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[ Abstract | Objective; To explore the effect of Gandou decoction on autophagy of SH-SY5Y cells induced

by high copper and its mechanism, in order to provide new therapeutic targets and research ideas for the prevention
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and treatment of brain-type Wilson disease ( WD) with traditional Chinese medicine. Method: CuSO, model
showed a certain dose-effect and time-effect relationship according to methyl thiazolyl tetrazolium ( MTT) ; lactate
dehydrogenase (LDH) leakage rate was detected by LDH release assay; flow cytometry method was used to detect
intracellular reactive oxygen species (ROS) content. The fluorescent dye JC-1 was used to detect the mitochondrial
membrane potential of the cells. Flow cytometry was used to quantify autophagy. The expressions of liver kinase B,
(LKB,), AMP-activated protein kinase ( AMPK), microtubule-associated protein 1 light chain 3 (LC3A/B),
mammalian target of rapamycin ( mTOR) and UNC-51-like kinase-1 ( ULK1), phosphorylation-ULK ( p-ULK) ,
phosphorylation-AMPK ( p-AMPK ) were detected by Western blot. Result: According to MTT results, CuSO,
showed a dose-effect and time-effect relationship with cells (P <0.01). With the increase of the dosage and time
of CuSO,, the survival rate of cells showed a downward trend (P <0.01). MTT results showed that 10% of rabbit
serum containing Gandou decoction significantly inhibited CuSO,-induced cell death (P <0.01). The results of
MTT showed that the leakage rate of LDH increased significantly after treatment with CuSO, compared with the
normal group (P <0.01), and the rabbit serum of Gandou decoction significantly decreased the LDH leakage rate
of CuSO,-injured cells (P <0.05). DCFH-DA fluorescence staining showed that CuSO, significantly increased the
production of ROS in cells (P <0.01). The rabbit serum containing Gandou decoction significantly inhibited
CuSO0,-induced intracellular ROS production (P <0.01). JC-1 staining showed that CuSO, induced a significant
decrease in mitochondrial membrane potential in cells (P < 0.01), while serum containing Gandou decoction
inhibited CuSO,-induced mitochondrial membrane potential in a dose-dependent manner (P <0.05). The western
blot results showed that compared with the normal group, the protein expressions of LKB,, AMPK, LC3A/B,
ULK, p-AMPK in the model group were significantly increased, while the protein expressions of mTOR and p-ULK
were significantly decreased (P < 0.01). Compared with the model group, the expressions of LKB,, AMPK,
LC3A/B, p-AMPK and ULK were significantly decreased, whereas the protein expressions of mTOR and p-ULK
were significantly increased in the rabbit serum group containing Gandou decoction (P <0.01). Conclusion; High
copper can induce autophagic apoptosis in SH-SYS5Y cells by inducing intracellular mitochondrial oxidative stress,
up-regulating the expressions of autophagy-related proteins LKB,, AMPK, LC3A/B, ULK, p-AMPK and down-
regulating the expressions of mTOR and p-ULK. However, Gandou decoction can inhibit the occurrence of
autophagy, and cut off high copper-induced neuronal damage by down-regulating the expressions of autophagy-
related proteins LKB,, AMPK, LC3A/B, ULK, p-AMPK, and up-regulating the expression of mTOR and p-ULK,
so as to exert a neuroprotective effect.

[ Key words | Gandou decoction; Wilson’s disease; autophagy; liver kinase B, (LKB,) /AMP-activated

