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Abstract: The study of the efficacy-toxicity conversion mechanism of toxic traditional Chinese medicine (TCM) has always been a
difficult point in the rational application of Chinese herbal medicine. In this paper, we have taken the anthraquinones, stilbene
glycosides and TCM containing these components as the research objects, sorted out these two types of efficacy-toxicity homologous
substances and their metabolism patterns and products in vivo, analyzed the efficacy-toxicity of prototypes of these homologous
substances and structure-activity and structure-toxicity relationships of their metabolites, and integrated and summarized the
mechanism of efficacy and toxicity, as well as the relationships and patterns of efficacy-toxicity conversion for toxic TCM containing
anthraquinone and stilbene glycosides. To further elucidate the mechanism of the efficacy-toxicity conversion of TCM, we proposed
strategies and prospects for the study of the targets and mechanism of efficacy-toxicity conversion of Chinese medicines based on
proteomics technology, drug targets and drug mechanism of action by taking anthraquinones and stilbene glycosides as examples, in
order to provide ideas and methodological reference for the investigation of the rules of efficacy-toxicity conversion of TCM.
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Table1 Common active/toxic components and chemical structures of anthraquinone and stilbene glycosides and their sources

of traditional Chinese medicine
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Fig.1 Chemical structures of active/toxic components of common anthraquinone and stilbene glycosides
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Fig. 3 Possible metabolic pathways and metabolites of major components of stilbene glycosides in vivo
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Fig. 4 Possible mechanism of action of anthraquinone and stilbene glycosides in hepatotoxicity
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Meng Z5USHE it F AR 2 W5 S KR, B alds
T —EFNEI cis-TSG M trans-TSG 67, KIN cis-
TSG Wil PPARy JBIISIEIH & 7T #EME, 1M
trans-TSG M am/E P RE S INE NG 2 . cis-
TSG 5l 547

4 CYPs BERIEERANG], 125930
TERFIER &R, SN R KRB, BER& 2K IR
A AT LI I 5 A Bl SR 6 B S A &2
FRBIEEBUF T - #5338, CYP1A2. CYP2C19
H CYP2EL &2 5 K & 55 BRI s TAHACHY
FE CYPsI. BB 8175 R A5 0 7l g A2 il
] CYPs [iE 1, FHUERRIS R B h & IX Lk
CYPs AR B, Mg,
H, TSG @i 0 75 F 52k Zubt X 527K F1 PPARa
P 3E A, HEm A& B E CYP1A2 . CYP2EL Al
CYP3AI1l FAMKIARPY, WrJgEafHi4 CYPIA2,
CYP2E1 Al CYP3A11 AR A o K HIFR & 72
e, FEARRRMEIER 54h, TSG & nl i@ 4 i
CYP1A2 By AR R 5 2 RS, BRAIK UGT1A48-
UGTIAI0 Al UGT2B7 If) mRNA ik, I KHEER
[ A PR R AL AR, KRR, 5T
JF 2 A F 01,

BBES 2K C S IR I R B = R T
TER SR A AR 3 K& 1E . Dong 55161
WK, RO S5ME RTINS =RIR
TG I A 2 (R 2 b A PR v, 388 3 189 o R 3
HARG ANGEIR 25 5 3 = R MG S 5 @ B A F

&3, WS KiERSTIHamEN N+
— Rl R LR AR PRIBRR S R PR 1Y) 7 1
K, BEIRARMIREAC T, SRR R DhRekE
3 A B A R 5 G PT) R R 15
(0 I 52 458 2 A I AR BB R 5 R, PR 2Rk
PSS LA AL S Ao 18 7 4] T T 2 P T
BEM s B E 8 SR DS,

R UL BB ALEI A, IR B TR B
SR SRR 2 &AL, 2T AR
AL udt)5-B (human leukocyte antigen-B,
HLA-B)"35 © 01 S 3R n] B2 i 3 S 825 1
JFF437 £ B (P 7 A AR S 67 S R T O0T, Yang SO AR
h¥ e HLA-A 2R rs111686806. HLA-B %
) 151055348 Al HLA-DRBI 3 A v [
rs202047044, &7 E S BUR BURYER 3 Mt
TR, H, rs1055348 W REEIL AN HLA-B LK
(1R IA 3G ALK e 1 5 175 3 A0 A 11 5 vk o

gi b, g 2 RS AT R R e T
HEIMER, (HERMT TR £ Rl 53 (1) 24 R0 sl 1 I
AAFRAT B 25 R FH 52 PR i 8, [R] b 75 i
e 2 vh 2025 [FR 2H 73 IR 8- s 4 7)o e L A
MURIHEATRE ST, DA G Hbde S 2 h 29 7R IR IRIR T
R AT o H H TR A 2 R k- B RIR A A AT
SRR U ECD, T H R Z AR T 1
RO BT e e R R I AL . R AR A AE
FHE A3 22 ) Je v 250 1 R O 5 R N AR 2
Z AR ARG R R E R 258, A LLR A
FUIK-BE [FIVR AL 73 AR N e L), AR 2 & T
A 5 e AR T B B AL
3 ETHREMHIBEANANER. —FKI2GEHE
LR -F BRI R

UM -AE R SR AL [ =i R T
RN IERIRZ5 D E L0 B/ BNk v A LA, {8
T AT ISR AR 250 T 2 5 R AR N
002 i 2 B AR I R T IR R YVR 7002 RS DL =
TR LR, AR RS R 2 K AR
WM R, RET AR ¥ ik G4 A0
%A FH ARSI B B E AR A R, —
R T RL DS TR R AL .

