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Research on the Mechanism of Wendan Decoction in Treating Chronic Obstructive Pulmonary Disease
through an Integrated Pharmacological Strategy Based on Network Pharmacology, Metabolomics, and

Molecular Docking

NIU Xudong', HE Yikun', HE Zilong®, CHEN Ailing' , GAO Wenhao', REN Tengfei' , ZHU Zhenzhen’, WANG
Fang2 , REN Ruinan® , LIN Song“* , WANG Tianyangz* (1. Basic Medical College, Qigihaer Medical University, Qigihar
161006, China; 2. School of pharmacy, Qigihar Medical University, Qigihar 161006, China; 3. Basic Medical Research Center, Basic
Medical College, Qiqihar Medical University, Qigihar 161006, China; 4. Key Laboratory of Homology of Medicine and Food Resources
and Metabolic Disease Prevention and Treatment of Heilongjiang Province, Qigthar 161006, China)

ABSTRACT: OBJECTIVE To explore the mechanism of Wendan Decoction in the treatment of chronic obstructive pulmonary disease
(COPD). METHODS Firstly, based on the network pharmacology method, the potential mechanism of Wendan Decoction in the treat-
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ment of COPD was revealed by using the Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform ( TCMSP) ,
Swiss Target Prediction and Metascape databases. Secondly, the intervention effect of Wendan Decoction on endogenous metabolite disor-
der induced by COPD was studied by metabolomics method. Finally, the results of network pharmacology and metabolomics were integrat-
ed through MetScape algorithm, and molecular simulation docking and molecular biology methods were used to study the mechanism of
Wendan Decoction in the treatment of COPD. RESULTS The results of network pharmacology revealed 102 active components of Wen-
dan Decoction and 98 potential targets for the treatment of COPD. Further analysis showed that 11 potential pharmacodynamic substances
of Wendan Decoction, including 3-tert-butyladipic acid, 6-methylgingediacetate and licoisoflavanone may play a role in regulating lipid
and atherosclerosis, CAMP signaling pathway, PI3K-Akt signaling pathway and 1L-17 signaling pathway. On the other hand, metabolo-
mics studies have shown that 9 endogenous substances, such as 2-propanol, N-acetylneuraminic acid, threonine, protocholic acid, 2-ox-
oisovalerate, acetylphosphate, citrate and isobutyric acid, may be the key metabolites of Wendan Decoction in the treatment of COPD.
Finally, the integrated analysis showed that lipid metabolism and amino acid metabolism might be the key processes of Wendan Decoction
in the treatment of COPD. XDH, KDR, PDE5 A, CYP2C9 and CYP2C19, which were related to oxidation and inflammation, were the
potential key targets of Wendan Decoction in the treatment of COPD. The results showed that Wendan Decoction could effectively improve
the pathological state of pulmonary congestion, edema and inflammatory cell infiltration in COPD rats, significantly reduce the content of
IL-6, TNF-a and MDA activity in lung tissue of COPD rats, and increase SOD activity. Moreover, the molecular docking results also
revealed the correlation between potential pharmacodynamic substances and core target genes. CONCLUSION The integrated pharma-

cological studies based on metabolomics, network pharmacology and molecular docking showed that Wendan Decoction might achieve the

effect of treating COPD by regulating inflammatory response, oxidative stress, lipid metabolism and amino acid metabolism.

