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Progress of active ingredients of natural drugs and their mechanism
of antiviral actions
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Abstract: Human viral respiratory disease is a kind of widely prevalent infectious disease. The incidence rate
of respiratory virus infection occupies a major position in the overall structure of global incidence rate of residents,
and is one of the main causes of acute and fatal human diseases. Natural products have diverse structures and novel
mechanisms of action, which can regulate body immunity and resist respiratory viruses, and have unique
advantages in the treatment of respiratory viral diseases. This article summarizes the current research progress of
natural drugs in the prevention and treatment of respiratory viruses, classifies the action mechanism of the active
components of natural drugs against respiratory viruses, to provide reference basis for clinical treatment and drug
discovery of respiratory diseases in the future.
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Table 1 Active ingredients of natural products against respiratory viruses by preventing viral adsorption
Antiviral . .
No. Compound . Compound structure Mechanism of action Ref.
species
1 Artemisinin SARS-CoV-2 O o~ Artemisinin derivatives in preventing the [4]
" O e l interaction between the virus' SProtein and
1 hACE?2 receptor via selectively interacting with
the Lys353 binding hotspot of SProtein
2 Rhein SARS-CoV-2 Exhibited high inhibitory effect on ACE2 [5]
3 Forsythoside A SARS-CoV-2
4 Withaferin A SARS-CoV-2 Significant binding affinity towards spike [6]
glycoprotein of SARS-CoV-2 and ACE2 receptor
and may be useful as a therapeutic and/or
prophylactic agent for restricting viral attachment
to the host cells
5 Piperine SARS-CoV-2
6 Mangiferin SARS-CoV-2
7 Thebaine SARS-CoV-2
8 Berberine SARS-CoV-2
9 Andrographolide SARS-CoV-2
10 Nimbin SARS-CoV-2
11 Salvianolic acid SARS-CoV-2 Salvianolic acid C potently inhibit SARS-CoV-2 [7]
infection by blocking the formation of six-helix
bundle core of spike protein
12 Quercetin 1AV Quercetin showed interaction with the HA2 [8]
subunit
13 184-Glycyrrhetinic acid HRSV Decreased HRSV infection largely by inhibiting [10]
viral attachment, internalization, and by
stimulating IFN secretion
14 Chlorogenic acid SARS-CoV-2 Chlorogenic acid could stably combine with [11]

GIn325 and GIn42/Asp38 in ACE2, respectively,
which hindered the combination between S-
protein and ACE2
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Continued
Antiviral . .
No. Compound species Compound structure Mechanism of action Ref.
15 Puerarin SARS-CoV-2 Puerarin had good binding activity with ACE2 [12]
and hydrolase of SARS-CoV-2
16 Luteolin SARS-CoV-2 Embrace satisfactory binding to ACE2, and also  [13-15]
had good binding to core targets
17  p-Sitosterol SARS-CoV-2
18 Formononetin SARS-CoV-2
19 Icariine SARS-CoV-2
20 Palmitic acid SARS-CoV-2 2 These volatile oil components had good binding [16]
o activity with ACE2
21 Linoleic acid SARS-CoV-2 o 2
22 Anisic acid SARS-CoV-2 /@)‘]\
\0
23 Hesperidin SARS-CoV-2 2l They had good affinity with the core target ACE2  [17]
oo Ej of SARS-CoV-2
OH  on o
24 Naringin SARS-CoV-2 H(:("%’OH
Hoo;é \0. O o O
*© /- OH O
HO'
25 Amygdalin SARS-CoV-2 e
Ho“\i‘/\o(\oH
o
HO” Y D$H
OH
26 Liquiritin SARS-CoV-2 Ho o O
on ©: o OH
o
27 Licoisoflavone SARS-CoV-2 Ho, O oy o
OH © O &
28 Curcumin SARS-CoV-2 . o o A good binding energy, drug likeness and [18,19]
efficient pharmacokinetic parameters suggest the
o o potential of curcumin as SARS-CoV-2 spike
protein inhibitors
29 Fortunellin It could be well embedded into the active pocket [20]

