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Research progress on material basis for neurotoxicity of traditional Chinese medicine and its mechanism
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ABSTRACT

become one of the important factors restricting the development and application of TCM. TCM contains active components and its

In recent years, neurotoxicity caused by traditional Chinese medicine (TCM) has frequently occurred and has

dosage-effect relationship is the key to determine its pharmacological activity and toxic effects. Among them, the endogenous toxic
components include alkaloids, glycosides, diterpenoids, animal and plant toxic proteins and heavy metals, and so on; exogenous
toxic components mainly refer to some harmful elements and pesticide residues during the cultivation, processing, transportation
and storage of medicinal materials that are not synthesized by themselves. Effect on the processes such as oxidative stress,
inflammation, ion exchange, and energy metabolism may be important mechanisms of TCM-induced neurotoxicity. Neural cells,
myelin cells, axons and neurotransmitter systems are common targets of TCM-induced neurotoxicity. In the future, we can use
modern research methods and big data mining means to establish a safety evaluation mode of “toxic symptoms-poisoning dose-toxic
original agent-detoxification scheme” with the basic component group of toxic substances as the core, so as to provide support for
development and clinical intervention of neurotoxic traditional Chinese medicine.

KEYWORDS traditional Chinese medicine; neurotoxicity; material basis; mechanism of action; target; toxic component

2R P R GBI R 5 T AT 6T (12
Wi T BT DR fa RS AE T AR 25 S Ty
BAY 3 TR il a5 2 M0, o Ay fg
FEfst T EORTTEk . ARk, AR A 25 A R

AELIB Hil A BHE 050 H (No.21JRTIRAL36) 5 Hifi & 24
i W B PR RHIF I H (No.2022GSMPA003) 5 H 7 48 # & BHEL Q1357
5 H F AR R4 10 H (No.2022QB-090) ; Hill & # & /T “W—i " 1
KBHIFI H (No.GSSYLXM-05)

* E—1EE LI . WEIE T )« P2 255800 o B B A
il o E-mail:hehail 128@126.com

HIB(S1EE HUZ, WA S0 . §F50 0 1A T h 252
Rl SRR K i & o E-mail :en221@163.com

HEZD; 2023455 34 5 2 )

PR s R L EY NG 1T VDN (DO IR R A DG
A, JEHORAE AT PR R 7 T BRI 2, H 25 3L
AR REVE AN EEAT HE o A OCHTTE R, W h 25 1B
PR R IE 237 AR R 2 R LT, nl B2 XA 22 2
GERISNE 22 R GETIRE , 1K B — 5 ) i 2= ] B Eh Y
Fero (HARRTERR , 2 MR IR Z G, h 25T
PR 2w 4 HEOSOM I BEA B i ey, 2 4k
BN Z RN R, FET I, A SCE figRid 1 2y E
S ARG R B AR S AL, Y s h 252
MEFENERAR T, #2583 25 2 il R
LR 25 I R B AR AR~ Hls

China Pharmacy 2023 Vol. 34 No. 2 + 251 -«



1 HHEHE SR REM

PR 2 2 HAA TR T 55 AR 2 RS
A TG ARIATT P B T R R R O SR, S
B IGUE 25 09— RAF @™, ok, g mite b 25 7 i 5
J7 i R RE LA AR, A BT i 2R 25 v w1 SR
JBIRE O TR SR A L AR PR AR L RN B B A R
2] A R R R . B 2 B A B R AT R
rh 2l BT B T I O3 B R RUOC B P H 2 BRG PR N
FEMEE ARG G . X FBE M A R IR BN E
e NG HE, LRSI R 5 R 4 8
PEAS B R 4 & A 17 0 LA o5 ol ™ B AN R SR
rh 28 85 1 B AR B R R RT3 Sk R M Ay A A
TR MR o
1.1 WiRESESERS

PR A B 10 2 T 2 A S ) B, AR
M EF SR ANTR], AT 4 S A R BT IS L 2 S )
FEOMESES, Kb, 2R b2y iR E R 1T
A [R]EHt J2 I R AT RS A3, AT O R 2 A M i DG Yy
SR R