3.1 EEARTRIREARA

1 = Je i AL HrF 78 Mk a5 2 — F AR FE B 5350
5y, HRCEFREIA S B O R R 25
FARAT FERATR L . EIX LR, EREAA
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FHRORESEN (BB 8 A A 7 2050 RO % E
2T THZ RN
311 EEERAMAYHAR WRIERARMEHI R
PSS, 8 E EHFEORYE 7 AR A AT
ERTAR G MANERRA, 2 BHEARBCOKE
Bt Horr,  JEEE A 8 ERR I RIS = AR
JE AR ToFR G E B HOR KD B E R i
AT R HT N Y6 S A T R B Rt 5 v
VA I CPONAER - &5 3 N LN IE A F g VA AR
(multiple reaction monitoring, MRM) [KHASZHiik
PR A PR AR 22 ) T4 AT 5

AERE VAR E B R, R Z AR DA XS A4
XF %€ ' (isobaric tags for relative and absolute
quantification, iTRAQ) Fi AR TEE S 78 HElE Hh A
WM. Lin FUSEMIZ A iTRAQ HiR, 40 Hr K
ig T E S 3 MU s3 Ja I IE Hh B RIS 1 A2 Ak, R
Hf 2 2 %MKEBS 2000 248 AT S
PEMUR o R B s IR AR AEDO4R F To bR A8 B
IR % N ool 1o 9 DN N IUDN Wi T
FRISNEH, JfEdEREAIE (gene ontology,
GO) 43t K I 128 HA 1R 22 e i 1 22 5 4 B AR
AR A OC, RIK I ig mARFI =R R
P12 AR B 2L 2 B A e 8, K 3R i 2
ZUE B S LA B SR A T, SE 1T 52 1R
I NED e, A W IX LL g AT BE Dy K B R - R A
(PIREFR o

iTRAQ 5 TeARSEEIAR AR ] 5 Hoak G,
(HRfds EE e, AR, BFFELS
Fopth 2 A A HOR AT TG . BB R 40000 E B ORI
RIETRAN T AT 2 MR B E M S AR EA S B .
Brioschi £#110%0iz FAMKAFT A IR 2 AN E/RE
BEAT A 8 B ) MRM SR F AL A ROR, D3 AR
BRI ML B A TR T, RIS AR
MAAFBEA-2. B2 MEREHER A AE LI
YRR EY, RILT MRM & AW FHEARAENE
1 57 20 27 Fh it 9 A A A SO LT B
3.1.2 SRR (BERD EEAYEAR EMN EED
HHAAFEARRIKELGY > T/EA SRS EH
SEAMPETT R RIER, BT REEARLEREAH
RS HERL AT 25 0 T/ H SRS S )
THEOLAS 2] IR KR, AR YISE I RN AERE E
PEEOR . HE AU EAE R EMEEOR . BT IE TR
B HH M (activity-based protein profiling, ABPP)

S ARG SRR, Hor A ABPP BORZE R
PRI TR RE T, AELGRE SRR
BI85 34 S o

ABPP A& — P 24 ¥ e it B 0 R 1K) FHBOR T
B @E M AR E s, AEERIE
H B 24 & RIS bR B TS TR DI REAS B . Wed
SOOI HIT 55 2 5 0 JER A - B W 4 A B A FH R B
AP IR HREAR S AR AL, Wi IR & R
FREBR-Me R R, ik B T ER IESS KRS ABPP B
MR 862 AN 5 A FRIR-BRIEARETRF 7=
Pahis, PR EEE— RIS RN Z G &
22 AR ARV 3 (receptor-interacting serine-
threonine kinase 3, RIPK3) & 1 AK BRI R, i
SRR ABPP £ 25 ¥EARBEAT I 180T 7T, {5
RIREA TG EAR L5/ o T AT RTAEAC AL B, ANk
F Ttk Z AL S A 5 23 18] (R 25 40 1/ - () 3 R
FF -

3.1.3 HEAHAFHEARH MERFRARMKRE,
PR E B E AP EOR 55EM () EAHY
FEORGEATIRR » LASE e 25 W0 B0 A 075 32 1) (E B 1A R 97
K AT G e BEAR Y ], 75 B il S R R )
fiti EAE g R E I S e % . Dai SE0071% 1
T BT R AP MR O SR AR,
T 16 A PR 8% 77 A € R Z AR id (stable isotope
labeling with amino acids in cell culture, SILAC) 5
ABPP HiR, MM 142 DN ATHEERE PR IC IR A
JT v O Gk A WA R B A% A2 8 1 ( carnitine
palmitoyltransferase 1, CPT1), I3k MK
Ve R —

IR S Dy A R RS T 2
o3 80N B PR E P AR A 1 AT RN TS 1
 SROEEIX 2 R R AR - E I R
» AT AR RO UK B A S EOR 5 25
SRR A A2 50T b, BEE 50N/
ERA R R SR 2L, MR A24E H A2 e e 1Y)
FEAR, HEMHES) -3 4 iV FIALRI B 7T .

