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Advances in toxicity risk control and modern research of highly toxic traditional
Chinese medicinal materials
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Abstract: The toxicity of traditional Chinese medicines (TCMs), along with the four natures and five flavors, ascending, descending,
floating, and sinking, and channel tropism, belongs to the category of pharmacological theory and together constitutes the fundamental
principles guiding clinical TCM practices. However, the complex composition of highly toxic medicinal materials makes it difficult to
fully elucidate their toxic components and mechanisms of action. Additionally, the diversity of clinical medication regimens and
significant individual differences pose considerable challenges to related research. Based on the characteristics of highly toxic
medicinal materials, this study systematically reviews the highly toxic medicinal materials included in the 2025 edition of the Chinese
Pharmacopoeia. By integrating herbal textual research with modern pharmacological studies, this paper provides an in-depth analysis
from multiple perspectives, including common toxic components and pathways, the bidirectional relationship between toxicity and
efficacy, and strategies for reducing toxicity while preserving efficacy.Furthermore, it reviews the current application of modern
analytical detection techniques in the quality control of these medicinal materials and discusses other potentially toxic substances in
TCMs along with risk management strategies. This review aims to serve as a reference for promoting safe and rational clinical use of
highly toxic medicinal materials and strengthening the prevention and control of toxicity risks.
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Table 1 Records of highly toxic traditional Chinese medicinal materials in Chinese Pharmacopoeia 2025 edition
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Fig.1 Core toxic mechanisms associated with highly toxic traditional Chinese medicinal materials
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CER-RLT TR 2R Bl e . “ AN
R NUSCNEE” BIRFIEENIE T “ABF. B4 1
FEGRIAL T AR 13X R 245 1 S R 3 20 SR 5 1
Sy U R R EA G R .
35 BE. BEE

BB FCUESE, S i g 1 e B 2 2505 ok A
JE SR E ST A B, R S AR

Hepitho W HIFEEFIE (0.1~03g) IHHTEH
AR I, OO TR A R A AR, S
BITHESYE, AELREH T IEE AR, WFE—
RS R el B R, SR R, B
) R AR 2R B B S U e A b H R B R
SENFE: I ARSI =R
B, SR IR “87 . XRAILgLMEH
MR EHZ, [F—ZPE R E L5 F AL
HEAH

4 BEFEYRE

R EF 240 DR LU 1 24 L 4 76 I PR VR T TR
A BB, SR A LR B B XS 46 44 1) 4
Hzp N B BGOR R . EIT 5
RGMBIFRATE TR SRS, s &3, @
EHARAGEZEE . Hl, X REAMTNE
JNiEasERS] . BRI SE 2 MR T, B
T TEIRIT T, NIRIR 4 25 i S ¥
4.1 1@

0 ) KRR A S “ PR ER AR AL A O TF B
FOAU 32 22 HE T 3 1% i 5 245 38088 o A8 B AN 14 ot
FRIZES, WA A B B R 4% o
AR 72 AN 3 B ] 2 TEAFAE I 28 S i) 7 5080,
RALF @ T KB SR 20k R K K
VA0, B H AT S A R B =, HAh TR R
il ek 25 R A% Co AL 2 200 R AR Stk
GET KR AN AL ) B 7 T 25210
528085 1 E R R A
4.1.1 il kRS, gt
KA BN AL e A S BB M B 20 8 TAMB I Y O
g, T, HEED I, RAKK
L o) e ] A G 3 M g0 UL Y A )
A0 K i A B 1 S e Y AR W e )G 22 0 TG B IR B
RATAEYD, SCHLREAF R WETRM, R
AE 117 5 Sk R B 2 5 B 4B & (median lethal
dose, LDso), [RIIZ4EREHT 2 FEHA 2 FE (median
effective dose, EDso); & fill T2 [F 5 /K #fih 78
3 RE RO B T SR % T A A AR Ik T2 T
B I IIANAAAE AR AR, HbE R R o3 ]
52 T BOME R WS ()6 - SRR, P (R 1 o ek 7
R 01-631, EhER 7 e HR I i Wb 2 . AL AT AR A
RIS EA G, HEESs T 555
TR kB A AR T RTT IR, AL AE B ) BUR
) J R, FE LR BE B SRR P A AE FH A [ B
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BRI IR PRACIOY . B ZC AR ) 22 SR 13 1) S5 oK
%, i R A FR R A R B B S B R, B
LM PR E SR, AR, RIVErRaRHE
1) 255 R RS2 I A TR N RS 105T