R RTINS 45 245 HIARY) th 43 2545 5
F A= IR AL A D AE G RIATT v 34 3 B0 A 5 9 245 3%
AYTAE (R R e B — 2 B 2 A VR T, R
AT RE I R Ay PRI ] ALK CERAN
TN kg IR PR | Bk AR IR RS, RRE
TR BT 5 ()RR BB T S ek ) 1 | A A P IR T TR AR
{ERFSE R IIZ 5 7] S BUN RIS, 1 25 FE 0K, R
FRAC A NN A A i, R Bz J2 1 B Joie &4 e 3 A= Fn
HEVRANBIRBE , SORAARFA H BL 22 [0 B v LA K e it
YOG A A —E RN RANF S A R
IR B AN BT HE A A, R o nl R BOE G
S kD FEMASSh P B X IR N 55,
W A AE,

WEH 2R A B O R RS, 5T
F T I BT B I M R b R T AR O 1T 2R
g3 R g B A G RS AR R
TSR, A S AR, NEES F S
TG SRE 55 S R SRR LA i e T,
il A G W EZE IR L R EORE T R A, TR
i R 2T R A Y A R G B
TR EEME AR Y AN R T 25T R
PR AW AT 2B 2P0, G 51 B SRS 2T
Y R R T S BUNRIE S ATshR 2
P ERAE  EEF AR T g e | Al IRA SRSy
BT SRR B 3] 5 R BN N T
REfi AR PO A SRR ek, A b 24 Can e
RN CEE R AS)EEGAR SR S ELSEM
P B PR A o S HE SR THIBE AR 11 it 2 W A ) B A

-+ 252 - China Pharmacy 2023 Vol. 34 No. 2

mm, [FIFE S B A R
12 SMEMHESMRS

B4 2 JE NV BRI By (HURAE R AT
FEA T s R ENY RN, S 2 SNRTE R A
I T2 SR BRI B A SR AR AE A M R N T s
iy AEE AR AR — S E AR B A U H TR IR
B R R T2 MR B i AR 2 AR AEAS 5 BBk R
TR A3 A GRS Y, LU AEIN T 46
AR SR PRI E T RS Y . SR R I, FH A
A7 FE DA R 5T ) 25 1 24 6 v B R a G IR R
TR SR SN BT SR I R L, R
TR EE R S E SR SRR AN ELS R,
SRR T P s e B Dt i HH s e 24 4 25 H B HIR 2k
e Kk Gl 2 )RR IR , EE A T RE 2
FRAE VLT RE )R AR R SR AT, A
L BRI Z 5254 LT TR B AE A 2 AT A
REFRE AR EHR TR R TS AL
=t RE faflRE 5 A (3L 50 Hh) iR A HLE AR 25
FREBEOL, B IATHLSEA LI R H KR 50% ; fu] i 245"
R 7 10 (3 30 4t) 2504, 1Kt T A FHAR 2575755
(NEIAC ) T (A AEIE = A b)) ;R
NG R AR RS T K MR A MLBE AR 2 5 1L A,
A E R M ik th T E (2, 3- -2, 2-
T FE-T- ORI kg S H RS ) MR [O0, 0- .
F-0-(1-3-1, 2, 4- = me-3-35) B AU B AR 4% WHO
Y RMREE BRI ZYER A LR s B Ykt PR
T MELUE DR AR IR DR B S fEAE AR N B S
PR EEE,
2 HFAFHEHFEMBEERANT

PZFEVEH 202 RGNS R 2 7 T, AR
WX P 28 22 40 EEEERPUMAE A AT M BRAT B Re T B, LT
RVH 1B R, T K A s 76 Rl 22 RGN L)
Jil A 28 A8 22 T, , e A AR IR v B s BRUL IR K
NS g L R oy O AP D O = R A VA @
RPAE B a5 4 | fig A A R A 5 e T R R B
P2 BRI EEZEAIL
2.1 FESENH