SARS-CoV-2 o8
’190%0

OHop

of ACE2-SARS-CoV-2 S protein
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Continued
Antiviral . .
No. Compound . Compound structure Mechanism of action Ref.
species
30 Cannabigerolic acid SARS-CoV-2 = PP Prevent infection of human epithelial cells by a [21]
o iy pseudovirus expressing the SARS-CoV-2 spike
31 Tetrahydrocannabinolic SARS-CoV-2 protein and prevented entry of live SARS-CoV-2
H OH O .
; g to cell
acid H O " into cells
()
32 Cannabidiolic acid SARS-CoV-2 . \/\/Oko/\
33 1,2,3,4,6-Vegalacyl SARS-CoV-2 o A safe and potential antiviral agent against the [22]
glucose Ho i o OY@“ COVID-19 by blockade the fusion of SARS-CoV-
Ho \@;0 o 2 spike-RBD to hACE2 receptors
OH = ;. OH
Ho /é\ OH
OH HO' OH
OH
34 Gingerol SARS-CoV-2 P Inhibited the viral protein of both wild-type and [23]
HO/Q/\MN\ mutated S-protein of SARS-CoV-2
o
35 Thymol SARS-CoV-2 \q"/“
36 Thymohydroquinone SARS-CoV-2 /(S/}\
OH
37 Cyclocurcumin SARS-CoV-2 Iy
|o O = J 7 O Ol
HO' OH
38 Epigallocatechin gallate SARS-CoV-2 e The inhibitor blocked binding to S-protein in a [24]
HO\Q[OJ .\©10H dose-dependent manner
o
geu
OH
39 Quinoline-2-carboxylic SARS-CoV-2 2 Blocked the interaction between SARS-CoV-2 [25]

acids

RBD and ACE2 in a dose-dependent manner

HESW R RGRRIE RS S, Il B %

[\%)
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P B GE Y o T8 A 0 B R G B PR R R B Y R AR
WS VE R S3 WLER 2131 172027313335400

1.3 BEIERSEEKR HREWE T, a1 R
(NA). IfiLEE 3= (HA) F5 35 M2 85 1 Bl i H 21 5 i |
5 9% 5 % WE 1% & (1 (viral ribonucleoprotein, VRNP) 41
B FARIAV R F o 7E NAALTR, B4l 25 1 5
TG E G BB AL 3B NA S Ut 8O 55 Hh 3 L)
F0 BN B 22—, TE B B 40 MR T 4 oy 7
I, 5 B 2 1T 1) I 7t < I PR Y TR 5 T 3 A A o,
2 R e L AT K i M IR 1Y) D e, S S B B R T
Li S 7t I 22 A0 188 40 ok SR 5 1) e 4 IR
Pty EL L P Y TR 1 2 M, BELOT oS 2RI 170 R A 1) 1
ARER IR T DL )95 B NA & (0091, B3R 5 518
FE 20 b e TR ) 4, E TR G ) 4 L rh B L R
TR 3 sk B L B TR PR IR S 1R R SR S
PE RS L2 31440,

FEIp BRI GY J5, 20 PR3 R 4 B R - L A TR 1
5T, WOE BRI . B AR D5 AN (NK) AH At 4
PN, LARBEAE B R e i 4t i . — BT R &
A, ke B EUS B S % N AN Y. B A
1, 4 A 91 R RO e A ) 7R p21 T DL BB
R R A 3 A T A R R Y 9 i R

T-#8 2 (interferon, IFN) & — Ff 7 i P1 % 25 bk
EE, ENRE RS TN A, 250
BRI GL VT 2 AR B RO, A A B L R A R IR T
Luo %5 J0 R L3R 5 KB PR AR T Rk ml & 8 A 2
(mitofusin 2, MFN2) [ IE, MM HE & 1 28Rk Bt
# 15 5 2 1 (mitochondrial antiviral signaling protein,
MAVS) {1 3R3., #EMHE N T TR f (IFN-p) AT
5 5 [ 5 5 2K 1 3 (interferon-induced transmembrane
protein 3, IFITM3) 1= . BT 50 5 B 3 25 7 fig Y S 1
TR IR & & M99 B (respiratory syncytial virus, RSV) /&
e/ T & a (IFN-a) IFN-B S T3 % y (IFN-y)
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Table 2 Active ingredients of natural products against respiratory viruses by inhibiting of viral replication