DARE S S, BARH S T2 a0k MR .
R N RN E TR 2 S ARHAE (FZ50 M)
W0E SRAW PRk By Firgh, =il
Rl 3~5d, BHEIE 3~5 K, OEHREMKE
SRS, ARHR T (NS S L2 TE ) TS
THE WL KL ERE i b
KRR %2 f5k, ARS8 HPLC 2 HPLC-
MS SEHUARE I B A B, iz M) J U
R ) A AR I BN T HA R ) v, P
ZITELE R EE I o Ty T B — 3. (A HT
KT RAFL PR NS T EbRdE LR T
WAL= R, AT A AR R T ST DR A0
4.1.2 PR IRE  FlE Dy G RS
BN, @ sy B S B R ] S R U
the KM 3B EMAER: ERSTEERERIFEL.
TEEERLEE. RE NI IR, MIERE
REE Bk E Ak FR R s R s R, HEE
T 110 ) 8 28 37 R 1 R AT,
42 [fE

T RS iy “H . FHE
R . A o —Fh 2P I B BN R OB AT 4
— RTINS “AEIR” MR —Fh 2R R o —
PP B BN RN o P SN A — 25 M A B
TEFRBIARIRIR, HAZOTE T8 259 1) 2956
RSLUEEE, MMy KRGy T Moz 4. I
ARAFFFERT RALF+ BEEE % i AR BCAR LR R T A
7855, BN HAWK B AM IR TR, R R
BLH S ZE SR G A ARIHR Y . e
VER Je 22 8 i T iR 1%
4.2.1 AL RS AL R SE PR
AER) B AL o )55 510 B AR A L
BIEHELE 12 03~1 : 2, {HH AT = ZE R
Fict Eb BB Bl 3 AR 2R . A 9 R FH e DA P 4 ]
LRSS EPNCLT IOV E 0 Sty W s a R R 1 2 45
53 T 5 5 Skl g G T AR IR 2 S R T e, kD
BRI WL, [ B 3 B TR T ML Ko O 78 A= 4 i
AR A2 6E 77, IR IO I . F0 R S HE 2R B 1)
P, AT S BI04 1000, g B A MU ) 5 T
A EHTEMAME. BIREN, 59 LE4ME

NI R R TR R sy, s, AL
P S TS P T T 5 R Y O SRR A S, Al
S SRR R SR L e, T B2 ROE
(1) B TR A= R M A /N, IR BREHEIR R H 7],
BEAk, )1 5 oA B A A T 00, AN E R 1
2 L, BT SEEE CLLB-RN T B S
I RBCA BRI, EAR I M = 2 R TR e A,
Hor] el il 45 A I REk D 5 S AR B ) i H S
W, FLZK B P 8 o 1) v s 256 mT e B A R 03
BEVE R ARS8,

