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Research progress on pharmacological action and toxicity mechanism of coumarins

DONG Yi, LIU Li-jia, HAN Lu-wen, LIAO Tian-qi, XU Yan-yan, LI Yu-bo
School of Chinese Materia Medica, Tianjin University of Traditional Chinese Medicine, Tianjin 301617, China

Abstract: Coumarins are aromatic substances with benzene and alpha-pyrone as its basic structure, with wide distribution in the natural
world. Regarding athe chemical structure of the compound, natural coumarins are mainly classified into four types, simple coumarins,
furanocoumarins, pyrancoumarins, and other coumarins respectively. According to numerical modern pharmaceutical literature and
clinical studies review, the use of coumarin compounds in traditional Chinese medicine has been reported to exhibit properties of anti-
tumor , anti-inflammation, anti-osteoporosis, etc. However, through further deep research and extensive clinical applications using
coumarins in traditional Chinese medicine, it is generally found that it is a toxicant, which will cause damage to typical human organs
(liver and kidney). Hence, the safety of using coumarins had become a major concern to the whole society. This paper summarized the
chemical components and the pharmacological actions that coumarins compounds obtained in Chinese herbal medicine, particularly
emphasized the research progress on toxicity levels for poisonous components [(iso)psoralen, methoxy psoralen, (iso)imperatorin,
plumbagin, etc]. It also aims to provide scientific guidance and references for future research and rational use and promote both the
effectiveness and safety of coumarins in clinical practice.
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Fig. 1 Chemical structures of common coumarins in traditional Chinese medicine
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Table1 Common coumarin compounds in traditional Chinese medicine

'S Eadit] HSC AR EREA S 71K KR
1 LTSN 3 DIEAE A T umbelliferone CoHeO3 HAETT
2 ER daphnetin CoHeO4 Hi AT
3 T A T scoparone C11H1004 bt
4 WEIRTH osthole Ci15H1603 YEPR T
5 RIEE fraxetin Ci0HsOs 2R
6 R OER esculetin CoHeO4 R
7 REE N scopoletin C10HgO4 HiE
8 R A 22 *hE R R psoralen C11H60; PN
9 NRATEH 2R imperatorin Ci6H1404 =2

10 SERRAT 2 isoimperatorin Ci16H1404 HiE

11 M= xanthotoxin C12HsO4 JE

12 T FH N R bergapten C12HgO4 hF

13 WS & phellopterin C17H160s HiE

14 EE=YEN] byakangelicol C17H160¢ HiE

15 R cnidicin C21H2205 315

16 SALRTH R oxypeucedanin C16H140s BiHH

17 FAME IR R isopsoralen C11H603 i
18 A P T isobergapten C12HgO4 JEiE

19 [ER R pimpinellin C13H100s 4 RS
20 JIIATER angenomalin C14H1203 JIETE
21 EHE LG A columbianadin CioH200s E1E|
22 nE g A R FTERUN e xanthoxyletin CisH1404 A
23 TEH B xanthyletin C14H1203 1ER

24 BEF N luvangetin Ci15H1404 ORE L
25 VAT decursin C19H2005 HI#A

26 LA AT BT decursinol C14H1404 A

27 A0 TG seselin C14H1203 pilg

28 S-F2 LA E N B 5-hydroxyseselin C14H1204 il

29 5-FA AR A s 5-methoxyseselin Ci5H1404 Pig =

30 HAICRTEH & praeruptorin A C21H2207 HIHA

31 HACHTHH &R praeruptorin B C24H2607 iG]

32 HAERTEHN & praeruptorin C C24H2307 IR

33 HmEEER T&7% euphorbetin CisH100s &7
34 Ut &= daphnoretin CioH1207 hin R
35 EN=Ei dicoumarol Ci9H1206 BIE T
36 Mz capillarin Ci13H1002 %R

37 Al B Py i agrimonolide CisHisOs Al
38 H A TR plumbapin C11Hg03 Sy
39 VB N pachyrrhizin Ci19H 1205 W
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PR, AL AT R iR L 2 A ) A A
1 (checkpoint kinase 1, CRK1) FHEINAERIL Cdc2
IR S E A A IR R GoM A RP),
i 90y AN IR N T 7 AR N eSSl R
S5 2 PhE B 2 BENE, ALHIS T E B0 B

(protein kinaseB, Akt) 15 I HIE PEANH A LS
AN HCT116 FUE5H . (R AEM e BEHR T I
75 S (reactive oxygen species, ROS) /1 FHA
2 (A375 400D RN (B16 4Hf) bk B e s 4hi
HHIARAR T T % AHOCTEFPLEI LR 2.