Antiviral . .
No. Compound . Compound structure Mechanism of action Ref.
species
40 Luteolin SARS-CoV-2 O o Embrace satisfactory binding to 3CL™, and also had  [13,14]
HOO*‘ good binding to core targets
41 p-Sitosterol SARS-CoV-2
42 Formononetin SARS-CoV-2 o
N
o O OH
43 Anhydroicaritin SARS-CoV-2
44 Shinpterocarpin SARS-CoV-2
45 Hederagenin SARS-CoV-2 They had good affinity with the core target 3CL™ of  [17]
SARS-CoV-2
46 Jaranol SARS-CoV-2
47 Linarin SARS-CoV-2 It had strong binding with 3CL™ [20]
48 DL-Sulforaphane SARS-CoV-2 SFN inhibits 3CL" in a reversible, mixed-type [27]
manner. SFN is a slow-binding inhibitor, following a
two-step interaction an complex forms by specific
oo binding of SFN to the active pocket of 3CL"™,
stabilizing the SFN-3CL" complex
49 Myricetin SARS-CoV-2 Myricetin is an efficient covalent binder of the [28]
SARS-CoV-2 3CL™
50 Oridonin SARS-CoV-2 o Oridonin not only effectively inhibited SARS- [29]
o OOH CoV-2 3CL™ activity, but also had some inhibitory
o effects on PL™
51 Prim-O- SARS-CoV-2 oo They had strong 3CL"™ inhibitory activities [30]
glucosylcimifugin § ]
Hod o o
HO 0. o]
52 Rosmarinic acid SARS-CoV-2 HOm o
HO’ 7 0 'OH
OH
53 Neohesperidin SARS-CoV-2 ; O'/(O'S’OH
5 oL
,@ “ox L,
HO' 0
HO/ OH O
54 Osthole SARS-CoV-2 b
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Continued
Antiviral . .
No. Compound . Compound structure Mechanism of action Ref.
species
55 Licoisoflavone A SARS-CoV-2 oH o O H Exhibited significant inhibitions against RARp [31]
HO’ O (o] ‘ o
56 Vitisin B HINI1 Suppresses HIN1 viral replication in MDCK and [33]
A549 cells
57 Quercetin SARS-CoV-2 O o Quercetin could be shown to interact with 3CL™ [35,36]
" ‘ R o using biophysical techniques and bind to the active
LT ™ site in molecular simulations
58 Andrographolide SARS-CoV-2 o 3 ) Andrographolide was docked successfully in the [37]
% binding site of SARS-CoV-2 3CL™
HO/
59 Chebulagic acid SARS-CoV-2 ?4/@’\ By binding to SARS-CoV-2 3CL"™ at a pocket other [38]
. © that substrate binding site, chebulagic acid and
O Q y \N 7 punicalagin act as allosteric inhibitors in reversible,
L noncompetitive manner
60 Punicalagin SARS-CoV-2
61 Scutellarein SARS-CoV-2 Scutellarein was characterized as a potent 3CL™ [39]
inhibitor
62 4-(2-Hydroxyethyl) SARS-CoV-2 Inhibit PL™ by binding at an allosteric S2 site, an [40]
phenol interaction and binding region for the Interferon-
63 4-Hydroxybenzaldehyde SARS-CoV-2 stimulated gene 15 molecule
64 Methyl 3,4- SARS-CoV-2
dihydroxybenzoate

(25 R K FEHTRSY AR P R BB
TR E MR B3, Ik 175 1 B IFNNF-«B 5 22 ¢
Ji 3G 16 BE WM (mitogen-activated protein kinase,
MAPK) 555 50 2%, S50 258G/ BRBRE AR,
AR P 23 30 T DLE Sk 3 4 98 RE IR R K,
ekt G JORE X R . KRB RIE M H B EMH . 5
HERLER R R A R SRR S T LA Y S R
E 2 o) 4 L DR PR T, Aot 80E 5 4 i DR XU, 25
S8 ML B AZR 2 R 1 P S A TN el B 3 ] s i A
A4 INK MAPK F1 P38 MAPK (#3035, N {2 4 4

