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(Abstract] Objective To explore the mechanism of action of Bugi Yifei Formula (BQYFF) in treating chronic obstructive
pulmonary disease (COPD) based on network pharmacology and animal experiments. Methods (1) The active ingredients and potential
targets of BQYFF were screened through TCMSP and Herb databases, and the COPD disease genes were searched using DrugBank,
Gene Cards, and OMIM databases. Then a Venn diagram was drawn and the common targets between the durg and disease were
obtained. With the help of STRING database and Cytoscape 3.9.1 software, the "component—major target—disease" network diagram
and PPl network diagram were constructed. Core targets were screened according to network relationships, and GO and KEGG
enrichment analysis were conducted using the DVAID database. The core components with the top 3 degree values were subjected
to molecular docking with the core targets using ADFRSuite 1.0 and AutoDock Vina 1.12 software. (2) Animal experiment verification:
According to the random number table method, 40 SD rats were divided into a control group, model group, Guilong Kechuanning
(GLKCN) group, and BQYFF group, with 10 rats in each group. Except for the control group, all other groups were used to
construct COPD animal models by smoking and tracheal instillation of lipopolysaccharides. Drug intervention began on the first day
of the 13th week of modeling, and after the intervention, the lung function indicators including forced vital capacity (FVC), forced
expiratory volume in 0.3 seconds (FEV0.3), ratio of FEV03 to FVC (FEV0.3/FVC), and peak expiratory flow (PEF) were examined;
HE staining was used to observe pathological changes in lung tissue; ELISA was used to detect the levels of serum tumor necrosis
factor-alpha (TNF-) and interleukin—6 (IL-6); Western blot was used to detect the protein expression levels of phosphatidylinositol
3—kinase (PI3K), phosphorylated phosphatidylinositol 3-kinase (p—PI3K), protein kinase B (Akt), and phosphorylated protein kinase B
(p—Akt) and p—Akt in lung tissue. Results Network pharmacology studies have shown that the key active ingredients of BQYFF in
treating COPD were azine—2—carboxylic acid, kaempferol, quercetin, etc. The core targets included Aktl, IL-6, TNF, etc. The GO
enrichment analysis and KEGG pathway enrichment analysis indicated that the treatment of COPD by BQYFF was related to the
PI3K-Akt signaling pathway, AGE-RAGE signaling pathway, TNF signaling pathway, etc. Among them, the PI3K-Akt signaling
pathway was highly enriched. The molecular docking results showed that the key active ingredients of BQYFF, such as azine-2-
carboxylic acid, kaempferol, and quercetin, had good binding activity with the core targets Aktl and IL—6 for treating COPD.
Animal experiments demonstrated that treatment with either BQYFF or GLKCN significantly improved pulmonary function
parameters compared to the model group (P<0.01). Additionally, HE analysis revealed marked amelioration of lung tissue pathology.
The levels of pro—inflammatory cytokines TNF—a and IL-6 were significantly downregulated (P<0.05), while the protein expression
ratios of p-PI3K/PI3K and p-Akt/Akt were substantially reduced (P<0.01). Compared to the GLKCN group, the BQYFF group
exhibited significantly enhanced FVC (P<005) but reduced FEVO3/FVC ratio (P<005), while no statistically significant differences were
observed in FEV0.3 or PEF values (P>0.05); the levels of TNF—a and IL-6 were significantly reduced (both P<0.05); the protein
expression ratios of p—PI3K/PI3K and p-Akiv/Akt showed no statistically significant differences (P>0.05). Conclusion BQYFF exerts
its therapeutic effects on COPD through a multi-component, multi-target, and multi pathway mechanism. It can reduce inflammation
and enhance lung function by regulating the PI3K-Akt signaling pathway.

(Keywords] chronic obstructive pulmonary disease; Buqi Yifei Formula; PI3K-Akt signaling pathway; inflammatory reaction;

network pharmacology; molecular docking
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Table 1 Core acrive compounds