®2 BEZRFUERSBOTEER RS

Table 2 Antitumor effect and mechanism of coumarins

30 ZR R YE AL SCHR
RT3 SRR AR . ) PRARZRRRIE AL, PR Beclin 1 KF, IR MEOR ARG 3, ] 5
A P 2L T 41 R A L R Bel-2 i LI Bel-2/Beclinl & A,
INCEIT A S Kt B-EME ARIFRIE K Wnt {55 8 H F 5<8 T HFIR T c-Myc. 6

CCNDI1. 17358 AR MMP-9 [R5

AR G 5598 41 g W AMPK/Akt/mTOR @ Efil & ROS 5 5 AL T 75 41 7
JH LR AF P

HECHE N 7] FHITZMAE Go/Gi 1, #0HIEE (1 p53/p27/p21 38 hn A 4m e A H 2 (1 8
DI F&fik, PEIK Spl ik, e & ARE MR DHHTE
H Bel-2 I3 IA

hE R 2 I 988 41 #14 PIK3CA. PIK3CB. PIK3CG. JAK2 FLHIAN PI3K. JAK2 A 14
MR IE

NE PR BATE ER ST ATF-6 il CHOP E /KT K Bel-2 & /KT 15

GRS N PR 4 AR A0 _EECE A0 PTEN, #4035 PTEN-PI3K-Akt- 16
mTOR/p21 155 B 75 5 H e 020 fg 8 e s

MFHNEE ASERRE AR, RRIEIR RS 15 S AR i, @it ps3 A FIETS 17

N2 s A e 2716, R p21 A1 PTEN, 0] Akt

SEe Izl SN R bRl FOHN 40 g 4R M e A2 R 28, T MMP1 (3R IE FF S 18
ERK 15538 &%

HAERTEATIER R/ i e 4 JE I T MEK1/2-ERK1/2 38 6 B30E F1 CTSD 2l $01 i fifygg 41 g 19
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Beclinl-F Mg Bel-2-B-# 418 -2 CCNDI-ZH/E I A DI MMP-9-E R &8 E AR-9  AMPK-HLBF B AR 175 16 R AR
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IR C/EB MIFEJEE A PTEN-J (R FURER EBRRE- B H  ERK-AUNAME S W E A  MEK-A 225y 24 J5 o & 1 s

CTSD-4 #4143 %5 [ il

Beclinl-protein ~ Bcl-2-B-cell lymphoma-2 CCNDI-cyclin D1

protein kinase mTOR-mammalian target of rapamycin  SP1-specificity protein 1

MMP-9-matrix metalloproteinase-9 AMPK-adenosine monophosphate-activated
PIK3CA-Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic

subunit alpha isoform PIK3CB-phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic subunit beta isoform PIK3CG-Phosphatidylinositol 4,5-

bisphosphate 3-kinase catalytic subunit gamma isoform JAK2-Janus kinase 2 PI3K-Phosphoinositide-3 kinase ~ER-estrogen receptor ~ATF-6-

activating transcription factor-6

CHOP-C/EBP-homologous protein

PTEN-phosphatase and tensin homolog deleted on chromosome

extracellular regulating kinase MEK-Mitogen-activated protein kinase CTSD-cathepsin D

ERK-
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FLRAEHLSI AR 3 P,
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inhibitory factor, OPG) 15 5% ‘T FIBUE K IR IS B
2 6 P TR FSAH G128, i T 2 e Al i A Ak AR
K[ F-B (transforming growth factor-B, TGF-B) /]
R R F-3 (Smad3) BRI T ALK Runt
AR E KK ¥ 2 (Runt related transcription factor 2,