KEY WORDS: Wendan decoction; COPD; network pharmacology; metabolomics; molecular docking; inflammatory factor
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Research on the mechanism of wendan dection in treating chronic obstructive pulmonary disease through an integrated pharmacological
Strategy based on network pharmacology, metabolomics, and molecular docking.
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Fig. 1 Research ideas on the treatment of Chronic Obstructive Pulmonary Disease with Wendan Decoction
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Tab. 1

Relevant softwares, databases, and websites involved

in this study

Software , database Website

TC-MSP http://temspw. com/temsp. php
PubChem https : //pubchem. Ncbi. nlm. nih. gov/
SwissADME http : //www. Swissadme. ch/

Swiss database http: //www. swisstargetprediction. ch/
UniProt http : //www. uniprot. org/

GeneCard https : //www. genecards. org/

OMIM https ;//omim. org/

Drugbank https : //go. drugbank. com/

TTD http://db. idrblab. net/ttd/

Venny2. 1 https ://bioinfogp. cnb. csic. es/tools/venny/index. html
Cytoscape https : // cytoscape. org/

String String database  https://cn. string-db. org/

Metascape http ://metascape. org/
SIMCALI6. 1 https : //www. sartorius. com/
MetaboAnalyst https : // genap. metaboanalyst. ca
PDB https ;//www. resh. org/

LeDock http : //www. lephar. com

Py MOL https : //pymol. org/2/

Discovery Studio http://www. discoverystudio. net/
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Tab.2 Core components of Wendan Decoction soup for the treatment of COPD

MOLID Component 0B/ % DL Topological coefficient ~ Source
MOL006937  12,13-Epoxy-9-hydroxynonadeca-7 ,10-dienoic acid 42.15 0.24 0.54 BX1
NS 3-Tert-butyladipic acid NS NS 0.47 7ZR5
MOL006957 (3S,6S)-3-( Benzyl ) -6- (4-hydroxybenzyl ) piperazine-2 ,5-quinone 46.89  0.27 0.42 BX2
MOLO005013  18a-Hydroxyglycyrrhetic acid 41.16  0.71 0.39 GC1
MOL004824  (2S)-6-(2 ,4-Dihydroxyphenyl ) -2-(2-hydroxypropan-2-yl ) 4-methoxy-2 ,3-dihydrofuro[ 3 ,2-g ] chromen-7-one 60.25 0.63 0.36 GCI15
MOL004885  Licoisoflavanone 52.47  0.54 0.35 GC29
MOL001484  Inermine 75.18  0.54 0.33 GC41
MOL004924  ( - )-Medicocarpin 40.99  0.95 0.31 GC59
MOL006129  6-Methylgingediacetate 4873 0.32 0.29 Si
MOL002670 Cavidine 36.08 0.76 0.27 BX3
MOIL013430 Prangenin 43.6 0.29 0.26 732
T :GC — HH ;ST - A28 BX — 2R ZR — 77715 2S — #1505 0B — AW FI I E s DL - 221
Note: GC — Glycyrrhiza; SJ — Ginger; BX — Pinellia; ZR — Zhuru;ZS — Zhishi; OB — bioavailabilit; DL — druglikeness.
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A = IEF T HRLLRN COPD MR 2048 HLA s B — IE# X HR4L . COPD BERIZLAI WDD (4 g - kg ~!) + COPD BRI L0403 Huds

A — multivariate statistical comparison between control group and COPD group; B — Multivariate statistical comparison between control group, COPD group, and WDD(4 ¢ -

kg =1) + COPD group.

BS I /b =& 1 5 44 (OPLS-DA) 13 2 B fu B 440 20 A

Fig. 5 Orthogonal partial least squares-discriminant analysis score plot and displacement test chart
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3.2.2 MY E SICEE KM T
OPLS-DA 184 K, i 4 VIP=1.P <0.05 . 2 5%
(FC) >1.5 8 FC <0. 5 g5 2 12 22 540,
I3E CIEWFERER 2-58 5 IR IR SR AL B FAIR
#h2-NEE A T IRER R AR N-C Bt 2 J R K
Bl ILERR 2-28 T IR R R, BARE B I 3. 78
Y, B2 B 6 B, il I HRR |
2-NIE | OISR FTERIRER e T RRER (BRI R
HAMEZE T, M 25%) T8 WDD 41, N
g N-CBE 2 EIR B ETR AR \2-4 5 TR
Wi CERARIR FPEIRER e T R B R ER K A
AR (P <0.05) xR, 3 9 AL vl fe 2 AR
1fJ7 COPD iy SCHEACM Y. 3d % o M 4 R W] ([
6) ,COPD R EUAHSCARII ZE AL AT e SAT IR I 26, 2
QIR AT RN R RAHS , SCHENR TR Ay AL 51X
ARG