422 MRBHAT  4HHu 3 P450 B¥ R (cytochrome
P450, CYP450) U1 CYP1A2. CYP2C11 & A\AEAR
WA REE R OB RS, A R
I FH 8 520 CYPA50 Bl IR v 14 S5 ek 198055 1 2%
R HE, W1, A5 5 LERAL R P EEIRIT I
fER 20T o HE SR & F o] 3 R ) B
SR 5 N ) B mT ] A A0 L
CYP MR IRIE, FHAGL KOS R (AR 4k 5
RSP RR L RS, RIRAREEERIA,
e B M HE S ¥4k, WA RN B, DL
CYP2J3 Jfil, FCARZHE A4 mRNA AR HRIA
PETHZ) 1.8 f5A 2.17 %, RILBBFE L EIER; Rw
SR, HERR RS DU RS i BU R OHBEFE S i
EZRE), M EL 48% M LR B (creatine
kinase, CK) 5 13%1] LDH [n¥% Z35 1E % Y5, 1F
ST BT o AR B AE SRR, gAY 5 53k
BCATL U B A XA R s XE AL A M A R
REE R A B2 AL s Re I L 4ma s, b yRAR
ik, (RaEERPERT AL SHEM, R ERRE
o NBEAHAT (1 2) Bifhs, SEEME LDso A
IR 163.76 g/kg T+ 250.38 g/kg, R H IR
WEHER st 2m, aA R R RiE S X
P-FEE A (P-glycoprotein, P-gp) FiXEZE [, 2
BRI HE: BN E T, AR FrEiE
B MRS, HoP 1 2 EelRE RO e
[F I Z BP9 2530 EAR T Bk 2, 2 I [F) 38
HAEATY, tesh, BARE SRS, H IR
7 EHARWES 1T (atractylenolide I1) 7] Fiff TRADD.
AR (Gunkinase, JNK) % Caspase-8 %51
TR EE FMERIL, Hom'Eaim A RIEE 54
Prae sy WAL . AR . PRI S N IEPEAR
WK 2 IEE VR, S B A0 T AR
ROLUTA A7 SR a1 e [ KA E (9.75
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g/kg) B SRR AR LA, R R A il
o I G R T TL-2 -6 J B i 3 B &
AR, HXT U TR T AP IER PR T ek
Btk

423 PHEALFER ER Ry, AEZH A
B R E L SRR H 1. T 2 s a1k
F 2 B F RO R B N R 2 —, e
REH L BCARIN H A R AR S T 5
R 1 5 PR AR WD BB OV A P AR I o T4 B
Y, 9D HAE B WIE R S R4 R AR
FEALE “HHR” oW, BRE LM TEHERS
B ERK, FHEDR AT A DTSR K,
fEEEME R RIS AT RS, BRI
ik, XA S RN AT E ST BRI I 24 08
WPE, ML >0, H At 7T m e 17 iR
A SRR, (H M Z A RN G B0 B %
R, YIRS G BT b 5 el B M 2 2 TR 1)
RG BN . 258 F 4R AT 25 ) IEENLEAE TR
WA I BELT, AT 5 BT RO AR R A PR K
Gy 25 AR 25 N R S A AR 1) T S liE
P-gp 454, BRIRHAYIRIFHBE, MRS BH
BEPEDT, FUEEUSIBE 7 2 B AR A 1) 5 B AT R
ARG LDso R 5T GBIk 9 335.06
mg/kg), Z%E 78I 2 Fh 2 R B AT AT R PR A
BT Mot RN FIR AR 25807 0, Y
13.41% G872 Ae B R om bt RAEH

424 ZHLAORATT 7R 2R PRGN
HESESHHEEHRINESHF S HE R
LA % FMS FERS 2 BRI 3 (FMS-like tyrosine
kinase 3, FLT3) {& 5@, fEHRAPUME SR
T 1 B (RIS PRI R, SCB “UEE IS AL s —H
FRUOT, 2B S5 3I 5EUE B R ] 53 PRI 2 2 4R 5
EERIBUR & DS il WA R, IR N
MR B« FIRPH A S0 IR, A
IR EERES S LU R R ST K AEES, L
FOERIR-BEE AN, Tk 7R B -k N MR
&, PRACH AR, RIRBEETURRPUEL R
4t, {2k SOD. GSH-Px SEHi e LB E 1, Y9l