AN IO T LA SZ SRR, S 35 oy e 4B
BT (0. 7) FHHAECOH) g E A (H0.) % E A
Fy 36 K i B 2, 1 AL ) B 4K B (superoxide dis-
mutase, SOD) . i) %8 {b. & i ( catalase , CAT) 4+ Bt T kit
A Ak ¥y i (glutathione peroxidase, GSH-Px) . 74+ bt H Jik
(glutathione , GSH) SF4T E ALY A J2 LA B 4 22 19 41
B 1 LB I A Y AR IR PR, A AR B 3
Fe2FPE O BTG R, nT BSR4 A DNA ZE IR 7 1,
AR, DT B A S 55 | R 2 Fh b 2R AT
PRGOS, B E A Eny T 2 (IR e KRS ) £

hEZG G 2023 4E45 34 545 2 1)



BAMAFEME, A AN AR R T A B 20k
o WFFER BT, ME S R BN S, RE A i H 2H 21
GSH 1145 B 5 {H 25 70 42t 35 Jn i, D) ] 32 i vl o5 2H 21
GSH 45 B , AT A= i 2 s AR ™. Yen 26
00 3 e o S B, AT 3 RGN BRI B J2 T GSH-
Px . GSH FIR A 1L38 JFUE mRNA 7KF- AR B, IR it 48
k. (lipid peroxidation, LPO) YE F (384 5% , #1717 {12 15 i ot
TRIRAR | e 2 3 SO0 M S s M S i P e HE el s, 7
A EEME . Huang S5 70/ N SR 7 J4 A IGR) 1 T R
R FE AR B, /NS B T shig i s g
5 BRI 0 A B S IR, 3K SERE AR 5/ BRI 2 8L /Y
IR & BRI AE AR AR i iR SEAHOCHE , G045 R BTt 4k ™
Pry& imFnEN B ATP B 5 —FAL BUK k2 %% S lA]
FERAMHIHU ARG R IR B E ALK T Y
YEF AR T AT A 5 p38 42 43 24 J5t i Ak 1) 2 1L (p38
mitogenactivated protein kinases, p38 MAPK )5 51 #&
58 s IR SKIN-1/A% 5 53 IR 741 &% 2 40 5GP - 2 (skin-
head-1/nuclear factor-erythroid 2 related factor 2, SKN-1/
Nrf2) A ™M, P23 b 24 1175 5 S N E R 2
FEPERTELEALA DL 1.

o w
o e e 3

B\ cesH)
SESBNTE B R BF GSH-Px

NH00; (%) anang

@5
— ) ) / H_aber- /\"90 j*
‘5% e 0, e HzOzI Weiss % R OH ]

FE it 1

SOD Fenton R RZ SRR,
& SSG ~N
lé (G l‘> GR DNA# {5
GSH )0
H,0+0, W pamint

GSSG: EALFIA Bt H K (oxidized glutathione) ; GR: 2+ Bt H BKIiA R
i ( glutathione reductase )

Bl #WRSEPHETESENNBEHIFENE
TEHLH

2.2 HINEFiEE

AR B R E B AT S 5 5 L 4 i
5 AERR A0 R A BRTE SRR, — BB AR A N
SRR I S AT 5 | A A AR AR PR WRSE
B, S L GRS 2T B S e TR AR
(glutamic acid, Glu) .y-% & T 2 (y-aminobutyric acid,
GABA) A, TS 4 BB C1 i i PR3 i, KR 2= 4E
PP S A f5 A7, 5 T i R SRR S AT,
Sk AR Wtk mT T B 25 A . N3 18 R 22 T ORI |
M= AR T, Ono ™ I IF SR E—25HIESE, &5
SR AT S M A 2 AR N Na™ K Ca” TS, T3 i e 4 g
SRR RESZ AN, XA T AT e iE L S0 AR ATP i

TEZG; 2023455 34 55 2 1)