Mol ID EA R OB/% DL
MOL000483 (Z)-3—(4-hydroxy—-3-methoxy—phenyl)-N-[2—(4-hydroxyphenyl)ethylJacrylamide 118.35 0.26
MOLO010395 4°,5,7-trihydroxy—6—methyl-8—methoxy—homoisoflavanone 89.70 0.33
MOLO005815 citromitin 86.90 0.51
MOLO000332 n-coumaroyltyramine 85.63 0.20
MOL000378 7-0-methylisomucronulatol 74.69 0.30
MOL000392 formononetin 69.67 0.21
MOLO000433 FA 68.96 0.71
MOLO005308 aposiopolamine 66.65 0.22
MOL005321 frutinone A 65.90 0.34
MOL003648 inermin 65.83 0.54
MOL000380 (6aR.11aR)-9,10-dimethoxy-6a,11a—dihydro—6H-benzofurano[3,2—c]chromen-3-ol 64.26 0.42
MOLO005828 nobiletin 61.67 0.52
MOL005356 girinimbin 61.22 0.31
MOL010396 47,5, 7-trihydroxy—6,8—dimethyl-homoisoflavanone 59.76 0.30
MOL004328 naringenin 59.29 0.21
MOL000787 fumarine 59.26 0.83
MOLO005384 suchilactone 57.52 0.56
MOLO010412 4’—methoxy-5,7—dihydroxy—6,8—dimethyl-homoisflavanone 57.14 0.34
MOLO000211 mairin 55.38 0.78
MOL000371 3,9-di—O-methylnissolin 53.74 0.48
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Fig.1 Venn diagram of BQYFF-COPD target

intersection

B 25 5 COPD AHOCHK , R W 2558 0 2 1
g3 R EAER TP . HrP BEEHEA T 6 1719
JIe X I B Ak 2 53 20 ) o ZHQ17 (ZHQ13 YZ7, 33X
3 R E IR AR BT RE S 25
BGPTSR Y FEAN A2 T 716 YT COPD e 3¢
HVER

2.1.4  PPI M EIFg#E KOCHEAE i #% 116 4>
JL[F] 4 g i A STRING il it AT IR A 34, OF
P A B PP M4 B, WKL 3, PPL ZgH 245116
AT 1T 640 2530, Hrp BEMHHEA T 5 1935 50K
116 TNF Akt1 2525 K K 73244 (epidemmal growth

factor receptor, EGFR) Fl[A Y& %L [H (sarcoma gene,
SRC), BT S HAAT SR RAEH B%, X 5
R S AT REZIRYT COPD FYSCHEITTE . AAWITE RS
IRITVEFIET , HALHIAR AT RE 53X 5 LR ARk A
HECEATIN PN

2.1.5 #Masfil R AT COPD S 4EH#0 A 1 GO 43
Praisk GO E&ESTE R B 55 1 882 %
GO WAHEZH P B g 2 072 45, A 7079
74,5 TUIRE 156 2% AN AT 5 COPD SE4EHE i
FER A AE Yt 78 AR TP AE MAPK ZUIE ¥ | IE
) T R RS R 1 s A Oy = e v AR R R
THLIX. S I 4 5 43 DI RE S A P oA B U
M N AIKEERE HESE , UL 4,

2.1.6  KEGG Ul & H 081 KEGG i % & 4R
AT ARG B T 152 45T, RYE P
THBEIAT 20 A5icoh o2 Ao i, o 22 ) S I 1)
Jr AT T AL R AR, L 5 TR AN S I T S
COPD 5Z A8 i B A (15 53 i = 249 I PI3K-
Akt {55  AGE-RAGE {55 id i | TNF {558 i
&5 o PIBK-Akt {55l B & W 4R

217 b K EEHEAET 3 RO A
BE-2-JRTR I 25 it R S5 4% 0B A Akt IL-6



1174 WP EZ R http://hnzyydxxb.hnuem.edu.cn 2025 4E5 45 4

o, @ v
*2*3 SS:sszs V‘l ‘ |\ > ’ * +

Yz10 |

= : : REW B
*\Qp a‘g RG16
* m RG37
RG11

,I*eRmRm?Gze

2 “HS-EEBE-RR M E

Fig.2 Network diagram of "component—core target—disease"

~yp18¢HRMZG6PDNR3 2
HTR2A. CCR!

Eol -5 = 2ADH1CHIRMS

3 HH-EFEEEE PPl MEE

Fig.3 PPl network diagram of common targets between Chinese medicines and disease
BT X R XHEACR AT AL R, BUKSEZ MR, TR e 2t H S/ T

MREIE -2 LB MR SO ERRENESY, H- S5 BA SR AR
Aktl IL-6 &5 SR, KBRS s . TR 6,



2025 455 45 %

TR B 25 K222 4L hitp://hnzyydxxb.hnuem.edu.cn

1175

GO Enrichment

positive regulation of MAPK cascade ‘
positive regulation of transferase activity 4 .
positive regulation of cytokine production - .
positive regulation of kinase activity - .
gland development 4 . =
wound healing 4 . e
regulation of body fluid levels - .
peptidyl-tyrosine phosphorylation - .
peptidyl-tyrosine modification - .