WIERR B HREERE ST, R T SR B B
Wi, FEARZIR B IR & AR E SR 5000
4.3 INEE

LR ERTA, A K& A0 7, 1R
ENEMETTI, AFEZXHADU AR HR . A

LR R, W BE. MRS E R 25k
BRZLE I ERE, HELL R AATENEE R
WIS Z TR E S BT E AT . £
Hl 70, MR NS RS R
PUOCRBIE T G AR EE A RS A
P, HRIER O A S E . TR
A S BRE IR ST br, 8 “AZGHIZ5” 1)
e BT AR . fEEETTI, Hig4H
[RGR 2 AT 35 % 4, FRBi A A “3E8
VLA ER S R T (7 N W WS SV Ry G
fath 02, H A2t A4 B AL S = 1

i /D> B TR Ak - B A 1) R KO 2R T 4R 5 e I R A
R, ARRTEEE G IR B SO e S BT 7T,

R FFZI RS THE FH 25 1R £ B8 T SE R SCH¥E

5 RENHISHIZIKHAR

51 o-5Xfli#zZER (a-synuclein, o-syn)

5 Sl 5l R 2 AR 548N a-syn
FIR K BT RL S PIBK/AKYM FLANY B A =
25 1 (mammalian target of rapamycin, mTOR) 15
SIS EOE S DVIAOC . Liu SR IE @ A il
V5 i 4T (immunopre cipitation coupled with
mass spectrometry, IP/MS) AR, KM R HE
Wi 2 Fs R RIEMARER: —Jil, ZER
RE% 19 5 [ W- 5 T (A0 2 1) D R, AT I i B A
W HER T R o-syn; 55— 710, Al RgidId
BUE SOD Ml GSH-Px &5 KB BT LG, 1 Bh 40 s
bRl 2 iEME A S A 4R IR AR ARSI AR
SE, BEMIRAR H a-syn 37 SR g R A& 414 .
WZAEFE NS S B AR B Y m R T TR A TR
IRL A AR
52 ABEH Rbi. Rg

P MREAA AR T RIRTT S k0
JE B 1 ) B B A . Wang SES21E it AR A AR P S
WEY, ANZREH Rb) GeflsE, i R kb 40 i 25
R A T V3 PRI S 3 R O I R A2
W AZEH Rby AR — P L 1) 5 Sk 25 77
2 DL R 5 S BAE Nl R 82 FH 7 22 4 o Xu 5083)
LML IRTNS H Rg M5 k3L [ T IR H
KR O (neonatal rat cardiomyocytes,
NRCMs) Fl&E 244 (pentobarbital sodium, PS)
FHREZHC A ERNLH, &RERASE
T Re BT RN B S e, s
SRR RO I B 1 1 R L O E H
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53 FE

bEAE DA BRI R R, AR 2 3 Y
rhZIR . AR IE T I e R . B R
IS B A T ke ) 2 IR BRI 570 A OKORE
R EE. MBS, BRI BT
TR AR S 3 S AR AR 28, TRz 2454 RV RS TR
UL, ATTRE 251 F I R), A 3SR L
IVER s[RI G s 2G ) (R HE [ P Je 22 b, $g
[FERAL 2R L, T D 4525, PR ERT
WAL BRI, I B0 EEIE 250 H .
54 %B

AR B R — PR OB I T HOR,
PR R . AEIRAR R 25 52,
R IR a1 R [ S BB AR R TV AR TR
P AT DL I 55 8% ol 2 R P ] A O I R ZEAIR K 43 5%
PR AR AR SR, AT 25 AR S B 7Bl F
[ S VR A A I T N1 5 | R e (R A s it
=0T LR BRI E Y A AR
YIRS (P fif A S
6 FREIEHISX KT
6.1 REEEMRIIEHIRE

(P IEZG ) 2025 SRR 2 UK RE 258 oA W
TFPRI B3 R 20 PR B Al 732, sk HPLC W&
J B e R Y AR e, S ) T,
TRA PR B 25 i B R 2 ok DL S B S ) B
7 KR RIBROENE B S R, £x)
ZU¥p A A6 2 PIRFERZ54E, 24 MR BT R e 7
PR BR AR, (H O 7R ARG vt AT e
LA v R 2 ERIOTLL A ] =F A6 1) ] S AE R T,