BT SE IR o AN, T 2SN B T R A A 4
IR h e G S S RATHh 2y . AT AL
RN A BHE TR RE T, BERRR Ca™ (Fe™ . Mg™, ®21
PUALE AR AR o A 5 T e A A 2 85 S B A/
BT Aot 225 290 [ A R0 6 N J5 I P Ca™ o 52 5 B, 4
FELN Ca™ Ve BE R, 4HAAT Ca™ Ve B2 T [, ELPI# L —
NI 2R, Ca™ e B2 BRI A2 A TS0 /N BROA A =7
AJICAZINRE™ . ESIFRERE S Ca” 45 A M E L, AETH
T Ca” W FE AN T IE , M RET RN Ca™ R E5 M K
XA 2 0 i A B A S S R R A
B o 24 3 A 5 W 3 O R 28 7 1 A v AR PIL A
WK 2,

SHEFENE

B2 #MEESMHARIZNEFEEHMLFENE

AL
2.3 #AOREE NS

M2 R GRS BE R TR BB, BE R AR = 2
FEELR N M2 PEE D RE IS R T Bk
B, 29 14 5 S B AT (87 222 9 () 5 400 1 00 5 e R 2
BIWCIR , T BN PN 1 250, AT 325 A 2 L e i
W, JCAE TS, B SO R % , e 2 Bl M 22 240 L fiE
ARHZ ™, AN, 1 Sk i 2R B A BB A SRR A2 40
TR R R SRR AT A 2
IR REFHLITZ R A S AR AL, fE A5 A 22 2R
Gk S, AR A A (R i Ca® AL, DA T 2
Ca TSR, F M AT HHEHFERER 2K
BGRHAF ) B A6 8 P U B HUE TSP SRS
Wy, J5 SGE S A5 R D I D AT A W
R O T B R AR, SR, 5 R AT
A Wy AT AL A5 Ao 22 200 L e 28 S T R A D ) 2R R s
PR R, 5 R e A O SR R R B 8, 2R
R A A D ) 15 BR3P 200 P i 2 2 K B e 41
il BRZ T AR RENET T MR TR R 25T i R g
AU B BRI AL UL 3.

China Pharmacy 2023 Vol. 34 No. 2 + 253 -



ROS: {4 (reactive oxygen species)
B3 #HasuhdEadymaEEREEMEsENE
EHLH

2.4 RERFE

P ZEJEE A Rl A 2R AT MR 19 2L [ R AE , BIF5E
W AL AT TR 45 & 55 R AL S5 A UM 32 1R B 11 3 (NOD-
like receptor protein 3, NLRP3) % it /IMATE # 28 98 4iF J
AR R AR G S E Y, BT S R E,
JBR 5 A2 0 /N U 41 20 NLRP3 A /IMA ) 2 3k, B0
I PR A Wi 200 G 52 5 20 B3 5 55 03 Wi A L 1 R
ZRUNILAAE SN, FETT R P e 4, & B A Jm R rh
2RI R KGR AE , S B0 281 AL AT e 5 ok Be
SRR TES DR 240 PR 5 L8 PN B A A= K PR (vascular
endothelial growth factor, VEGF ) Fl [ 4l ff1 /1 % 6 (inter-
leukin-6 , IL-6 ) , JE 1M 4 ORI 38 A5G e ik
2l e & SRR B A TR T TENL R LI 4,

( .. fgg ILRR i QCARD
P e — 0 o |
o .’:‘; o i‘iﬁ . PYD PYD EYD
£ N NLRP3 NLRP3 A0
WE (RME) (HE) lﬁ%
.
.
e
.... gcmu
°
e o S 10+p20
mk!ﬂlﬁ\_y Ie IL-?S Pm""m\_/ caspage»:p
Ve ; TS
2/‘;‘%;/ V?GFO - Pro IL-18
2 T e
7 N\
A