#&3  Control 4158 COPD 41t #: 4% 2| #h 55 COPD 48 % ty 12 />
=R KA

Tab.3 12 differential metabolites compared between the control
and COPD group

Control vs COPD

Metabolites

t-tests VIP Fold change
2-Aminobutyric acid!) 0.000 0 1.3343 4.387 6
Apocholic acid 0.000 1 1.280 7 0.118 7
2-Propanol ! 0.001 1 1.224 8 2.509 6
Isobutyrate!) 0.001 2 1.175 1 0.1254
Threonic acid!) 0.001 6 1.165 3 2.892 4
N-Acetylneuraminic acid!) 0.003 9 1.136 3 3.183 8
Sarcosine 0.004 0 1.1100 3.970 9
D-( +)-Xylose 0.004 1 1.069 8 3.996 2
Acetyl phosphate!) 0.004 2 1.068 5 0.249 0
2-Oxoisovalerate!) 0.004 6 1.068 2 0.1255
Citrate") 0.004 9 1.051 4 0.1425
Succinate!) 0.006 9 1.040 4 0.108 3

H: DIRMHEST COPD B o

Note: the key metabolites of Wendan Decoction in the treatment of COPD.

Overview of enriched metabolite sets(Top 25)

Citric acid cycle 4 ]
Warburg effect - °
Valine. leucine and isoleucine degradation - °
Ketone body metabolism + [ ] P-value
Butyrate metabolism - ° 8%2
Mitochondrial electron transport chain - ° 0.10
Camitine synthesis - [> I 8‘05
Transfer of acetyl groups into mitochondria - Enrichment
Oxidation of branched chain fatty acids - ratio
Phytanic acid peroxisomal oxidation - : 8
Amino sugar metabolism - : %%
Pyruvate metabolism
Glutamate metabolism
Arginine and proline metabolism

10 15 20
-log, (P value)

B 6 R 1A COPD k § % 73 (4 8 5 oA
Fig. 6 Analysis of Differential Metabolite Pathway of Wendan
Decoction in COPD Rats
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3.3 Lo

R RE 7 iR 5T COPD il A1 56 1) 3 R R AR
WY Z B R, 55T Metscape 592, i 57 JE A -
Y VERI 4 o 25 2R WoR , i o A AR G %
(EPA JE A8 LR AR 7 900 5 3 484k 00 il 1 4
s B = A 5 8 28 109 IR 1348 5 SRR it R 138 5
PRV LR W16 ORI 25 ) 22 5 R AR 35 AH ¢
T (O R T R AN s R AR R R 50 R il
RIR A J@ IR KA TR AN R4 T e ) A 5 ) , mf
e SRR ER BA BB 7). It
Hb, Rk — LU B 167 COPD AH G AY L L4
MIE 2R H MCC Il Degree B3 %) [ i« 3 R -
WY E IS EAT o0 M o S5 R R, BRI I
fi# ( xanthine dehydrogenase, XDH ) | {4 Bf# i A X 3%
£ (kinase insert domain receptor, KDR) | #§ iz — g
fitt 5A ( phosphodiesterase 5A, PDE5SA) | 40 i {4 &
P450 ZJ% 2 WHK I C 1% 51 9 ( cytochrome P450 fam-
ily 2 subfamily C member 9, CYP2C9) F1 i 51 19
(CYP2CI19) A BB J& i IH 1% 16 47 COPD [y .0 38
HLEER AR 4
3.4 HE %4