J R T IR R FE R F--a (TNF-0)« F14HIA 25 18 (IL-15)
F 40 3R -8 (IL-8) A 41 il A 3R -10 (IL-10) A1 4 %E
A 2 B A AL B 2 (cyclooxygenase 2, COX-2) )3
1K 7K T A 06 8 TAV R G Xu Z5E TR 58 R L
HE AR B PG b 5 S e AR R R R
B PO VR 00 ) )™ S O I 2R 5 AR T R 5 2
(severe acute respiratory syndrome coronavirus 2, SARS-
CoV-2) PT84 iE B8 1 IR, H 5 770 B A RO .
Zhao SFOIT TR PR BUE L R H R LR BA L LD 3R
By 5 AR P IR 1A B B8 A8 45 B 2> 7T LA ) L 4
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Table 3 Active ingredients of natural products against respiratory viruses by stopping virus release

No. Compound Antiviral species Compound structure Mechanism of action Ref.

65 Punicalagin 1AV Punicalgin blocks viral release from the [44]
infected cells by inhibiting NA activity

66 Chebulinic acid 1AV Exert their inhibitory effect on the NA- [45]
mediated viral release

67 Chebulagic acid 1AV

68 Baicalein H5NI1 Baicalein interfered with the viral NA [46]
activity

a1k, IR SORESE IR o W TR B, M R VR R R
FFE SRR A% 0 BT SR I 5 A 40 A 35 -6 (IL-6) &5 &
R TL-6 [ 7KSF, REA 2% BEL T 98 RE FR©Y . 45 Sk
it 400 81 771 THU-083 3 3k 7 15 1- 4 0 I A AR 18, AT 2%
FPE BRI T AR BB TS, R S RE 1) T R, YR
HIN 5 35 5 LA (4504051 3 3 4 28 1 45 T P W i
993 B 1 R R 23 1 F3 5 L 411730613730,
3 INEERE
SARS-CoV-2 K AT 4 4 N K7k 7™ & fis 5%,

W ek o B S SRR G AT AE R 8, AT A 808 R A DR
PR N E . BTSRRI, T e R L
Y S 1 G 38 2 R g ) 2 B SRR AE T — D T, R
ANT3 72 bk AT DA R I BEAE AR I e O w3 R
BRI VE DT 55— 5D, N AR _E RIS B 5T A K- L
A1 JE I A A KRR (5, T BORT R B AR I
QAN M (1 55—, Bl S Jl b R A R 22 R IR . AT,
7 7 BE B 75 5 JE R G B R IR TE N 7 5
S IRG o WP TE 1506 23 Ak B HE A 2 5F A A R

Table 4 Active ingredients of natural products against respiratory viruses by indirect immune regulation

No. Compound Antiviral species Compound structure Mechanism of action Ref.
69 Epigoitrin HINI /\CZTS Epigoitrin reduced the protein expression of MFN2, [50]
which elevated MAVS protein expression and
subsequently increased the production of IFN-f and
interferon inducible IFITM3
70 Baicalin HINI ™R Directly induce IFN-y production in human CD4" and [51]

RSV Y YoH
OH OH
RSV
1AV
71 Baicalein SARS-CoV-2 O
0.