3.2 EBIREE

2 B A E R 5 REAS 2R L A THI AT
wAEiE R, AR R ES (B
B8, EAEH GO 3 el # 5 R 5 B R AH | R4 45
(kyoto encyclopedia of genes and genomes, KEGG)
T VR RE I S A 2 B 2 R i T i LB I
H, RV DRERX e [ A FRIZE 5],

e NN
i 3 F

i

=
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Je ST R Mk B — AR DI RE RN IR R A
, RAWFFCHE— D00 AR . AR O e &
B T 99 J5 A IR 50y 2 A AR A S G 2 R R TR 1 B4tk
T 2 Sk R T AE K, 5 I A PR B 92 T REAF 2, L Wi
1106138 P 50oF G e R GUAH SR M AE W T BE SR B I R 1
HEMBAT T, B3 T S5 RRIE T T4
AEHLHIAR ) RIPK3 B ;10 Dai ZE00T4] %) K1
B “HRWRRFFAR” X —EWNIhRERE T I8 A 4Lt
1700 M, AR B S IR AR I ¥EAR CPT.

X T TR AR I S, Ol NGB
EWITRE 2 AT T . R B EA
H2EH ) ABPP b2 E B R %% SILAC.
MRM, #523T FG EAR, TRAFE I8 I A
MMUGER B S TIRE . A, En ki
SENL B2 WAE R — K B B4 A B R SR AL 5 S
Bo fEERUEE DRI N R E 4G, nh
AR GE A 5 P25 5% R (4G A e LLE— D
NPT 2R A UERATE,  BEAME R LU 21X B
RAEANZGY) 5 B 1 145 A7 R B S )
b2 A B AT AR Bh A 52 - PR 2 7 55 B
ATFIF RNA FIHAEREVEDIER . ik Gk
F, BUE A ZE A O TR, 38 A DG s 5
EZCEE A EYTheE, H— PR ZdimEd S
B 456 AR FH LA o

X TR0 - B S 2 58, TEXT AR TR T
(SRAH SRR AL AT S G, R IEAT GO &
15 KEGG BB E RS54 2 H 2 HR 7
MrEr, gl & i AR 7S ORI 5 IR L 25 6 1
HRe, mPBEAENEAM, RS KA.
3.3 {ERNSIMR R SIIIE

Z9WE FABLHIAR 78 50 R RSN FEAR N BRAE 2
WAy e Hor, ZGWAE A BE S IR R AR A IR T
29AE FRLEI B D B2 564, R 5 DGk B T R AR
AT S IR AT IRAE ; 110 %5 T 25904 FH ML 1B 5
Rl 5 O A A D@ B AT AT . IR A
YIAE FHSE 5SS 5 @S 10 i, BEA BRSSO,
gl FiEE 5 RIE; R ZP0E LS 7T &
FEl e AR TE @S 10 B R IF . a1 Wei 50100
TER A RERR AE BRSSP BERR BT 72 1 18 5 41
PR SEIE R AT 23 b, 38 S R AT e B T A
FRIRIE FH RIPK3 2 (A 40 IR 56 I FIALH o XF
F/NBEG TR LA PR, Lin SE0085@ T hz
S 5 G S EN IR O ik T T AR R -9 15

T4k W A 5 ( constitutive photomorphogenic-9
signalosome 5, CSN5) A/NEEGHIIEENR, S4 )54 H
) TR AR AR 7 1 40 B FE T2 -1 (programmed cell
death-1, PD-1) /PD [iif& 1 (PD-ligand 1, PD-L1)
g FAHSC BN, S kA SRR N BE
BRRTIERL S CSNS 445, FHIE PD-L1 iz KA, A
BRI IER, AR TR R IR N
17 TR ERAIE

[FIRE, TN 2K SR KR IR T i A
PRI A W] DA ARG -7 e e i Dy rpte A AR ORI % B
TURAE, ATAME CHRO. Imft 5 AR A&
ik, s B REET T, BE ot
B RIS, RN AT IR ALE
4 FHEERE

AR AR . TR ISR AL 53 T &
BRITZ N, R 7 AR HE R,
24 51 S AN R AR 0l 2 24 10 P47 5 1 2 3] s
AR, P2 TSR & R 25 I 5
TR 4.8%~32.6%, THEHITE, AAHENHZ
T B A 1 i DR T B A 24 AR B 1R R A R 40
ARSI T 2 A B 5 1R e 8 AR N )
R = 5 A S . (H H AT A B 2 g
PR 53 B 8- B A WL FEAN B R ON e DLAR it
& HAE R AR KRS, ok AR B o
25| R T 4540 1) R, Re s FH BE 28 HoR
5T BN Z JZ 0] b 24 28055 [R5 R 43 I FE AR R AR
FABURIBEAT O T o AR SCULE RIR . 2R 205 R
53 A B R 2 () o e S AR i R S5
- 5H-B R R, KGR T & BB K O
RIS TR, DARTTH 2535 1%
O AR B B P REALE . 3 — 2P, ASCES T
T AF R B A 2 rh bR R R BT M BR 5 U7 VR R
&, oA PR SRS A B TR A # 2 AR
AR AR )TV, AHESh R R 25 1 G B
R A T B2 RS o

FBEAR PAEEHFAREEAEZY R

SE

[1] Navarro V J, Khan I, Bjérnsson E, et al. Liver injury from
herbal and dietary supplements [J]. Hepatology, 2017,
65(1): 363-373.

