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Wi £ -AETE A WE S MBS

L F, #Hm, KBER*
(LARKRFFEEFEGFE, Fh 250012)

BE: WA (disulfiram, DSF)#J 23R T 875 8. £ mf T FEREFFF %, mDSFaibsz
FWRF T LG RER, B, DSF(44] ZDSF-47 % F 8 &40) 6947 2 F R L5 Fhuhl 695 5 B A
T2 E L. ¥ AREKE(100nmol/L. 200 nmol/L#=400 nmol/L)4IDSF/Cu & 4414 314 A FPC124mja
48 h/5, M F A& i v9ed (methyl thiazolyl tetrazolium, MTT)7 48 M DSF/Cuf &4 3t fm e & 43454
89 3pH] s A X @ARUAEMPCI248 I8 R % P & (reactive oxygen species, ROS)K-F; &K F & A T440
PC12%m it 49 7 —F%(malondialdehyde, MDA). 4t f M E F 2+ Ak (glutathione, GSH)A=AE A LMk L
B&(superoxide dismutase, SOD)&=; iz WDAPIE & % X imfe B T42 & ; Western blotik4a M 7
Bl K B DSF/Cuf &4 &3 G PCI124m i ¥ p38& & KA K-F 89 £ 7; 7 K& - 4 (hematoxylin and eo-
sin, HE)# & 4 M Iz 2 41 4 25 69 BALB/c-nuifE AR R A LR TR L. £ R %9, DSF/Cu
F AR ZR MM HIPHIPCI122m IR 693854, 42200 nmol/L. 400 nmol/L DSF/Cuf &4 432 6 4 & % 4
I R 54.6%4242.9%(P<0.001); DSF/Cufl &4tk Fl24 hE, 5% @3 14 (Control)Hatk, %mfE AROSA
MDA%4 & £ % 3 /(P<0.001), GSHAZ#S0D& /1 % I£1&(P<0.01, P<0.001); DAPI & 3t IDSF/
Cuf o452 miaef 8 ; Western blot5 #7145 X A BADSF/Cuf &4 8% LA T p38& A ey kik; HE
FE 5, DSFICuLSMiess I RRAMBREMFE, HABRE, X &N, DSF/ICull b
STHHIPCI2m e &£ KA 5l R AN R %, RTEHEE—ROWEENE, LIH TR A FF M8 AROSH
R skE T s 4 3R FE G %4 (mitogen-activated protein kinases, MAPK)i##, 3| & 2t /A,
KRR WARACHAM; AVEEN: PCL2MmAR; EH A AN #; MAPK

Evaluation of neurotoxicity and molecular mechanism induced

by the combination of disulfiram and copper ion

MA Wengqing, QU Ying, ZHAO Zhongxi*
(School of Pharmaceutical Sciences, Cheeloo College of Medicine, Shandong University, Jinan 250012, China)

Abstract: Disulfiram has been widely used in the treatment of tumors, Lyme disease and cocaine addiction.
However, the neurotoxicity of DSF limits its clinical application, so it is important to study the neurotoxicity of
DSF (especially DSF-copper ion complex) and its molecular mechanism meaning. PC12 cells were cultured to
simulate neurons. The DSF/Cu complexes of 100 nmol/L, 200 nmol/L and 400 nmol/L were used to act on
PCI12 cells, respectively. The MTT method was used to detect the inhibition of the DSF/Cu complex on cell
survival. Flow cytometry was used to detect ROS levels in the treated PC12 cells. Commercial kits were used
to detect the contents of MDA, antioxidant factor GSH and SOD in PC12 cells. Cell nuclear DAPI staining was

Wi HHEA: 2021-07-08

BEEWR: HX “EAHZGAH" BHEKEH(20132X10005004); 114 E K G)H TR H(2018CXGC1411)
$£—1{E#H: E-mail: mwq13853770167@163.com