protein kinase ( AMPK) signaling pathway; oxidative stress
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L1 40 539 A& bk 40 M8 40 i (SH-
SYSY) W B 3€ A M ( L) A= W FE R IR A A BR 2
(HNCL-014) , 30 HZ %M H F§ 5t % 7 BB A R
AL AR IEYS SCXK (75 )2015-0004, A 3 ) 55 45
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1.2 2350 ey S dH Iy KR KRB
20 g, BE 20 g, FZH 20 g, HERH 24 ¢, 7FT5 24 g, =
L3 g(HI L Bloh B2 25 R 22 il 205 7 iF 52 o Ff i B2
B v 2 s H it | 28 2 B0 IR 2R 2R 2 2 e & AR 1L L
FAEEH I IE S ) o T RBER (£ 2548 A B b3 251
AR AL S 061102) ; MEM, DMEM-F12 5 7 3
(£ [E Gibeo 2 &), HL 2 4 B 24 41500021, 21600-
015) ; i 4 1 % ( FBS, 3¢ & Hyclone 24 ], 4t 5
10099141 ) ; fiz (= R BUE AL & YK W) (Super Signal
West Femto, & [ Pierce 2 &), it 5 21059 ) ; % $T
mTOR ,unc-51 #£¥# i 1 (ULKL) , B Wi A G A
%% 3 (LC)3A/B, LKBI, p-ULK, p-AMPK , AMPK ,
B-WLEh# 1 (B-actin) 22 v & HTAA , B i A 1L V) i
FRic 40 S e 2 3K 1 (1) G, AR i 1k ¥ il
FrRic £ P /N B IgG (HE[E Abcam 24 & L5251 K

