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Analysis on mechanisms of traditional Chinese medicine in intervention of
pulmonary fibrosis in sequela of SARS-CoV-2 infection based on Traditional
Chinese Medicine Inheritance Auxiliary Platform and network pharmacology
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Abstract: Objective To explore the prescription rules of traditional Chinese medicines (TCMs) in the treatment of pulmonary fibrosis
and obtain the Core drug combination based on the Traditional Chinese Medicine Inheritance Auxiliary Platform (TCMIAP) software
V3.0. And the mechanism of its intervention on pulmonary fibrosis in sequelae of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection was explored by network pharmacology. Methods The clinical research literatures of TCMs in the treatment
of pulmonary fibrosis were searched from January 2000 to June 2023, through the TCMIAP V3.0. Using the statistical analysis and
association rule analysis and other functions of TCMIAP, the characteristics of TCMs in the treatment of pulmonary fibrosis and the
core drug combinations were summarized. Network pharmacology was used to explore the potential active ingredients, targets and
signaling pathways of core drug combinations in the intervention of SARS-CoV-2 infection and pulmonary fibrosis in its sequela.
Results A total of 118 prescriptions were selected and 185 TCMs were used. The top 20 TCMs used frequently were mainly tonifying

qi and promoting blood circulation and removing blood stasis. With a support degree > 10 and confidence degree > 0.6, a total of 21
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important combinations were screened. When support degree > 20 and confidence degree > 0.8, the drug combination “Huangqi
(Astragali Radix)-Danggui (Angelicae Sinensis Radix)-Chuanxiong (Chuanxiong Rhizoma)” was confirmed to be the core drug
combination of TCMs. The drug combination contained 38 active compounds and 121 common targets, involving protein kinase B1
(AKT1), mitogen-activated protein kinase (MAPK) 14, MAPK1 and AP-1 transcription factor subunit (JUN) and other key targets,
with core compounds of quercetin, kaempferol and perlolyrine. Conclusion Clinical TCMs treatment of pulmonary fibrosis was
mainly based on the method of promoting blood circulation and removing blood stasis and the TCMs of tonifying gi and promoting
blood circulation and removing blood stasis. And the core combination “Astragali Radix-Angelicae Sinensis Radix-Chuanxiong
Rhizoma” may intervene pulmonary fibrosis in sequelae of SARS-CoV-2 infection through advanced glycation end products- receptor
for advanced glycation end products (AGE-RAGE) signaling pathway, interleukin-17 (IL-17) signaling pathway, tumor necrosis factor
(TNF) signaling pathway, fluid shear force and atherosclerosis signaling pathway.

Key words: SARS-CoV-2 infection; pulmonary fibrosis; traditional Chinese medicine; method of promoting blood circulation and

removing blood stasis; Astragali Radix-Angelicae Sinensis Radix-Chuanxiong Rhizoma; quercetin; kaempferol; perlolyrine
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Fig. 2 Syndromes classification and treatment methods (top 10 in frequency)
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Table 1 Analysis of frequency of TCMs (top 20)
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Table 3 Active compounds of Astragali Radix-Angelicae Sinensis Radix-Chuanxiong Rhizoma
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T AL TT 7 P B 185 R 25 HI BT 10%, RIAZC4H
T (FRZh 21 BRD) FRIE AR TR Koy AR
F TG, FRHIZE . HNBHIR b b 3t 5 2K,
BHATHE— 01 KEGG 1@ & 4081, ARIAREH
ZHIEIRIT SARS-CoV-2 XYL J BHE Ml 41 41k fo 3
5%k 5 . Relevance scores & GeneCards £(## FE 3t T
Elasticsearch 7.11 X 2 [ 51 s 5 95995 B AH S 1 1 PF
gy, VP U AL s B
fEH. 3 B, ¥ 5 K25 SARS-CoV-2 /&
J B Ml £F AEAL LR 500 AT KEGG g &
HobT, B2 KEGG I8 & 40T 20 frfh st
1B PR HEAT relevance scores WA, 45 RFERANVTR
5% 2R 2578 COVID-19 KM 4idk b (A e %
VoA e, FLIBTT SARS-CoV-2 J& e f5 Wt i

