BFRE P2 202247 15 H 553155 13 )
Pharmacy Articles China Pharmaceuticals Vol. 31,No. 13, July 5,2022

doi:10.3969 / j.issn.1006 — 4931.2022.13.010

b b B 77 A 77 12 P PR A R R A B M SR 26 3R F 5 5 F IR R

SOHITSC RO B E B B

(1. THAEE TR HELE A ERTRA,IH BE 210014; 2. HRAAFHWEERFER,ILH ##E  226000)
WE: BN A TMAH PPk o w6 97 1R M E MM & % (COPD) 8 &4 F AUkl R A e A4 4 A E(0B) = 30% #=
E 25 (DL) = 0. 18 A if sk 4tk i@ it TCMSP 2035 3K T v kv 5 69 £ B o B AF A ¥e.& ;i@ it GeneCards, OMIM, DisGeNET
FIE K I COPD ¢ £ -24F A #5518 3F Venn 2. 0. 2 3038 E 13 3] o5 0k v% 7 Fv COPD 49 2L $2.%5. , FFidad Cytoscape 3. 8. 0 3 A+ Hy &
EVE R - A B B Y R AR I A5 R s AR String 235 E AT R G ZAF W 4 (PP 57 , 3+ 45 81 Cytoscape 3. 8. 0 3k, 4
V& AR 05 i A0S Y B A R DAVID 2038 B xf 224 Yo S 4T GO S A8 % £ 947 F= KEGG i 38 & 4 547 . )5 , R A Autodock Vina #2144
A S R A5 M R S AT T AT B IR R IR AT B PR kv oy 00 R 216 AR AR B S 286 A, 5 586 A COPD fe
SR AFE 89N A S P RS AMEE LEH AREEZ B-WF M E ERE EEEF e ) AR/
TR IR B 1(AKTL) & %% 6(IL - 6) A2 5 # F A 8 F08F B F 3(STAT3) K3LE G S(AQPS) o542 B % B 8
(ADAMS) . £5%& & SAC(MUCSAC) % ; A 5wy 12 5B 9% 155 &, £ %5 R0 IUETE — 3 — B (PI3K) / AKT M 5 3R 52 B F (TNF) (42
5 FUR EAR G s (MAPK) @ @ fen-% 17(IL - 17) SRAFEF R F 1HIF - DF As maS5e e f b3 R 4F 8ig b8
TPk it % R S ¥e b S IE T COPD 89 FHUhl, A 16 RAT LR AL T 2k

KA TRk Ty R PR A R R ; P 242 32 5 o F AU

i E 425 : R932; R285.5 X HEFRERD A XEHS :1006 — 4931(2022)13 - 0040 — 06
Molecular Docking of Pingchuan Zhike Decoction in the Treatment of COPD Based on

Network Pharmacology
HUANG Powen',ZHU Yumin',HU Po’,ZHU Ying',LI Ping’
(1. Department of Respiration, Nanjing Integrated Traditional Chinese and Western Medicine Hospital , Nanjing , Jiangsu,China 210014 ; 2. Department
of Traditional Chinese Medicine ,Affiliated Hospital of Nantong University ,Nantong , Jiangsu,China 226000)
Abstract: Objective To investigate the molecular mechanism of Pingchuan Zhike Decoction in the treatment of chronic obstructive
pulmonary disease (COPD) based on the network pharmacology. Methods Main active components and their corresponding targets
of Pingchuan Zhike Decoction were obtained through the Traditional Chinese Medicine System Pharmacology Database and Analysis
Platform (TCMSP) with the oral bioavailability (OB) > 30% and the drug — likeness (DL) > 0. 18 as screening conditions. Main
targets of COPD were obtained through the GeneCards, OMIM and DisGeNET databases. Common targets of Pingchuan Zhike

Decoction and COPD were obtained through the Venn 2.0.2 database, the network of active components — common targets was

