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Table 1  The top 20 ranked Chinese herbal medicines in the 102 compound formulas for the treatment of nonsevere COVID-19
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Table 2 The composition of candidate compound formulas

with a 100% reversal rate of signaling pathways for the treatment
of nonsevere COVID-19 (top 5 ranked by therapeutic effect)
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Figure 1  Gene set enrichment analysis (GSEA) results of key pathways in macrophages
for the chief medicine Xixiancao (4% &) in Qiaobang Zhupi Yin (GHZEAR 1K)
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Figure 2 GSEA results of key pathways in lung epithelial cells for the chief medicine Xixiancao (54 %5 5 )
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FUEEAR R KRB T HRAW264. 74116 hJ5, CCKS
BRI A0 TG T . RAW 264. 7 41 Jifd 3000/4L $25 Ff 51]
3844, WRAIEFRE, WarHEEFRE, BIMmA
AN AR B 555 R B TR B DMSO 11 56 42 15 77 2k
50 wlo T 6 h 5 RALINA 22,5 wl (958 42 35 57
K2.5 i CCKS, 37 °C. WA . 5%CO,4ifiks
FEAANURLENFH 3 ho [l H 2 DI BEELEULAE 450 nm
PR AL A FL OGRS (OD), A0S St 382 21
JEE F1=(0D 415~ 0D J(OD 300-0D )X 100% ="'

F3IR, WPE N 200 we/ml (I35 AR R AR
YAl 2 R AR RAW264. 7 A LTE 51 (P<<0.05),
AU AR R &W%ﬁﬂmmm7%m@
j;aﬁﬁvum (P>0.05) . AT 7 k5 20 i 75 14 5
mmthﬁﬁéA%ﬂmﬁ%%%mg,lﬂm
ZER 100 pg/ml HRSEAR B ARSI e e 2255 56
6.5 FRKEA LB AT RAW264. 7 2 i, X
JEAE A A8 X K B mRNA & A 69 %%
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R3 SURAW264. 7 AL I LA
Table 3 Comparison of cell viability in different groups of

RAW?264. 7 cells (% ,x+s)
2057 Wl g ml™  FEASEL 4G 1
TFIXT B2 - 3 100
YT 12.5 3 96. 58+7. 52
25 3 102. 18+4. 51
50 3 99.54+9. 10
100 3 97.36+4.92
200 3 84. 5424, 11
:a) HIEFIN R4 L, P<0.05,
(20 5 /HL), W EEFRIE, W IHEEFREE, L

AR 1 pg/ml 8 LPS F1100 we/ml (REEAR ik (259
ARERAL) . 1 pg/ml [ LPS F 5 25 4 45 R B
DMSO (HMIZH ) . &5 LPS 2R FHf) PBS Fil 5254
SRR B DMSO (F 570 X6 BB 41 ) 1 58 A 55 2 56 1 ml,
TH6 h)m, R 5w e R A MR (RT-
qPCR) H 20 A 240 A/ %= 1b (IL1b) . P IR3E
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BT (Tnf) . C-X-CHFHMHFEIMA2 (Cxcl2) .
C-X-CHEF LN FRAK 10 (Cxell0) . C-CHFFH
REFRLR2 (Cel2), —4AfbAE G2 (Nos2) HIHT
IR N A ALY A I 2 (Pgs2) mRNA ik,
fd PR R AR B 4R B mRNA L 4% BB 5 i A DNA
BTN (42 °C. 3 min), W5t (42°C. 15 min,
95 °C. 3 min) FlqPCR M (95 ‘CHIZEYE 3 min;
95 ‘CAEME10s, 60 CiIRAKIEM30s, 40 MEIR),
DUH I EE-3-B R I & (Gapdh) 1R RMNZ, 115
FEACH B SEPR AR Fa5  o DAVE A6 B2 mRNA
FIREON 1, SRA 2 A R X R 3 IR A Gk
25, LWHEL 4R, 5IWTFIINLFEL, HAETE
Py TR (i) ey A7 PR 2w

TSR, SERIX A L, B2y ih
B ZH 1L1b., Tnf, Cxcl2. Cxell0. Cecl2. Nos2 F
Ptgs2 mRNA £ ATk (P<<0.05 5 P<<0.01) .
SRR RS, WA PR bR A% A AT AT O A
mRNA F AL (P<<0. 055, P<<0.01).
7 g