YA IR R BRI B E SR £ AGE-RAGE 5 '51@
P IL-17 5588« WARTY) 715 Sk R4k 8
P FEEA (S SEES S TNF &5 5@ L, Wk
4, 5. fEFm b, ¥ S RPhAKEAMNAERSS
SARS-CoV-2 JEHL f5 B il 21 4E Ak (1) L 80 i 1E 4T 4>
Mt RIS BA $E 55 5 4~: OLR1. MAPK10.
HSD3B1. ATP5F1B 5 FASLG; 3 M2 phA #E 5
19 4: TGM2. TNFRSF1A. TNFRSFIB. ABCC4.
EDNI. ALB. EDNRA. SELP. TLR2. NPMI.
MMP10. G6PD. CD14. KCNK2. NFKBI. ECEl.
ITGB3. TRPV1 5 CTNNBI1; #hHZE R A 5 3
AN: CD80. CD40 5 CD86; FEFHZS s #E i 24
AN : GPICCM000681.2) LDHA . OAT . ASNS. CPT2.
GPI (KI270866.1). SHMT2. SLC25A13. ARGI.
GLUDI. GPT. F13A1.PFAS. TPIl. SDHA. LDHB.
GOT2. MMP12. PDHB. LTF. MTR. PC. LDHA
5 KYNU; IERZAGRERMA R 4 4> CYCS.
EPHB2. CD163 5 CREBI. ¥ iRl #4355
1T KEGG 1@ & £ 01T, 45 R RKIAN M §E S
FEEEEMEERETE 5. K2, QM
RS by 5 MR B N 2 s A
B SRR AL E . VIR Y. TNF
SEAFSIEEG by RNHSMAT B 3 R AR AE Toll B
ARG S, PR IgA MBI . R
OWLRSAE 58 b FRE MG S 5 - B 4R AE
IR, ARG FERAEY S RS 5iEg
by IEREAR SO B T T B RIS . R
PG PRI A SIS TR g . N B R R
S L, W& 6.
2.8 WHWIZOM D 5 KB EN T IE

FRAE 2.5 “ TR I% PR A 24 4% 00 o0 LU 25T
(kaempferoD #5725 (quercetin) NP ZEER (cis-
ferulic acid)+ ¥JI1Z5ANE (senkyunolide). 11 &5 W
(perlolyrine) J“2.6 7 Tilfifi 1%t Hi 1 SCHHAE 55 JUN (PBD
ID: 5EV8). RELA (PBD ID: 3QXY). TNF (PBD ID:
5UUD.IL6(PBD ID: IALU).TP53(PBD ID: 3ZME ).
MAPK1 (PBDID: 5BVE). AKTI (PBDID: IUNQ).
MAPK14 (PBD ID: 5XYY) #4740 FRHE0 . 45
RRM, AL S B S RS AR R
Uf, —EfEE AT - SH- ) 2. 24
RUT SARS-CoV-2 B J AR Il 41 4E Ak [T AE ML
fil, W 7-A. LSRR AR R -HE S A
Wit R-AKT1 5#fit 7 2-MAPK1, 2548888 8-9.7
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F 4 5ZPhEE COVID-19 F Y X EITES

Table 4 Relevance scores of five kinds of TCMs in COVID-19

‘ N E )
TR AR S — ; ; o
TR IS TR ENEI 34 S
AGE-RAGE signaling pathway in diabetic complications 1092.48 643.29 5.36 87.73 65.48
IL-17 signaling pathway 829.35 636.80 0 103.30 74.67
fluid shear stress and atherosclerosis 473.10 882.48 0 46.80 62.98
pathways in cancer 1503.13 976.05 0 112.70 159.70
TNF signaling pathway 571.80 695.78 0 70.60 74.34
hepatitis B 546.90 592.61 7.52 92.40 83.79
Kaposi sarcoma-associated herpesvirus infection 708.46 721.67 0 95.11 90.17
Chagas disease 890.40 783.62 0 87.07 0
prostate cancer 885.53 579.10 0 0 107.94
measles 597.42 532.96 0 73.05 64.53
C-type lectin receptor signaling pathway 468.46 603.35 0 0 0
pancreatic cancer 255.39 367.07 0 0 0
toxoplasmosis 425.57 590.77 0 42.25 67.26
Toll-like receptor signaling pathway 465.99 541.27 0 108.43 0
hepatitis C 467.70 581.73 0 0 0
Th17 cell differentiation 535.54 561.93 0 0 0
human cytomegalovirus infection 628.25 751.25 0 82.32 77.15
HIF-1 signaling pathway 620.91 565.44 0 0 0
apoptosis 312.99 0 8.65 0 67.56
platinum drug resistance 0 0 5.84 0 42.09
human immunodeficiency virus 1 infection 0 0 10.20 40.13 66.00
non-alcoholic fatty liver disease 0 0 0 151.87 55.16
neurotrophin signaling pathway 0 0 0 36.10 66.89
RS S EKPHEMAHENPRIERETS
Table 5 Relevance scores of five kinds of TCMs in pulmonary fibrosis
s 4 SR . | _
AR RIS FRAR NGBS 1L AR

