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Research Progress on Chemical Constituents of Lianqiao (Forsythiae

Fructus) and Its Mechanisms of Action against Respiratory Viruses
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[Abstract] As a commonly used traditional Chinese medicine for clearing heat and detoxifying, Liangiao

(Forsythiae Fructus) has the effects of clearing heat and detoxifying, reducing swelling and dissipating lumps,

and dispelling wind-heat. It is a commonly used medicinal material for the treatment of respiratory system

diseases. By reviewing domestic and international literature,

this paper organizes and summarizes the main

chemical constituents of Liangiao (Forsythiae Fructus), such as phenylethanoid glycosides, lignans, phenolic

acids, volatile oils, and flavonoids. It also summarizes the effects and mechanisms of action of Liangiao

(Forsythiae Fructus) against three common respiratory viruses: respiratory syncytial virus (RSV), influenza virus

(IV), and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
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R ERFERNEZETEES

5 kahsik Casy Ak TR SEIH

1 FERREH A(Forsythoside A) 79916-77-1  CyH0,s 62459 9]
2 HEEEHB(Forsythoside B) 81525-13-5  CyH0p 75670 [9]
3 EREEHC Forsythoside € ) $213-44-5  CHO, 64059 [10]
4 {EREEHD(Forsythoside D) 84233-74-9  CuHy0, 47844 [1]]
5 JEREEHEFosythoside E) 93675-88-8  CoHy0, 46245 [9]
6 BT (Forsythoside F) 04130-58-2 (0, 75670 [12)
7 FEEEHC(Forsythoside G) 120802-19-3  CHO, 77073 [13]
8 JEREEHH(Forsythoside H) 1178974-85-0  CyHy0y5 62459 [10]
9 B Forsythoside 1) 1177581-50-8  CoHy0s 62459 [10]

10 KBEAZEAFA Calceolarioside A) ~ 84744-28-5  CHy0, 47845  [14]
11 AEEZEAB(Calceolarioside B)  105471-98-5  C,Hg0, 47845 [9]
12 SFERE (soforsythiaside) 1357910-26-9  CH0p5 62459 [15]
13 Lipedoside A 110326-99-3  CoHe0 60859 [16]
136083-85-7  CaHy0, 47845  [15]
10338-51-9 G Hy0, 30030 [9]
16 &A% (Poliumoside) 94079-81-9  C HO, 77073 [17]
1.2 REEZFERS RIBRERGZE LB MY
PRI RER T, T2 A TAE S P RN 24
TR, IS PEROR R E B AR . (ER2)

14 plantainoside B
15 ZEKH (Salidwoside)

®2 EARFERLHKRIERELS

J¥5 EvHK CAS% s A SHa
1 (+)-FANEE (+)-Epipinoresinol ) 24404-50-0  CyxHx0s 358.39 [18]
2 8-FEHLHMRRE (8-Hydroxypinoresinol ) 81426-17-7  CuHy0, 37438  [15]
3 Epieudesmin(Epieudesmin) 60102-89-8  C,H,0¢ 386.44 [19]
4 Hedyotol A 97400-01-6  CyHy0, 53657 [20]
5 Hedyotol C 97465-79-7  CyHy0, 584.61  [20]
6 Ilcariside E4 126253-42-7 CyHy0y 506.54  [16]
7 ZIER (Anwulignan) 107534-93-0  CyHp0, 32840  [21]
8 HMIHAEZ (olivil) 2955-23-9  CyH,0, 37640  [22]
9 Fﬁ%L‘F%@ﬁ(dimethylmalairesinol) 25488-59-9  C,H,0, 386.44 [7]

10 FFHFHEM AR IEE) (Secoisolariciresinol ) 29388-59-8  CyHx0s 36242  [9]

11 HRAZE-4-0- B -D-H% M1 (Pinoresinol 4-0- B -D-glucoside) 1400-92-6  CxHu0, 57655  [23]
12 #5%1F (Phillyrin) 487-41-2 CyHay0, 53455 [24]
13 #HEZ (Phillygenin) 487-39-8 CuHuOs 37241 [25]
14 BPHAEH (Matairesinoside ) 23202-85-9  CyHyp0, 52053  [23]
15 41 (Aretiin) 20362-31-6  C,H,0,, 534.55  [26]
16 435 T4 (Arctigenin) 7770-78-7  CuH,0, 37241  [9]
17 AAEHEE (Pinoresinol ) 487-36-5 CoHn0s 35839  [9]
18 HAEHEE-4-0- B -D-ML I 2B (Pinoresinol 4-0- B ~D-glucopyranoside) 69251-96-3  CyHp0,, 52053 [23]
19 FAEZ (Pinoresinol) 487-36-5 CoHn05 35839 [21]