ab32034, ab44989, ab56236, ab113970, ab156920,
ab72845  ab80039 , ab8226 , ab150077 , ab205719 ) ; &
F1 200 0 224 A, T 1 4R (ROS ) 2 6l g 177 &, JC-1
I KR &, 2L R B ARG (LDH ) A I 3R] &
(L3 = RAEWHEARNA, #5253k P0013,
KA3842,abFS1169, C0016) ; 41 Jiig [ W ( MDC ) i i,
& (£ Sigma-Aldrich 2%\, it %5 M251) 5 B g i
(MTT) I & (b REEREARA A, 5
M1020) ,
1.3 Y% Wellscan-MK- 1l % £ T fi g b A ( 26 [
Thermo 23 w] ) ; BX50 %Y {8 & W {3 %5 ( H A& Olympus
/v ;Fine Do X6 A4 [ gl k22 & IEEMG 531T R 40
( B RBEFHEA R W ) s Power Pac Basic #1HL jk
{¥ , Mini-protein Mini-transfer % Hi, % # ( 3% Bio-
Rad /A7) ; DW-HW138 % - 86 °C MK IR vk 48 ( ARk
FE MR A BRI F ) 5 YX280B U & e K 18
JE I3 80 (i = B BT 8 A R H] ) 5 IMS-40 U il
UKAIL (B VE IS e R A FR A A .
2 Hik
2.1 HfERE AL K ail ik fE 37 C 5% CO,
(R BE FRAE T BRI AN Dy 2 A R 2l I R A A A R
K BB LN 80% i, BI Al A2 4% s 48 I 15 52 i , M
WAL R 22 vh W (PBS) ¥k 2 ¥k, 3% PBS, il A B il 1 £k
W2 mL, B5 IR R OBCE 2 15 s, 2 U005 B 40 i A K
e LR IO 25 37 Z0 2 0 A, I A USCAE £ i B R,
WCHT 48 5 G 0 WR AT {6 200 D 56 4 DA 35 3% 061G It %
1 800 r-min "' B0 5 min, 7 B3 R TR IO,
B2 d W1 W B4 ~S KRG T IR
2.2 TSR AR KR (30 H) SR 3 d
Je  BENL R Al FE AR T RER 3 4, A
10 H, P TAEMEEKAS g-kg™ -dHEH T
SHA TG WRATR 4.5 g-kg ™' -d T EH (&
2.2 gml ™), THRBKA T 4.5 g- kg™ -d ™
(25 25 50 = 42 i PR 2 3fe LA 3l ) 55 00T AR 3R B00r
Fe LG FRENME MBS, B H 2 ), &
2:10 d, 25 12 h 5, H 25% 2438 (5 mL-kg ")
JRREE W FE S IKCR L (TC R ) , I % IR E 2 h, B
L>3000 remin~', 15 min, ¢ F 3%, B3 4 C,
5000 x g#.0> 30 min, B3, 308, HCE 56 C K
t1 K 3% 30 min, -20 °C 44,
2.3 MTT Lbfo gk il 20 i is . Ot B4 K
A0AE AR A0 B R DAL 2 x 107 A4S 4 e 4
P, S 58 6 N4 FL, BEFL 100 wL, BEIE #4128
41, 5F 37 C 5% CO, Wy Es A P 3% 24 h, 57 %
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Fige B IE R 4N 58 4 B 5R 5L 100 pL, =S (4l R
100 pLfY PBS, BLALZ i A K 6] ¥k B 9 CuSO, (100,
200,400,800 ,1 600 wmol-L ") ff FH4H i 12,24 36,
48 h, AEALANS g- L' f MTT % % 20 wL (¥t #2
YE) ICAERCT 37 °C 5% CO, W5 FR4h 135 4 h.
FEW, FF AL DMSO 150 pL 523% 15 min, 58 2R 4) .
2.4 &R LDH &4 WS40 s W, i
HE IR 700 6 20 R 9T 75 B R BB . SE I A A
41 bR EL I AL BRI AL, A E Al A LEE K
25 WLFNJE BT 2% v W 25 wlo Aw dEZH A B ZE K
5L A T2 vh MR 25 wL, OB B AR ME W
(2 mmol-L™")20 pL, % 41 h A5 I FEA 20 pL
LT 22 ol 25 L, B G 1 N I S pl. BAIMEA
MBI ZEIK S WL, FRill FEAS 20 T 13 5T 2% i i
25 pLo RA), 78 37 C/K¥ 15 min J5 , & 41453 31 m
A2, 4- AR 25 L, 4R 2LIR 20,37 C K
15 min J5 45 2H 4> % NaOH ¥ ¥ (0.4 mol - L7")
250 pL, 2 F#E 5 min, W OGEE A (K450 nm) .
LDH = (M 7E A - Bk A) / (FRifE A - 25 1 A) x X i
mn i B x # it x 1 000, LDH J i % = [ # F W]
LDH/ (i 5 LDH + 53 LDH) ] x 100% .
2.5 P AR AR I A0 B Y ROS BRI HRORT 4K
AU 40 B, FH S A EDTA (4[5 il 0 16, I 1k 24
20 s ST EIZE,1 800 remin ' Z5.0 5 min WA 4R,
FEEW, A PBS 2 mL ¥k 1 ¥k, &k EE R
10 pmol- L™ ) — 4 — S HOLF L Bt L WK (DCFH-
DA) TAEW 1 mL, LS50 53 w5 4 il . 37 C, kG
30 minJ5 it A PBS 2 mL ¥k 2 W&, W4 5, m PBS
700 pLEE A, AT, A G E N, 7 B B
A0 M A AT R
2.6 3 = A R ASORS I 2R AR R LA Ay, UK B
A Y A0, AR 4% 2 Ak B G Y A0 B, R ORS
EDTA () Bl 5 1k, B =48t M AL 29 20 s, & 1R N
fk,1 800 remin "' B.L> 5 min WA ME, FF BT, 0
A PBS 2 mL ¥k 1 ¥, AL Mk H 10 pmol - L™ Ay
JC-1 TAEWE 1 mL, A/ B 4l . 37 °C 20 min
(H6G) , 55 min #2521 K, WEHEMA PBS 2 mL
UE 2 U URAE AR IR, A TG I Y K 3R 5L 700 WL
ML, T A AR R AT 48, I AR Y, S B
It =X A ML ASCHE AT R
2.7 RN AR I A0 B A g O BUE KA
2 Mo, W BE 40 9, 800 x g B .0 5 min, A 1 x Wash
buffer( 10 x Wash buffer F 22 B F /K B Bl 1 x )
300 ~400 pL ¥ 1 R, 5F B WA 1 x Wash buffer
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TR, KB 1 x 10° AS/L, W R 90
pL B 1.5 m A 850 A T, I B P Tt i G TR
10 pLIEAT , = GG 6 30 min, A 4,800 x g
B05 min, ) 1 x Wash buffer 300 ~ 400 pL ¥ 2
i, 5 3, WA Collection buffer 100 wL B2 41 fig,
e A AR AT A

