaculum intestinale and Alistipes inops and
correlation analysis revealed both were positively correlated with pro-inflammatory factors. Therefore it is speculated that P. cocos
restores intestinal microecological homeostasis by reducing levels of M. intestinale and A. inops decreases pro-inflammatory factor
production blocks the inflammatory cascade and thereby exerts its asthma-alleviating effects.
Key words Poria cocos; asthma; gut microbiota; network pharmacology; immunoinflammation
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Table 1  Primer sequences
(539
TNF-a-S ACCCTCACACTCACAAACCA
TNF-a-A ATAGCAAATCGGCTGACGGT
1L6-S CCCCAATTTCCAATGCTCTCC
IL6-A CGCACTAGGTTTGCCGAGTA
11.33-8 ACCAGGTGCTACTACGCTACTATGA
IL33-A GAGGACTTTTTGTGAAGGACGAA
SMAD3-S AGCCCCAGAGCAATATTCCAG
SMAD3-A GACATCGGATTCGGGGAGAG
PCDH1-S CGGCAGCATAGGTGAAATGG
PCDHI1-A TGGTAAGGCACGAAGGTGGAG
vimentin-S TCCAGAGAGAGGAAGCCGAAA
vimentin-A GCAAGGATTCCACTTTCCGTTC
E-ead-S TCCAACAGGGACAAAGAAACAA
E-eadA TGACACGGCATGAGAATAGAGG
EGFR-S TGACTGTCTGGTCTGCCAAAAG
EGFR-A ATGCCATCTTCTTCCACTTCGT
GAPDH-S CCTCGTCCCGTAGACAAAATG
GAPDH-A TGAGGTCAATGAAGGGGTCGT
2.5
4 000 r*min”"'
15 min o
3
0.5 mL 4 000 remin”' 15 min
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A. 1 B. i C. ( ) o control. :
model. Y. (1.5 mgekg™") ; FLA.. (0.057 g=kg™") ; FL-M. (0.114 gokg™") ; FLH.
(0.227 g*kg™") (2.3 23 ).  control #P<0.05 *P<0.01;  model * P<0.05 ™ P<0.01( 2A.3C ).
1 OVA (xxs n=06)

Fig.1 Effect of Poria cocos on the asthmatic state of OVA-sensitized mice( x+s n=06)

2 mRNA (x+s n=3)
Table 2 Effect of Poria cocos on mRNA levels related to airway inflammation and remodeling in lung tissue of asthmatic mice( x+s

n=3)