20 PG E HH B -4-0- B -D-H 45 HH ((+)-Pinoresinol monomethyl ether O- B ~D-glucoside) 74957-57-6  CyHy0,, 534.55 [27]

21 SHERE 2 (Cycloolivil) 3064/5/9 CoH,0, 37640  [28]

22 RYEMHAEE (Isolariciresinol ) 548-29-8 CyHoOs 36040  [22]
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i5 ainss 0S5 ek A BE
1 124K =B(1,24-Trihydroxyhenzene) 53133 CHO, 12611 [29]
) 34T FBHR (23 4-Dihydrosyphenyl)ethanol)  10597-60-1 G0, 15416 [29]
3 3-RAETH(3-Hydrowybutyrie acid) 625-71-8  CH0; 10410 [30]
4 4-BERRR(p-Hydmoxybenzoie acid) 9967 CHO, 13812 [31-3)
5 4-BHA LT 4-Hydroxyphenylacetic acid) 156-38-7  GHO; 15215 [33]
6 4B R (p-Hydvosy-cinnamic acid) 7400-08-0  CHO; 16416 9]
7 Benzoic acid 117500-35-3 CH0, 12212 [31]
8 PTHFA(Ferulic acid) 1135-24-6  CHy0, 19418 [9]
9 THIERTAE (Methyl 4-hydroxy-3-methosycinnamate) 2309/7/1  C,H,0, 20821 [34]
10 PR (Pyruvie acid) 127-173 CHO, 8806 [30]
11 T (Syringie acid) 530-57-4 GHOs 19817 3I]
12 W HE(4-Hydroxybenzy] alcohol) 63052 GHO, 1414 [29]
13 FHEEAHE(4-hydrosybenzaldehyde) 123080 CHO, 12212 9]
14 XHEHHK LB (4-Hydrosypheny] ethanol) 501-94-0  CH0, 13816 [29)
15 HERA CFR(4-Hydroxyphenylacetic acid) 56-38-7  CHO, 15215 9]
16 W7 5 R cis-4-Coumaric acid) 4501319 CHO, 164.16  [29]
17 RAWHR((E)-Ferulic acid) 537984 CH,0, 19418 [31]
18 RAMBARER (p-Coumarie acid) 501-98-4  CHO, 16416 [32]
19 & S (Fumaric acid) 10178 CHO, 11607 [30]
20 BEHAFA(Succinic acid) 10-15-6 GO, 11809 [30]
21 WIRERR( Caffeic acid) 3B1-39-5  CHO, 18016 [9]
20 BR(2-Furancarboxylic acid) 26447-28-9  CH,0, 11208 [31]
23 TKEE(4-Hydrosyphenyl ethanol) 501-94-0  CH0, 13816 [33)
2% FEATR(3 A-Dimethoxybenzoic acid) 199372 GHO, 18217 PI
25 SR Chlomogenic acid) 21979 CeHg0y 35431 [35]
2% BEFER(Gallic acid) 149917 CHO; 17002 [30]
27 SRR (Malic acid) 6915-15-7  CHO; 13409 [30]
28 TZF(Anchoic acid) 1399-9  CHO, 182 [
29 AHR(Vanillic acid) 2346 CHO, 16815 9]
30 ZHA(Acetic acid) 77671-22-8 CHO, 6005 [30]
31 SRR Isovanillic acid) 645-08-9  CHO, 16815 [29]
30 B Stearie acid) 1957114 CH0, 28448 [2f]
33 JFULZEE(Protocatechualdehyde) 139-85-5  GHO, 13812 PI
34 5L Protocatechuic acid ) 99-50-3  CGHQO, 15412 [36]
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i ans (S5l prE SR
11 A-ZH AL TR A (d-acenyl-1, M09-68-7  CHO 15223 39

4-dimethyl-1-cyelohexene )

R -FAEZ AR RO i (Limonene) 138-86-3  CH, 136234 %9
3 24 I (24-Decadienal) BE3-88-4 GO 15223 [
4 - Bomeol) 0-10-0 GO 156249 9]
5 2T =i (2-Tridecanone) 593-08-8  CaH0 198345 39
6 2-F 08 (2-Pentadecanone ) BAS-8-0 CHy0 226398 [38)
7 37-ZHH-137-% =1 (Alpha-Ocimene) 0-9-8 G, 16234 [
§ 37-ZIHE-137- =0 Ocimene) 0-9-8  CH, 136234 [
9 3-HUEZA (3-Methyldecane) BISI-343 Gy 156308 [39)]
10 3B (Carene) 13466789 G, 13623 [39]
11 4(5)-Carene WOS0-33-T Gty 13623 ]
12 4= Terpinine-4-o]) 60143 CHO 1449 )
13 66~ BHIRDLIBED--2- 8 Myrenal) 564943 CHO 150220 [39]
14 6-HE-5-Hiff-2-B(Filbert heptenone B) 09-09  CHO 1619 3]
15 - M Terpineol) 08-55-5  CH0 14249 39
16 o-E (o -Acorenl) W15 Cl0 220370 [3)
17 a0 o -Pinene) 80568 CH, 16234 39
18 a-KFEH(a-Phellandrene) 0-8-2 Gl 136230 39
19 o= o Teminene) 0865 Gy 13624 9]
20 o-KHRA @ -Longpinene) 1493692 Gy 204351 3]
21 B-IRH( B -Pinene) 7913 CH 136234 (3]
2 B-KFH( B -Phellandrene) 595-10-0 CH, 136234 0]
3 HEFE Cineole) 0826 CHO 14249 [39)
4 I (Benzaldehyde) 100-52-7  CHO 10612 [
25 LR (Phenglacetaldehyde) 2-78-1  CHO 120148 [3]
26 I Thujone) U5-1-8 CHO 152283 [
7 KYE(1-066-TRIMETHYLCYCLOHEXA-1, 23726934 CHO 190281 [39)

3-DIEN-1-YL)BUT-2-EN-1-ONE)
B8 TR (Eugenl) 9-53-0 G0 164200 [40)
29 HEAE-Topropyl-47-dimethyl- 124058, 29350-13-0 Gy 204351 [39)