A A BB H D30 e g R R 15 530 R A
O R 2 Be A w1, LU R B 2R Ak b 2 T
AR EEE B . COVID-19 J2: B SARS-CoV-2 J& YL
5 A SRR T A e R, R R AT T AL
Bz 40 2 TH 225K 1 ACE2 32 K &5 & T 4 AN
2 AR E R AR e RN, it
1) 9 A IV 23 T VR il Bz 4 B S s, o5 | e il A 4
i, dEMG] R IGLE A 55 ERRAr . EvEAif . A
SR A A A R S N AR 8 R B 2E A L 1 EE 4 A
gy FENURPUR R N A TP B EE, Ht,
ARWFFENANTGRGTEAR G . I B8 DA DG A4 il T
B A RN A 38 1 250 B A A A 15 40 i 96 7 4

®4 RT-qPCREI¥F41
Table 4 Primer sequences for RT-qPCR

HH JP3 (5'-3") T bp
ILIb  1EM GAAATGCCACCTTTTGACAGTG 116
S TGGATGCTCTCATCAGGACAG 116
Tnf iEf] CCTGTAGCCCACGTCGTAG 148
21 GGGAGTAGACAAGGTACAACCC 148
Cxel2  1EJi] CCAACCACCAGGCTACAGG 108
JZfi  GCGTCACACTCAAGCTCTG 108
Cxcll0  1EM]  CCAAGTGCTGCCGTCATTTTC 133
216 TCCCTATGGCCCTCATTCTCA 133
Cel2  1E[ TAAAAACCTGGATCGGAACCAAA 120
216 GCATTAGCTTCAGATTTACGGGT 120
Nos2  1E[i] GTTCTCAGCCCAACAATACAAGA 127
216 GTGGACGGGTCGATGTCAC 127
Plgs2  IiE[] TGCACTATGGTTACAAAAGCTGG 124
JZ21i] TCAGGAAGCTCCTTATTTCCCTT 124
Gapdh  1E[i] AGGTCGGTGTGAACGGATTTG 123
JZli] TGTAGACCATGTAGTTGAGGTCA 123

T L1, FIAIMEA R IbAER; Tnf, RIRGER TR, Cxel2,
C-X-CHEJF ML F R 2 3K Cxel10, C-X-CHEFRAILIA TRk
1055 Cel2, C-CHEFEMLE TR 2 JER s Nos2, —SH LKL
BCRE 2 B Pres2, FISHRER N ALY A UG 2 B K Gapdh,
R -3- B AR I B
JH 8 B8 AT 7 SR A

AT 5T 3T SARS-CoV-2 JE YL i Jili I Rz 20 it Fn
COVID-19 JBERIR EEA IR R 1% 2 COVID-19
TR RS S, SR LA PR S A R e
FRIE, RIGIRE 7 B 25880l B th 2500t & B 1L
Befili, TEEWEANAE T, BOE TRE (95 WE
L (85F). HFH (455). OIE (45%). Rl (65%).
Mg (37%) AHOCHY 34 %R TRME Sam s s FEi bk
AR, BE VR e (1245) . B0y
s (77%) . AR (1145) . #lig (45%) G 34

TS A RAW264. 7 AIHL RAEHISCHEN mRNA KA AL
Table 5 Comparison of mRNA expression of inflammation-related genes in different groups of RAW264. 7 cells (27, x+s)

20531 FEAEL IL1b Tnf Cxcl2 Cxcl10
R IR 2 4 1. 01+0. 01 1. 000. 00 1. 000. 00 1. 000. 00
2 4 2338.09+237. 26" 13.37+3. 16" 657. 39+108. 98" 25.03+1. 77"
EOL 7B OBLIES) 4 912. 16+180. 25" 8.55+2. 40" ¢ 390.27+25. 13V ¢ 12. 44+1. 69" ©

iRl AL Cel2 Nos2 Pigs2
TRFAIRT IR 2 4 1. 000. 00 1. 010. 00 1. 00+0. 01
R 4 34.96+9. 179 247.50+92. 83" 118. 94+28. 34"
FIL 7/ OBLLES) 4 9.24+2. 42V ¢ 43.70+12.91 ¢ 77.04226. 28"