"HEWH: B R 8 &A1 4820043041,
E—EE HAAL, L, 28T EF, R T @ AR N, (BT 154 )2212062895@qq. com

(9] T F,=tXM, % 7,%. HARES>ME(RCA)EEST [16] & b, kmpd FhE35 % . REFRGAELIHG R OR
FEFMHSA P RAL]]. FEER,2015,19(5):41 - 43. B4 4r[J)]. B 2%k,2017,26(9):90 - 93.
[10] B ook, B, E%RF . mAMBBE > ER Y 1152 [17] % %, 2 B H#H%,5. ERAH4BHRETHEPY
B EET] B $4R,2011,30(2):270 - 271. HFMEA #» RCA &5 AMMESGT )], P B IR A 254,
[11] A R, 2. ALl 25 5 25 5o A 20 M 3R 8 2 0Y 2019,36(10):1291 - 1296.
KL E&[I]. PEZHE,2020,31(22):2796 - 2800. [18] vk F,3%k mW,EAZ%E, 5. HHWLERKRZEET ML
[12] & B RER . RERRS 25 B 46 7 a9 m)n & 22])]. 2R HPERLIL FEZ%E,2012,23(10):865 - 867.
25 56 KRBT ,2015,23(1):84 - 86. [19] PITTS PJ,LOUET HL,MORIDE Y, et al. 21st century pharma-
[13] #irer, 2 R, MRE . 50 ABC X EE B ELA AR ET covigilance: efforts, roles, and responsibilities [J]. Lancet On-
FREArl]]. fak F B 22 £,2005,12(6):590 — 591. col,2016,17(11) :e486 — e492.
[14] & 3, % ARE,F . 5558 R 20020 [20] ZHAO Z,SHEN J,SHEN C,et al. An investigation of pharmaco-

()] B ERA SRS 547,2017,17(2):158 - 159.

[15] B4 B 454, Rk, F . WA LR %25 %200
ERREXRGEZ A ELEWMARIN]. FPELTZH,
2019,17(9):58 - 60.

40

vigilance and reporting of adverse drug reactions in hospitals: a
cross — sectional study in China [J]. Curr Med Res Opin,
2021,37(11):2001 - 2006.

O F 41 : 2021 - 10 - 093 &[0l F 382021 - 12 - 24)



20224E7 1 5 H 5531 %55 13 ] £ 4 Iﬂ 30 AFRE
Vol. 31,No. 13, July 5,2022 China Pharmaceuticals Pharmacy Articles

constructed by the Cytoscape 3.8.0 software, and core components were screened according to the degree value. The protein —
protein interaction (PPI) network was analyzed by the String database,and core components were screened according to the degree
value by the Cytoscape 3.8.0 software. The Gene Ontology (GO) function enrichment analysis and the Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis of core components were conducted by the DAVID database. Results of
A total of 216

active components and 286 corresponding targets were obtained from Pingchuan Zhike Decoction. After the above targets intersected

molecular docking between core components and core targets were verified by the Autodock Vina software. Results

with 586 targets of COPD,89 common targets were obtained. The core components were quercetin, kaempferol, luteolin,8 — carotene,
wogonin , baicalein and so on. The core targets were RAC — alpha serine / threonine — protein kinase (AKT1),interleukin — 6 (IL -6),
signal transducers and activator of transcription 3 (STAT3),aquaporin —5 (AQP5),a disintegrin and metalloproteinase 8 (ADAMS),
mucin SAC (MUCSAC) and so on. A total of 155 signal pathways were obtained, mainly involving phosphatidylinositide 3 — kinase
(PIK3) / AKT, tumor necrosis factor (TNF) , mitogen — activated protein kinase (MAPK) , interleukin = 17 (IL - 17) , hypoxia —
inducible factor 1 (HIF — 1) and so on. The results of molecular docking showed that core components had a good docking result
with core targets. Conclusion The study preliminarily reveals that the molecular mechanism of Pingchuan Zhike Decoction in the
treatment of COPD is multi — component, multi — target and multi — channel,which provides a theoretical basis for clinical research.