[2] ShenT, LiuY X, Shang J, et al. Incidence and etiology of
drug-induced liver injury in mainland China [J].
Gastroenterology, 2019, 156(8): 2230-2241.



* 6492 «

FEH 2023E 107 $E54% B 198  Chinese Traditional and Herbal Drugs 2023 October Vol. 54 No. 19

(3]

(4]

(5]

(6]

[7]

(8]

4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Lee W J, Kim H W, Lee HY, ef al. Systematic review on
herb-induced liver injury in Korea [J]. Food Chem Toxicol,
2015, 84: 47-54.

Medina-Caliz I, Garcia-Cortes M, Gonzalez-Jimenez A, et
al. Herbal and dietary supplement-induced liver injuries in
the Spanish DILI registry [J]. Clin Gastroenterol Hepatol,
2018, 16(9): 1495-1502.

Aiso M, Takikawa H, Tsuji K, et al. Analysis of 307 cases
with drug-induced liver injury between 2010 and 2018 in
Japan [J]. Hepatol Res, 2019, 49(1): 105-110.

R, BN, SOEE, 55 BT UGTL1AL B BR 1
FIE L () 3R SRS oL i Hh T 2
BHEAEA [J]. P EBCHZY, 2019, 21(3): 291-295.
k44, JEE MHRA B35 5 SRR EA R R (1],
Fh [ 25902 4, 2006, 3(5): 313-314.

CFDA. Bz E BRI AT R TBITFRMA R
RFESE 6 A8 0 8 5 v 24 11 IRl 77 i B9 5 17 3 2R
[EB/OL]. [2013-10-23]. http://www.sfda.gov.cn/WS01/
CL1706/93676.html.

CFDA. 2 i 8 BRI AT RTINS i H
PRAEE 5 IR A JCMUE B A [EB/OL]. [2017-03-22]
http://www.sfda.gov.cn/WS01/CL0847/102806.html.
CFDA. #jih AR BAE Bl (8 61 H]) KiERK
AT 1 5 WL A% BT 57 51 RS A 4545 XU [EB/OLY.
[2014-07-16]. http://www.sfda.gov.cn/WS01/CL1989/
102903 .html.

CFDA. [ ZX & i 2 i W8 SR R 75 557 1 IR 15
JiF4545 K% [EB/OLY]. [2014-07-16]. http://www.sda.gov.
cn/WS01/CL0051/102902.html.

Xue X Y, Quan Y Y, Gong L H, et al. A review of the
processed  Polygonum  multiflorum  (Thunb.) for
hepatoprotection:  Clinical use, pharmacology and

toxicology [J]. J Ethnopharmacol, 2020, 261: 113121.
Quan N V, Xuan T D, Teschke R. Potential hepatotoxins
found in herbal medicinal products: A systematic review
[7]. Int J Mol Sci, 2020, 21(14): 5011.

He S B, Zhang C Y, Zhou P, et al. Herb-induced liver
Phylogenetic

relationship, structure-toxicity

injury:
relationship, and herb-ingredient network analysis [J]. Int
J Mol Sci, 2019, 20(15): 3633.

Shen P, Han L, Chen G, et al. Emodin attenuates
acetaminophen-induced hepatotoxicity via the cGAS-
Sting pathway [J]. Inflammation, 2022, 45(1): 74-87.
Dong X, Zeng Y W, Liu Y, et al. Aloe-emodin: A review of

its pharmacology, toxicity, and pharmacokinetics [J].

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Phytother Res, 2020, 34(2): 270-281.
Lin H J, Chao P D L, Huang S Y, et al. Aloe-emodin
suppressed NMDA-induced apoptosis of retinal ganglion
cells through regulation of ERK phosphorylation [J].
Phytother Res, 2007, 21(11): 1007-1014.
EME, KR, TR, SE HI RS AE B RH
B REVE 2 S A AT (0], Z95A5E AR, 2009,
44(8): 885-890.
Deng Z Y. Protective effect of rhein against oxidative
stress-related endothelial cell injury [J]. Mol Med Report,
2012, 5(5): 1261-1266.
He L' N, Yang A H, Cui T Y, et al. Reactive metabolite
activation by CYP2C19-mediated rhein hepatotoxicity [J].
Xenobiotica, 2015, 45(4): 361-372.
Kuo C Y, Chiu V, Hsiech P C, et al. Chrysophanol
attenuates hepatitis B virus X protein-induced hepatic
stellate cell fibrosis by regulating endoplasmic reticulum
stress and ferroptosis [J]. J Pharmacol Sci, 2020, 144(3):
172-182.
Sun Y, Xin X, Zhang K H, et al. Cytochrome P450
mediated metabolic activation of chrysophanol [J]. Chem
Biol Interact, 2018, 289: 57-67.
Park Y J, Lee K H, Jeon M S, et al. Hepatoprotective
potency of chrysophanol 8-O-glucoside from Rheum
palmatum L. against hepatic fibrosis via regulation of the
STAT3 signaling pathway [J]. Int J Mol Sci, 2020, 21(23):
9044.
Kang L, Si L, Rao J, et al. Polygoni Multiflori Radix
derived anthraquinones alter bile acid disposition in
sandwich-cultured rat hepatocytes [J]. Toxicol In Vitro.
2017, 40: 313-323.