RUNX2) RRIE, Wi B i) 7 -4 o a
B, BT E G TREE T RIEERIER). A
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Table 3 Anti-inflammatory effect and mechanism of coumarins
&% TR R YERHLHI SCHR
A ANREZEREI A #H] NF-«B J& bR MAPKs BERR 1L 20
I 4t it
M= N AR B A 1 SIRT1. R ICAM-1 21
TN ANREBIZEWRENE A %] JAK/STAT Bu& 1 ROS 774 22
I 4t
TEKILFE ASNEM AR ik LPS SR SR AR T 80774 5 NODI/NF-«B #4121 T i 23
RS HAEPEIIR /N BB A G BE NF-«B @S 1 S, L2eiis Nef2/HO-1 15 518 % 24
(A7 R B NEREARIERA 7 IL-1. TNF-a. CCL2/MCP-1 il CCL5/RANTES 73L& TLR2 25
liIES 1 COX-2 Ik el 4 5t = v
A TEAE A T KT K BBLRY /5 NF-xB &2 MAPK {5514 % 26
eV A IDIES /I B ) IL-1B A3 PI3K/AKT/NF-kB %l (1) 5 Uk 27

MAPKs-#2 2L IS R (10 SIRTI-VIBRAT & A 1 ICAM-1- UM AZ BT 4 T-1  STAT3-(5 56 S R ERBIEEN 3 NODI-RARFuk
ZHRMARG S E RN 1 LPS-IEZ R Nrfl2-# KT E2 M55 T 2 HO-1-MZLZIN%EEE-1  IL-1p-A4i N -1 TNF-a-JR 3R 3L
F-a CCL2-fbHFRefk 2 MCP-1-SaZ4Nfigiaft & (-1 TLR2-Toll #5241k 2 COX-2-HEEHE-2  IkB-o-#% K F xB-illf &4 o HaCaT-

NIAKEEAC S R AL

MAPKSs-mitogen-activated protein kinases SIRT1-sirtuin 1 ICAM-1-intercellular cell adhesion molecule-1 STAT3-signal transducer and activator

of transcription 3  NOD1-nucleotide-binding oligomerization domain 1  LPS-lipopolysaccharide Nrf2-nuclear factor erythroid 2-related factor 2

HO-1-heme oxygenase-1 IL-1B-interleukin-1p  TNF-a-tumor necrosis factor-o  CCL2-chemokine ligand 2 MCP-1-monocyte chemotactic protein-

1 TLR2-Toll like receptor COX-2-cyclooxygenase-2 1kB-a-inhibitory subunit of NF-kB a HaCaT-human immortal keratinocyte line

factor-kB, NF-kB) =24 i& K ¥ Bl & (receptor
activator of nuclear factor-«B ligand, RANKL) 551
E AN, FESE ] NF-«B iGE, KIEHS
(B 2 43 A R A FH BT
2.4 LIERBERIFIER

DRI HH 2% A 0 25 G L8 N R DRe, SR
LKA, JF R R E A EARE AR ER
L1116 NG - A K = e S i e s L N B ]
JikiE JR A5G 11 (NADPH) ULl pa7eher
Ik, X AR R R R & = A R F
WATERBY, AAEHTE AR N AR RT S
AR E SR, EO0I0EREMTTERECNR
the BAERTIA R WA SRR, FAERRIMmE
A sk et RSNk 7 AR 2] 1 = EAE B2, EAEHTH
PRSI AT ES /N B F U D 2Bk R ERK AH G
MAPK {5 Sl B 2 /3 FER, A EoNmN
A0 S AR LR FRRIE T2 7 [0] 3300 ST AE N IR AE K R
BRI ] R S A v m ] ] 55 51— S (single
prolonged stress, SPS) -3 L AAMIA %+ 5-
Fetfi% (5-hydroxytryptamine, 5-HT) ¥R FEAK,
FRAR A4S f5 N RS (post-traumatic stress disorder,
PTSD) K i i b 5-FR M| Wk £ 2/5-HT f) Li il
BN 5-HT W2 LLIRER /N B AL RE IR B .