*BE{EH: E-mail: zxzhao@sdu.edu.cn


https://doi.org/10.13488/j.smhx.20210559

- 580 - CHEmTRIALEEY  20224E4245:3 1)

used to study cell apoptosis. The expression of p38 protein in cells was examined by Western Blot.
Hematoxylin and eosin staining was used to detect the pathological degeneration of the brain tissue of BALB/
c-nu male nude mice administered by intraperitoneal injection. The experimental results show that the DSF/Cu
complex inhibited the proliferation of PC12 cells in a dose-dependent manner. For instance, the treatment of
cells with 200 nmol/L and 400 nmol/L DSF/Cu complexes for 48 h inhibited the cell viability by 54.6% and
42.9%, respectively (P<0.001). After being treated with the DSF/Cu complex for 24 h, the intracellular ROS
level and MDA content increased significantly (P<0.001), while the GSH content and SOD activity were
significantly reduced (P<0.01, P<0.001) compared with the control group. The results of DAPI staining
showed that the DSF/Cu complex caused the significant cell apoptosis. Western Blot results show that the
DSF/Cu complex significantly up-regulated the expression of p38 protein. The HE staining experiment showed
that the DSF/Cu complex caused abnormal structure changes and appearance of lesions in the brain tissues of
the nude mice. In conclusion, the DSF/Cu complex inhibited the growth of PC12 cells and caused oxidative

stress, suggesting that it had certain neurotoxicity. The mechanism might be related to the accumulation of

intracellular ROS and activation of downstream MAPK pathway, causing cell apoptosis.

Key Words: disulfiram combined with copper; neurotoxicity; PC12 cells; reactive oxygen species; oxidative

stress; MAPK

XU (disulfiram, DSF)& I bR L4tk vk FH
TS 259 T BRI T R 25 2 — 1 o I AR A
LR, DSFREUSIRIT IR« LR A A < R4t
gt . DSFEATHUA RIS e A i . i £
ELE-B-FR LB Y. R H., DSFREA4IH G AT
R b 5 4 25 - 45 4 T IDSF/Cu &1 . DSF/
Cul & YIRe 5 e It A FH 132 = - 0 B ik
7, MREAREEIEMR R REREEA,
7S T Rk, DSFREIA AR — i
9 BEAR B IR T B L SIE AR R R R T A AR 2
%[11,]2]0

SRR SR I, 7245 H IR 250~500 mg DSF
26N, A &80 & F B ™ W& E
WY fERIMEH b, 5™ 2 S A g d
EOAEIGPE A e AR . BRI LR X A
JFAR G EAERME, RZ SCERIRIE I DSF/
CulE & Vi 41 i 75 1 Bzt 2 KT #a ok B FH DSF A
WEE AT, {HHATX T DSF/CuB & A HAE
KA BRI FH M ANTE 2E

PEiE , i1 (reactive oxygen species,
ROS)ZE4M B B R FEUN A A-I8 J5 R IR A
R4 B3, R I 9 IE b K-, ol
N A S A il 7= R A A P e 2 e =

(glutathione, GSH)FIIH R H 3k g /7 AH G 4
W) AL B (superoxide  dismutase, SOD)yf P %
RIS, X — R AR N A E SR T, phe
TCA MR E S, PUEMLRE 58S, AN BUIRES
e 5 Hof FAR N A o 4 2R 43 e 4 TR
o I A B IBORE G FiR A T BE B A8 254 2 T AR AE
S tER Y, PCI2K VR 1 R g 6 41 i 87 41 fi 2
KB TZEMAE RGN — MM R, EMadtK
HFi%S N2 ik aR itk h g2, pCi2
g0 EL A M A R, DR B N IR R 2
W 22 5 M AR AN AL T N- 2 2 & R (N -
acetylcysteine, NAC)Z&— MR IR, HAH
breEfb B . ANAGSH. Mt &L T
VA SR AL S DA R RRESE D RE, 7R M4 RGP
VBT I RN AR T R DR, AHIE AR it
AATINACYE TG, a8 it I 5E 1 A1 8 A B B
KA b Al 22 22 5% 40 B B I (mitogen-activated
protein kinases, MAPK)5 51 % & (R IATE L,
XTDSF/Cul & 4155 3 40 48 55 1% AE H L A T gL
AT W R, IF45 & sk W S 8e ok ik — B A
FLDSF/CuE &5 e 2 v MFER , X T DSF/
CuBEEVIIE AR 7T 5 BN A HAA B2 .
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1 M#¥57E
L1 35 FAs 4

DSFIl B b H R R A R A A CuCl,
©2H,0. - HF I (dimethyl sulfoxide, DMSO)I
HSigma/A#]; NAC. ROSKMIRTI & 4%% EH
i [ 2 W B B S R AEMER AR 2
PCI12KEH IRV B 4 i R H ATCCA # 5
RPMI-1640%5 7 5 | Gibco A 7l JAZF LG H
DL % Beit Haemek A ]  HHJEMEME L PO (methyl
thiazolyl tetrazolium, MTT)¥;AK . RIPAZK H L f#
W TP AR Z A (hematoxylin and eosin, HE)%ff
WA E B H I R EEMHEARAR LA
BCA M50 &0 B ORIE SR S AR A IR
AN AN A B (malondial dehyde, MDA).
GSHMSODIM & & 77 & 35 ) B 5 mU g B A TA%
WU 2-F N E-B- TR W B 3% Ealaddina
Ay ARHEF T PR T Cell Signaling
Technology A 7]