AGE-RAGE signaling pathway in diabetic complications 4169.02  2138.19 64.40 264.24 479.28
IL-17 signaling pathway 553289 356229 0 276.94 893.59
fluid shear stress and atherosclerosis 4034.49 4942.17 0 247.04 539.85
pathways in cancer 614130  3912.87 0 422.83 1 279.65
TNF signaling pathway 2935.20 2 029.50 0 204.59 934.55
hepatitis B 3213.69 2119.80 72.89 268.35 624.68
Kaposi sarcoma-associated herpesvirus infection 3498.70 2 306.86 0 256.31 1 035.64
Chagas disease 4906.95 1919.60 0 233.68 0
prostate cancer 2 066.10 1712.80 0 0 376.70
measles 1823.29 1711.42 0 195.40 386.28
C-type lectin receptor signaling pathway 2979.35 3 050.01 0 0 0
pancreatic cancer 112798 1257.74 0 0 0
toxoplasmosis 2 937.01 1748.27 0 185.89 500.24
Toll-like receptor signaling pathway 1206.97 1233.25 0 251.56 0
hepatitis C 1 700.61 1 688.37 0 0 0
Th17 cell differentiation 1212.34 1 154.75 0 0 0
human cytomegalovirus infection 1942.25 2 055.11 0 189.41 959.15
HIF-1 signaling pathway 3547.74 2 085.38 0 0 0
apoptosis 1254.76 0 71.40 0 396.67
platinum drug resistance 0 0 44.14 0 344.97
human immunodeficiency virus 1 infection 0 0 129.78 171.41 464.45
non-alcoholic fatty liver disease 0 0 0 289.91 283.43
neurotrophin signaling pathway 0 0 0 128.16 458.18
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6 SEPHFHES KEGG BREEMNER |54
Table 6 Results of KEGG pathway enrichment analysis for unique targets of five kinds of TCMs (top five)
o2k 5518 P1H O

e neurotrophin signaling pathway 0.002 218 949 0.043 985 87
measles 0.003 130 482 0.043 985 87
hepatitis B 0.003 866 890 0.043 985 87
Chagas disease ( American trypanosomiasis) 0.001 665 364 0.043 985 87
non-alcoholic fatty liver disease (NAFLD) 0.003 731 520 0.043 985 87

5 12 fluid shear stress and atherosclerosis 5.126 70X 1076 0.000 625 46
salmonella infection 4.689 79X 1073 0.002 199 72
TNF signaling pathway 5.409 14X107° 0.002 199 72
adipocytokine signaling pathway 0.000 297 395 0.007 256 44
Toll-like receptor signaling pathway 0.001 060 620 0.012 381 24

EINEES Toll-like receptor signaling pathway 2.14307 X107 1.609 46 X107
intestinal immune network for IgA production 3.176 68 X 1076 1.609 46X 1073
autoimmune thyroid disease 3.416 84X 1076 1.609 46X 1073
allograft rejection 2.32844X107° 1.609 46X 1073
viral myocarditis 4.023 64X 107° 1.609 46 X 1073

BN carbon metabolism 2.092 56 X 10712 7.489 63X 107"
biosynthesis of amino acids 3.256 36 X 1072 7.489 63X 1071
metabolic pathways 4.525 74X 107" 6.939 46X 10710
arginine biosynthesis 2.024 83X 1077 2.328 56X 107°
glycolysis/gluconeogenesis 4.20729X1077 3.870 7X107°