TREE, BRA, PR TE D BRI AT AT
[J1. %24, 2006, 37(9): 1311-1313.

IV, SRR, REE), & UG/ B RE
EV AT E SR RS [ RO

5k, 2009, 21(5): 806-812.

Yang X W, Gu Z M, Ma C M, et al. A new indole derivative
isolated from the root of tuber fleeceflower (Polygonum
multiflorum) [J]. 124, 1998, 29: 5-11.

YuH S, Wang L L, He Y, et al. Advances in the study of
the potential hepatotoxic components and mechanism of
Polygonum multiflorum [J]. Evid Based Complementary
Altern Med, 2020, 2020: 1-12.

Lin L F, Lin H M, Zhang M, et al. A novel method to
analyze hepatotoxic

components in  Polygonum


http://www.sfda.gov.cn/WS01/

FEH 2023E 107 $E54% B 198  Chinese Traditional and Herbal Drugs 2023 October Vol. 54 No. 19

* 6493 »

(30]

[31]

(32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

multiflorum using ultra-performance liquid
chromatography-quadrupole
spectrometry [J]. J Hazard Mater, 2015, 299:249-259.
EWE FE AP EORBETE D] M TTREGE
K2, 2021

Teka T, Wang L M, Gao J, et al. Polygonum multiflorum:

time-of-flight mass

Recent updates on newly isolated compounds, potential
hepatotoxic compounds and their mechanisms [J]. J
Ethnopharmacol, 2021, 271: 113864.

Zhang Y,Jiang M, Cui B W, et al. P2X7 receptor-targeted
regulation by tetrahydroxystilbene glucoside in alcoholic
hepatosteatosis: A new strategy towards macrophage-
hepatocyte crosstalk [J]. Br J Pharmacol, 2020, 177(12):
2793-2811.

Wang W G, He Y R, Lin P, et al. In vitro effects of active
components of Polygonum Multiflorum Radix onenzymes
involved in the lipid metabolism [J]. J Ethnopharmacol,
2014, 153(3): 763-770.
Wang Y Y, Yang J, Liu H, er al. Effects of
tetrahydroxystilbene glucoside on mouse liver cytochrome
P450 enzyme expressions [J]. Xenobiotica, 2015, 45(4):
279-285.

He J B, Chen K, Deng T C, et al. Inhibitory effects of
rhaponticin on osteoclast formation and resorption by
targeting RANKL-induced NFATcl and ROS activity [J].
Front Pharmacol, 2021, 12: 645140.

Dong X, Fu J, Yin X B, et al. Induction of apoptosis in
HepaRG cell line by aloe-emodin through generation of
reactive oxygen species and the mitochondrial pathway [J].
Cell Physiol Biochem, 2017, 42(2): 685-696.

I, MR, TR, & TR SR kR
R AT FUAT 1 SR BT BRI SR (0], i
Z:7E, 2019, 44(3): 509-517.

Yang L, Xing W, Xiao W Z, et al. 2,3,5,4"-tetrahydroxy-
stilbene-2-O-beta-D-glucoside ~ induces  autophagy-
mediated apoptosis in hepatocytes by upregulating miR-
122 and inhibiting the PI3K/Akt/mTOR pathway:
Implications for its hepatotoxicity [J]. Pharm Biol, 2020,
58(1): 806-814.

Qiu X H, Zhang J, Huang Z H, et al. Profiling of phenolic
constituents in Polygonum multiflorum Thunb. by
combination of ultra-high-pressure liquid chromatography
with linear ion trap-Orbitrap mass spectrometry [J]. J
Chromatogr A, 2013, 1292: 121-131.

MRk, XSO, M, & fE S 1 D

[41]

[42]

[43]

(44]

[49]

[46]

[47]

(48]

[49]

[50]

[51]

FTROIHH RS E KO MAETF DT [J]. 24
22284, 2000(12): 906-908.

Zheng X Y, Yang S M, Zhang R, et al. Emodin-induced
autophagy against cell apoptosis through the PI3K/Akt/
mTOR pathway in human hepatocytes [J]. Drug Des Dev
Ther, 2019, 13: 3171-3180.

Rapre, Lfate, AR, 55 R UHPLC-MS Flji &
T RO IR S HT 28 AR B Y AR )
FAEEE (1], FEZE, 2021, 32(6): 675-681.

Wu W J, Yan R, Yao M C, et al. Pharmacokinetics of
anthraquinones in rat plasma after oral administration of a
rhubarb extract [J]. Biomed Chromatogr, 2014, 28(4):
564-572.