W IL1b, HAMEA R IbIER; Tof, BWREIRIEN TEEH; Cxcl2, C-X-CIEFHALN FREA2FER; Cxell0, C-X-CIEFFHLN TRk 105
5 Cel2, C-CHFHILHE TR 2 ELH; Nos2, —%ALAE A A 2 JEH s Prgs2, WIFIMRE NIl AL A& i 2 2L
a) SHRITIBALE, P<0.01; b) SEFINIRAL LA, P<0.05; ¢) SEEEIZLE, P<0.01; d) SEEEZRE, P<0.05,
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The Development of Chinese Herbal Formulae for Non-severe COVID-19 Based on Artificial Intelligence
Technology and Investigation of Its Action Mechanisms
HUANG Wenting'?, QIAO Liansheng'?, YAN Di’, LIU Tengwen’, CAO Hongmei’, GUO Hongyan™*,
ZHANG Zhi’, CHENG Jing"*’, XIE Lan"?, LIU Qingquan’
1. Medical Systems Biology Research Center, School of Medicine, Tsinghua University, Beijing, 100084 ;2. National Engineering
Research Center for Beijing Biochip Technology; 3. School of Basic Medical Sciences, Chengdu University of Traditional Chinese
Medicine; 4. Beijing CapitalBio Pharma Co., Ltd.; 5. Beijing Hospital of Traditional Chinese Medicine, Capital Medical University
ABSTRACT Objective To develop traditional Chinese medicine (TCM) formulae for the treatment of nonsevere
coronavirus disease 2019 (COVID-19) and to explore its anti-inflammatory mechanism. Methods The dysregulated
signaling pathways were determined in macrophages from bronchoalveolar lavage fluid of COVID-19 patients and in
lung epithelial cells infected with SARS-CoV-2 in vitro based on transcriptome analysis. A total of 102 TCM formulae
for the clinical treatment of nonsevere COVID-19 were collected through literature. The pathway-reversing rates of
these formulae in macrophages and lung epithelial cells were evaluated based on signature signaling pathways, and
the basic formula was determined in conjunction with TCM theory. The commonly used Chinese materia medica for
nonsevere COVID-19 were summarized from the 102 TCM formulae as abovementioned. And together with the screen-
ing results from the Pharmacopoeia of the People's Republic of China, a “Chinese materia medica pool” was esta-
blished for the development of TCM formulae for COVID-19. The regulatory effects of each herb on signaling pathways
were obtained based on targeted transcriptome analysis. Oriented at reversing dysregulated signaling pathways of
COVID-19, the calculation was carried out, and the artificial intelligent methods for compositing formulae, that are
exhaustive method and parallel computing, were used to obtain candidate compound formulas. Finally, with reference
to professional experience, an innovative formula for the treatment of nonsevere COVID-19 was developed. The etha-
nol extract of the formula was evaluated for its anti-inflammatory effects by detecting the mRNA expression of interleukin
1b (111b), C-X-C motif chemokine ligand 2 (Cxcl2), C-X-C motif chemokine ligand 10 (Cxel10) , C-C motif chemo-
kine ligand 2 (Ccl2) , nitric oxide synthase 2 (Nos2), and prostaglandin-endoperoxide synthase 2 (Ptgs2) using re-
verse transcription-quantitative polymerase chain reaction (RT-qPCR) in RAW264. 7 cells treated with lipopolysac-
charide (LPS). Results In macrophages and lung epithelial cells, 34 dysregulated signaling pathways associated
with COVID-19 were identified respectively. The effects of the 102 formulae for clinical treatment of nonsevere
COVID-19 were evaluated based on the dysregulated signaling pathways and targeted transcriptome, and the result
showed that Yingiao Powder and Pingwei Powder (14 F 8, YQPWP) ranked first, reversing 91. 18% of the
dysregulated signaling pathways in macrophages and 100% of the dysregulated signaling pathways in lung epithelial
cells. Additionally, YQPWP had the function of scattering wind and clearing heat, resolving toxins and removing
dampness in accordance with the pathogenesis of wind-heat with dampness in COVID-19. It was selected as the
basic formula, and was further modified and optimized to develop an innovative fomula Qiaobang Zhupi Yin (GHZEAR Kz
., QBZPY ) based on expert experience and artificial intelligence in composing formulae. QBZPY can reverse all the
dysregulated signaling pathways associated with COVID-19 in macrophages and lung epithelial cells, with the re-
versing rates of 100%. The chief medicinal of QBZPY, including Lianqiao (Fructus Forsythiae) , Xixiancao (Herba
Siegesbeckiae) and Niubangzi ( Fructus Arctii), can down-regulate multiple signaling pathways related with virus infec-
tion, immune response, and epithelial damage. RT-qPCR results indicated that compared with the model group, the
QBZPY group down-regulated the mRNA expression of I/1b, tumor necrosis factor (Tnf), Cxcl2, Cxcll0, Ccl2, Nos2
and Ptgs2 induced by LPS in RAW264. 7 cells (P<<0.05 or P<<0.01). Conclusion Based on targeted transcrip-
tome analysis, expert experience in TCM and artificial intelligence , QBZPY has been developed for the treatment
of nonsevere COVID-19. The ethanol extract of QBZPY has been found to inhibit mRNA expression of several pro-
inflammatory genes in a cellular inflammation model.
Keywords COVID-19; research and development of Chinese materia medica; targeted transcriptome; signaling
pathway; inflammation; artificial intelligence ; Qiaobang Zhupi Yin (25K Kk )
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