LRR: & & = 22 ) # & J7 71 (leucine-rich repeat) ; NBD : 1% H iR
254 25 K438 (nucleotide binding domain ) ; PYD » 23 Jkiri {1 R 3805 25 44y
3} (pyrin domain) ; CARD: it K & [ il 5% 4 [X 3 (caspase activation
and recruitment domain) ; ASC: #8 - A S& BE 14 &% H (apoptosis asso-
ciated speck-like protein containing a CARD domain) ; caspase-1: it K
I 15 p10,p20: caspase-1 f 3V H
4 HMESHPABRTREREHHESENEE

MLl
3 HAFHEHEMNEERR
2511 R AR E A RE AR AN [R] , Hoph 28 2 i e i) o2

STRASHRIT] o 2o 40 e RS 240 A A 2R o 22368 T
ARG EE ILEAR (E5) o

- 254 - China Pharmacy 2023 Vol. 34 No. 2

& A o

P IF|
B m E @”
S Y "
TR Tate -
) Y

E5 HEsMPHEMESERNEBEERER

3.1 ELMkE

P 25 41 g LA JBRAZ RIS S 4 VR, R i 48
R FTIRE A IEA BT o A Al A R, X
2B P 2GR R, BT AR 2 A B RO L, A
FER I, N2 B B B B - % 7 T BT H 2 e 2
PRI | R 0K [ b 2 0 P 5 BB 2y, DA T35 A M0
N4 X 2 AR T $E B A A B 2 1 AT AR TR I R A 2
REE ) W G R R VA gl et NI e L
45/ DNA #i#b 550 1 (topoisomerase- [ ,Topo I )
S — P LA , AT T U1BT DNA (4 6% T i DNA 12
JRELE ALY SR THE o A v 25 AR v B BT 81 118 AR B0 288 ok 50
AT Topo 1, 111 52 M #4258 200 Jfa %) e Sieaed 2, 2 s ot
241 DNA $i0 , i 25 e 2 A T
3.2 BEEH

T R R R M e RAE R E)ZE  MET O
BhoR AT & eh S L . RER B = ] B &
PR BI) P T ZZ s K AR AR k] 1) vh Bl A% T e i s
M h 22 s F D BE , T E0e 240 i T eSS AL ANl 28 2544
MR | B 2R BT N AR R A, A RGE TR
LU AR AT R /NI BB RS , AT | Ak
WG K TR T GRS A S T AR S 2 B AR
19 S g ] i A 20 R S S RO RS A A
WAL F b e i T AR RS R, T HEBEH T
BEAY = A Bk . BFCHR L BKCE AR R R T, L EE AN A
AUA] e A L RE RSN A2 I [0 254 2 40 SR e R | B
LR EOR A M FE T i R R D) AT S BOK BUE R
0% o DR S P 2 1 1 A B0/ D , AT B RRE A
A LA, P A P B
3.3 HE

12 PR A 20 4 Bt 2 R i A 8 A RN S 2
LA R AR A A S TS Pl 2T 2 R Rl R
AHPIR T ZZ I 3448 o Forh, S0 A SRR s %
B RN E LN, —SHE A EEEr
A S HAENTRRANBEAEE PG, i, ik
RN ROK AL RE SRR RS R A g S, I
WA G, BB R ZE S (T HAs DR sz 2™ 4

hEZG G 2023 4E45 34 545 2 1)



