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Fig. (6). Molecular docking of active ingredients and hub targets. (A) PTGS2, (B) CXCR4, (C) ICAM1, (D) SPP1, (E) CXCL10, (F)
CXCLS, (G) IL6, (H) IL1B, (I) CCL2, (J) TNF. The different colors of the dotted line represent the different interactions between the active
ingredient and the target. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

TNF in the plasma of intensive care unit (ICU) patients is
higher than that in mild patients [71, 81]. This result indi-
cates that severe COVID-19 cases are due to excessive im-
mune responses.

In addition, the TNF and HIF-1 signaling pathways are
closely related to the development of COVID-19 [42]. Sofia
Appelberg et al. found that blocking the HIF-1 signaling
pathway can reduce the infection and clinical symptoms of
SARS-CoV-2 [42]. The uncontrolled NF-kB signaling
pathway accelerates the excessive expression of cytokines
(such as IL1B, IL6, TNF, CXCL8), which cause the transi-
tion of COVID-19 from mild symptoms to multiple organ
failure and death [58]. JAK-STAT signaling pathway could
be activated by IL6, and the IL6-JAK-STAT3 axis in the
JAK-STAT signaling pathway is closely involved in severe
SARS-CoV-2 infection [84]. Therefore, we can improve the
clinical symptoms of severe COVID-19 by inhibiting the
JAK-STAT signaling pathway [45, 85]. Yang et al. found

that the Toll-like receptor signaling pathway plays an im-
portant role in the pharmacological mechanism of QFPDD
in the treatment of COVID-19 [86]. Kong found that inhibit-
ing cytokines (IL1B, IL6 and TNF) by regulating immune-
related signal pathways (such as Th17 cell differentiation)
could reduce excessive immune response and eliminate in-
flammation [87].

Encouragingly, the pivotal ingredients of QFPDD can
regulate the key pathways mentioned above by inhibiting
the high expression of hub genes in severe cases. Quercetin
can inhibit the expression of CXCR4 and IL1B through
IKKP phosphorylation inhibition and p38 MAPK inhibition
[88]. Quercetin can also decrease the expression levels of
IL4, IL2, IL1B, CXCL8, CXCL10, TNF and IL6 in a dose-
dependent manner [89-92]. Shionone can inhibit the expres-
sion of IL6, IL1B to achieve anti-inflammatory effects [93].
Berberine can effectively reduce inflammation damage by
inhibiting ICAMI, TNF, IL6, IL1B and PTGS2 [94, 95].
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Fig. (7). The relationship between pivotal ingredients, hub genes and significant pathways. The arrows represent association; the T-ends
represent inhibition. Lines with different colors represent different relationships. (4 higher resolution / colour version of this figure is available

in the electronic copy of the article).

Moreover, luteolin can exert anti-inflammatory properties
by inhibiting the expression of pro-inflammatory cytokines
(IL4, TIL2, TNF, IL1B, IL6 and CXCL8) and chemokines
(CCL2, CCLS5) secreted by human mast cells [96-99].

4.3. Repairing Lung Damage

Tissue damage and severe lung diseases caused by cyto-
kine storm often lead to poor prognosis. Thus, reducing in-
flammation-related lung damage is crucial for prognosis
[100]. The increased expression level of CXCR4 causes cell
inflammation and lung damage in severe cases [101]. Pre-
venting the high expression of IL2, IL4 and IL6 could avoid
lung injury in COVID-19 patients [102]. Zhao et al. found
that the therapeutic effect of QFPDD on COVID-19 is main-
ly reflected in the repairing of lung damage [103]. QFPDD
may protect the lung from further injury by inhibiting cell
apoptosis and pulmonary fibrosis by regulating the TNF
signaling pathway. Berberine can reduce insulin resistance,
endothelial damage, lung damage and cytokine storm in
COVID-19 [104, 105]. Quercetin may cause an anti-fiber
effect by down-regulating the expression of SPP1 [106].
Luteolin can effectively attenuate acute lung injury induced
by sepsis in mice by inhibiting ICAM1 and NF-«kB [107].

CONCLUSION

In the present work, we analyzed the mechanism of
QFPDD in blocking the transition of COVID-19 patients
from mild to severe stage. By constructing the herbs-active
ingredients-targets-disease network, we obtained ten hub
genes, including ICAM1, IFNG, IL1B, IL6, CCL2, CXCRA4,
CXCLS, IL4, CXCL10 and IL2. By performing KEGG en-
richment analysis, we found seven pathways, namely TNF
signaling pathway, IL-17 signaling pathway, Toll-like re-
ceptor signaling pathway, NF-kappa B signaling pathway,
HIF-1 signaling pathway, JAK-STAT signaling pathway,
and Th17 cell differentiation, through which QFPDD could

block the transition of COVID-19 patients from mild to se-
vere stage. We hope this work could provide novel insights
for the treatment of COVID-19.
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