25 PURHER

WA 53R R 5 A8 B L S s 46 oA e
YER, DLl S a MRS hidi A 2 K UG, Ho
MR ALH TR 97 ARBS . SAE T B
Mg XGH A LT3 3 MOE G R AAH
Bk, T TR PURLILAE ] g
2.6 HAb1ER

B LFEX LPS/ID-FFUpERE (D-Gal) %531
SV R v R AR ORI, IR 2 M 3
/0 B S it 43 5 8 ER A A BT K SRR 55 5
KEETARVE R EFHBSSE IR A SR 3K
KRRV HICHOR, AT 5w HL AR R K 46 40 26
(UVA) FIBBURTRREE . AME IR R 4 A KR AN
A ST IR TR TR IT Y 2 R S B & f g%
PRI 39-40), ZREL S P i Ak B KA S 0T A
il AT AT i e LB 4, I R IR B AR 05
A1 Toll F£532 44 4-FEHE /ALK F 88 (Toll-like receptor
4-myeloid differentiation primary response gene 88,
TLR4-MyD88) &4 4B 1k JR 9 175 T (1) i o A8 1k
MZRE, VRS XU, 5-F S E kb flig
% (5-methoxypsoralen, 5-MOP) 1] i 35 10 4% =1 i I
/K7, RERIEE ER /v 3 PI3BK/Akt 0% 812
S R B SR AT
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3 HHFHEEREUFERIHOF LT
31 MFEM
3.1.1 MgRTER  (CPEZM) 2020 FAGCHIE
IRFA /NEE, HORAE RN I 32 2R R 5 1) B 7
EERRIIK TR R TEXDRAEREULE
(median lethal dose, LDso) A 3.45 g/kgt®l, J& T 111
PRt EMCT RN 2 1.50 gkg 1HHL MEHA
S EER, RS ™ B R AL
JIFEEA6Y, i R 1~ 21 T I I Ak AR 4215 L-02 4H A
T2, HH7] F i p-Histon H3 (Ser10) KL, XJIEH
JFFHE 20 0 4 SR B F W) 53 B B TR I IR
TEAEWGAME] L-02 40 Mo 3G JE AL 7T BE 9 oL
b T 1o (inositol-requiring enzyme 1o, IREla)+
EEEEE R FENBTNEEE (protein kinase R-like
endoplasmic reticulum kinase, PERK). B§EZ{L c-Jun
S % K Ui ¥ ¥ ( phosphorylated c-Jun N-terminal
kinase, p-JNK). ATF4 %P i1 W L3O D% B 3R
KK, T 5] ES D 3 S R T R 8
312 AMEMEER AMEFIRRFERIERSE EEONH
JUE, JHEEE AR SCHLAIE A IRAIARR . PN 5T I R v
BRI REREAG | A0 2GRS e | AR R ELSE T 1] .
PEATRAR A H TR 7 6 SRR G 51 S Y —
TR AR PRI, FRIARTE A Hh JE - R A
EEANESE /N S 2 e S ) =S d D W g1 O & IR ENUE i
5. #ME PR FEAEFT HepG2 4UM 24 h J5, fEAHER
it (bile salt export pump, Bsep) FIFERAIRIA
0. Na' - RREAIL A% IE4K (sodium taurocholate
cotransporting polypeptide, NTCP) [1)#% s FlK A1
I, B R e i 3E N JH 20 B3 o, 37 456 40 i
FPIE AR ) B S W T e, B BT AR AT
P45 190 B IR 2R T A A K SR U 4 D 3R
P7A1. BSEP. MRP2 I SULT2A1 1K1k, 40k
JEWE AR (farnesoid X receptor, FXR) FIZ Zjifif %
AR EE A 3(multidrug resistance-associated protein 3,
MRP3) KI5 HF s A AE A s 22 57, KB B
473 5 Dy 7 1500, EIE N /) SR/ 5 B BE ML
RN RERRAS N S H [E
HIAR AL SR IFEEVE R RIS, MR IR Rk rT A AR
R 4% 15 A mRNA M H KR AR BB AR A,
O MRP4. =WiRBRESE S E¥IEEA G5
(adenosine triphosphate binding cassette transporter
G5, ABCGS) M=MRIRF& & GHKIZENA G8
(adenosine triphosphate binding cassette transporter