8a-hexahydronaphthalene )
30 =T Tetracosane) 64631 Gy 338654 [39)
31 Z b (leosane) 1958 CH, 280547 [
3 Z+—bi(Heneicosane) 629-94-7 CyHy 290574 [3§]
3 R Linalool) BI0-6 CHO 154250 39
3 AL HE Famesol) 460-84-0 G0 20366 [39)
35 04 (Camphene) S65-00-4 G, 13624 9]
36 A8 Cuminol) 607 G0 15028 ]
37 R Globulol) 418 G0 2366 [3)
8 DHERE(E)verbenol) 1820093 CHO 15203 [3]
39 DHERE(-)-Verbenone) 196016 CHO 150218 [38]
40 FEEAR (Limonene) 138863 CHs 136234 [40]
41 Fib AR Reynosin) W54-53-1 (0, 248318 [39)
42 =i (Triacontane) 038-68-6  CoHy 422813 [40)
43 R Alpha-caryophyllene) 6753-98-6  CqHy 204351 [3]
4 L (Heptadecane) 69-18-7  CHy 240468 [
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5 faiaf S5 el aTE B i ftaiad 0S5 AR S5
45 U (Tetradecane ) 629-59-4 Gy 198390 [38] 1 (13E}-19-Hydroxylabda-8(17),13-dien-15-oic acid methyl ester 1757-87-5  C,Hy0; 33449 1]
46 T (rans-Caryophyllene) §7-44-5 Colly 204351 [39) D (BARTAS)7v-3A-EEE-6H) ARG Clevondicin €)  183626-28-0 CH,0, 15618 [9)
47 KA (4-Thujanol) S-1-0 CHO 14249 19 3 34-ZRIEZE Hydvotyrosol) 10597-60-1 G0, 15416 [3I]
48 BRAIAE(IR-()-Myrenol) 19804974 CHO 152233 3] 4 Agatholic acid B671-16-3  CyH0; 32047 [31)
49 BRALUAR (Myrtenal) 6943 CHO 15020 39 5 Arjumglucoside | 62319-10-4 G0, 66634 [36]
50 AR (Terpinolene) -6 Gy 13624 ]9 6 Arjunglucoside 11 6239-12-6 o0, 63084 [36]
51 BHEE()-Camveol) 09-48-9 CHO 15228 3] T Cedrusin 15775-360-9  CgHy05 34637 [9)
50 FEHCarvacrol) 199-75-2 CHO 150208 [40) 8 cleroindicin C 189264-44-6 CH,0; 15618 [42)
53 BAAE Ceranylaceone) 601 G0 14313 3] 9 Fosthenside A 20703 G0y 4504 (4]
4 N (Fencho 62731 CHO 15449 ) 10" jcarnone 60263072 CH0, 1827 [4]
55 LA (Usodio) 108-1322 GO, 9257 [ 11 L-E@ﬁ(6-Deoxy-L-mannnsehydrat) 10030-85-0  CH,05 182172 [28]
6 BERI Thujone) 1508 CHO 15223 [ 12 Methyl- & -D-glucopyranoside 25360-06-9  CHO, 19418 [31]
57 AR Lidenie acd) BOHSS G0, 784D Y 13 ol et SS9 Gl ST 1)
58 B Sopharlid) M5 GHO 63 [ - Ooilln IO G0, 872 R
59 B Casophllene ovie) 194046 G0 20350 9] 15 Oleuropec. aid ST GO, 18423
0 LKA Bomy actate) S-S G0 9626 [ 16 uincec i SA-E-0 - CRO, 16815 {4
61 Rl Lauic aid B0 G0, M3 4] 17 Rengoie b 640 Gl 30 D)
6 FIEER(Mymene) M53 OH, 1634 [ 18 Sosani I8604-S-1 Gyl 45846 ]
6 EHE(UNI3IORCT) 96594 CHO 128 %) b S”Spe?fidSidEB TOIS-08-0 Gy 5250 (45
64 FEABRR Palnitc acid) 9STM08 G0, 256420 [40) z? );yig;né;w-ﬁmﬁnl) 2?42254 E;E::‘)O‘j?ij: {g
PN PN 1S : -
;;}\ j 4T1§¢Z i ij[:iizz %ig[%;z;g;f%z ) B-FMIREC (B -Amyrin acelate) 1616-93-9 Gt 46875 [43)
bt S MR A (1265 3 Hm‘éﬁﬁ@emhmc aid) M-l GHO, 45670 1)
B3 EREE R AR U it%:g; T Damar--ene-3 i) M09 G, 4473 ()
TR AT N T A % TM%(EugemD 0530 CHO, 16420 [
i % T Signaste) B8 GHO 426 ()
1 %ﬁ(mlm) SRS Gy 445 13 2 MBI Methl 4-Hydroyphenylacetate) 419-156 G0, 17201 8]
2 it Hegert A G0, 0% B B RA-FHRHBREL B -donypheneiy] tans-fendee) S8T3-15-4 C,H,0 343 (8]
il TR0 Gafs0 30510 M % M (Daosten] DS Gl TS [
# W (Vogside) A0 Gl 403 D) 30 FLASHTHE OVethleonirin WIS0467 Ol 3637 (3
5 DA Wogin OLE9 Glls 2426 ] 31 HER R Veth calate aid) BOTT A0, 194184 8]
6 BHETF(Qunitin A3 Gyl 4838 P 2 BBER Conslic acid) BU4 GO, 470 )
7 BER(Queetn) 795 Gty 30224 (9] B EHHF Nigichigoside F1) 95060489 (10, 66684 [36]
B SR (Bialn) P68 G0 27024 ) Y HER Beonic aid) W0 IO, S48 [
9 ST Hypern) #1360 G0, 4438 % B BRI Twastr aceate) 663 i, 48T ]
10 T (Rutn) 15184 Golla0y 61052 (9] % FELE Olelic Aid) TR0 G, 670 [T
11 ABEH (Luteolin-7-0-gucoside) SIS CyHy0, 44838 [41) N EH7E Baein) Wl GO, IR B
12 AR Luteoin) OIT0-3 - Gl 28624 [41) B FAHHE Dehydhovonili) WIE-B2 0, M8 [
13 R Kaempferol) -83 - G0, 2624 ] 9 MAKDT Terahydopahnatine) WU AN 4]
14 IZH3-0-TEHEHE(Kaemplerol-3-0-rutinoside) 17297-56-2 C;Hy0 59452 [14) 10 A Abin) SIB3 O, M [
15 RIS Amentollavone) 1617-53-4 G0, 53846 [9 41 BRI Adoosidic aci) BATS462 OO, Y636 ]
16 SHHHHF (lsoquercitrin) 21637052 CuHy0, 46438 [9] 0 R Usole acd) TSl G, 45670 [
17 5 5&Z (lsorhamnetin) 480-19-3  CH,0, 31626 [41] 2 EHFEERERSEARNE
18 SFEH(Tectoidin) 611-40-5  CH,0, 46240 [9] 21 EMATVEER VR A e BRI
19 RHH (Avragalin) A80-10-4 G0, 44838 (4] DA BRI A | S 0 SIS AR AT 0TV L TV

1.6 FAeE s W 78 1 H A S A2 i e 45 A

Y | WA (L 36)