CDS8" T cells and NK cells, and activate JAK/STAT-1

signaling pathway

The IFN-a and IFN-f in the BALB/c mouse infected [52]
by RSV could be evaluated significantly by baicalin

The expression of I-IFN in RSV infection rats could [53]

be down-regulated by baicalin. The expression of
SOCS1/3 might be inhibited by reducing the
expression IL-6 and IL-12 by baicalin

Baicalin exerts its anti-IVA effect by downregulating [54]
miR-146a to subsequently facilitate the type I IFN

response

Baicalein improved the respiratory function, inhibited [55]

inflammatory cell infiltration in the lung, and
decreased the levels of IL-1$ and TNF-« in serum
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Continued
No Compound Antiviral species Compound structure Mechanism of action Ref.
72  Forsythoside HINI1 vo. E\D TBK1, IRF3, MAPKp38, and NF-«B p65 in [56]
HO:]:;/KO the forsythoside E-treated group were
S 0 0\/\E:[°H significantly downregulated
Ho"" “'OH OH
73 Phyllyrin SARS-CoV-2 Lo Regulation of NF-xB and MAPK signaling [17,57,58]
%O pathway and ERK pathways to improve
o TN § \OH immunity
U
5 (o) o
74  Cirsimaritin IAV O oH Suppress the activation of INK MAPK and [59]
:O i l P38 MAPK in vitro, the expression levels of
o LT proinflammatory cytokines (TNF-a, IL-14, IL-
8, and IL-10) and the inflammation-related
protein COX-2 were downregulated
75 Polydatin SARS-CoV-2 ”02 O oH Inhibit macrophage activation in vitro [60]
on 0. 0. S
N 7
OH
76 Isoliquiritin SARS-CoV-2 o G
10
OH O OH
77 Ephedrine SARS-CoV-2 i
78 Atractylenolide III SARS-CoV-2 s
0
:
79 Quercetin RSV O ol Decreased the levels of TNF-a, IL-6, and IL- [61]
HO O o. ] i la
SARS-CoV-2 LT Quercetin could inhibit cytokines release, [63]
alleviate excessive immune responses and
eliminate inflammation, through NF-xB, IL-
17 and Toll-like receptor signaling pathway
80 Resveratrol RSV O ot Resveratrol decreased TRIF expression and [64]
HO prevented the RSV-mediated reduction of
oH SARM expression
81 Emodin SARS-CoV-2 Q.0 oM It had good binding ability with the core target [65]
" 909 of AKT1, IL-6, TP53, JUN, TNF
82 Lariciresinol-4-O- 1AV 9 - Inhibition of NF-xB pathway in influenza A [66]
S-D- oy C PR virus-infected alveolar epithelial cells,
HOM o) o<
glucopyranoside 5:/\ Q\Q decrease proinflammatory cytokine expression
H i/ OH
HO
83 Astaxanthin SARS-CoV-2 o Astaxanthin is shown to exert protective effect [67]
0, s NN T U SN . .
° by regulating the expression of pro-
" inflammatory factors IL-14, IL-6, IL-8 and
TNF-a
84 Watsonianone A RSV Watsonianone A inhibited NF-xB activation [68]
by suppressing [xBa phosphorylation
85 Luteolin HINI O O Reduce the expression levels of the [69]
*© O ] o inflammatory cytokines TNF-a, [FN-y, IL-1
oH o and IL-10, thus reducing the pathological
damage
86 Berbamine HINI Induced activation of the type I interferon [70]

pathway
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Continued
No. Compound Antiviral species Compound structure Mechanism of action Ref.
87 Carotene SARS-CoV-2 Enter the active pocket of Aktl, prevent lung [71]
NSNS injury, lung fibrogenesis and virus infection
88 Kaempferol SARS-CoV-2 ‘ ol
HO O 0|
OH
OH O
89 Lonicerin SARS-CoV-2 ST Inhibition of the arachidonic acid metabolism [72]
. :Q:o&' pathway and preventing the release of
ob: inflammatory factors can prevent the cytokine
”°|oo o storm
HO'
90 Glycyrrhizic acid SARS-CoV-2 o= s Heightened release of proinflammatory cytokines [73]

Oy OH
6r %,
P oo
o
HO™ Drno
OH

OH

IL-14, IL-6 and IL-8 was attenuated by
glycyrrhizin

B, Ak G T 25 ORI A SR BB o

RRF=NERFE 2, RE 0T HAEMRIEFNE
BETE. KEMAERY, BRFHRRABLYEH KR
VR R AT R B A e 5 HUIE IR GE 5 5 1 4
H, BB BE T IR AN R, R AR 25 I i P o AE A
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