1ERZ AL tuberculosis 0.002 806 731 0.044 907 70
Kaposi sarcoma-associated herpesvirus infection 0.001 605 555 0.044 907 70
human cytomegalovirus infection 0.002 330 333 0.044 907 70
hepatitis B 0.001 191 369 0.044 907 70
Huntington disease 0.003 517 194 0.045 020 08

keal/mol; i j5 At 2 &2-MAPK14 57 % -JUN,
“E B REYN-9.4 keal/mol; 2 J5 AL ZE-MAPK] 5
I ZEM-MAPK 14, 456 8835°8-9.2 keal/mol; #Ja A
25/ -AKT1 5 1 228 -JUN, 455 683°8-9.0
kcal/mol, JLE] 7-B~1. #2011 238y 5 2 5% 0
R E R SR RE, SRS Z2HR OIS S
RE SR, PRS- )1 25 A & R e
LRI 5 12 MR H 2 8 ST SARS-CoV-2 J#%
Y Je ABURE Ml 21 4 A R i B o B
3 g

4T Al R IR B 22 8K, & DL IPF R R
) 2 i 1E) SR MR R B R B, SR EES B AR
Ry 4 EE B N . H AT S A EF4E1L
SRR R DR #. 38. BANE, WHLLLAERS

SENZ, AL K. IR BN, A LN
LT I E = e = IR P = (1) (677 N e € D
LA B AR HRIEIR IR M E ., HORWE TN 2000
1 H—2023 £ 6 H BATIH TR0 h B 253697 il
LRYEALIN 118 R i PRAIE TE SCHREBEAT BT 9 BLIOR
HAE s G BRI PRBI FCAEHEIE 7 TH 2 WS
MFEIE AP REIE BB EEIHIE . MR,

TEIRVE 12 DS AR 28 SR B 0 2l B A
Horh b iy 185 Wepr ey, A AISRIACHT 20 BRIV
Brp 2 AR 2 4 5 vk, HIEIR. HERAE
PRI e, BEAME AL S 245 54 O R, %
LA IS FEBNE, KRUSRHL bRz
2y, X5 HHT AR A A AR S HIA
WAAT o AR 7 A 3 M 5 T, e B SCRFE =10,
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A
IR ERE {-5.2 4.8 5.2 -5.9 —5.4 —5.3 —5.0-4.4

HINE AR 1-6.3 —4.9 -5.0 —6.7 —6.0 5.9 —4.8-5.3| &4 g/
(kcal'mol™)

i pt 22 ; 8.4 1671 1
WL 2 —-8.1-7.3-6.6 E—s
B c

.x B A
ST 0. ﬁék G "
u? P R R P
A " . b A I

W ,
‘E ), . 3
T | W WG| N
t 5 .;\»5:\;\ 3
H |
e ; ¢
B | Ok S Y
LN vy AR /- 5N )

A: DAL ORGSR S TGRS B XEK-AKTL 454

fimis C: Mt ZR-MAPK1 85500 5; D: HiZ5R-MAPK14 &5 4

fisi; B: WHEZEK-TUN Zi& 0080 Fr LIERM-MAPKI 256 67 5

G: WIZEM-MAPK14 Z&00m: H: IIZEM-AKTI EEM A T

I ZEM-TUN G560 5

A: binding energy of key active compounds of TCMs with key targets;

B: binding sites of quercetin-AKT1; C: binding sites of quercetin-

MAPK1; D: binding sites of quercetin-MAPK 14; E: binding sites of

quercetin-JUN; F: binding sites of kaempferol-MAPK1; G: binding

sites of kaempferol-MAPK 14; H: binding sites of kaempferol-AKT1;

I: binding sites of kaempferol-JUN.

7T DFREBESWER
Fig. 7 Analysis results of molecular docking

BIEE=0.6 NZEIMHTHZGRNG, BEA SCRRE
S, ARG IE AL 2GR BT 5
BEHETE, SR =20. BASEE=0.8 B
CEBE-MENE” AE . 1z RRPIER B R
G MA R 252 T I A 4ufe ey, B
A U MR R G- R A% O B
WHRAYAE. B GEEREE) T “EA LR
HEM, WA R 5 CEEMRSED T “ o BERE,
WABEIA T, MBI, ERE TR i
TS ML RHESIAE AT, AOREHESSE ATi  BUiLRE, T
LR B B2 515 BB