Key words:Pingchuan Zhike Decoction;chronic obstructive pulmonary disease;network pharmacology;molecular mechanism

18 1 BH € il 52955 (COPD) A 32 BLARAE by R 42 1Y
I R S PR B AN 5 4 T 338 8 A 2 BR U, G R i R
AR B3 BT TR 2 V4 24 XE R YT COPD AL R
R4 245 oy S %, HLRIAE TR ™ S i 35 1 2R 77
J R o R R I T R R B SR T, A A E
IR ATRE B TS 25367, Ik B RE S R H A5 4
IEWETT i Z 0 B A R 2 LT, B T Al
Mg 11 % AR DI Ak o A i WLV 2536 7 FE AL B I F- Wi
LW, R A Rk R R B IR LD e , 22 il v L
57 , BETI 4 @5 COPD Y7 25 o I 2% 24 B 27 BLAT 22 7l
oy RN K 2 T B R, P R 2B AU BRIE T
T6 B JEUUAH A6 ) ACBIFFE v i 7T 16 £8% 24 3122 71 535 )
PeHR Al vh 25 S T7 PR 2% R G B O T
I SF-Wig 1 0% 7536 J7 COPD B35 #4734 FAE 55 b A
SR , RV W S LR AR AR, s FLREAEAR

1.2 Ak

V- Wit 1E 0% 5 B8 RH DG 1l 53 B BB AR B < 3l 3 TCMSP
AR VL0 RAE Y AR (OB) > 30% 126 2 1
(DL) > 0. 187 i e 25 41 , Ar 221 Wi 1B 1% Jy v S i o
X AR ALY S BREC VEBE KA AL R AR R
B AT R CH RS R SR TR L A B
Uniprot B4 2 X0 1 FHAE s EA T FR e AL AL 3

COPD # i5 §ifi 2% : DA “Chronic obstructive pulmonary
disease” A 411 , 7F GeneCards , OMIM, DisGeNET %
JFE 73 5K COPD AT EAE 1L, 5 014 B0 4 po 4
AR, I A2 30T, RIVAS- 9 A DG A

VWi 1k 1% J5 3697 COPD I £ i 16 - % L3R COPD AL
SBOT I IEZ T S Venn 2. 0. 250408 7 , 147 DG Jic ik
5%, SRIBCT-Mi 11 1% J5 R COPD 14 A7 88 5, BIT- By 11 1%
JriRYE COPD O 5 .

FABL , S~ Wi 1 0% 7 B4 W PR AF 50 488 {3k BH 38 il o B
E(SER NN
1 #BRSHE
1.1 &
AHIESE I B R R R 1
x1 BEEER
Tab.1 Information of databases
F5 RiBE i 4 A% Rt
TCMSP PEARAHRFHIEE
Uniprot RaRBEE
GeneCards AR &50EE
OMIM AERBRGEREE
DisGeNET K - AARIX 4 HiE &
Vemn2.0.2 RALHEE

T R — AT S A B RS 1k %
J7 135 M R 43 5 G B A 3 A Cytoscape 3. 8. 0 3k 4
oA P s 1k R TS A - AR A ST AT
W0 265 41 1 2 5003 A, o J 3 o B L O e A0 I o BE
EBK  IZ A TEIR YT COPD R T Hhdi G

16T COPD AU B 1 14 19X 45 ) R I 248 4 2
BT < B i 1E 1% 07 35 1 B3 5 COPD Ay A7 58 i A
String B FE , W) Fh 5 B R RN TR B/ NS HL MBI
0.7, MR FUEAE R 4% (PPL) , #4545 R LU“TSV 7 A%
K F A Cytoscape 3. 8. 0 #4479 2% 31 b S 85047
At L FEARCHR AL S 0 A R A R A O S

AL 5 GO T RE & 570 M M2 KEGG i ' 46 7y
Bt < 45 Wi 11 0% 07 35 PR 823 5 COPD R EATHE 53 A
DAVID ¥4l 2, Wb 35 & Ry BN Fh e $5 GO TN RE =
TR AR 72 (BP) L4 D fig (MF) R4 20
HL(CC) =53 B KEGG 3 8 43 BEAT & 5 43 H7 . B

41

https: / / temsp = e. com /
https: / / www. uniprot. org /
https: / / www. genecards. org /
http: / / www. omim. org /

hitps: / /www. disgenet. org /

[ R T U UC R SCR.