T2 A0 13 4 5 T B 1 IR AR S RN ) 3%

5, 52 456 0] HW e 2 A A 2253 248 0, S 2 i

FET-P, BeA AR TRt KERZE N S B R

5 PR it 7 A L, aE— 20 i WA RE AR R LT AR Ak

P AR AR

34 MEER

P 25358 IR P e AR B AR B Ak i, — ik

FR 2 AT e B I Bl A I 2 fi v o 2238 o P U R R B

RELWTA5 55153 , 20 2o BH L i 22 328 SO ) P MAC T = A A 22

Bt AN, o] B L BRI R A A Bl T P SR S0k

A PN B 328 3 i P AR IR s DA B e - B IO H T

TR REAS [F) P2 B M3 i pf 22388 T 5- 52 e . LW LR R

HZ U F ™, deah 55 24 40 nT i 5 e b 22

6 TG A R B SR AR P A — R R £

B, VRS LR RS DUIR G RE i 25388 it £ e

BT M AHBRRE 2 A BB AR T, Ak 28 e 2y e 4

il , B BE IS S A T A B 24 IR,

4 HHiE

ey oy A VE TR ER Z 0, PR AR mh  EE AL

il 1 A 2 A B, A R M R ) 1 L2300 B 4 A —

FEFRRE B T AR IREIR O . HAT, IRIRZE M H 2

BB 1k E AR R AR RS . H

oS BREEY R H R i VR S E SR X

FEIR T R AR AR Al 25 38 0 I AR R 46 TP %Ay P

BR PR s s M IE ARG 258 . e S

J& IR H R B b2 g TG S R S

HRRAEAE IR 257 BT HE 5 5OR) 2R AT ROR™ , ix Su s

i AE— R B LRSI R BT AN T RE W

E

EJ2 I DR v B 3 7 A A A v o D 2 R BH i 1 1

o Wl YERR A BETE Y BT SEAL , IEAE G R IR IR R

DA b R 2 i R R AR RE R D 2

2 AR EETHE . A5 T R B 5T

KBARAZ T B, vy DARg M) Al A B M AZ O 1)

AR AR - R - P R IR 2N - RE T R I RV

AR, T ) ST A B4 XU WAL A 350 X6 28 B 1

T2 I R R LA S 8 I R TR R B,

S 23k

[1] 2 & UL 24 AN R RN I PR R BB 3],
ESC R BE24,2019,14(33) : 151-152.

[2] ERRE,ZREI7, PR . 55F 55 h 255 ik 5 R 5
P 1 I8 95 4 2 FERLHI A o i R 0], h B T 2 4R
2014,39(6) :949-954.

[3] ZRlE, RRGE. & BB R XL G 25
HIIF & E R 1 R ERML B R F 55, 2019(3)
185-188.

[4] T/MRIEZE RS0, 4 2t 25 9 0T 2R Al A
JHBL B 9T 3F R (9], o B I R 9T, 2022, 14(20) .

TEZG; 2023455 34 55 2 1)

(5]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

(23]

(24]

(25]

141-145.
W B8, RS A, BB, 45 I 25V E ] Tk i
H T B RELD). HP2h ,2021,43(3) : 722-729.
Ry, AR, KIS, B L TR T BRI SR A AR e
ROT I ET]. R R 25 K254k, 2018, 37(3)
192-197.

TS . HEF NLRP3 R0E/MA R EER IS BUR B il 2
UL 28O RE IR AT [D]. BB - B B 25K 2%, 2018.
T AR A SR R T2tk det: iR KRR
FABEZE[T]. rh v R 25243k, 2008, 6(2) 1 5-7.

KA, SRRV b S SR 22 I R IR 51 3] 08
B AL B4 ,2020,25(5) :434-437.

TRIGEM , ZBPH , AvbRrh, &5 BREE -5 20 B SR TR) i
Lo X 2tk B BT VR F A s2 i [J]. TR 2 253 5 16 IR
2013,29(1):82-84.

SRR, B8 75 Ao, INSE ST, 2 SN R AN 245k
HISEIR[T]. v E SCE 724 2k, 2013, 19(19) : 276-279.
SR/NCL ST U, S A B 2 I SR AE A BRI 5
BERI]. P E 251, 2020,29(23) :96-104.

B, TR, 01, & BETFEA R0 5 XS = il
JtE AT ], W E 224k, 2017,42(21) : 4079-4085.
Wi, RRIE IR, H . U G2 S R S R
RO Y L [I]. B S AR W BOR #H, 2011,30(5) -
788-792.