SR PN SBESRAE , R AEVMRI TR REAE T, B AR
FHBLA W27 IV ARBLIARSE AR SEA A B 4R T
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I Z 4 (pattern recognition receptors, PRRs )iV i 3l
6145 S8 0 2 - PRRs UM BE45 57 AUDNA \RNA B F145 B
W N WEE S5 S 7 AR R AR N T AR T SR S T
BEHED A TR, T AAE DU 5 S e o UL PRRs B
Toll B SZ AR ZK 1% (Toll-like receptors, TLRs ) FIL & 175 T34 H
1(retinoic acid—inducible gene—1,RIG-DFESZIRF K (RIG-T-
like receptors, RLRs ) o BF 5T & B 7% 5 1 FHZE 0B 17 AXT LA 1
PRS2 RS 5 0 G JERE 545 I 1 A D o A1, T S8 E 1A 4
05 A W AR A R, 3R ] S 1 R H 2 (sphingo—
sine—1—phosphate , S1P ) {55 38 I , W2 TV il 4 K BRI 45473 -

SIPYE N — K EHEME 507 AEANEIM )z , S 5IR 2
PG EL AR , AN s S 27 e Al i AR R S AR S,
TESRAEAHSCEG 7 T, LA GO K 19 25 ) 25 X s ]
T2 RMEREARE 7 R 3% . BT IE & S FhS1PAZ & (S1P
receptor,SIPR) , 73l A S1PR1~5 A58 & B, 7E Ml 2L 22 (1 Y
BRI LR b RIA IS TPRISZ AR, 1T LI TV IR YL L4
ARG ) e I 2 WA PR 2 ok 88 5 | AR A i PR XL 2
B R TR, n] L R PO T S B B, 2 R
BLAIERE A EE A (IL3R7)

R 245 BETE PR3 o A 45 RIS, Sh R S % 5

xR 7 EAX IV ER RN
7 L)) M {EF R A IR S
R /N HINI FEF - AR HANT G a5, KA S U A i i, R A AE R F TNF- o -6 SN CDS'T — [50]
VRN 5 LE, TR AR CDAT JREL AR 5 L, £ CD4vCD8: T
PERIALH 38t TLR7 (5530 B 6588 11 TLR7 MyD88 75/ A2 51/IN U4 41 e i 956 25 S, 0 e 5
AT RG] TLR7/MyD8S {755 38 B 1 , MR A AR AN ML PRI 7K T, A HINT S/ N I, e
LmAER
R x| HINI T FARR U A8 0, PR S S A e A S R F 1L-1 B INF- o L6 5 i 51]
PEFIBL : A SphK 1 .S1P 2 FIMAR ik KT, T SIPRI 2R (MR RIA KT, 3 i R 1] RS ad 47
it SphK 1/SIP {5 53 5, KA S R 719 7= , Wi HINT ke K UM 245 i
Y /NECMDCK HINTH3N2,  fEF: fRARF H3IN2 RSV B1EH — 3 AR A AR HINT /N RO SR BE Wl [52]
46} \HEp-2 RSV HEWTE, P TRHESRDR, TS o -MSHIL-1 B \PEG2,AVP cAMP %5 145 & Y <=5 keal/mol
i) TR 2L P P T B 5 A PGE2 1 TL-1 B S5 9 MM A 6 5 IR FAH
T /N, MDCK  HINI TR PRARRIE HINT B/ B4, SO E i, S0 A M PR A A 7 (040 B . [53)
il S PRSMINE] HIND 53 E D ek AmMss AL HIND SO MLBEE A NP () RNA #ik
e FAHLT : S TR HINT Ry MIHA T Caspase-1,ASC I NLRP3 (RS I Caspase-1p20/Cas—
pase~1 FYZE A HLAE, 307t NLRP3 485/ MA R 1 B 8
R N HIN1 TR PEARRE A, PR s i/ HA 9335 BRAIE 1L-6. . GM-CSF /K%, i Il VB, B aE  [54)
K HINT RSN AT 292k A )
T HelaZllfl  HHENP FFFH : PRI R RS R R 1 (NP ) PR e 9 23 [55]
HEREEEA MR HIN2 TERT: A HON2 IR/ NS U 7 , PRSI AR 7 1L-6 111 B 7K [56-57]
P FIAIL - P MyD88 NF- k Bp65 P-NF- k Bp65 FERFIZE (A , BT AEMIS 0T MyD88 NF- k Bp6S.,
P-NF- k Bp65 {55388 , B ST F KT, MG e R
HREETA RN R HINI PR 5 FRFAE /N S MR A FTRRAR HANT RSN RS 0, A B B, RISk Y ThiTh2, (58]
MAVS“/IMR Th17/Treg HofH AR/ NRUER SRR SN, Btk %5 F HINT R MAVS* /MR R A
TeHTA PR 1R
PEFABLEL: AR TT A B H T RLRs {558 B 10 JC LR A2 11 MAV'S, SR/ U St e A
RLRs {55308 , Wi HINT 76/ NS [ Y 408 S R
HREETA /N HINI PERT: R HINT B G20 N TR0, FRAC T I AUROERE Th1/Th2. Th17/Treg HAH [59]
PEFIRUEL: T8 TLRT {5 5@ B S #EIH T TLR7 MyD88 NF- B p65 2 [ 555 , Al g #0 ikl TLR7
5 5 BB/ N UM AR SR , e IR
R B MR HIN PEH SR HINT MRG0 TLR7- /NG, R INERR T A WTFEAE Th1/Th2,Th17/Treg LU, ETLRT+  [60]
TLR7/) MR TR A ST TR BRI
PEFIHLE T34 TLRT {5 53 B XK F TLR7 Myd88 NF-k 2 [133k , W5 2 /N U 48 A LI
YRR
HRERTFA /N BUMDCK HINT H3N2,  AEF M SR AR s A M, R IR Ao U K T BN A, 3 T/ (61
il HIN2 PR HE— X T A PR U790, R AR T a0k M1 AR (1 3k, kT 0 7%
PR R0 SR T, PR TR ARG 1R
HERKEEE DF-14080  HSNT.HON2 - fRA: 20 S IR HSNT HON2 25T AU 32 1 B2 , Wil HSNT HON2 76 DF-1 40f iy [62)