ZHIL, G CBFINE ) Iz (AR
FAMHIE FZ . (OMEHESR) RS P SiaTr &
I P BELT ISR e, BRI XS T Il 4 4 A
TBYT 2 AN 55 I P T O S I ) T

H AT E N SARS-CoV-2 JE SRt AT 1 8L g A AR
ek E G TG R BRI Gy, EX T )%
JHMC T AR 8 N A B A 1 XU
M G Mo A2 20210, SARS-CoV-2 iYL i 5kt 1)
RES W R REY, TEAERT SR b E o ZE f it 3l
ik 4 28 1) R A2 2 N 17%H0 7.1%022, 3 HAF &
i KR S ZE R AR R R (28%) 231, B AL
FW, MIEIRHLR T -a (tumor necrosis factor-o,
TNF-0) M1 IL-6 55 R AEK] & SARS-CoV-2 /&4
S IR T A 1 B[R] 3R 24250, R e T
RS E LTS A 9<R0, Hh Ak SARS-CoV-2 JE&jen]
FEZ P EN G, JCH R4 R A
1 T B A 70 0 A R BRI 1% ) f8 35 78 Bt
240d MIAIT CT BoR B 4EAb e R, 55 1 Tkt
HBE 2 05 BE B GIRTER I 39.7% 1) EE A A
[FIFE B (AT AE AR SR8, X EE SARS-CoV-2 J&
P ERELERN CT PRIEE =02 —KE
IR, FF HAE 30 5] [K] SARS-CoV-2 J#
Yo J A BB PR R ORIAT 43% K A2 1 BRI £ 4
B0, I 1 TR 9T R IE AF SARS-CoV-2 & &
R A L il £ 4 A0 TR P ) 8 Y Bl A B
i, FLRAENUE S AT 1 S MR G, TE
() S OE AT BT %) SARS-CoV-2 [RGB, ik
4 KW SARS-CoV-2 JE YL J5 80AE il 41 24 AL 75 B 5E
KA BF PRI S, RIS S bt
%, @SRRI ) S B R AR, BRI
SARS-CoV-2 &4y Ji5 1 E il 21 4 40 1 A K B 1 (1)
TGS, 1% 5 e 2 SO0 il 0 4 Ak FH 2493 38 e if
AT & o

TR PR -I0-) 1 7 A% O YA AT I
ERAGHRAANT RBIM R 2. L2y, NE M. B
=5 TR B R R A% O 2 LAy, AKT S
MAPK14. MAPKI1. JUN %5 &H 3= 1 Fi# .
AKT1 & —Fh 22 /75 S IR Wb, 3= B5d i g e L
I -3-¥2 1 (phosphatidylinositol-3-hydroxykinase ,
PI3K) /AKT 15 ‘S @B /3 JRE SOBE L AR 1 A 4
MOBEFE T T-5%, BFFE K SARS-CoV-2 &4y i 35 i
JIE B S IR AKT L 0K 55 58 7™ a0 Mo 3 S il 2 4
TEARKB2, I H AKTI & EIE TR R 5 S i i HE
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T T SARS-CoV-2 B4y ) B HEE pi 2 — (33341,
JUN. MAPK1 & MAPKI14 )&+ MAPK {558
M, 1ZIEIKEOE S5 SARS-CoV-2 &Y I fili 47 44k
KAZEY). SARS-CoV-2 HIEYRE(E R MAPK14 1)
WERRALES), JF H SARS-CoV-2 J& Yy H 8 4 i b %
B S KT MAPKT 5 JUNBSL, PI3BK/AKT {5
S & MAPK {55 8 5 O 0E o i 4 4L B
RENRIER, 1EERE RGBT 4R
LR AKT1 B3R IE R #E LB, p38 MAPK
(MAPK14) A] 305 s K+ JUN, ik B R4 i &
Fh PR 1) SRR AT (R 3 I 2 A 1 A e B8
Gh, XGRS R LB S )1 ST
AR “HE-HH- T LA WHE Z ST
SARS-CoV-2 J& YL f5 180 il 21 4E 4 1) e S A% 00 ik
gy, IR BEER S5 v ) | N R RIAE B AR — 2 A
B WEETZAETHE, =t EMEZH
i, BAATTZ PR UREE R PTE TR,
H 1 E 8 2 049015 B0 7B R M & 5 SARS-
CoV-2 BABAERHIHIER, AR R IELH L]
BT FEIGIRBE U, R SRR B DU R 24
VA B AR T SR N R R R IR I . LR M A
Wi J2 C MR K, kb B A BE i )42, AHALL
(A2, AR — TSR0 M R A R 2R BB AT R PR
A A B 2R DA S EE 8, FEHUI AT 4L IR A O
T, Wi & PR VLR B TR s, fEBhH)
R AT R0 T TNF-on TL-6 25 589 K 111
KL RFRMEAR S &, WD RIEA 4L, HpL
S A K K7 p1 (transforming growth factor
beta 1, TGF-B1) /p38 MAPK/#% A ¥--xB (nuclear
factor-xB, NF-«xB) {55, W&,
0 1) 00 B BRI A R H R AL 4
(nicotinamide adenine dinucleotide phosphate oxidase
4, NOX4) -p62 {5 5B Z5AG 401, (HH ATk I
Wi Rz ZR U AT AE AL AR QIR IR 7T, PRt — D4R
FUMit 2 0 SARS-CoV-2 SR IMLHI 55555, PAK
T BT 21 4 A (i PR 0 LR Sk 1) A B4 9
] o L R RIREAEAE TG S AE A I 2 P 2,
M ARG R Pral. PlAsED)
R, SR B o i LA 0 LA — s R IT AR T,
R L LU 25/ 175 SARS-CoV-2 (1)1 R K MLk Bf
F, MHBA4E LR 3 E 5K E B REE K
S, i bR gn i 784k Cepithelial-mesenchymal
transition, EMT) [F&RAZEA KM, HLAG Tt —