htps: / / bioinfogp. cnb. csic. es /
tools / venny / index2. 0. 2. html
7 Strin EOR-KQRAMLERHEE  hps: | /string - db. org/
8

§  DAVID ARG ENIT R E https: / / david. nciferf. gov / tools. jsp




AHFILE
Pharmacy Articles

Pl

China Pharmaceuticals

202247 A 5 H %31 55 134)
Vol. 31, No. 13, July 5,2022

P <0.05 N EEMTEE R BE R RIE T EEHT
HI 25 RAER 73 Hr

A1 T SHE RS IE % B Autodock Vina 314245 % 4% 0 i
O3 5 OB ST 31 6 5 B Pymol BRI IA] L LA
BARSE G RETEMN 455 0 T X N ISR, 45 4 BE R, 5
X 2 235 SR e AR 98 R LAZE A < - 5 kJ / mol A
HAERBSEE,
2 #R
2.1 FmlbZAHEER TR

TE TCMSP £ 4l v, M0 %€ OB > 30% FI DL > 0. 18
AYIEPERLST 253 1, Ho H B 024> B8R 364 R A 74,
A9 ARE A 224 R B 23, R 61, &%
29 4>, 258 191>, I B 42 100/ A5 31 216 /4> 1 1 B
O3 AR F A AT HE 55 8954, 15 By Uniprot B4 122 E
AR IE, MW 42 20 5 A5 31) 286 4 TG 4 A 400 A o
2.2 FEWGLEEZFIEST COPD HI3E =

M GeneCards, OMIM , DisGeNET (4 4 H 43531 15 2]
COPDH 51 4784~ 1474~ 231, MR EE 1151521 586 1~
COPD #4352, VI 1 4 1 o S B SE 4, 15381 89 4>
G AN, BD O F Wi LR % 5 3R 9T COPD Y #E A 1
LI 1.

FIRLLES CoPD

1 FimlbEEER SRS COPD A4 B E
Fig.1 Venn diagram of the targets of active components in Ping-
chuan Zhike Decoction and targets of COPD

2.3 FMHIEZAREER S - £EWAME

FAF R0y 216 NGRS 5 89 ML A
Cytoscape B/ Hv | b4y £ Wi 11 0% 7 16 PR 143 — SLA 40
SR TEULIE 2, [ A 284 /N5 a5, 1039 A1 A
P BB e 15 BM 2 R (LR ORBE R B - W% b
R ODUEE R BMEREZLLNT
2.4 3477 COPD #3855y PPI

H5 Wi 0% 7 5 COPD Y A4 #1453 A String 54
JEH R4 PPL, 3 UL B 3. 32K H Cytoscape 3. 8. 0 F {4
HEAT AR BT, AR B AT 0 18 , 19 B 22 S / S AR R
FIE 1(AKTL) TN 2 6(IL - 6) 555 3 S i

2 TR AEERS - £ERAMNEKE

Fig.2 Network diagram of active components — common targets

42



202247 A 5 H %531 &5 134
Vol. 31,No. 13, July 5,2022

P&l

China Pharmaceuticals

HFRE-
Pharmacy Articles

Known Interactions
™ from curated databases

At axperimentally determined

-’

Ot gene fusions

Pt gene co-occurrence

Predicted Interactions Others

St gene neighborhood

A9 textmining

s
A = i
. Co-expression

s protein homology

3 A7 COPD %08 5 i) PPI
Fig.3 PPI of core targets in the treatment of COPD

SRS 7 3(STAT3) JKFLEE 1 S(AQPS) R A ER L
J& £ 1 1 8 (ADAMS) % 4 1 SAC (MUCSAC) %5 #% .0
LiLpes
2.5 GOEEESTA KEGG BEEES

GO TIRe & £ s R i on 3 B A Yy FE 2 132
2%, BEW KNG 22 M 6 20 SR IR TR RO, LA R
S LT T2 7 98P S0 A5 5 A 81 4 A 2H B 84 4%, B dE
A& BEARLIX. R DX A 5 159 2 3 F TR 143 5%, G048 Ik
TEVE R IR RS & | 22 2R R IR 5 PR 45 AR PAE
S3BE I GO T fig & 4R 20 B 4% H HEZ 1 10 iy 45 SR 2 1)
FILELTEILE 4. KEGG i B% & 5 5 155 &5
W, EE KRR IUEE - 3 - A (PI3K) / AKT i
WHLH - (TNF) A2 73 24 5 36 A6 25 i (MAPK) L H
A FE 17(L - 17) BAATE 7 1HIF - 1) % i)
i P A ZECHE 24 1 20 Y45 SR 2 il <R KL TR LTS .