5IEH X BRZH A0 L, COPD 445 AU 2H fii 2H 23 45 155
B HE Je 0 DI O 300 AT 34 4R, T WS I
K T8 5 AT LR H 48 200 L 1 AR AR 4 B A= L
BERE DL RSB RAE . Ma TIRIE%IGIT iE, Bk
o BLRE RS 3] 25 G (K 8) o
3.5 IL-6 TNF-a 4 & 5 MDA SOD 7& 4 il =&

5IE R X B L, COPD #EAIZH 1L-6 , TNF-o
A MDA 35 1% 2 25 T, SOD & E B 35 T [
[, 25 3 W IH 796 97 )5, TL-6 . TNF-o & 5 Fil
MDA JFPE R 2 TR, SOD Wi tE 2 & EJH (K 9) . 3
YRR 7 7T d 2 ARG AT 2H 29 98 i PR 7K S R AL 1
WAL
3.6 »TatE

FEAZ O I3 A O B A PR AT 0 0 42
PLZS5 REEE /N DA X R T A U, B5 (R B /)N
TR G ZAR B 25515 PE T . 455G RBHE LA#R
KR (K 10) , #|F PyMOL  Discovery Studio 4% {4
B e RE/NT -7 keal « mol ™' %45 5 pEAT AT 40
1T, 3R 5) o 458 IR £ 4% 0 L3 FlAH 6 4%
TN R~ S v I O < < = G | R A
F —4.25 keal - mol ™', ;X F W0 K4 5 4% 0 HE
SRR Y SR M, A0 0 AT BB TR I iR
57 COPD TS TE BRI

o [ 22 2k 2024 4F 6 F5R 59 4558 11 )




A = BB CHE B 5 B — SRR i

A - lipid metabolism pathway; B —amino acid metabolic pathway.

T BEeNGHEFARBUAEINEFRANFERER

Fig.7 Integrated network pharmacology and metabolomics analysis of differential metabolites and differential bases

R4 CEA-RAWERRERERE

Tab.4 Score table of the “Gene-Metabolite” action network

algorithm
Core target MCC algorithm Degree algorithm
XDH 28 28
KDR 22 22
PDESA 22 22
CYP2C9 17 17
CYP2C19 16 16

25 LR 25y AT AR A B A T R O Ak
T G- R E B R A LARIIAT (P 12) o

4 it i

AR & B T R 22 7 OR T REIEK
2 B B AL A AT A (AR L2 T H ) o iR
V1 1E COPD (147 8% B 3 75 il B A7 8 220, SR

A - IEF 0 IRAL; B - COPD I41;C - WDD(4 g - kg ~!) + COPD B4,

A - normal control group;B — COPD model group;C — WDD(4 g - kg =!) + COPD model group.

8 L4y HE feta 25 B

Fig. 8 HE staining results of lung tissues in each group
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B 400 <
[=}
g H
% o
= 200 Z
Z
0
T
+5 R
$°& & éé& ()
x% X
0&
S &
SIE# SR, VP <0.000 1, 2P <0.001, P <0.01;5 COPD BRI, 4P <0.05,59P<0.000 1, ©P<0.01,

DP<0.000 1, 2P <0.001, ¥)P <0.01, compared with the normal control group; )P <0.05, 3P <0.000 1, ®P <0.01, compared with COPD model group.

9 EEERIZRMRBRAN G F 6(IL-6) BB FIE T o TNF-a) &8 | W& E R0 /A — 8 (MDA) 4 & Lk { B (SOD

EMH). n=6,x%s

Fig. 9 The contents of IL-6 and TNF-a were detected by ELISA, and the activities of MDA and SOD were detected by colorimetry.
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10 WDD 357 COPD 84% % k2 5 4% 0 %8 5 8 9 F 3t 4
A A
Fig. 10

components and core targets in the treatment of COPD with WDD

C;