Shia C S, Juang S H, Tsai S Y, et al. Metabolism and
pharmacokinetics of anthraquinones in Rheum palmatum
in rats and ex vivo antioxidant activity [J]. Planta Med,
2009, 75(13): 1386-1392.

Liu W, Tang L, Ye L, et al. Species and gender differences
affect the metabolism of emodin via glucuronidation [J].
AAPS J, 2010, 12(3): 424-436.

Shia C S, Hou Y C, Tsai S Y, et al. Differences in
pharmacokinetics and ex vivo antioxidant activity
following intravenous and oral administrations of emodin
to rats [J]. J Pharm Sci, 2010, 99(4): 2185-2195.
Bachmann M, Schlatter C. Metabolism of ['*C] emodin in
the rat [J]. Xenobiotica, 1981, 11(3): 217-225.

Song R, Xu F G, Zhang Z J, et al. Structural elucidation of
in vitro metabolites of emodin by liquid chromatography-
tandem mass spectrometry [J]. Biomed Chromatogr, 2008,
22(11): 1230-1236.

Huang Z H, Xu Y, Wang Q, et al. Metabolism and mutual
biotransformations of anthraquinones and anthrones in
rhubarb by human intestinal flora using UPLC-Q-TOF/MS
[J]. J Chromatogr B, 2019, 1104: 59-66.

Song R, Xu L, Xu F G, et al. In vivo metabolism study of
rhubarb decoction in rat using high-performance liquid
chromatography with UV photodiode-array and mass-
spectrometric detection: A strategy for systematic analysis
of metabolites from traditional Chinese medicines in
biological samples [J]. J Chromatogr 4, 2010, 1217(45):
7144-7152.

Yu C P, Shia C S, Lin H J, et al. Analysis of the
pharmacokinetics and metabolism of aloe-emodin
following intravenous and oral administrations in rats [J].

Biomed Chromatogr, 2016, 30(10): 1641-1647.



- 6494 «

FEH 2023E 107 $E54% B 198  Chinese Traditional and Herbal Drugs 2023 October Vol. 54 No. 19

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

(63]

[64]

[65]

[66]

R EWFE, s, 5. BT I AHACURERIR I KB
HhORSE IR TE R (] R EHR 2R, 2020, 45(2):
412-417.

EHME, 40P, B, % . UHPLC-Q-Exactive-
Orbitrap HR-MS 43 #7 K8 32 FY R 7E K B A4 P9 O AR 7
¥y [1]. HFRZG, 2021, 43(12): 3524-3531.

Song R, Xu L, Xu F G, et al. Metabolic analysis of rhubarb
extract by rat intestinal bacteria using liquid
chromatography-tandem mass spectrometry [J]. Biomed
Chromatogr, 2011, 25(3): 417-426.

FRA . AT S K R AR AR P i 4 E [D.
JUIM TR PR 2R, 2018.

Friedman M, Xu A, Lee R, ef al. The inhibitory activity of
anthraquinones against pathogenic Profozoa, bacteria, and
fungi and the relationship to structure [J]. Molecules, 2020,
25(13): 3101.

T, BAER, AR, & RETPEERAT ARG
BORFR [J]. T EPZZ5, 2008, 33(20): 2424-2427.
SRR L. ROERBREAL & P40 LPS 53 ELMR4H i %
i SN ) 73 T L] SR ROR RETEEAT [D].
AR ER 25K 5, 2019.

Qin BY, XuY, Chen J] M, et al. Chemical reactivity of
emodin and its oxidative metabolites to thiols [J]. Chem
Res Toxicol, 2016, 29(12): 2114-2124.

Cui Y T, Liu B, Xie J, et al. The effect of emodin on
cytotoxicity, apoptosis and antioxidant capacity in the
hepatic cells of grass carp (Ctenopharyngodon idellus) [J].
Fish Shellfish Immunol, 2014, 38(1): 74-79.

Wang X, Xin X, Sun Y, ef al. Chemical reactivity of aloe-
emodin and its hydroxylation metabolites to thiols [J].
Chem Res Toxicol, 2019, 32(2): 234-244.

AR, RS, sotiz, 5. Mg SRS £ L-02
20 R R AR K LC-MS/MS SE MRS BT[]
W E 252225 35, 2015, 50(12): 1048-1053.

Wang J, Zhao H, Kong W, et al. Microcalorimetric assay
on the antimicrobial property of five
hydroxyanthraquinone derivatives in rhubarb (Rheum
palmatum L.)
Phytomedicine, 2010, 17(8/9): 684-689.

ILE. BRI RN AMS AT ST [D]. 51FH: 5t
MK, 2015.

Wang D P, Wang X H, Yu X J, ef al. Pharmacokinetics of

to Bifidobacterium adolescentis [J].

anthraquinones from medicinal Front

Pharmacol, 2021, 12: 638993.
SRAETE, REEy, XX5, 5. A5 R 3 B R i R

plants [J].

[67]

[68]

(69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

BLEI T 53k R [J]. 29 vR AN B A2, 2021, 44(10):
2252-2261.

Zhang L, Liu X Y, Tu C, et al. Components synergy
between stilbenes and emodin derivatives contributes to
hepatotoxicity induced by Polygonum multiflorum [J].
Xenobiotica, 2020, 50(5): 515-525.