AT 55 W AT 78 LA B AR AL . 15 R g2 2
FAET NS HHzd,  H TR E it
111 AN TN 711 1 2 NSl 5381 ¥ k) A e O K VA S P P
W TCHHIHLR . P E RO 7ol Xapes 3
AR 25 RUYEFFIN )RR A ORM-50, 255 7010
P A R, AR g R 1 S AR R L 234k Rp it
(R R B, DA RIR RN ESAEPT R . FLET4EdL
AT BE T REfE HOARSK B T 7T U5 1) V)11 AV A2
A SR EEE Ry 2 —, il NOD
FEZ R IE A 45 80 OC B2 1 3 (NOD-like receptor
thermal protein domain associated protein 3, NLRP3),
FAHARUGPEE (unkinase, INKD. gl fu4ME 51475
U Cextracellular signal-regulated kinase, ERK) {5
T B AR JORE A B2, AR H TR L
1l SARS-CoV-2 Nl 4L it 5, Hop 1
X A RN B RIFEIWT IR 5. BT BRIR )
ZAAAET AL BB TR 25, B RIFH
LR BUBEAEH o FEAR A, B BRI e B A /)N BR AT
RERL A TL-1B IL-6 FYRIE KT, ] oK Bl ok i I
RV o S L LI TR 00 1) 0 i i AL 55 B ML A
I R4, FERAh, B BEIR AT B SARS-CoV-2
R B0 B R AR PUR B I DRSS, SR E, 3
BE-HH- 57 O 2AH & %O 24 8 B
A —E T SARS-CoV-2 KB4t zha, 1=
R Z RN IV 02 i RO 70285 3R EASGAIE
KEGG i@ % & 70 e — M N 2 2% £
JEE 0T A 4 1 e IR 4 5 EAT I B AR VAN 2 i T
B, WA DIRE E R T ke B, R
-1 7 R 25 5 5 SARS-CoV-2 Y J5 it
KE Nl LT AEA I LRI R E 2 SR IL-17 15 5l
#%. TNF {5 5@ . AGE-RAGE {5 5i@#. iRy
V177 ShAKREAEALIE B 55 5 IR AAEBIw . R
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HAHTEE R, KL 21 R 254G h R 2 5iE L
ZifE R T KEGG g w0 il 4 4L 5
COVID-19 HIRMEE @AM TR 5 1R
IRy, DU T A2 S 24
e i 25k £, RINAE 5 8 h 2 41
M) KEGG il 8% i b, AVEh 2 FEE
FEMZE TR 5 5@, FRPIZETh 2 E R
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