2.8 HEFIRPEENIE L (Western blot) Kl A Wi {5 =
AR OCHE YR IE 8 HONT B A= K 0 i 4 L, 3
RHIEHEH BRI T RBRA A, 8T 37 C
R AR A AR S 1 97 24 h WO A0 i, 2R 20 D, 4 B
A SV T, BCA IR &I R i, IR
AR A5 BT 2H AR AT Uk (WA B R 60V,
60 min, 53 HL S 110 V,90 min, S #2458 1 50 A
[vi) (S0 4 R ), 2 1R o A% 3 2 0 BT 4 Y NC
B E (250 mA 5% 1.5 h), FH 5% Wi Jig 95 %y £ #A]
(37 CE M. S h) B A5 M5 TBST % 3 &, 4
K 10 min, B F —H (mTOR 1:1 J7; ULK1 %
1 mg-L; LC3A/B 2 mg - L; LKB1 1 : 500; p-ULK
1:1 J7;p-AMPK 1: 1 000 ~ ; AMPK 1:1 000;8-actin
1:1000) F iR TFHEE 4 ~6 h 5iF4 Cili, —dt
WEE 5E WUJE , VR U 92w (TBST) Bk 3 WK, 13 Ik
10 min, B F P (1:1 ) EF L5 ~2h 5,51
WRIEIRE 7 B Uk U, TE WG 28 254 T AT Ak 2 A 6 IO
iz 1o 1 P e R A 2 I S i BN IR AG T KR, k'
DRAF B4 1 S A 3 0] 4 29 04 T NC R 4R
FIARHT b B NC BRI E T R A, 06 BAXER 1T,
Frnifs A0 8, 1T AlphaView SA B4 98 17 £ 4fs 70 47
A B-actin AF NS TR 2 4L 1 B AR T Rk i
2.9 ZEileesb B SRH] SPSS 17.0 Geit 4 dE 47
AT, & Y AR 3 KRR AR i = R
X £ s, A (R R SR T A S AR AR K, 24
B R LA R 7 22 40 M BEAT LA, DL P <0.05
R BAAGEE L

3 R

3.1 CuSO, ERIMKEMTLE  CuSO, X 40 i i
P 5 B — € By RN 380OC &L BEE CuSO, A H ik
JE 380 S AR FH IR ] %) SEE G, 4 B A7 0 6 5 R B
(P <0.01), 600 ;,Lmol'[f1 CuSO, fEAH 24 h
J5 AT BT 2 B R R B2 (1, ), DY e 1% 0k
J# CuSO, fE 940 24 h R . WLIE 1,

3.2 HAMEEHUE SHFR L & 10% fF &
ARG , T ARER I AT I W 30 ) CuSO, 5 5 1Y 244
JIFET, PRI e 10% 1 & 24 1M 1% vk B2 O dee A4
WHE 24 h g d AR ] (P <0.01) , WLIAT 2,
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150 0.01) , W] CuSO, JE 1 40N ROS Az ji 5 15462 7
1 12h — S g S

- L HAE, 20 10% T 5 S L3 B 4 T4 S 3
§100- ) "'ig: H2E AN 24 h 5, DCF A9 22t 3 I 52 57 1 HOM

£ . 2 PERREAR (P <0.01) , WL 2,

= 50 2) 1
® *x2 HEiH3 CuSO, H{5H) SH-SYSY 4 ROS BRI (x =5,
0

0 100 200 400 800 1600
CuSO, /pmol .L!
Ha 4" P<0.05,2 P <0.01(A2 M)
Bl 1 AERE CuSO, A F 8 X 40 AR EHEM M (2 £5,n=6)
Fig.1 Different concentration of copper act on cells at different

times (x £s,n=6)
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B2 FFEiFx CuSO, #i{5 SH-SYSY MEEFENHIE (2 =5,
n=6)

Fig.2  Effect of Gandou decoction ( GDD ) on survival rate of
CuSO,injured SH-SY5Y (x +s,n=6)