HEBH , A% CX3CL1JL8LI,CCLS JL-6 il TNF- o 25 JAEAHDCAMMIN F ik
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TAE LRIV /N PR AP, e 4 1 A 4L
T NI 466.66% . IMTHUERIZ/ N F I 426.66% ,
$e 7R R TR R IR TV IS N URAT DR AP 1 s
X T LA A I AN 9 7 R R SR T TR AL IRl PR
W A (124 KPR ILEE 10161, A 808
JLZE AR A BRI A S8R N 92.31% , RN T 584 e i
B HEBARICRA95.34% , 149 . 25 5 T2 SR % B AL, LR DL
A RN o

22 #EMIMRSVEER  BEE PN BRI A
BROXE 2 5 B4 A 2 B R A 3 R T S OR TR SN
7y Moo M T 43 B S H 1312 H AEE T i forsyshiyanin
A . forsyshiyaninB . 3@ —hydroxy—8(17),13E-labdadien—15-oic
acid \19-hydroxy—ent-labda—8(17),13E-dien—15-oic acid.ent—
Linda-8(17),13E-dien-15,19—-dioic acid.ent-Linda—8(17),13Z-
dien—15,19-dioic acid \enantio—labd-8(20),13-dien—-15,18-
dioic acid . 18-hydroxy—7-oxolabda—8(9),13(E)-dien-15-oic
acidlh K Forsypensin A~E, LUK 7 EWIIEZS S orsyqinlingine
A forsyqinlingine B.cyclo (L-Leu-L-Tyr). xylopinine .tetrahy—
dropalmatine .forsyshiyanine A .forsyshiyanine B, Jf &3 LL I
FURAL S PR SRR Y B T HINTHIRS VIS A — & il
HAE T, FER XS RSV B A A B SR G LI ARS8 v
BUE I T 2 AR S, (RSP SE R K B Forsythenside
Forsythenside K.Forsythialanside A A7 Z BB 2% M
HAMRSVEA MHIER , Hrp 28 LB 2R 05 Y Forsythen—
side K AIEAE A B 28 TF AXTRSV B 77 HH 2%
B3 MU S W BT LI, By A8 AL 5 A HI RSV Y
PR R T LR i RS Y, At 2 AR R
Yot rT XSRSV ARSI T, BAARDFFE 4 2R W38 AR A
W57 R W] i L SO TEAR A A X RSV B0 4 T 48 b 5 ]
L (H R RGERA R IBLHI DT o

2.3 #HASARS-CoV-2691F A FEXTHLCOVID-191 2,
EEAL PRI RIS T B B IR REACR D, S 5 9 A CRr e
WAF RN R 1297 )7 %) CHEN X FAFTSR FTHRMS A HE 1]

BRGS0 AR 25 A BT B X 22 UK 4 2 J5 N IR0 DR A
PETE IR TR A T A T 3 M S5, 455 AT 2D M 8 Sk 3
A2 (ACE2) A= W) (Bt LA , & I 7 R 17 A | 7% TR
TR AR H 5 ACEA BAFAY SRR M2 IR A
T FBE T AR T I FEHTLCOVID-19M 25U iT . SU H X
TN LB T 1) 3R G 2 — R T Y 6 F P AR RS T T SARS -
CoV-2 3CLprofASME NI , &P B &R A |
TR 5 7S 1T 7 e T E AN LG T H X 3CLpro
PR HMRITC K, TE S99 2.88.3.18.5.47 .5.85.6.68 F110.17 wmo/L,
T W SR 224~ B 8 4 T 3 5 I 3C Lpro A T8 AT 15
BRI, A A R T B2 3R T COVID Y I R IR YT 42
BEARAE , [ so A BE R /N 931 3C Lpro i il 70 14 i E 245997
YU J WAETSFI F R0 25 24 B2 R0 SR AR S & B, 1458
1T 5 SARS-CoV—-2:3F B A 41 fifa i) o S 4 5 1M A ik R
AL BE(ACE2) BYTE VAL S GIn325], LA B IR 454, B
BRI A G E P, UL T BB BH AR SARS-CoV -2 SEE
RBDZEF 385 ACE27E GIn325 AL 45 & o FU Y SEEMIHILE i)
i, IR ATE— B MR T REA 2P FISARS-CoV-2[RBD
SEA I, WEPRSARS—CoV-2/ACE2MI EAEH , HA e Y BT
SARS-CoV-2if T - MA Q HAFMTSY &M, T e S B
B ZEAMHISARS-CoV-2FIHCoV-229ER 4 1, FEmRNAZK - i
Z AR A AE AN P F TNF-o . IL—6 . IL—-1B \MCP-1.IP-10f¢]
IR, B REK p-NF—k Bp65 .NF-kBp65 .p-Ik Ba i & 133X,
] A 3 N Ik Bo 1 263K L LAT YRFBIR F— R AL W15 B 24
P4 22 7 vk B SR SE RI T AE COVID- 19 RN T B R e 1Y
2y AR N AR R S RE FA T AL, & Bk AR IR T
COVID- 19 B ak g 55 G 28 P A 18 15 R 4 — 4 il PR 1
A G, AAEHIF- 17 538 I PI3K-AkfF 5% \RasfF 5
T T T A2 A5 530 1
3 RESRE

UE LA, Bt T WG 5 2 R 11 22 e, A O I Wi G JR e
BT AR IR 20, 14 5T T I S B 1 4 T Bk
Tl FVE FAIL A A A S8t Bk B 22 L 25 B i, 5P i 2R 2

8 EHN RSV IMEARHLE

2y AN fEFLEALH EZ 3G
PUERAR FRTERME  RAW2GATANML RSV {EHT:DURRMCEIN A, BT RSV 7 T A9/ E AT A2 B 1 2(MIP-2) F5A KT [69]
ERPEBGHAB.C HelaZl RSV (R 91 0 B RSV IR 1 Hela 40 M0 72 , 32 5 R % 40 M A9 35 1 L 1C 43 510 0.005 09 mg/mL. — [70]
F10.016 70 mg/mL
IR JERIETEA  Verolffl RSV (R R IUILBRIAL RSV MR 1Cs 435K 9.9 pg/ml 127 pgfml, (7]
AR MRASAOSIIE RSV EA AN B RSV RILAY AS49 AMIRASUN , (RN SCIRFRIT RSV BN A, (72)