G8, ABCG8) #iiil, 1M NTCP & H7KFAE K B
JHREH 2 ETHEAB,

KEWFTERN], SIAT RS 2508 M H- 4 105 % AR
TR B B BRI ER A A5 R L A T
W RBIN BT AET S B RN B 3 ki, B
AR I, (R A P i X 5 JH I 4 ff 7KL
2 KT AH M2 o Yu SR RN T 26 3 25 1%
IR 20 M AT 2, G0~ Dt 0 R R & . 2 1 g -8
(cysteinyl aspartate-specific proteinase-8, Caspase-8)
2 ot R R A = IR R I -3 (cysteinyl aspartate-
specific proteinase-3, Caspase-3) )35, i CHOP
Al Bel-2/Bel-2 fH% X #HH (Bcel-2 associated X
protein, Bax) HIFKIE, IS [EFIFIEAHRK KR,
S 2 G0 A5 O SR S 25 A A5 R L SR 5%
b £ W) EHE R T B2 78 (glucose-regulated protein
78, GRP78). PERK. HE#I ¥ H 3K F 2a
(eukaryotic translation initiation factor 2a, eIF2a)-
ATF4 I ATF6 [R3IE AN 5K, oAb lf 3Kl
if PERK-e[F2a-ATF4-CHOP 1 ATF6-CHOP #H %%
V53 N BT SO T AR E T, AT 2 U5
50 FESAURIEFE b R AN i 30 W] S 25 49 I oy
W SR SShR 4 IREla F X-box £5 & H A 1 (X-
box binding protein 1, XBP1) [k FlL 5% /K F 53,
Hoor MEVE N B 0 B 2 2

PN BT I 7 35t B 5 S 2R A Ty i 2 R I Rl 4%
Ktk ROS (7748, {40 M & AR 451407, (63 ATP &
FS A2 ) T 55 ) 3 2 71T 52 e R 4 L P L%
LHE-ROS K7 A A& B AT S BUR K ROS 3%
ful AR AN I B, o P EERRAR it . £
Guo ZFPIRRSM IS T R IAME TG Z AT ROS & &
BoRrIE e, HENEME R PTIEN ROS AH T
g AR AT, HEMS SR, EAngnt
PT- AR PTHERR . EIEESIR A I 4 25 B~ 07 00 A
MBI SERAR A S HE RIS A, i SRR
SE T #ME NEZXT HepaRG HepG2 T4l R B A B3
FRTHRERE, RN AL 55 B SR A 1K) T e 2 DI AR
Ko Sun FELBOVE ST ELT AT M4 &R (differentiable
architecture search, DARTS) )85 [ 5T 2H 2~ 505 A
B 4 S M AR, RIAME IRRIEE 5
ABLI1 %54, 5l Nrf2 £IX[#{K 5 mTOR k&%,
ROS /K-F- T, SIS An AR T ™ A= I R

AR A NARART B B2, 7R B B A0
FAERR, —Jym e A ThRe & aL & AEY)



* 5468 »

FED 20236FE87 $54% B 168  Chinese Traditional and Herbal Drugs 2023 August Vol. 54 No. 16

B R AR, 53— D5 TR AR A S — 5
TR ERRE . & SR ARSI RS ™Ak
149 5% FL s R AR A ] E 241 f .25 P450 (cytochrome
P450 proteins, CYP450) B/ SHENT, 5] KLk
SN, FrP FRE AR R R N B R, i IR R AE
P 3 2 CYPAS0 Bt ATARH, — IR
A iEER AT e E A ANEA S CYP450 1 5
IFEEME, T CYPIAL. CYPIA2. GSTM1 I Akr7a3
S AR R SR B RIS, e, AME IR 2
14N CYP3A4IY, CYP2BOISOMIF, e R4 KA
W, RSN AR RE T, H AR A RRR
TER RZMAR EAER o IETT 20 T E CYP1A2,
CYP2A6. CYP2D1 K CYP2E1 Wik, iZMif7F
FEAE AN 22 5100, A 3 M RARUT AL Z2 AT T A
B R AU, R IAME R R T BUH 5
P P AL AR AR B O L A 1K 7 A A
15 AR, RUIANE R W LS R R
AR A ZEAL, R LI AR A b (R 40 R
SRR S BRI A5 i, R A A A AE
—E TN, AT R RIERE B R R R AR
R WER. W, FEBESERERE Y
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