IL6 1L33 TNF-u EGFR E-cad PCDH1 vimentin SMAD3
control 1. 0020. 01 1. 0020. 05 1. 0020. 09 1. 0020. 08 1.0120. 05 1. 04=0. 35 1. 00+0. 03 1. 0020. 10
model 1.54+0.07%  1.69+0.17%  2.42+0.22?  1.86x0.24?  0.79=0.01 0.770. 14 1.62+0.06%  1.47+0.25%
Y 1.13£0. 189  1.1420.27Y  1.5620.11Y  1.07+0.24%Y  1.06=0. 10 1.23+0. 08 0.83+0.06%  1.13x0.15°
FLL 1.3820. 14 1.45+0.22 1.1320.019  1.610.32 1.01=0. 23 1. 09=0. 09 1. 40+0. 28 1.2120. 139
FL-M 1.17£0. 189  1.26+0.09Y  1.50+0.25Y  1.23%0.05Y  1.10=0.05 1. 000. 38 1. 41£0.07 1.08+0.01%
FL-H 1.19+0. 139 1.28+0.10°  1.59+0.05%  1.4320.21Y  1.03z0.21 1.27+0.29 1.44+0.22 1.25+0. 15
control Y P<0.05 ? P<0.01; model 3 P<0.05 ¥ P<0.01( 3 ),
IL4.1L10.TNF -
3 ( GM-CSF) 3
( CCL) 2.CCL11, 1L2.114.1L13
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Table 3  Effect of Poria cocos on the levels of 12 inflammatory cytokines in the serum and bronchoalveolar lavage fluid of asthmatic
mice( xxs n=5) pgemL™’
CCL2 CCL4 CCL11 CXCLI 12 14 IL6 IL10
control  55.25%2.27 220.78+2.46 1050.74+52.58  1462.85+54.53  38.33%2.21 37.40+4. 35 44.99+2.95 64. 66+2. 81
model 67.46x1.852  234.81+2.33% 1229.4779.782 1607.47x93.04  46.43x1.44D  56.3223.89)  53.36x1.45% 51.90+5.20%
Y 56.85+3.02%  222.65£1.38Y  996.28+84.65% 1413.63+46.06  39.87+2.36%  41.05+4.16Y  44.73£2.34% 64.45+1.79%
FLA. 61.51£6.13Y  225.67+6.07 1 102.45+80.567 1434.83x101.09  34.16+6.01%  43.75£3.739  45.24+3.33% 62.83+1.20
FL-M 56.22+5.19%  220.69+1.909 1007.98+81.25% 1423.29116.73  40.174.43 37.7424.53Y 46,622, 46% 61.90+4. 214
FLH 60.92+3.44Y  217.61+5.83%) 1092.45+50. 459 1448.99+179.51  43.43+9.10 46.42+2.63%  51.55£4.30 68. 62+4. 674
IL13 ILI7A TNF-a GM-CSF CC12 CCl4 CCLI1 CXCL1
control 76,681, 32 31.63¢1.34 24.05+1. 11 58.66+2.19 79.37+9. 44 184.56£1.79  453.72£93.06  614.29£195.20
model 83.91+1.18% 35.46x1. 127 27.75+0. 497 64.22+2.887  127.80+3.312  203.13£10.90  690. 11+35.33" 1 100. 15+136.47%
Y 78.39£2.019  31.31x1.329  23.25:0.529  60.032.63%  89.74:5.44%  184.14x1.95  435.21+87.54%  786.93+84.81%
FLA 83.11£6. 50 34.62+2. 10 23.83+0.63%  60.07+2.73Y  105.29¢15.06  185.01£3.29  647.13£92.67 1 017.34x160. 88
FL-M 76.97+1.53%  32.07+2.219  24.15:0.42Y 59, 14+4.319  83.15+3.90Y  183.58+1.46  497.55+114.75  788.69+78. 66%
FL-H 78. 11£2. 60 32.66£0.71%  25.15£0.889  59.58+2.76%  89.54x5.23Y  185.99£3.12  618.83£19.23  804.09+129.59%
112 114 16 IL10 IL13 ILI7A TNF-a GM-CSF
control  30.07+6.72 76. 48+2. 69 23.5543.23 60. 86:+6. 26 59.90+3. 91 15.41£1.15 18.29+2. 17 80. 40+5. 23
model 56.06+7.382  104.33£19.967  40.42+3.067  50.44x5.782  72.80x4.66%  26.71£2.070  24.17x1.12% 92.99+6. 47
Y 34.87+4.25%  73.39:4.67Y  30.89+3.577  64.32+3.699  62.49+3.09% 19.26+2. 019 19.13+2. 589 78.03+4. 59
FLA. 46.72+7. 52% 88. 82+6.23° 35.72%2.19 51.06+5. 03 64.02+3.78% 22.25+3.96 21.99+1.57 89.67+7.19
FLM 37.5242.93%  79.80+7.22%  30.76x1.29Y  61.00£0.99?  62.96+3.50Y  17.61x1.699  20.77+2.80% 76. 08+2. 54
FL-H 34.7445. 86" 76.51+5. 40 26.99+6. 08 61.42+4.83% 54.27+7. 819 19.24+1.219 19.09+1. 599 75.95+3.16
3.4 ( 2
SymMap v2 2
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GO KEGG Desulfobacterota
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Fig.2 Effect of Poria cocos on the gut microbiota of asthmatic mice( x+s n=5)
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Fig.3 Screening of key bacteria based on microbiota abundance and correlation
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Fig.4 Correlation analysis between asthma characterization factors and gut microbiota
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