Molecular docking binding energy heatmap of core

AR RIALH i AN B, o R 1 3L AR 37 1y AR
MEWGHE)” o AR T —Fh e T A
0 2 245 B 005 X i 1 B 25 B AR IS T i
B, A B 2% 2 B A2 7 5 8 o R B iR T
COPD [ AE AL 5 FLUC, MR 2 2 AR 20 #r
I AE 7 % COPD i J AR ¥ 25 L #4935 /5 15 i
Ja B W 2% 2 B S A A SR B ST AR R
i A i 7 COPD fY 1R AL s e, R SE 5
YA 5 o TR EOR g — 2 W I R 7 iR Y
COPD #y5r ¥ Bl -
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A - PDESA 5 (25)-6-(2, 4-dihydroxyphenyl ) -2-( 2-hydroxypropan-2-yl ) 4-me-
thoxy-2, 3-Dihydrofuro [3, 2-g] chromen-7-one %447 ; B - PDESA 5( - )-
Medicocarpin X[ #4517 ; C — XDH 5 ( - ) -Medicocarpin %[ $:f5i%; D - XDH &
12, 13-epoxy-9-hydroxynonadeca-7, 10-dienoic acid %% ; E — XDH 5 (38,
6S)-3-(benzyl) 6-(4-hydroxybenzyl ) piperazine-2, 5-quinone Y44 )

A - PDESA and (28)-6-(2, 4-dihydroxyphenyl )-2-( 2-hydroxypropan-2-yl ) 4-
methoxy-2, 3-Dihydrofuro [3, 2-g] chromen-7-onedocking model; B — PDESA and
( - )-Medicocarpindocking model; C —XDH and ( - ) -Medicocarpindocking mod-
el; D — XDH and 12, 13-epoxy-9-hydroxynonadeca-7, 10-dienoic aciddocking
model; E - XDH and (3S, 6S)-3-( benzyl) -6-( 4-hydroxybenzyl) piperazine-2, 5-
quinonedocking model.

11 WDD 457 COPD By 4% oA 5 4% 5 $E 5 i 4 F 3 8
#EE

Fig. 11 Molecular docking model diagram of core components

and core targets in treatment of COPD with WDD
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Tab.5 The binding energy and active residues of core components and core targets in treatment of COPD with WDD

Component Core target  Binding energy/kJ - mol ~! Active residue

MOL004824 PDESA -7.16 ASN662 ,THR723 , LEU765 , HSE613 | VAL600 , HSE657 , ASP654 | ZN1 , HSD653 , HSD617 , ASP764 . ALA779 |
GLN817 ,CYS825 ,GLN775 \ILE778 .SER766 ,PHE786 \LEU725 ,ASP724 \LEU681 SER661 \TYR612

MOL004924 PDE5A -7.66 TYR613 , THR723 , ASP764 , GLU682 . MET816 | ILE768 , HSD617 , HSE613 | ZN1 , HSD653 , ASP724 | HSE685 |
ASN662 \LEU681 SER661 HSE657 \LEU765 ,PHE786 ,PHE820

MOL004924 XDH -7.91 GLU314 \VAL136 \,THR135 ,ILE139 .\PRO134 \LFU127 .GLN131 ,LYS318 \LFU313 .GLU137

MOL006937 XDH -7.48 ASP360 SER359 ,ASN351 SER347 ,ASN261 \VAL259 .GLY260 ,ALA432 LYS422 SER359 ,SER356 ,VAL342
GLY350 ,ILE264 \VAL258 .GLY349 ,PRO281 ,LFU287 ,ALA302 LEU404 \ILE353 GLU263 , THR262 , THR354 |
ILE358

MOL006957 XDH -7.29 LEU257 ,ASN351 ,ASN261 \VAL259 \VAL258 \LYS249 ILE403 LEU398 . LEU404 ,GLY350 ,SER347 \LEU305 .

PHE337 ,GLY260 ,THR262 ,GLU263 \ILE264 ,LYS256 ,LEU257

20 — BB G RE - O A - SREER 06 — fUAM 3RS — I/ T B - IRV B TT s IR AR - SR PR/ N T 5RO
Green — target; Orange round — core target; Pink — inflammation pathway; Red — metabolite; Pale green — active small molecules; Brown — Wendan Decoction and prescrip-

tion; Dark line — associated with active small molecules and targets.