2.6 SFXHEWIE

K H Autoduck Vina BAF AT 90 T XHE I AIE , 45 5
0 B3 FIAZ O R0 BERE F 4208 < — 5 kJ / mol , X 4
SR RAF Bk T 2% 2 FAE 0N A MERR M (6 A) JXF
4 B R , STAT3 fil quercetin , AQPS Fll kaempferol [
XHERE R A HCILIE 6 B AIEL 6 C.
3 g

COPD Ja Hv = Jifi i " Wig UE " Y W , A kg AR 98 2 HE 2
B BALA , DU B O MRS AR BRI K
TR B Z5 AR 10 ERE 5 45 R0 S i 1k 1%
Jimi F M EE A AR Dy, B R B
IR R FE R, 1% 071697 COPD @t 4 92
1], A5 0 93. 48% , T $iE i COPD FE4# 1Y i Dy i K 1
AR IR B 2 A3 i 52 2R M, R Y COPD 1Y
I3 FHIL AN W

AR5 Fh I S 10 2% 24 B2 5 100 - e 1R TR YT

43



FILE- AR, 202247 15 H A5 31 B4 13 )
Pharmacy Articles China Pharmaceuticals Vol. 31,No. 13, July 5,2022

The Most Enriched GO Terms

regulation of reactive oxygen species metabolic
response to reactive oxygen species -

g of apop ignaling a

reactive oxygen species metabolic ;uou'l-

cellular response to oxidative stress -

of y resp
T cell activation ¢

response to oxidative stress -

positive reg of cy P
response to nutrient levels -

cellular response to chemical stress 4

lecule of origin -
basal plasma membrane 1
platelet alpha granule 4

caveola 4

P to lipop

to

plasma membrane raft
endoplasmic reticulum lumen -
endocytic vesicle 1

g matrix 4
secretory granule lumen +
apical part of cell 4
cytoplasmic vesicle lumen 4

external side of plasma membrane 4
vesicle lumen 1

membrane raft 4

membrane microdomain 4

membrane region <

repressing transcription factor binding 4
metalloendopeptidase activity 4

type

. molecular function
B celiutar component
B biological process

protein phosphatase binding 4

serine-type endopeptidase activity

serine-type peptidase activity 4

phosphatase binding 4

hydrolase activity, acting on acld phosphorus-nitrogen bonds -
serine hydrolase activity -

cytokine activity 4

RNA polymerase ll-specific DNA-binding transcription factor binding 4
cytokine receptor binding 4

DNA-binding transcription factor binding 4

receptor ligand activity -

signaling receptor activator activity

endopeptidase activity 4

GeneNumber

10 20
E4 GOIEBEEESTETE
Fig.4 Bar chart of GO function enrichment analysis
PIIK-AKT signaling pathway

I ! . COPD R FITBURIHE T T B4 T AMBY b LA - 3t
e e et s ® CEOCE VS e NI S F S

TNF signaling pathway

e - W0 B o B SRR 2 B W B 22 R A 2 K

o

— o BT B, (TGF - B,) o — EHHILILENZE F (o — SMA) .
Hepatoceliular carcinoma 4 ® reglog0_pvalue

IL-17 signaling pathway |

an TNF — o 25 (323K 7K T, G st LI I 4 20 46 e 7 2
Y FEA A7 - 1L 25 T 7T R AIG 48 ME L T TNF - o 25 19 2235 7K

Texoplasmosis [ ] 100

- - Uk G0 L SR AR SR A S I R R R R

Protactin signaling pathway [ ]
SNy ommesemone) (R it A BULT AL AW G SR RS S BE SRR T R
g eseimmnid - . FEAK COPD B PR Y IILTE TNF — o 2KV, T T g 4 e
o i s (< @ Qe T R P A AL A 5 8 A S e
e PPI % KEGG il f & 4 43 BT % 8L, AKT1, 1L - 6,
5 KEGGBEE &4 FSaE STAT3,AQPS, ADAMS, MUCSAC A% U,

