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Abstract: Objective To evaluate how varying dosage ratios of Asarum heterotropoides-Zingiber officinale-Schisandra chinensis
(AZS) within Xiaoqginglong Decoction and Linggan Wuwei Jiangxin Decoction modulate chronic obstructive pulmonary diseases
(COPD) progression and gut microbiota dynamics in a rat model of cold phlegm-obstructed lung syndrome. Methods Sprague-
Dawley (SD) rats were randomly allocated into a control group (n = 8) and a model group (n = 32). The COPD rat model with cold
phlegm obstruction of the lungs syndrome was established through consecutive 4-weeks exposure to cigarette smoke, tracheal injection
of lipopolysaccharide (LPS), and cold stimulation. In the third week, the model group was subdivided into four subgroups (» = 8 of
each group): model, Asarum heterotropoides-Zingiber officinale-Schisandra chinensis 6 g: 6 g: 6 g (AZS1) group, A. heterotropoides-
Z. officinale-S. chinensis 5 g : 9 g : 5 g (AZS2) group, and aminophylline (0.045 g-kg™!). Following a 2-weeks pharmacological
intervention period, we systematically monitored somatic growth parameters including weekly body weight and terminal gastrocnemius
muscle mass index. Histopathological examinations of lung, tracheal, and colonic tissues were performed. Serum and bronchoalveolar
lavage fluid (BALF) concentrations of tumor necrosis factor (TNF)-a, interleukin (IL)-6, and IL-1p were quantified using enzyme-
linked immunosorbent assay (ELISA). Immunohistochemical staining was employed to assess aquaporin 5 (AQPS5), mucin 5SAC
(MUCSAC) expression in lung tissues for model validation. Gut microbiota profiling was conducted through 16S ribosomal RNA
(rRNA) gene sequencing to analyze microbial abundance, diversity, and intergroup differentials. Results Compared to control group,
model-only demonstrated significant decreases in body weight and gastrocnemius wet weight ratio (P < 0.01), accompanied by reduced
AQP5 expression (P <0.01) and elevated MUCSAC expression (P < 0.01) in lung tissue. Serum and BALF concentrations of TNF-a,
IL-6, and IL-1P were significantly increased (P < 0.01). Taxonomic analysis revealed that at the phylum level, model rats showed
increased abundances of Desulfobacterota, Actinobacteriota, and Patescibacteria (P < 0.05). Genus-level analysis indicated elevated
abundances of Ligilactobacillus, Lactobacillus, CAG-485 (unclassified genus), and Romboutsia (P < 0.05), with a concurrent reduction
in Faecalibaculum abundance (P < 0.05). All treatment groups exhibited statistically significant improvements in body weight
parameters and gastrocnemius ratios compared to model-only (P < 0.05), alongside reduced pro-inflammatory cytokine concentrations
(P <0.01). Notably, all treatment regimens significantly upregulated AQPS5 expression (P < 0.05), whereas selective downregulation
of MUCSAC occurred exclusively in the AZS1 and aminophylline groups (P < 0.05). Microbiota analysis demonstrated that AZS1
treatment significantly decreased Desulfobacterota, Actinobacteriota, and Patescibacteria abundances (P < 0.05), with aminophylline
specifically reducing Patescibacteria (P < 0.05). Genus-level modulation showed AZS1 decreased Ligilactobacillus (P < 0.01) and
Romboutsia (P < 0.05) while increasing Faecalibaculum (P < 0.01) and Mucispirillum (P < 0.05). The AZS2 combination reduced
Lactobacillus and CAG-485 (P < 0.05) while enhancing Faecalibaculum (P < 0.05). Aminophylline exerted significant modulatory
effects on Ligilactobacillus, Faecalibaculum, and Romboutsia (P < 0.05). Conclusion The differential dosage combinations of A.
heterotropoides-Z. officinale-Schisandra chinensis in Xiaoqinglong Decoction and Linggan Wuwei Jiangxin Decoction effectively
ameliorated COPD with cold phlegm obstruction of the lung syndrome, as evidenced by restored gastrocnemius mass-to-body weight
ratios. They have significant inhibitory effects on local and systemic inflammatory responses in lung tissue, and exhibit certain
differences in regulating the diversity and species composition of gut microbiota.

Key words: Asarum heterotropoides-Zingiber officinale-Schisandra chinensis; chronic obstructive pulmonary diseases; syndrome of

cold phlegm obstruction of lungs; intestinal flora; dosage combination
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Table 1 Body weight and gastrocnemius muscle mass of rats in each group ( X Xs, n=6)
g5 ke i ‘ ML
2 %752 Fa i /g R 5 /%
pagicy — 381.3+42.5 411.3£30.6 2.44+0.23 0.59+0.03
Y — 294.8+39.0" 282.2+38.5" 1.1840.10™ 0.42+0.03
AZS1 1.620 316.7£25.1 357.0+25.8% 2.04+0.22% 0.57+0.03%
AZS2 1.710 315.2+25.0 361.31+18.8% 2.0440.22% 0.5610.04%
A 0.045 284.0+33.4 346.31+16.7% 1.961+0.22% 0.56+0.04%

SxtM R P<0.01; SEMAE: #P<0.01,

P <0.01 vs control group; #P < 0.01 vs model group.
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Fig. 1 Histopathological changes in lung, trachea, and colon tissues of each group of rats evaluated using HE staining (x200)
*2 HEKXE BALF FEPRERERFRIEKFE (X x5, n=6)

