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medicine theory ""damp toxin invading the lung"

ZONG Yang"*®, YAO Wei-feng*, JU Wen-zheng"

(1. Affiliated Hospital of Nanjing University of Chinese Medicine, Nanjing 210029, China; 2. Suzhou TCM Hospital Affiliated
to Nanjing University of Chinese Medicine, Suzhou 215009, China; 3. Suzhou Academy of Wumen Chinese Medicine, Suzhou
215009, China; 4. School of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, China)

Abstract: More and more clinical evidence shows that patients with Coronavirus Disease 2019 (COVID-19)
died due to severe complications such as acute respiratory distress syndrome and multiple organ failure due to the
aggravation of the disease in the later period, and the main cause of the aggravation is "cytokine storm". There is
no specific drug for the treatment of severe COVID-19 patients. Although western medicine can improve some
symptoms, it leaves a large sequela, while traditional Chinese medicine plays an important role in this outbreak.
In this paper, based on the clinical reported cytokines storm-related indicators, the traditional Chinese medicine
systems pharmacology database and analysis platform (TCMSP) was used to mine and screen the traditional Chinese
medicines acting on these cytokines based on the theory of "damp toxin invading the lung”. It was found that 19
cytokines, including interleukin-6 (IL-6), tumor necrosis factor a (TNFea), granulocyte-macrophage colony stimu-
lating factor (GM-CSF) and so on, were closely related to COVID-19, and 22 traditional Chinese medicines such
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as Ephedrae Herba, Glycyrrhizae Radix Et Rhizoma and Lonicerae Japonicae Flos acted on these cytokines, so as
to provide certain reference for the reasonable choice of prescription and addition or modification of drugs for
COVID-19 patients in the middle and late stage of Chinese medicine clinical treatment.

Key words: cytokine storm; Coronavirus Disease 2019; damp toxin invading the lung; traditional Chinese

medicine
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Figure 1 A hypothetical cytokine storm caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) invasion in-
vading the lung and multiple organ failure induced by Coronavirus
Disease 2019 (COVID-19) and the intervention of the traditional
Chinese medicine systems pharmacology database and analysis
platform (TCMSP) database. AHF: Acute heart failure; ARF:
Acute renal failure; IL: Interleukin
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Table 1 Changes of cytokine storm index caused by coronavirus. SARS-CoV: Severe acute respiratory syndrome coronavirus; MERS-

CoV: Middle East respiratory syndrome-related coronavirus; IFNy: Interferon gamma; IP-10: Interferon gamma-induced protein 10; MCP1:

Monocyte chemotactic protein-1; TNFa: Tumor necrosis factor «; Basic FGF: Basic fibroblast growth factor; GCSF: Granulocyte colony

stimulating factor; GM-CSF: Granulocyte-macrophage colony-stimulating factor; MIP1A: Macrophage inflammatory protein 1 alpha;
PDGF: Platelet derived growth factor; VEGF: Vascular endothelial growth factor

Virus (year) Related cytokine indicator Reference
SARS-CoV (2003) IL-1, IL-18, IL-8, IL-6, IL-10, IL-12, IFNy, IP-10, MCP1, TNFa [18-20]
MERS-CoV (2012) IFNy, TNFa, IL-15, IL-17 [21]
SARS-CoV-2 (2019) Basic FGF, GCSF, GM-CSF, IFNy, IL-10, IL-1RA, IL-1p, IL-2, IL-6, IL-7, IL-8, IL-9, IP-10, MCP1, [4,5,9, 22, 23]

MIP1A, MIP1B, PDGF, TNFa, VEGF
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Table 2 Basic information of 19 cytokines and the role of traditional Chinese medicine (TCM). TCMSP: Traditional Chinese medicine
systems pharmacology database and analysis platform