Fig.5 Bubble diagram of KEGG pathway enrichment analysis PI3K / AKT, TNF, MAPK, IL - 17, HIF - 1 {5 510 %%,

AKT1 -8
-5.5
-8

nw-e
-8.5
i

BTAT3

A BSBa S s s 0T KB B. STAT3 #» quercetin AT 4242 X B C. AQP5 F= kaempferol *#24E X, A
Ee6 TR
A. Heat map of molecular docking of core components and core targets B. Docking mode diagram of STAT3 and quercetin C. Docking mode
diagram of AQP5 and kaempferol

Fig. 6 Diagrams of molecular docking

44



202247 A 5 H %531 &5 134
Vol. 31,No. 13, July 5,2022

¥ %

China Pharmaceuticals

HFRE-
Pharmacy Articles

M A ARG T COPD BYAE ] o AKT 7] H 15 AL 1Y PI3K 55
RG2S S UM A W G5 TS AR
P04 @k T UE PI3K AL AKT1 R 235 | 3% mTOR
FER IR, DR COPD BRI BRI 2H 21 4 M- 4 A = 1)
M A AU A D22 fift il 20 83451405, i 24T COPD
(1) ME FDS) . PIBK 7 AKT / W 3L 3h 9 75 b & 8 & B
(mTOR) 38 % 0 4 M 9 19 B ARG S 7% Fam e, LM
PI3K / AKT / mTOR () 3% 35 ] i - W 306 ~F- 35 WL 4 i 344
i B S B B, 8 40 AN I R AR R S EURE
¥ 14 JELTTTT 2 2 COPDI16) MAPK J2 40 ifd it —2H 22 54 1% /
I TR AR U , 32 S AR LA ME 5 8 T I (ERKD |
¢ — Jun & L3 FISHE (JNK) . p38. 24 INK K p38 #l i
T B, A SGE R A i R A 1 B A T MUCSAC 1
FEIEUTI STAT by JAK 34l (JAK) 19 ik R, L[] 21 i
) JAK / STAT 15 5 38 i 76 240 M 36 5 S g 1o &2 G i
B {2 i JAK, STAT3 55 4 R Ak, 3 17 | % JAK /
STAT Wik , A 5| A R A% SN, {3 COPD Jifi ifi 48 5
SEL) B P T 40 17 (Th17) e oA S 40 i 5 7=
545 COPD A Jatk st # i 243175, JULAIL - 6,
IL — 17A, TNF — o 55X fifi Joy i 19 4 0 « A Wit 241 4 fb 55
RAERBEAEM, N IL - 6,1L - 17A, TNF - o 2542545
S VR A0 M R Y SR e ARG M EE T COPD [ i
FREOTHIF - 1o 0] BH—A A A BESER , 25 i &
R, — 55 COPD i Kk A 5 & R 200 ARl 9 25
SR, SF-Wig 1E 0% 7 AT R A R LA R R
A5 FBEE BUME R T AKTL, IL - 6, STAT3 2540 56
A0 5, NI I8 428 PI3K / AKT, TNF , MAPK %5 {55 538 #§11i
KIEIRIT COPD (IVEF .
ZR F TR AR5 R I 4% 24 3 2 RN g3 4
HARWI AR R T Wi 1B 78 3 2 iy 2 A 2l
BB TT COPD 14 43 —F HILTHI o {H DA 5 i e B8 AN S I
AN A i DAL AN B 4 3 BSCHR T B TR 248 A AU S, T
1258 A V- Wil 1E % 7 7R IR Y ) LR AR L 7R L T S
LA — DIk
S 3Rk
(1] AFH,XAE, 5 K5 BRAERNRRBESTERRRL
N BEET]. P E S RIEZ,2021,28(14):31 - 34.