Table 2 Expression levels of inflammatory factors in BALF and serum of each group of rats ( X *s, n=6)

TNF-o/(pg'mL™")

IL-1B/(pg'mL™") IL-6/(pg'mL™")

MRl IR kg™

BALF I3 BALF IR BALF iR
Xif e — 128.46+13.56 83.13+£15.85  239.69+21.56  182.254+20.13 24.46+2.67 16.19+1.09
A — 545.69+14.22" 427.01+17.80"* 757.82+17.58" 558.374+17.30* 80.82+0.87"* 58.7040.81"
AZS1 1.620  308.511:10.28% 273.49+884%  463.55121.78% 360.89110.19% 49.4111.22% 39.0441.02%
AZS2 1710 318.43112.02% 274.57+£9.09%  462.45123.08% 381.97122.11% 48.7911.28% 41.5140.93%

Ry 0.045

19531+ 11.35"% 147.82+15.14"% 308.81+20.68" 264.89+17.75" 32.56+1.98" 26.731+1.73"

Sx R4 P<0.01; SERIALLE: #P<0.01.

*P <0.01 vs control group; #P < 0.01 vs model group.
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0.01); HEAHLILE, &iEIT4 BALF AMLE+
TNF-a. IL-6. IL-1B /KPR FEK (P<0.01).
34 BEMBELHKBEERS (AQPS), HEH
5AC (MUC5AC) &ik

W 3. K2 fizr, AQP5. MUCSAC 7EffiiZH
1 SIE R IR R, PR R MRS I AR
kL, LIRS, SxiRA b, A4 AQPS M
ik g E /D> (P<0.01), MUCSAC X &Ik
HIREWIN (P<0.01); AZS1 AR AT Fil)E,
AQP5 MIXfHKIEBEMMAEETm (P<0.01),
MUCSAC ik & B & > (P<0.05. 0.01); 5

AQPS '

MUC5AC

e O mw

3 FHALRF AQPS 1 MUCSAC Xt RILAE (X L5,
n=3)
Table 3 Relative expression levels of AQP5 and MUCSAC
in lung tissue ( X *s, n=3)

Hul FIE(gkg™) AQP5/% MUCSAC/%
paict — 95.88+1.81 5.96+3.65
AT — 79.87+3.74*  16.19+£0.69"
AZS1 1.620 95.22+1.95%  9.914+1.90%
AZS2 1.710 94.95+1.52"  12.29+1.06
R 0.045 9436427  926+3.07"

AZS1 AZS2

HXHRALEL: "P<0.01; SHMMALLE: #P<0.05 #P<0.01.
**P <0.01 vs control group; ¥P < 0.05 *P <0.01 vs model group.

g’

E=8 3

B2 FEARMBL AQPS F MUCSAC FTikbLE (RZHAML, X200)
Fig.2 Comparison of AQP5 and MUCS5AC expression in lung tissues of each group of rats (immunohistochemistry, x200)
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*4 JEARBERRVKFOMERZLS (X £s, n=3)

Table 4 Proportion of species abundance at phylum level of intestinal microbiota in each group of rats ( X s, n=3)

1) &/ F /%
(g'kg™") Desulfobacterota I ~Campylobacterota  Actinobacteriota Patescibacteria  Firmicutes Bacteroidota
X et — 1.23+1.50 7.50+8.15 0.5940.20 0.1710.03 7822+6.46 16.27+4.25
e — 4.89+1.08" 0.194+0.24 1.3440.07" 0.9240.26™ 67.131+3.02 26.60+5.45
AZS1 1.620 1.60+0.85% 2.69+1.97 0.67+0.29% 0.28+0.10% 71.24+8.20 22.54+5.56
AZS2 1.710 1.93+1.84 0.24+0.01 1.34+0.23 0.97+0.25 75.43+£8.14 17.67£5.51
T 0.045 1.88+1.38 0.31+0.38 0.76+0.24 0.27+0.15% 74.57+£2.90 2526+14.36

x4 . "P<<0.05
*P<0.05

"P<0.01; SERALE: #P<0.05

**P<0.01 vs control group; *P < 0.05

#Pp<0.01.

#P <0.01 vs model group.

x5 BEXRBEERFBEKTIMERZLS (X ts, n=3)
Table 5 Proportion of species abundance at genus level in intestinal microbiota of each group of rats ( X *s, n=3)
13 I/ FE/%
(g'kg™ Ligilactobacillus Faecousia Lactobacillus CAG-485 Romboutsia Limivicinus
Xof HEt — 6.86+1.23 8.8110.16 2.34+0.75 2.30+0.12 1.03£0.94 2.95+0.44
e — 18.75+7.27" 1.63+£0.32"  6.69+1.23™ 3.72+£0.64"  3.60+121"  1.67£0.37
AZS1 1.620 2.68+1.70% 4.8210.44% 1.18+0.67% 2.78+0.49 1.114+0.64% 4.02+1.55%
AZS2 1.710 12.47+5.25 3.8740.58% 2.9240.35% 2.1540.82% 2.61+1.30 2.164+0.22
ST 0.045 19.99+2.77 6.05+1.79% 2.4942.48% 2.96+0.67 0.8941.02% 2.15+1.32
SRR "P<0.05 T'P<0.01; SEAALLE: “P<0.05 *P<0.01.
“P<0.05 *"P<0.01 vs control group; *P<0.05 *P<0.01 vs model group.
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