’ - Count
astrocyte differentiation - @

® 1
@ 15
® 0
@
@

membrane raft - @
membrane microdomain - .
vesicle lumen -

synaptic membrane -

external side of plasma membrane 4

0}0)

secretory granule lumen -

pvalue
cytoplasmic vesicle lumen -
5e-07

4e-07
3e-07
2e-07
1e-07

presynaptic membrane{ @
plasma membrane raft{ @®

caveola| @

protein tyrosine kinase activity 4 .
endopeptidase activity o
transmembrane receptor protein kinase activity -

transmembrane receptor protein tyrosine kinase activity 4

EN

®
®
serine hydrolase activity 4 [ ]
tetrapyrrole binding 4 [ ]
heme bindingy @
G protein—coupled amine receptor activity{ @

G protein—coupled serotonin receptor activity 4®

G protein—coupled neurotransmitter receptor activity 4®

0 20 30
Gene Ratio

4 GOIRREEN

Fig4 GO function enrichment analysis

22 THYIKWER

22.1 JHIDREIGE  SxsERAARLE BRI REds
¥R FVC.FEV0.3 . FEV0.3/FVC Pl ) PEF {H B & F# %
(P<0.01) ; SREAVAAR LL AV R i T2
fliZhBEFEFRFVC FEV0.3 FEVO3/FVC LA PEF {5

Central carbon metabolism in cancer
PI3K-Akt signaling pathway
Proteoglycans in cancer

F ETH(P<0.01) ; S Je iy T AL AH L, #h s il
LHHTREFEPRFV C (BB [+ (P<0.05) ,FEV0.3/FVC
B B 3. F B (P<0.05) ,FEV0.3 #1 PEF {82 R T 5e i1
SR (PS0.05), HERLEE 2,

222 i LURISAAE X IR K BRAS P
DR SRS REE AR e il 0 A8 RE T A= | Ity
ZF/NERIER . BRI R BRA B E R
FER E R AR 2F BT A0 K AAE A A
T M I R B A e ] R D A Rl
BERIBERS , MR8 5 A e 0% iy 7 4L A 3
SV R TRVRR B () i (LI I R AT T L A
&, TEUWLE T,

223 ILiEH TNF-a IL-6 ZKF  SXFHRAA L, A
RULH R AEFE bR TNF—a A1 IL-6 7K -0 8 75 (P<
0.01) ; SRIAVLAH LY, %D 4 Il 7 FTEE e 0z g 17 20
TNF-a FI IL-6 7K-F- 1 2 AR (P<0.05) 5 5 H: g 1% Wiy
TLHALL AV EEM T4 TNF-o F IL-6 7K 8
R (P<0.05), ¥ W4 3,

224 filigh 4 PI3K p-PI3K Akt p-Akt £ 4 %
At SXIRAA e, AR 4 p-PI3K/PI3K T p-Akt/
Akt 8 1RG5 B H(E B T8 (P<0.01) ; S A
ZHAH EE , AN Bl 7 FVEE JE W% Wi T 2 p—PI3K/PI3K
H p—Akt/Akt 5 [ 335 A9 HUE 10 25 R (P<0.01) ;
SR T AR LG, # VSR 7 2H p-PI3K/PI3K Al
p-AkvAkt B [ FRIA 2 F TG L (P>0.05),
T 4 & 8,
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Fig.5 KEGG pathway enrichment analysis
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Fig.6 Docking diagram of key active ingredients and core targets in Chinese medicines
TE: AAKTT 52 -2- RN EAF A B.AKT1 5102 By AR E AR AT CAKTT S A ZARE AR AT ; D.IL-6
HRE-2- R WA AR I ELL-6 5 LLZSBAH TLAR A FIL-6 St s T AR AL

R2 BAKRMINEESBLE (v25,0=10)

Table 2 Comparison of lung function parameters among different groups of rats (xxs, n=10)