[2] s . PESBEFBEEERMARBOIRER[T]
AR E 5 54 AT 2B F 2 & ,2021,5(10) :26 - 29.

(3] & 3%, 3 HH, RER . onik BB FR T A
# COPD & F At h e Bz ghat ey Hoall]. REFEH,
2020,37(7):769 - 772.

(4] REF ETH, BN, ¥ . XBFHESERALEH
COPD #4 52 31 B i 4 & HE 09 7 AR [1]. #rim e R B %
2020,22(7):969 — 971.

(51 % o, 2%, 254 . Pobabvg % 0% A 4ok n & 84
(AECOPD) #9 l /R 3% 77 AL AR (], F 78 B 45 408 8 %
¥ % %,2018,6(16) :182.

[6] LI JS,ZHAO P,LI Y, et al. Systems pharmacology — based dis-
section of mechanisms of Chinese medicinal formula Bufei Yishen
as an effective treatment for chronic obstructive pulmonary
disease[ J]. Sci Rep,2015,5:15290.

(7] 2w, REH, 5k &,5 . ATRLEHEFE ooy FariE
it ea i i 4 AU a9 A R ALl (D], P 3 25,2021,52(13)
3943 - 3953.

(8] AF &, AR, X LE, F. ETHL
FANGWH R G mmtE AR [)]. 4
39(1):1-4.

[9] AHMED MF, SANTALI EY, EL - HAGGAR R. Novel pipera-

zine — chalcone hybrids and related pyrazoline analogues target-

B FRA A E
& 25 5 F),2021,

ing VEGFR - 2 kinase; design, synthesis, molecular docking
studies, and anticancer evaluation [J]. J Enzyme Inhib Med
Chem,2021,36(1):307 - 318.

[10] tEt, B %.F F.%. ATRKEHEFENNY T
nE AR G TR E R RGBT [I]. PRSI,
2020,23(3):422 - 429.

(117 %2 &, &K, TAMK, 5 . Mk 2ol b fe R pk i KR
atRAPER )], P B R 5 4 &,2019,35(21):2570 - 2575.

[12] ek T, e, ERA, 5§ . ATHFZAFENEHEF
FATAN P B A B T I1Z M PR AR R R A AL [T P 2h
#2556 k2522 ,2021,32(2) : 182 - 190.

[13] % 4B, E 5, XRR4e . 10k a5 A & R K I8 AU A
b SRRy T s AR AT R E[T]. P E S 5,
2018,29(8): 1145 - 1149,

[14] 3 o, @A, FHer, % . AT PI3K/ AKT/ mTOR i@
F&IFIE AS49 tm i B AR TN 5T i85 COPD #9Auk[J].
g R 2 4 A 2021,36(4):2294 - 2298.

[15] Z P de, Ahh R A, 5 . SIEEZ AP A
BB K R AL PI3K AKTI % mTOR mRNA % i #9
wrall]l. ¥ B LR FR,2018,26(1):8 - 12.

[16] % 7 # M= . AL X2 b e S8 M % % K R, PI3K /
AKT/ mTOR BB AR 438 £z e ml]]. P mar R,
2020,43(10):1983 - 1987.

[17] Frak oz, iR, S0k . F B 25 F TR0 1 28 b B ok o
MEXAZ T ARAE AR EL)]. T B E 2% $4R,2020,
17(30) :37 - 40.

[18] A-AbdE, k&, it Ab, 5 . AT JAK - STAT /5 5@ %
B 50 A% Bl 2w 4 F 7R COPD Ao % & 89 5 F AL [T].
Hrir b B 25 K 4R,2020,44(12) 11210 - 1214,

[19] kB =, 8L, %MK, 5 . AT IL-17A/TNF - a fZ 5@
FEHFEAR 7 A ML AT TR COPD AR K R84 523 AT 7 (1],
A I AR - P E IR, 2021,23(6):1951 - 1957.

(20 R EE . BHMmEEMER L@ HIF - la 5
MUCSAC 4 & BB BAFHURI (D], #6002 00 K52, 2017.

(ki H 1 :2021 - 09 — 105 & 1 H 111 :2022 - 01 - 11)

45