1.2 (L&

CO, 4N H 5 7746 5 Thermo  Scientific/A & 5
T4 {3 % B Becakman Coulter Commercial
Enterprise A &) ; #E /B li1% 1¢ Alphalmager HP
SystemJid H Cell Biosciences.

1.3 7%
1.3.1 @3k B

18 F 5 10%0A 45 7% [TRPMI- 164055 77 FE 15
FEPCI240M, FEFRA KA E N3T °CL 5% COL
TS, 38R 4 T 0k H A= KA 0 48 i T 5 5k
5. 4 ()= [AX 4 (Control), MMAAE
FEAT 25553, (2) DSF/Cufl, IR BE /R
EboN1: 1HIDSFAICuCl*2H,0, DSF/Cuf&if 4y
524100 nmol/L. 200 nmol/L. 400 nmol/L; (3)
NACHA, 400 nmol/L NAC.

1.3.2 MTT% %

MTTi G AE AR, &%, HEPCI241
MR B LLAEFLAX 10 AN 40 i B2 Fh T 96 FLAR 8%
FE12 WG, #% “1.3.17 Z0H0 4 20 55 50 N\ AH B
2591100 L, FrAWEHR3INEIL, FEI hG
[ FEFLIR 20 pLAIMTTA (S mg/mL), #k&ER79%4 h
JaFER WA, FESLISINDMSO 150 uL,

I A1 IR SR, 15~20 min/i5 158 B BEFR A 52 570
nmAb &L AR .
1.3.3 @@l AROSA = 69 M| &

ROSE & I 5E K I &A= 6k .
PCI1240 M B N EEFL2x 104, #EFh Ee LA .
FrA MG EE f5(£912 h), 4% “1.3.17 4084241551
TINAHRE 25402 mL, 4k 8853724 hg WS4 FL 40
M, B a7k BIE R A e, 1 T
BINAE FH JE L5 RPMI- 164035 97 3 5 B T i) B 10k
% 410 umol/L iy DCFH-DA R4} L) 5 B 41 f it iE
B T37 CCEBE A F30~40 min. 1 H 555,
2 it 2 AP G ML 8 TR B BRI 3 UK, PBSTEK2IK
5, & H400~500 uL PBSHE 2 5 #5% FHi 20
B, A U A G A T R I B A IR 500
nm, HERFEAKS25 nm, PURIXS 9 5 FE A8 2
/RDCFH-DA Y45 .,

1.3.4 BCAEM 2 & & K&

FBCAR I & B 2 [ br A i I VR PBS I
T EAT B I3 B9 FE 0.5 mg/mL AR i ¥ T
YE MR, #IRELO uLy 1 L. 2 pL. 4 pL. 8
uL. 12 uL. 16 pL. 20 pLAIFRAE S AN 29641
R, SFLHPBSIEW AN E 220 uL. HIPBSIE Y
T B R DA B S5 K520 nLiR I 296 LA o ) v
il AR S R B B LI 200 nLEIBCA TAEV&
W, FETE3T °CHUE20 minoe I 5E AN [ B A v
AV ES 62 nm Ak I OL I e dil bR th 2, DA
THERLARFIIRE T I B R
1.3.5 4/ AMDA. GSH4 & & SODH P &9 &

M 524 ES IR A “1.3.37 , 4
ER24 hE, WHESLAM, 1500 r/ming.05
min, fREAMMIIIE, %A R & U B
BAE.