No. Gene symbol Uniprot official name TCMSP protein name Number of TCM
1 TNFa TNF Tumor necrosis factor 430
2 IL-10 IL-10 Interleukin-10 372
3 IL-6 IL-6 Interleukin-6 337
4 VEGF VEGFA Vascular endothelial growth factor A 304
5 IL-15 IL-1B Interleukin-1 beta 288
6 IL-2 IL-2 Interleukin-2 282
7 IFNy IFNG Interferon gamma 260
8 IL-8 CXCLS8 Interleukin-8 260
9 MCP1 CCL2 C-C motif chemokine 2 220

10 IP-10 CXCL10 C-X-C motif chemokine 10 188

11 GM-CSF CSF2 Granulocyte-macrophage colony-stimulating factor 111

12 MIP1A CCL3 C-C motif chemokine 3 23

13 basic FGF FGF2 Basic fibroblast growth factor 14

14 PDGF PDGFB Platelet-derived growth factor subunit B 3

15 MIP1B CCL4 C-C motif chemokine 4 2

16 GCSF CSF3 Granulocyte colony-stimulating factor receptor 1

17 IL-1RA ILIRN Interleukin-1 receptor antagonist protein 1

18 IL-7 IL-7 Interleukin-7 0

19 IL-9 1L-9 Interleukin-9 0

Figure 2 The interaction of 19 cytokines after 10 times of expansion

Figure 3 Distribution and intersection of traditional Chinese medicines acting on cytokines



S BAAR T AN TR B IR SO B A T2 A R T SRR 7 A e 2 © 1095 -

Table 3 Network topology analysis after 10 times expansion of
cytokine targets (Degree > 70). STAT3: Signal transducer and acti-
vator of transcription; TNFRSF1A: Tumor necrosis factor receptor
superfamily; TLR3: Toll-like receptors

Official gene symbol Uniprot ID Degree
TNF P01375 97
IL-6 P05231 87
STAT3 P40763 84
TNFRSF1A P19438 79
CXCL8 P10145 74
TLR3 015455 74
IL-10 P22301 73
IL-18 P01584 72

Table 4 Basic information of TCMSP of 22 intersection tradi-
tional Chinese medicines

Oral bioavailability

TCMSP (OB) = 30%
No TCM .
monomer Drug-likeness
(DL)>0.18
1 Ephedrae Herba 363 23
2 Eriobotryae Folium 304 18
3 Glycyrrhizae Radix Et 280 92
Rhizoma
4 Mdri Folium 269 29
5 Lonicerae Japonicae Flos 236 23
6 Hippophae Fructus 223 33
7  Mori Cortex 194 32
8 Moslae Herba 161 15
9 Schizonepetae Herba 159 11
10 Rhododendri Daurici Folium 154 18
11  Forsythiae Fructus 150 23
12 Tamaricis Cacumen 121 12
13 Peucedani Radix 101 24
14  Gardeniae Fructus 98 15
15 Scutellariae Barbatae Herba 94 29
16  Asteris Radix Et Rhizoma 91 19
17  Sophorae Tonkinensis Radix 79 21
Et Rhizoma
18 Polygoni Cuspidati Rhizoma 62 10
Et Radix
19 Fagopyri Dibotryis Rhizoma 61 15
20 Hedysari Radix 43 14
21 Mume Fructus 40 8
22 llicis Chinensis Folium 38 5

Table 5 Previous experimental studies on the effects of traditional
Chinese medicine on cytokines

Change in related

No. TCM S Reference
cytokine indicator
1 Ephedrae Herba IL-4, IL-13, IFNy, [25, 26]
eotaxin |
2 Glycyrrhizae Radix Et Rhizoma TNFa, IL-15 | [27, 28]
3 Lonicerae Japonicae Flos TNFa, IL-158 | [29, 30]
4 Forsythiae Fructus TNFa, IL-6, IL-15 | [31]
5 Polygoni Cuspidati Rhizoma Et TNFa, IL-6, IL-15, [32, 33]
Radix IL-8 |
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