B 12 WDD j&j7 COPD #y* 2§ - %2 i - Af 4 -8 7 [

Fig. 12 “Drug-Target-Metabolite-Pathway” Diagram of WDD Treatment for COPD

4.1 REHEFTFR BRI o X AT RESE T Hh I 2 R e 2 R i
Sy R RY - BT R e A O IR PR SRR, AR m BT R e S R P, FRATTHS

Oy EEORIETF R A4 CH AR, RIFERIRR  EARIFBRCE NS BT 0.26, X S E— L84
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FNES AR B IR BN R AT ST, B BABIEST
O o A0 T R L D 2R (18a-F ik 1 B K
MR) A1 CH R 5 BB | 1L AR ) e v
WA I (e R SCE B8 55 W RAL S Y HA 4
SR AHTR BT AR 245 BRAE T, S5 9815 A ] Ake 7%
PE 55 7 00 00 55755 1Y kappa B J5C 40 4l 5R) AR
et A R R LA A ) A T
FE Bt s AL = 200 i s it 2 2 rp TNF 5%
’ﬂj’jﬁ{%%—ﬁ(transforming growth factor-g,TGF-B) |
i) 22 24 )5 06 Ak 2R I ( mitogen-activated protein
kinase , MAPK ) 2 1k 45 £ i 48 & #9721 o
A IR T I8 S AE LAST , 3 AT R ik 14 A 1A
T E2 #HC AT 2 (nuclear factor e2-related factor 2,
(Nf2) ) AH 5 B9 BT 28 A ML ) A ok 55 8 2o 2846 ) il
( myeloperoxidase , MPO ) 3§ £ 1 MDA 7K 3, 3 — 4
AL

KEGG w538 #% 2 7 , il IH 7R 7 COPD 32
W R 1 3 %A i 5T 5 Sl bR ok A Ak . CAMP {55 ja
P& PI3K-Akt {5 5 id i A2 20 — 1S PR IL-17 {5
S, BREACEHEE M E S5 COPD &bl
WOV, A ZR AL nT ik — 2D i i U IE R AE A
MOy T PISK-Ake {5 53 830 2o 980 4 1 7L 3 4
FHH A X W E H ( mammalian target of rapamycin,
mTOR) 4} #% A F-«kB ( nuclear factor kappa-B, NF-
kB) 1514 % (reactive oxygen species, ROS) £ Z &%
%5 COPD B RAER " o 55 —J5 T, ROS Je:40
LA A 05 60 I, A 0 25 ] i 8l
B AL A ROS JfE— il i cAMP {55 16 2
P 21 4 Ak %5 15 A% S8 775 25 [ (cystic fibrosis trans-
membrane conductance regulator, CFTR) , {H 1 i [&] 1)
F i ] {fi CFTR ZhRERRAR, S BT B bR ™ H
SR EBZE, N EIFAE K COPD figfe ™™, [F]
ISR G FTEHT T PI3K-Akt {5538 i, JinJal <
SR i RN 2 Sl o 1 s R/ R i 311 BUR A T
i S IO A A8 AR R R IR SCE g, R 1T T35 COPD
4.2 RHUFHR