TR AT T8, A S T gy w T T
NI FE[T]. BE 2345, 2019, 38(11) : 1425-1430.
TRESF SRIREN, 255, 45 FHRRE FIAIRIT 2R R
LRI, PR E B 2UE, 2013, 22(12) : 2152,

ZARAZUA S,RIOS R, DELGADO J M, et al. Decreased
arginine methylation and myelin alterations in arsenic ex-
posed rats[J]. Neurotoxicology,2010,31(1) :94-100.
BT OB AR, % KRR R 2 R
il it 8 SRR IR AT [T, T AR R4k, 2018,
34(3):312-315.

2R TRUK SRR, 4 . IR TR A (1 Hh 2 R
S PEIE M 5 EUE (3], v [ 250 i, 2021, 18 (6) -
520-524.

IhU I, TIRIE , 2 e . Bk S % i T 250 BB 5T E
JE[T). "P24 51, 2015,6(1) : 54-57.

SRR, SN, BRE A e i AR R T
S A 5 1B S i (7] E b 2l Rk, 2018, 43 (4)
665-671.

sk AT . FRIE P 25 T A TR TS YL BRI R SR A A
[J]. ILAALT,2018,47(1) :56-57.

A R 2R, A . IR 5 Fh R 25k 2 4
FREEDFSE R 2558 B 404 0], v [ RO R A B2 28, 2019,
28(9):14-19.

G 2, B EFS 10, % . GC-ECD I 414 % 10
HEWHP LM PR E R[] P E YR,
2016,23(10):4-7,12.

JO AR, BEAd, 2150, 5 . S RAE A WL 25 e Ty

China Pharmacy 2023 Vol. 34 No. 2 + 255 ¢



[26]

[27]

(28]

[32]

[33]

[36]

[37]

[38]

[39]

[41]

[42]

- 256 -

PN SR EIRBLIA A [T]. T E A 24,2016, 18(9)
1148-1152.

FEfl  BR 220, AV, 2 . AP 2GR BRI BUAR A 4R
(7). 2GR, 2016,41(2) : 155-159.

FEZS XU SC, 232 AR K K IR BR 5  2R BUIR 5 B 4%
RERAHR ] BUACAE T, 2019,39(7) - 17-21.

AT AR R, 55 . rh 2 M AT SRR (1]
h E 254 %E, 2011,8(11) : 678-680.

s 4, A ITA  BCES A5 OB DR B A B AR L
BLE SRR RO DT TR SRR [T]. v [ 25 By 5 R B
Zki5,2020,34(8) : 634-640.

XIGE5E IR FE, kG, 45 . BARSI IR YTl R AT P
SRIIFEIE R [T]. H I PR 24,2019, 14(4) : 624-628.
FHOE W, 7% A MEROM /NI B GSH A U G
PR 2R A 52 W) B LRI 5 [C/ v [l B 2 e B L ik 4 [
B R R RO IR IR 3 R
T WAL AR EBOR Y22, 2015: 110,

YEN C C,HO T J, WU C C, et al. Inorganic arsenic
causes cell apoptosis in mouse cerebrum through an oxida-
tive stress-regulated signaling pathway[J]. Arch Toxicol,
2011,85(6) :565-575.

HUANG C F, LIU S H,HSU C J, et al. Neurotoxicologi-
cal effects of low-dose methylmercury and mercuric chlo-
ride in developing offspring mice[J]. Toxicol Lett, 2011,
201(3):196-204.

TRIBT . H 5 T ALV T Ik s 2 B0 O/
Sy HLHI[D]. B 5L AR R, 2021,

AT, EWUI, AR 55 L L AR T A i A
TR R HLHIBT ST L)), P SE 50T -2 2, 2022, 28
(6):262-271.

SRGEFY . =S A WO B L A 2 B A AR PR Y
FLAL[D]. i FH - PEALAMRLE R, 2018,

GARLL, HE BB E 5 Gk BT I 2 EE L]
BT HE IR, ) PE 2%, 2018,40(20) : 2448-2451.
ONO T,HAYASHIDA M, TEZUKA A, et al. Antagonistic
effects of tetrodotoxin on aconitine-induced cardiac toxi-
city[J]. Nippon Ika Daigaku Zasshi,2013,80(5) :350-361.
FAN G Q,ZHOU F K, FENG C, et al. Lead-induced ER
calcium release and inhibitory effects of methionine cho-
line in cultured rat hippocampal neurons[J]. Toxicol In
Vitro,2013,27(1) :387-395.