Nk T e R O vk o R E @ e e i
TEFIBLE] . FEA% TLR4 NF-k B p65.p38 MAPK 235 , ATAE;34MH TLR4/MAPK/NF- k B {5 5@ %,

TR JRAE I, AR ]

HERTR A Helai RSV {EAT: B G8E RSV B Hela 40MIBZR RN , L ECA 0K (ECyy) b 211 pgnl B IRYTHREL (73]

fir(LC-4)

KR

(TD;A%] 12.04, BFE RSV BRI R BRI — e M0 BIBAAZGI, 24 PRk
J 3.91 pgfml, BITTH0H RSV &
HelaZfiffi RSV AEHT: A A ) 200 RSV ERULAY Hela AR EI AP R L RCA BRI (EC) H 015 mg/mL,  [74]

TRTHERL(TI) Yy 48.33, HLXF RSV I AR R By A i A A D
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AT R B GE e 7V A B S I
AR FH B AL S RO ST , A B A e T IR T i 5 1
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TR EEIT IR BE T T, EH VOIBAFAELL T AL - (1) X I
TR HIPLRIBT S 07 T8, B 1 2 A Qe i 15
M RS AT E 5 (19 25 B B SEAI X TR A
M PRI IR IY R Z T e TIARSN 2R 05T, B R GETR
ARIFERBLEIBTSE . (2) #1EF AT IV BB 52, RSV
SARS-CoV-21E BT BN , 2RI E RSN
RIEIF I HIRSY SARS-CoV -2 P, (ER T R G 14
WSCHEAT IR . FRT, BER SR I 085 S S5 A P B AR 1
HEAD W SERE MG T 2 8 S 5 M BRI B BRIy,
I E— L TR AWFTEBEE T Sl DA, J 9 mT U i 58
PP I T R A P HEA T S DRV L 7 2, X ) e B I
TR TG P8R ) SR AL W 0 0 BEAT AR A O R G0 25 R0
IR 2 B FIAILA 5 BT , S 2 R0 B T 5 4 T AR
R FHERBEER AR , 1A i — 2 T R A RS

5% 30k

[1] WOODHEAD M, BLASI F, EWIG S, et al. Guidelines
for the management of adult lower respiratory tract
infections: Full version[]J]. Clin Microbiol Infect,2011,17
(Suppl 6):E1-59.

[2] COLLINS P L, FEARNS R, GRAHAM B S. Respiratory
syncytial virus: Virology, reverse genetics, and patho—
genesis of disease[J]. Curr Top Microbiol Immunol,2013,
372:3-38.

[3] KRAMMER F, SMITH G J D, FOUCHIER R A M, et al.
Influenza[J]. Nat Rev Dis Primers,2018,4(1):3.

[4] SRINIVASAN S, CUI H, GAO Z, et al. Structural
genomics of SARS-CoV-2 indicates evolutionary conserved
functional regions of viral proteins[J]. Viruses,2020,12(4):
E360.

[5] HhERR B b E ARG R 2 52 P A A M AL
Bresth R, 2004,

(6] Bifa, 2877 = rh 2 ARS8 S R R A M. AL 5T« 25t
JAt:, 1993 :356-357.

[71 WANG Z Y, XIA Q, LIU X, et al. Phytochemistry,
pharmacology, quality control and future research of Forsythia
suspensa (thunb.) vahl: A review[J]. J Ethnopharmacol,
2018,210:318-339.

(8] FEZZGILZE 5y 2 A N ROIERIE 25 4 . — B[] AL 5T
I = 25 R A R, 20202 177-178.

(9] JABIA 40 , hE AR, 55 R FHUPLC-Q-TOF-MSHE AR
YE AR B R B 2555, 2019, 30(22): 3067 -

152

3073.

[10] FKARMER, XU T, B HE A, 55 B TSR BR324k
2EA T PR 2, 2016, 47(12):2053-2060.

[11] KUO P C, HUNG H Y, NIAN C W, et al. Chemical
constituents and anti —inflammatory principles from the
fruits of Forsythia suspensa[J]. ] Nat Prod,2017,80(4):
1055-1064.

[12] WANG F' N, MA Z Q, LIU Y, et al. New phenylethanoid
glycosides from the fruits of Forsythia suspense (thunb.)
vahl[J]. Molecules,2009,14(3):1324-1331.

[13] GUO H, LIU A H, YE M, et al. Characterization of
phenolic compounds in the fruits of Forsythia suspensa
by high —performance liquid chromatography coupled
with electrospray ionization tandem mass spectrometry[]J].
Rapid Commun Mass Spectrom,2007,21(5):715-729.

[14] WEI Q, ZHANG R, WANG Q, et al. Iridoid,
phenylethanoid and flavonoid glycosides from Forsythia
suspensa[J]. Nat Prod Res,2020,34(9):1320-1325.

[15] LI C, DAI Y, DUAN Y H, et al. A new lignan
glycoside from Forsythia suspensa[J]. Chin J Nat Med,
2014, 12(9):697-699.

[16] LI C, DAL Y, ZHANG S X, et al. Quinoid glycosides
from Forsythia suspensa[]J]. Phytochemistry,2014(104):
105-113.

[17] ZHANG F, YANG Y N, SONG X Y, et al. Forsytho—
neosides A -D,

neuroprotective  phenethanoid and

flavone glycoside heterodimers from the fruits of
Forsythia suspensa[J]. J Nat Prod,2015,78(10):2390 -
2397.

[18] J7 8, AR I 2 , X1 4% 3C 8 B A 25 A3 [ 0 1 R 4K 24
#7,2008,6(3):235-236.

[19] BX3K, TERHE, ] Ak, 5 A NG 28 Sk H BB A —
WS H B2 =42, 2020, 30(11): 680-686.

[20] CAO J, SHAO S Y, ZHANG X, et al. Two new lignans
from the fruits of Forsythia suspensa[J]. J Asian Nat
Prod Res,2020,22(5):418-424.

[21] s, 85T, FER LRI AL i P[] 1Y L 2527 2
75,2020, 35(5): 648-652.