COPD R 22 AU LR R & o8 £,
55 ATP {77 AR 2R i 9% VAR OC , 52 Rl B 2 5% 16 A
R, EER BN 2 5 S R A A 5C 1Y 3% 30 1R
P o 1 e, 240 S G IR TR R UL TR o i A
Lin 2V BF 53 00 2- AR IR 9 Rl B 2 5
0 2 W 5 AE W 1 B 92 2% 45 RN Vg0 1 4 A 1 R 1 3ot
Fto Feng %% R 3, 2-3EHIRR £ MR -8R o7 LA 3R
NOD # 32 {& #4811 45 44 BUAH 5¢ 8 11 3 (NOD-like
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receptor hot protein domain-associated protein 3, NL-
RP3), F4i4r % -1p (Interleukin-1p, IL-18) F13
e R A1 35 H AR5, NS 5 NLRP3 58 HE /)
AE S A A T R AE . sl 7 s, B %
AR A 5 B 30 TR 6 AH 1, 31X 2% BT IE ¥ mT RE E
LA BRI I % gk — 2 T 1 COPD A5G B 4
RESCIE o BEAb, 28 50 A W ade 3 B g 811 0 1 i
B  N-CBEM 2 A TR L O T DRIR R FIAT AR IR
HhgahE. L, N-C B 2 2R A2 N i
#N-C T pi 28 2 TR 5 1 S Bt 4 A 25 A A
TRA SRS SrNA 7/ RTE JUE Y F TR (AR
[, N- £ Tt bt 22 2R 34 RE Wl /D i i W7 Ak 175
S RE SN . W 7 B R N-Z B 2 B R S
HoAb N IR ( £ B BEIR SR AT IR ER ) SCHK
B, X AR, N-& B #2824 1R B W) 1 IE 2 %
COPD S AL RN 9 5 S 14 98 45 4 F LA 35 1)
KA. IJFHAE MM IO b R, AT IR IR
JOd -1 A A ) B4 AR TR o SR AR A AR TR
iz 35 1175 5 v M B B SOk A A IR R e e, T
DAV i R 8 OB e A b 2 5 = 1 S AL
I3/ S
4.3 EH0MN
REGWFEE R WoR MR A5 /SR
SR B Tl 1B K IR ST COPD A HI R BAT &
SR, — Iy, 4B A VR TR ISAE A B A B
PER N oy 5, AT i i 26 0 480 ( cyclooxygenase-2,
COX) R4 A G CYP il Je A A A R Y
JiE W A B, 4K A 0O s R A 1 35 AL R 0k
CYPs/COX-2 3 442 Jin Jal 2 4 Jils 458 £ vb 9 4R GE 2
I AnlEL 7 R IR IR R O AR DR R
PO ERTL , X S n T H 7 ] RE i i+ A6 A= DU 1R
A DA T ] 25 S iz, AT BE YT COPD iR o
I HARNE 7 34 RE 188 5 52 0 1 3R K 2 — 25 11 55
COPD MHSCHYRAE S NL (& 7)o WF5E B PSR AR
SO A 758 5 A A 4 T AR T R YR 2K nT i o - A
Th1/Th2 {553 s S BB R AL T2 0 5
—J5 T, BE 5 A A4t 2R I8 75 i IR 7 R R A o
GIEIRIEAHS , DT 55 S AE S R A, B3
COPD R A B WURRFIR 51T T 09 28 H ok
U8, 5 50 Z IR | 50 2 IR RN 451 IR 1) 2 S Bk R IR
(branched chain amino acid, BCAAs) , B F- COPD i
TR A A AR ULTE ), BCAAs 5 AT fiE
SAEPT KA SRR . AR AR BRI
JIE7 7] g i 20 BCAAs ¥ B MM 5 i COPD AH
o [ 244 2% K 2024 4F 6 J1 57 59 457 11 )




KA (B 7)o BeAh, A A as SRR IR IA
Vi P R I 5 0 0, R A R AN R A 2 IR A 45
T 55 980 RN i3 COPD SR, X2 b 4
GRSy firp A Qs S LA 9 358 T 38 e T 3 Aot 41
Thl F1 Th17 41 A AE 98 5 F5 07 19 B SRR & A A E I
I S, A R R A A B LA R
TR o BRI, B ) R AR R A )
WAERT, TR H R PR AL A A F AL .
AN AR Y 1 I AT R B TR AE
PITRIT RN , 5 FE BN R R K P 5 =R BRI 3 LA I
SRR T RE Y25 V) SCHE , BRI L, AR R 2 000 Y R 3%
A g8 L T PR A R 7K T a2 1T el R A 1) i e
A5, AT R P A A T (B 7)