1.3.6 taJEDAPI 4 &

VA BEPC 1240 i 2 B R FL 1< 107 (1) 4 fifd e
PR 124LARH, TR R EFR12 WG 57 L8 5F
B, ¥ 1307 A A 2 4 i in N A R B )
242 mL, fEH24 WG, FRTERFRE, il
HIAN=20 CCTRA B 1 1L H 1 P B - H B 600
ul, [EEA15 mine FHPBSIEWGIEATIESS, fE4L
IIN500 uLIDAPIYL, =i B4 TIFE 15
min, fEFPBSTREI G RIRE T2t BiE ~,
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ML AT S A T2 0L
1.3.7 Western blotik#] 2m it o 48 % & & 89 & ik

A 5 25 e BD R F) “1.3.37 , 2
VEF24 hig st R 3k . A FLIRIN100 pLZ R
W, 2 BEEEAME -, KA s & BUA I EP
Btk E2#30 min. 7£4 °C 12 000 r/min & L
10 min, B EEBONE A AL BLS pLE RS
FIBCAVE#E KB AWRE, ¥ EREZriimA 2
HARFEM T 95 °CAEPES mine PLE A N25 pg I
FE, AT HBKEL LSS . # PVDF R B 1 5%/ A 1)
MR ATE A, T4 CHI—PimE R, 8
R AR R R G, TH MM ZPuE R =i
&2 he WIECLE A, Jffd FH Alphalmager HP
systemB A% R AT I, {4 FImage JHH 34T
JE BT
1.3.8 DSFER #4561 &40 89 %1 &

F1.5g 2-FRNHE-B- MR R M 710 mL
MZE K 5 73 2R B 150 mg/mL I 2-F2 T4 JE-B- 2R 4
FE R KB . #4450 mg DSFSEVEAR T 300 pL 2%
W, KEDSF OB IS N AS mL 2-F2 4 -
IR KW, JFAE40 °C. 400 r/minZk 4 T i
FeiE2 h, DLIRTSDSFRIRE &4 .

1.3.9 R sh4h R 5t

BALB/c-nuffEPE#R B (SPFZK%) 10 X, 6~7f
W%, 20~22 g, WEILEERFESLIGSYF L, F)
YIE5 ASCXK () 2020-0004, 37 116 ~25
£2 °C. FIRHEE50%+15% . REFEHL> P4
R HEZH (Control) 5K, B A& A BE ER K AR BUA
100 uL/20 g; DSF/CuZisSH, F L# B4 T2 mg/
kg )8 0 BEBRAR K IV, W6 L IS eV 5 50 mg/kg )
DSFI#IREEAY), FEHAARFIN100 pL/20 g. 7
RAEERGA—IX, ELGZ3E G050, FIE
HLRATE T 4% 1) 2 5 B I v b DLk AT )5 4
S
1.3.10 HE4 &%

Yo i 8 20 U K LR AE A b ep, AR R
N4 um, KA R B IR, JER KR E
Bo fER ARG e th3~5 min, 7F 1% R A
A, B EOKIERIE, FER KRR B .
KIRZ85%M95% L BERL KI5, TCE T4 e
HEAT Y65 mine HKIRZT0% 80%- 95%A [F] ¥4 &

CEEFAT MK AR B S, TN Z R IR,
FEEE S, AR B . )RR
BT R N WS BLE L I R
1.3.11 %t o7

K HlGraphPad Prism 5.08K 5 HrdE, Ff
25 B DU E A5 1 ZE (meantSD) R 7R, KA B K &
77 Z 57 M1 (one-way ANOVA), %54 Tukey's Multiple
Comparison Testtbi %54 A 25, PAP<0.054F &
ENER,

2 &R

2.1 DSF/CusfPC124A 4 TF R S0

MTTZ REH, 5= A% H(Control)fH L,
YT PHPEXTHENACTS , 20 B AR A7 2 AT PR FF1E85% LA
b, BHESM¥ES. B2, AFEWKEFDSF/Cu
2491100 nmol/L. 200 nmol/LF1400 nmol/L){F
TPCI240M, ¥4 e i 2 40 i 40 i () A7 95 (P<0.01,
P<0.001), 4 i A A7 2355 7l PEAK 2283.5%+4.4%
54.6%+3.4%- 42.9%+2.3%(F1), F£IHBEEDSF/Cu
AR RGN, 6 2 i A A7 R0 358 1 40 ) R
R E G, A 2R AR
2.2 DSF/CuXfPC124fi s I ROS7K 3 B 54 M

PLZS X B (Control ) ZH 28 Y6 a1, #AbH
ALARNT 52 3R EE L2, FEIATUEALFINACALFE
24 hj5, M ROS/KFAK T 25 F1 X4 B (Control)
41, WHNACEFEROSE =, EA AN,
PC1241l B & DSF/Cu® 44)(200 nmol/L. 400 nmol/L)
W24 hf5, ROSH R E LFH(P<0.001), H400
nmol/L DSF/CufbFRZH A mfEfE B3, &7 EXt
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