TEEE, BT XS, 45 B 2 i PEAIL I Kb 22 1R
I 25 Wy B IF S BE TR (0], 7 B kK, 2015, 29 (3) -
222-226.

R, . TR REERT SR R[], AR e 2y,
2017,12(11):2551-2554,2562.

PENG C, WANG L, WANG Y H, et al. The toxicity of
aconitine, emodin on ICC cell and the anagonist effect of

the compatibility[J]. Eur J Drug Metabol Pharmacokinet,

China Pharmacy 2023 Vol. 34 No. 2

[43]

[44]

[47]

[52]

(53]

[54]

[55]

[56]

2009,34(3):213-220.
ISHAKU A A, MABROUK M, MOHAMMED A, et al.
Modulatory role of vitamins A and E on memory and mo-
tor functions of cyanide induced neurotoxicity in adult
Swiss mice[J]. Niger J Physiol Sci,2018,33(2):183-189.
XIAO Q F,YANG L, HU H, et al. Artesunate targets oral
tongue cell carcinoma via mitochondrial
dysfunction-dependent oxidative damage and Akt/AMPK/
mTOR inhibition[J]. J Bioenerg Biomembr, 2020, 52(2) :
113-121.
YINJY,WANG H M, WANG Q J, et al. Subchronic toxi-
cological study of two artemisinin derivatives in dogs[J].
PLoS One,2014,9(4) :e94034.
JURs  Z0HESE e 55 - NLRP3 SRAE/MALESABSE
(0 A B 25 T 58 ot e (0], 2y, 2021,52(11)
3418-3428.
KEMPURAIJ D, ASADI S, ZHANG B D, et al. Mercury
induces inflammatory mediator release from human mast
cells[J]. J Neuroinflammation,2010,7:20.
TI5E5E BRI/ JZ 2 e AR R BL W5
[D]. b5t b ath R 2577, 2015.
FHE R R, TR LS AR TP RSN/ s A
LI[T]. BEMERG AR ,2014,13(11) 1 1181.
FLAEA . AR A0 A Sh R[] IRBMIESE, 2004, 22
(2):221-224.
WRES AL, S KU &R B SR OC R A B0 R 5 AR %
AR A LI [J]. 5% 57 W R S 2 e 24 4T, 2022, 43 (1) -
77-81.
RIS R, 2 5 BRI mT 3 A 2 Akt
iz Bl M2 ). 15 R 2R 2R Ak, 2021, 29 (6)
351-356.
AR, WA, i P st 45 R 7 R AN A A 22 )
SLIMEZG ) AT ST UL JE (). P B 25 2% 5L 2017, 26
(24):2947-2951.
X/ PMELL . KRBT 22T AL FIBIT IR 1 1t )
TR FE E SR [I]. o B R Tl 2 22 24k, 2012, 15(4)
626-628.
BOFPY-, B8, VEHLE Ao X AR 2 S AU 1Y)
R[], T EE 2SI R AREE ,2014,12(1) :103-104.
ZEOUDL, SR, AR, 45 . SOk Tl oy A 24 PR
JHEWE T 3 2 K BB br i ) (Q-Marker ) FUM 4347 [1].
Hh B2, 2022,53(18) :5920-5933.
JEAER, BRI, ERRLL, 5 PEA A2 Lo P2 A
FH B RIS IS 2E JRB [J]. 5525 ,2016,47(19) : 3513-
3521.
27 W =, B R 2 REEE AL - AR
(1] rhAEhEZ 2L, 2022, 37(2) : 659-664.

(i H #91: 2022-09-30 & 1RT H 11 : 2023-01-02)

(s A0 7K

squamous

hEZG G 2023 4E45 34 545 2 1)