[22] CHANG M J, HUNG T M, MIN B S, et al. Lignans
from the fruits of Forsythia suspensa (thunb.) vahl protect
high—density lipoprotein during oxidative stress[J]. Biosci
Biotechnol Biochem,2008,72(10):2750-2755.

[23] YAN X J, PENG Y, LIU Z X, et al. Three new lignan
glycosides from the fruits of Forsythia suspense[J]. J
Asian Nat Prod Res,2014,16(6):602-610.

[24] P, 5Kk D BRI AL 2 A B SE D). o S 36 7
28,2013, 19(3): 143-146.

[25] BRIEAMR , TUHE, VIR AL 7 i B BESE )] [ b 2y
Z=ik:,1999,24(5):296.



2025 4F3 A %315 %38 March.2025 Vol.31 No.3

+ & 3 Far

[26] /MR I )R A7 LM ST 2E JRE (). VU AL 257 2%
75,2014,29(2):220-222.

[27] WRAEPZE R0, i dhdn , S5 2B I AL 2 O WF 5 (0], R AR
FEYII AR 5T 4, 2020, 32(12):2066-2072,2093.

[28] A, ZFTAT, ARG 30k 22 1A R A 0.0 B 2
225%7,2009,44(7): 490-492.

[29] TalHT A , Tt , il i, 25 v 24 3 L ) T I 28 1 2 1l O
R[] E 222, 2017, 52(2): 105-108.

[30] JIA J, ZHANG F, LI Z, et al. Comparison of fruits of
Forsythia suspensa at two different maturation stages by
NMR -based metabolomics[]J]. Molecules, 2015,20(6):
10065-10081.

[31] KUO P C, KUO P C, CHEN G F, et al. Chemical
constituents from the fruits of Forsythia suspensa and
their antimicrobial activity[J]. Biomed Res Int,2014,
2014:304830.

[32] QU J L, YAN X J, LI C Y, et al. Comparative
evaluation of raw and ripe fruits of Forsythia suspensa
by HPLC-ESI-MS/MS analysis and anti-microbial assay[J].
J Chromatogr Sci,2017,55(4):451-458.

[33] KA, ARG, 7B, A AL T T (T T 2
2021,44(9):2095-2099.

[34] HerARA, UDAA, fTHE 55 , 55 HE R B Ak 2 L W5 ).
HL24,2023,54(17):5487-5497.

[35] CUL Y, WANG Q, SHI X, et al. Simultaneous quan-
tification of 14 bioactive constituents in Forsythia
suspensa by liquid chromatography-electrospray ionisation—
mass spectrometry|J]. Phytochem Anal,2010,21(3):253—-
260.

[36] GE'Y, WANG Y, CHEN P, et al. Polyhydroxytriterpenoids
and phenolic constituents
(thunb.) vahl leaves[J]. J Agric Food Chem,2016,64(1):
125-131.

[37] B AW, 5, & T CC-MSE b2 A e 2# B R R
SRS 393 SRR A il 2 o3 Bh AR AT S 0] 1 b 2
ZRi,2022,47(1):54-61.

[38] AR H N T T 22 KA #5334 D] AR -
TR 25K, 2017.

(391 DLHRR , FE5  5KATHT , 47 SO (- I i
P AL RS BT[] L AR v 8 25 22231, 2015, 39(3) -
256-257,276.

[40] LA, Wfid , 1k SCHHE, A5 ZE R A AL 27 W23 B 5T 1),
PHILIBTE R A 4R (A AR B4 R) , 2001, 37(4): 77-81.

[41] EARS . PR I2E TG DAL TP E YA EE
BER%,2011.

[42] FAHTEE , TR, D, 55 AR AL/ U WS h RE 2y
2017,48(4):644-647.

[43] MING D S, YU D Q, YU S S, et al. A new furofuran

from  Forsythia suspensa

mono—lactone from Forsythia suspensal[J]. J Asian Nat

Prod Res,1999,1(3):221-226.
VR TG, TEE, SR E A A B S RE ).
P E 25911k 23, 2021,31(4): 286-291.

[45] SHAO S Y, FENG Z M, YANG Y N, et al. Eight

[44

—

new phenylethanoid glycoside derivatives possessing
potential hepatoprotective activities from the fruits of
Forsythia suspensal]]. Fitoterapia,2017,122:132-137.

[46] ZHAO L, LI W, DAI S J, et al. Alkaloids bearing rare
skeletons from Forsythia suspensa with anti-inflammatory
and anti-viral activities in vitro[J]. Phytochemistry,2021,
186:112739.

[47] ZHANG Y, XUE K, ZHAO E Y, et al. Determination
of oleanolic acid and ursolic acid in Chinese medicinal
plants using HPLC with PAH polymeric C18J] Pharmacogn
Mag,2013,9(suppl 1):S19-S24.

[48] SPIEGEL S, MILSTIEN S. The outs and the ins
of sphingosine —1 —phosphate in immunity[J]. Nat Rev
Immunol,2011,11:403-415.

[49] TEIJARO J R, WALSH K B, CAHALAN S, et al

Endothelial cells are central orchestrators of cytokine

amplification during influenza virus infection[J]. Cell,

2011, 146(6):980-991.

WHEEBL, BRNI, AR, 55 % BT X HIN U5 28 PRI /)

SEITEHD. E 5t 42, 2023, 52(6): 175-178, 107.

[51] XUEHE, AT A PN, 55 3 T8 19 SphK 1/S1P/S1PR1

50 B X A SR 2 T 28 DR SRS 0 B 2 i ). o

IR AF AR, 2024, 40(3): 378-382.

SRAEEC, B T, ZR A, S TN AN BE SRR

FHBLHI[D). H E 25 B3 47, 2022, 38(8): 1170-1175.

[53] ZHANG S, SUN F, ZHU ], et al. Phillyrin ameliorates

[50

[

[52

—_—

influenza a virus —induced pulmonary inflammation by
antagonizing CXCR2 and inhibiting NLRP3 inflamma —
some activation[J]. Virol J,2023,20(1):262.

[54] QU X Y, LI Q J, ZHANG H M, et al. Protective
effects of phillyrin against influenza A virus in vivol[]].
Arch Pharm Res,2016,39(7):998-1005.