5 FVC/mL FEV0.3/mL FEV0.3/FVC/(%) PEF/(mL/s)

popiE| 14.29+0.77 12.32+1.13 90.58+1.99 39.58+1.65

FEAIZH 8.02:+1.78% 6.67+2.85%* 69.26:+6.60% 27.97+4.64%%
M % i T 2 10.68+0.97" 10.01+0.58" 86.85+7.53" 31.47+1.06*
ARk i T 20 11.631.03#4 10.93+1.29% 80.88+2.36" 32.51x1.45%

1 50 R LA, P<0.01 ; SR 38, #P<0.01 ; S5 Je i 72 20 L%, 2P<0.05

100 pm

PURICEAEN R

NS -

—_— o S S —_—

00pim e B o 100 gm,

HM R 4L EE AL

7 FBHEKBMALRFEZTN(HE JLf,x200)
Fig.7 Pathological changes in lung tissues of rats in each group (HE staining, x200)

x3 BAKRMBEH TNF-o, IL-6 KFELLE (x+s ,n=10)
Table 3 Serum levels of TNF-a and IL-6 of rats in

each group (xxs, n=10)

2H 51 TNF-o/(pg/ml) 1L-6/(pg/mL)
popist| 65.78+5.30 37.06+3.76
2y 122.04+13.39%* 101.4026.93%*
i 1 20 94.14+8.59% 88.46x12.60"
ANl 82.71x11.24%2 72.0027.94#42

. 5X BT L, #+P<0.01; 5 RIS, *P<0.05,%P<0.01; 5
FE e T4 L ER, 2P<0.05, 44P<0.01

3 itig

HEE2E P IFJE COPD B 44 , R LI RAFAE,
PHARIEE ZN T 1 Wi ™ < Bl ik " S5 . COPD
DA S0RE Ry 32, 0 S L 5 K08 WU ER % B4 | JE IR
S B SR B AN T T 77 AT 4 T 2R kMg
o T 41 A RTHA RIFSE 2R B i il 75 ml et 4
21 %A (reactive oxygen species, ROS)/NOD #£3Z
IR (45 M 6 B A 3 (NOD -like receptor
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®4 BEHRRIAR p-PI3K fl p-Akt EARER
Lb%% (v+s,n=3)
Table 4 Expression levels of p—PI3K and p—Akt proteins

in lung tissues of rats in each group (xxs, n=3)

2H 51 p—PI3K/PI3K p—Akt/Akt
XJRREH 0.66+0.05 0.47+0.10
HEAIZH 1.3240.06%* 1.28+0.14%*
A il 520 0.85+0.09* 0.76+0.06*
Gy A AL 0.82+0.06* 0.79+0.05%

T SR LR, ++P<0.01 5 SHERIZE LEEL, #P<0.01,

&
) A
R

PI3K ‘—- -— -‘ 85 kDa

p-PIBK ’-—-- -— —‘ 85 kDa

AKT ’——_-‘ 60 kDa

-

Bractin |« - - | > 1,

B8 JHAKXRMAL PI3K, p-PI3K, Akt I p-Akt
EERIEETHE
Fig.8 Expression levels of PI3K, p-PI3K, Akt, and

p—Akt proteins in lung tissues of rats in each group
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X R 38 HA 2 A S AP R e, b e
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il R -2 R MR NE T IE TNF-o HKAGHIL ] I 4
TLR {55530 %, {28 B 5 20 Jfd g 0 9 R AL Ak, A
TTZEAH LPS 551 40 ™, 1 LU A% 1 B AT A
Wyxt ZANIFIE 2R G B B IRTME, R R
1A PI3K-Akt {5538 P& REAR A AE SO | ek 35 fili
TR, s & L ENE S T ANV 4R Ml T 2 45
P IE) A HE Bt R VR T B 24 2R R

PPI Z5 348 7R ANV i 71697 COPD B0
#E S M 1L-6 Aktl TNF .EGFR 1 SRC 45 5543

T, HHr, 116 J& COPD S RAEH I EHEZMER A T,
AT B 2R VA 1 (Janus kinase 1, JAK1)/F
S SR RIS SO IR F 3 (signal transducer and
activator of transcription 3, STAT3)f5 5 il [ i ¥F
AT HEAE AT BRI Akl Ak 4H R4 1) G L
TCHERACA I AT 5k 2 B Al A A AL RN AR TNF -
o W AT 5 33 TNF-a/NF—«kB il TNF-a/TNFR 1/RIPKs
XU TH SRSl COPD SAEHERR, 73— Xf 0 il
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