TR B 250 10 JoT B 42 s AT A7 A A vHE A K i
HIiR . Juit, ASCEWAE (R EZ58) 2025 Ak
PRAEFERE b, HE— DR 20k SRS MR 1
5 PR AR E I 250 (P B R W 7T, HEB AR I
RN AT, DU BE SRR R A, X
T OWEMRBEVRER LA, FTas& IR 2R
G, FFERA SRR, Al s A
B 5 e PR & B

EARERRR, R AFE RO E AR O3
fRbrEIskEES, Sh2yEREY) (quality marker,
Q-Marker) FUEIRHELE S — 3. B L IRITK T
PERIAA . SEALIE I BT A I R Ak 7 B 23 1 DR i
EEH PO, X2 (REZH) 2025 iR
XIS BT BEESAM IR RZHE (i

PEE IR & 0.35%~0.65%) 2%, & 400 55 [ 218
SRR RMEAR T 1A BRI, K PR EE: 5
SN Q-Marker, AMUAE “DLEEiEER” BAAIRS A ik
HI BT EFEHIINT, gk e 58 BB AR A 5 iR 22
G R 2 AR HESR B T ELRE IAT IR BRAE
6.2 1EHPAPEFYRAVEENKG

bR 7 ORTE M AL R S SRR ST
B S5 AR PEREVE S b, BEAE BRI AT oA AN 2
FWFFCHIRN, — B DERYE 7870 W RN B0 35 7
PR AMIE A 5 W) B0 24 22 4 P B 52 H 230
ST, AT e 2 R XS ) T e B O B A OB
6.2.1 FB RS M HTUEREY) R IES
INFIRFEE A, IR iR 7 — L B 2
HREENE TR A TR, A0S SRR L M
PENERE YIRS A RN EER K, R IR =K
JRAERY S G54 b %, (BT AL S S 3 H
R ARSI EIE R, IR
Ehr IR M T EEYIN A DRI AT
e R FE I K BUm s, FLE LR 2
FAMIAETS . SRS RAER N, TR GE A=
T e FLEUE 1 FH 00 B RTS8, atbng B PG IE KA )
AR VRIS, AEAE I TR A PR s 7
PEME I AT AR, FBUN SEHZELLEGE Chepatic
sinusoidal obstruction syndrome, HSOS ) &= T 335 ;
HEUR I AT Be S UL 4EA MRS . H A KE
¥ -B1 (transforming growth factor-B1, TGF-B1) /
Smad3 (small mothers against decapentaplegic). Akt
fFomEgmmeE, DAEREEEAME (matrix
metalloproteinase, MMP-9) 5 2H 2051 4 J@ &2 A
fig-1 (tissue inhibitor metalloproteinase-1, TIMP-1)
B 9] 2 1887 5 T) 2 AL A AF OG890, 7l A e PR T 2K i 70
(N ABEH RD BEARH R R ] 5 51 R0
P, EA5RAE . RS FSE 2 KRG w1k
Han SFP0E N G W28 2525 L 7 TR 530705
WIS T8, KL Caspase-3 /&R AR FE T
7 B SSBRERE , HOE A AR AR T SR SR R
SN, BET R BRI .

SR 3 R EERE RS B 5 2 T AL & A
[, LR 7R 30 P A LT TR A 28 7)1
TR IS AR A 881, bl B 7 W SIS AR A e ik
Mg AT AR, LK TR A R R AR E B
Caspase-31°01, X L6731 33 I -5 M R A 1) 53T
B, BAMERTEREYRERE 1. ¥ ER XN

82|
—JJu
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FFANFLEIRAT 2 2R R, AHELIA
7] 2 M B ) SR S RS =, e #je etk
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€ 25 88 ) 2025 FERREEFRIE IS 5] N S YL TE |
mtng B PG nE R AE VIR AL R AR, SRS E S
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RGN AREAVPAN & 5 SLis =0 A SR,
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FERERTZ90 WLR . A=W 3800 A EL A PR, 2
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3t AT Sk B PR 1 A B 26 RS A il 2R, s it
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