[55] BRal , skif , EAR , 45 L0 F AL dA% AR H
FEFEFR IR0 WA (1] E 2R R4, 2012,15(18):
2082-2084.

[56] A, LA AR , 45 2R T AT A HON Y 7 3t ok
/INERTollBE BZ AR 445 538 52 M A P 5 0. A6 AR 2= e 2
#1,2020,35(3):94-100.

[57] Bt , AR, AHE A7 R TF A XU HON2-ATV /)
B JEAE JE R K -2 IR 2 9] T 3l DR, 2020,
22(4):49-50.

[58] ZHENG X, FU Y, SHI S S, et al. Effect of forsythi—
aside A on the RLRs signaling pathway in the lungs of
mice infected with the influenza A virus FM1 strain[]].

Molecules,2019,24(23): E4219.
153



* & (3 532

2025 3 A %315 %38  March.2025 Vol.31 No.3

—_

—

[

[59] DENG L, PANG P, ZHENG K, et al. Forsythoside A

controls influenza A virus infection and improves the
prognosis by inhibiting virus replication in mice [J].
Molecules,2016,21(5): E524.

ZHENG X, CHEN Z Q, SHI S S, et al. Forsythiaside
A improves influenza A virus infection through TLR7
signaling pathway in the lungs of mice[J]. BMC Com-
plementary Med Ther,2022,22(1): 164.

LAW A H, YANG C L, LAU A S, et al. Antiviral
effect of forsythoside A from Forsythia suspensa
(Thunb.) Vahl fruit against influenza A virus through
reduction of viral M1 protein[J]. J Ethnopharmacol,2017,
209:236-247.

[62] BXVKAE , B , XA , 45 2 R K SR AAR P X & Tt B 7

B B S AT R 1 3305 400 ) R[] B AR R AR
2020,51(6): 1466-1474.

Th R 32 8 T4 b SR o B /D 1 LA DR A
JH RIS 3 280 3K AT 7 28 G I M T K 4 S ). e P =
24,1982, 11(4):58-59.

H 2, SRS A, P, 45 A A AR R T L
W BT T RSOUER . H R 26 R 243, 2011, 23(7): 595
596.

ZHAO L, XIANG K L, LIU R X, et al. Anti-inflam—
matory and anti —viral labdane diterpenoids from the
fruits of Forsythia suspensalJ]. Bioorg Chem,2020,96:
103651.

LI W, ZHAO L, SUN L T, et al. Trinorlabdane diter—
penoid alkaloids featuring an unprecedented skeleton
with anti —inflammatory and anti —viral activities from
Forsythia suspensa[J]. RSC Adv,2021,11(47):29684 -
29689.

INIETE 25, ok, 45 34 H AR 20— R A= Bk
B B HAUREEIE P & A2 E (A AR A 5 T
T&hR),2024,37(3):299-307.

XIANG K L, LIU R X, ZHAO L, et al. Labdane
diterpenoids from Forsythia suspensa with anti—inflam—
matory and anti-viral activities[J]. Phytochemistry, 2020,
173:112298.

SAKAI S, KAWAMATA H, KOGURE T, et al.
Inhibitory effect of ferulic acid and isoferulic acid on
the production of macrophage inflammatory protein-2 in
response to respiratory syncytial virus infection in
RAW264.7 cells[]]. Mediators Inflamm,1999,8(3):173 -
175.

% ar i EE T PR TR SRR SE (D)) M < 7
EERHRE2,2009.

154

[71] SREW P 255207 B REs AR AL o3 B O 8 K 3 P
HrDIILFA : PR FR 2SR R, 2002.

[72] EF, BIToR , SR o B Ak T 100 265 24 B~ e A P b S50 B
FEIERBA RIS BGRAITTRS VAR )] W R 2 25 41
2022,42(7):1121-1128.

(73] Wik, 2588, JA i e , &5 e RBIOA REA 007 (LC-4) IR 51
U TE A R =i Ve F FR D). 2B AIFSY L 2009, 38(6) :
733-735.

[74] FOSCHRE, 2R, DRI, 45 4580 ] 0 W0 185 MO AR
FH BRI T).PA R B R R 22 4], 2004, 38(5): 421 -
423.

[75] HU K, GUAN W J, Bl Y, et al. Efficacy and safety
of lianhuaqingwen capsules, a repurposed Chinese
herb, in patients with coronavirus disease 2019: A
multicenter, prospective, randomized controlled trial[J].
Phytomedicine, 2021,85:153242.

[76] CHEN X F, WU Y L, CHEN C, et al. Identifying
potential anti-COVID-19 pharmacological components of
traditional Chinese medicine Lianhuaqingwen capsule
based on human exposure and ACE2 biochromatography
screening[J]. Acta Pharm Sin B,2021,11(1):222-236.

[77] SU H X, YAO S, ZHAO W F, et al. Anti-SARS-CoV-2
activities in vitro of Shuanghuanglian preparations and
bioactive ingredients[J]. Acta Pharmacol Sin,2020,41(9):
1167-1177.

[78] YU J W, WANG L, BAO L D. Exploring the active
compounds of traditional Mongolian medicine in
intervention of novel coronavirus (COVID-19) based on
molecular docking method[J]. J Funct Foods,2020,71:
104016.

[79] FU Y S, PAN F, ZHAO L, et al. Interfering effects
on the bioactivities of several key proteins of COVID-19/
variants in diabetes by compounds from Lianqgiao leaves:
In silico and in vitro analyses[J]. Int J Biol Macromol,
2022,207:715-729.

[80] MA Q H, LI R F, PAN W Q, et al. Phillyrin (KD-1)
exerts anti-viral and anti—inflammatory activities against
novel coronavirus (SARS-CoV-2) and human coronavirus
229E  (HCoV-229E) by suppressing the nuclear factor
kappa B (NF-kB) signaling pathway[J]. Phytomedicine,
2020,78:153296.

[81] LAT Y, HAN T, LAO Z, et al. Phillyrin for COVID-19
and influenza co —infection: A potential therapeutic
strategy targeting host based on bioinformatics analysis[J].
Front Pharmacol,2021,12:754241.

CBcA% B 1:2024-09-03 %4 : ¥ 3e4%)