A HTIR S LM B y XDH |
KDR PDE5A .CYP2C9 il CYP2C19, XDH W[ 4t
IEE A 42 AL 1 ( xanthine oxidase, XO) #1 XDH, XDH F
VS50 R AEEE 1 742, X0 158 ROS 1y )™
AP, KDR A COPD iy 20 1 3 98 Al i % /4 i o
FHEAE ™, CYP2C9 1 CYP2C19 J& 40 fif {6 2
PAS0 i K% CYP2C W5 % b Wil e B2 (W 259
PG, CYP 2548 5 Tl 16 40 g N 20 ik TR 1) 26 4]0
Ak, NI = BA PR PR T PTG T 3R 4R
B =HEER, 5 COPD [ R RHLEIAR G, &4
3BT 2R W ARAE SN AR AR N AT e R IR IR iR 9T
COPD f R
4.4 H3EEihy

HE J¢ (8 5256 2% B 3 10 3% o] LA 250 ol 3%
COPD & i 1) fifi 2 2R 25 48 5, HIl 55 COPD 5| 2 1
IZH VAL, SEFTi 5T WoR , BRI TNF-o | IL-6
JKPA] I 2 el COPD RE [ v, I H % AIK SOD |
MDA fESIE % COPD 48 Ak BEd B i 7™ o A BT
FHORH ST AR IR R 25 SR e W, IR AT A 3o
il 98 0 PR 0 Ak 0 3 Y Gk BE TS 3R T IR 9T
COPD,

TR R R O o SO S 2 (]
FEEE RIFES Gae ). Horb el S 2R -3-0-10 %)
Wit 5 XDH 254 19 3% ) e, 45 B e - 7. 91
keal « mol ' G A EALELE A AL P B,
F R -3-0-H% BT 5 XDH 1) 9 NEILBRIRIL 2 A 77
FEJEAEAR ) s e O 5 GLU314 Z [H)JE i &5 (&
11C) o PR XA R 12, 13-38 51972 3+ JUik-
7,10- IR AN XDH JE1E T A0, B SE SR -
3-0-#iEMEH 2 (HE G REIR TR, X AT R 51k A
P RAEERA G, O E B, S g A

T E 2528 2024 4E 6 H 5 59 5 11 )

RALAE—E R B UESE 7R A0 X 9AE By A48 Ak
N T HVER . 2R R 4E T % PDESA (#5517
EREIRE] - 6. 15 keal - mol ™' 4 T & I SL
AT DL Ao 00 ) 412 2R A PR - TNF-o Fi1 IL-6 1) 7 A
DL S NF-kB {5538 B80S ok #l B LPS 53 197 B
AVER G . 9 —J7 T, PDESA 2 53 ik
SEFIAL 5th | 20 B X B | RORE RN S £ B ML R BF
FEH0 0 ML R, A% PDESA [ ik, AT LA
M T ROME A X RN T A E
FAE AN R T TAE L AT e & IR IR 3R Y7 COPD
B EEZEHLH .

5 & &

A

25 L TIR AR I 5 T AR A A 2 2 B
B 2 A5 X B A 25 B2 BOR S m >R
BLALL T 55 5 55 36 ik 25 G 09 5 s, R IR 7 R T
COPD [ /E FIMLHI AT BF9E . S5 2R, IR Al
AEI T 2-F IR (N- Bk i 2 B R AP A R AR
SN NG AT RN 28 JE W A, 2 17 9] 15 2 AE S I A
FALR I, SEFRVAYT COPD fAE . ASHFSTE Jy iR e
R TR AR B, S 25 i LA R 4R 1L
BRI . JREEEAY , A IR K 4k S [ 23 3R IE 7 X
AT I AR AR R 38 R VR AR
16YT COPD 15 FHLH .
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