BIAEE, WG, ROIR, & LR TR OISR A
XF — A RS T B L BT 5RO FR) S I B A 2R B
[7. FEERZ AR E, 2006, 26(7): 826-829.

EIWN 3, Chi-Tang Ho, '8, K ZMGHE A E R DT
AMARORRTTT [J]. RSP, 2009, 25(5): 57-58.

PR A SRR TR S B R A M AR
WIAT RS BB ST [D]. BT TR ER
K2, 2020.

Shen C, Sun F L, Zhang R Y, et al. Tetrahydroxystilbene
glucoside ameliorates memory and movement functions,
protects synapses and inhibits a-synuclein aggregation in
hippocampus and striatum in aged mice [J]. Restor Neurol
Neurosci, 2015, 33(4): 531-541.

Mu Y, Xu Z H, Zhou X X, 2,3,54'-
tetrahydroxystilbene-2-O-p-D-glucoside attenuates ischemia/

et al.

reperfusion-induced brain injury in rats by promoting
angiogenesis [J]. Planta Med, 2016, 83(8): 676-683.
EFR, ®E, £, 5. HPLC % [F M E K RE
b TR OIE T RAG IR E (1], 20 A Ak
&, 2009, 29(1): 53-57.

Li D, Yang M B, Zuo Z. Overview of pharmacokinetics
and liver toxicities of Radix Polygoni Multiflori [J]. Toxins,
2020, 12(11): 729.

Meng Y K, Li CY, Li R Y, et al. Cis-stilbene glucoside in
Polygonum  multiflorum  induces  immunological
idiosyncratic hepatotoxicity in LPS-treated rats by
suppressing PPAR-y [J]. Acta Pharmacol Sin, 2017,
38(10): 1340-1352.

Song R, Lin H, Zhang Z J, et al. Profiling the metabolic
differences of anthraquinone derivatives using liquid
chromatography/tandem mass spectrometry with data-
dependent acquisition [J]. Rapid Commun Mass Spectrom,
2009, 23(4): 537-547.

M, 20, R, & TE S IFEIER YRR
RIENLH SRR (7). AR RAR— P E AR
1k, 2019, 21(9): 1862-1868.

WK, BARE, MBIgE, S5 T 25 ¢ BR0Y
X7 CBIPER” A B BN - H 2R AR
WO ISR EE )] M ARE R — R E AR



FEH 2023E 107 $E54% B 198  Chinese Traditional and Herbal Drugs 2023 October Vol. 54 No. 19

* 6495 »

[79]

(80]

(81]

(82]

(83]

[84]

[85]

(86]

[87]

(88]

(89]

[90]

1k, 2014, 16(4): 688-703.
Liu H, Gu L B, Tu 'Y, et al. Emodin ameliorates cisplatin-
induced apoptosis of rat renal tubular cells in vitro by
activating autophagy [J]. Acta Pharmacol Sin, 2016, 37(2):
235-245.

Dai S S, Ye B Z, Chen L W, et al. Emodin alleviates LPS-
induced myocardial injury through inhibition of NLRP3
inflammasome activation [J]. Phytother Res, 2021, 35(9):
5203-5213.

Evans L W, Bender A, Burnett L, et a/. Emodin and
emodin-rich rhubarb inhibits histone deacetylase (HDAC)
activity and cardiac myocyte hypertrophy [J]. J Nutr
Biochem, 2020, 79: 108339.

Lee H Z. Protein kinase C involvement in aloe-emodin-
and emodin-induced apoptosis in lung carcinoma cell [J].
Br J Pharmacol, 2001, 134(5): 1093-1103.

Zhuang T X, Gu X Y, Zhou N, et al. Hepatoprotection and
hepatotoxicity of Chinese herb rhubarb (Dahuang): How
to properly control the “General (Jiang Jun)” in Chinese
medical herb [J]. Biomed Pharmacother, 2020, 127:
110224.

Lu C C, Yang J S, Huang A C, et al. Chrysophanol induces
necrosis through the production of ROS and alteration of
ATP levels in J5 human liver cancer cells [J]. Mol Nutr
Food Res, 2010, 54(7): 967-976.

Zhang S B, Wu Z Q, Shi L, ef al. 2,3,5,4'-Tetrahydroxy-
stilbene-2-0-B-D-glucoside NAFLD

ameliorates via

attenuating  hepatic  steatosis  through  inhibiting
mitochondrial dysfunction dependent on SIRTS [J].
Phytomedicine, 2022, 99: 153994.

MER, FEE, &nm, 5 EDS IR OEHE M
HE B A5 R LB FE 3k Jie (0], 0L 7 P ER AR, 2018,
45(6): 1318-1321.

Kwon K S, Lee J H, So K S, et al. Aurantio-obtusin, an
anthraquinone from cassiae semen, ameliorates lung
inflammatory responses [J]. Phytother Res, 2018, 32(8):
1537-1545.

Chin Y T, Hsich M T, Lin C Y, et al. 2354'-
from

Tetrahydroxystilbene-2-O-B-glucoside  isolated

Polygoni Multiflori ameliorates the
periodontitis [J]. Mediators Inflamm, 2016, 2016: 6953459.

Lee B H, Huang Y Y, Duh P D, ef al. Hepatoprotection of

development of

emodin and Polygonum multiflorum against CCls-induced
liver injury [J]. Pharm Biol, 2012, 50(3): 351-359.
SuSY, WualJS, Gao Y, et al. The pharmacological

[91]

[92]

(93]

[94]

[99]

[96]

[97]

(98]

[99]

properties of chrysophanol, the recent advances [J].
Biomed Pharmacother, 2020, 125: 110002.

Wu J J, Hu W F, Gong Y, et al. Current pharmacological
developments in 2,3,4'5-tetrahydroxystilbene 2-O-B-D-
glucoside (TSG) [J]. Eur J Pharmacol, 2017, 811: 21-29.
Jiang L L, Zhao D S, Fan Y X, et al. Detection of emodin
derived glutathione adduct in normal rats administered
with large dosage of Polygoni Multiflori Radix [J]. Front
Pharmacol, 2017, 8: 446.

QiuLZ, Yue L X, NiY H, et al. Emodin-induced oxidative
inhibition of mitochondrial function assists BiP/IRE1a/
Chop signaling-mediated ER-related apoptosis [J]. Oxid
Med Cell Longev, 2021, 2021: 1-13.

He LZ, Yin P, Meng Y K, et al. Immunological synergistic
mechanisms of  trans-/cis-stilbene  glycosides in
Heshouwu-related idiosyncratic liver injury [J]. Sci Bull,
2017, 62(11): 748-751.

Zhang Y, Ding T, Diao T T, et al. Effects of Polygonum
multiflorum on the activity of cytochrome P450 isoforms
in rats [J]. Pharmazie. 2015, 70(1): 47-54.

Yu Q, Jiang L L, Luo N, ef al. Enhanced absorption and
2,3,54'-
tetrahydroxystilbene-2-O-B-D-glucopyranoside: Possible

inhibited metabolism of emodin by
mechanisms for Polygoni Multiflori Radix-induced liver
injury [J]. Chin J Nat Med, 2017, 15(6): 451-457.

Liu X Y, Liu Y Q, Cheng M C, et al. Metabolomic
responses of human hepatocytes to emodin, aristolochic
acid, and triptolide: Chemicals purified from traditional
Chinese medicines [J]. J Biochem Mol Toxicol, 2015,
29(11): 533-543.

Perez M J, Briz O. Bile-acid-induced cell injury and
protection [J]. World J Gastroenterol, 2009, 15(14): 1677-
1689.

LiY X, Gong X H, Liu M C, et al. Investigation of liver
injury of Polygonum multiflorum Thunb. in rats by
metabolomics and traditional approaches [J]. Front

Pharmacol, 2017, 8: 791.

[100]Huang D L, Li C P, Wang J B, et al. Correlational

verification of drug-induced liver injury with HLA-B"35:
01 allele due to Polygonum multiflorum [J]. Chin J
Hepatol, 2021, 29(11): 1106-1108.

[101] Yang W N, Pang L L, Zhou J Y, et al. Single-nucleotide

polymorphisms of HLA and Polygonum multiflorum-
induced liver injury in the Han Chinese population [J].
World J Gastroenterol, 2020, 26(12): 1329-1339.



* 6496

FEH 2023E 107 $E54% B 198  Chinese Traditional and Herbal Drugs 2023 October Vol. 54 No. 19

[102] Dai LY, Li Z J, Chen D, et al. Target identification and

label-free
methodology: A critical review from 2005 to 2020 [J].
Pharmacol Ther, 2020, 216: 107690.

[103]Lin L F, Li H, Lin H M, et al. Application of iTRAQ-based

validation of natural products with

quantitative proteomics approach to identify deregulated
proteins associated with liver toxicity induced by
Polygonum multiflorum in rats [J]. Cell Physiol Biochem,
2017, 43(5): 2102-2116.

[104] #lefHi, SRARFR, BUWME, 55 2T Lable-free &R
YA HORT TR R BOR B E AL (7], 5
TEEZY, 2019, 14(2): 320-325.

[105] Brioschi M, Gianazza E, Agostoni P, et al. Multiplexed

MRM-based proteomics identified multiple biomarkers of

disease severity in human heart failure [J]. Int J Mol Sci,
2021, 22(2): 838.

[106] Wei Q, Ling Z Y, Huan T, ef al. Chemoproteomic profiling
of itaconation by bioorthogonal probes in inflammatory
macrophages [J]. J Am Chem Soc, 2020, 142(25): 10894-
10898.

[107] Dai J Y, Liang K, Zhao S, et al. Chemoproteomics reveals
baicalin activates hepatic CPT1 to ameliorate diet-induced
obesity and hepatic steatosis [J]. Proc Natl Acad Sci USA,
2018, 115(26): E5896-E5905.

[108] Liu Y, Liu X J, Zhang N, ef al. Berberine diminishes cancer
cell PD-L1 expression and facilitates antitumor immunity
via inhibiting the deubiquitination activity of CSNS5 [J].
Acta Pharm Sin B, 2020, 10(12): 2299-2312.

[Friesmit REX]