3.3 LDHKH &/ SH-SYSY ik i % 5
TE# A %, % 600 wmol - L' CuSO, #1455 40 g
24 h J5 ,LDH J A W (P <0.01) ., 5
RUZH LA, & 10% JIF 5037 S I Ts KT 2R Bk AR 1fi %
TERT 40 i 24 h J5, LDH i th R B B B ik (P <
0.05), WHEI1,

%1 BFEi% CuSO, # 15 SH-SYS5Y 4 il LDH i H X&) & i
(x+s,n=3)

Table 1 Effect of GDD on LDH leakage rate in SH-SYS5Y cells
injured by CuSO,(x +s, n=3)

41531 B 5 % LDH/ %
IEH - 71.66 +1. 15
iR - 189. 00 0. 47%
TORBL 10 113.30 £3.99%
IR} 10 88.60 +3.03%

W G IERALILE P <0.05,7 P <0.01; SEALLLES P <
0.05,YP<0.01(%2~5[),

3.4 JHE X CuSO, $i 75 ) SH-SYSY 4 g ROS
MR 5 IE % 41,600 wmol - L™ CuSO, 1
FHAE M 24 h J5, DCF (9% 5650 B 1 3 5 (P <

n=3)
Table 2 Effect of GDD on ROS in SH-SY5Y cells injured by
CuSO, (x s, n=3)

45 R E % ROS
IEH - 63.02 +3.27
A - 88.47 +1.31%
TR BL 10 14.62 +1.49%
IR 10 12.07 +1.79%

3.5 X CuSO, #4731 SH-SYSY 41 il £k b {4
BEELA B Ay, R 5 IEH 41 H %5 ,600 pwmol - L™
() CuSO, YEFHANML 24 h J5 ,JC-1 (4% 6 e i & 3 %
(P <0.01) ; SEIRIA big, & G 7wl T
BRIV 45 25 7 I A0 24 h J5,JC-1 (565 B
L) R HOE TR (P <0.05) 0 W& 3,

£3 BFEHX CuSO, 1589 SH-SYSY 40 ffl £ 4 4 B B8 45 89 Aep,,
FM(xxs,n=3)

Table 3 Effect of GDD on mitochondrial membrane potential Ay,
of SH-SYSY cells injured by CuSO, (x £s,n=3)

4151 RIS H/ % JC-1
E# - 16.21 +1.50
LT - 6.23 +0.99%
TR 10 17.80 1. 179
iR 10 20.56 +1. 56

3.6 JiFG Xt SH-SYSY 40l A2 i S51E%
4 b A, AR 21 A0 M SO R S R (P <0.01) 5
SRR B R A S T R BN M 58 0 JE 4
REAYZH @55 (P <0.01) , R Tz H 4N
() T W A R 9 i A (8 s . LR 4

3.7 HFGmXF SH-SYSY 4l [ Wk AH 56 8 (1 %35
MR M 5 OE R 41 b, BT 4 4 N LKB,
AMPK ,LC3A/B, ULK J p-AMPK & [ ) % i I 2%
Hhm, mTOR K& p-ULK H M RIE B EREM (P <
0.01); R b, FEHA R T REKAR
LKB, ,AMPK ,LC3A/B,ULK }% p-AMPK 75 [ £ ik i
FHEAL, mTOR Jz p-ULK R H Rk W E WM (P <
0.01), WK 3,%5,
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£4 FEF SH-SYSY M EMBAZM(ZLs, n=3) P-AMPK | e i o 63 kDa
Table 4 Effect of GDD on autophagy in SH-SY5Y cells(x +s, n=3)
AMPK 62 kDa
451 W E/ % MDC
LKB, e s sm— 40 kDa
1% - 6.67 £0. 80
-ULK —— wma— —— ——
i - 342.90 £9. 787 P 112 kDa
ULK 120 kDa
TORBL 10 58.41 0. 81%
250 kD
I ERY] 10 37.21 £1.08% mTOR 2
LC3A/B 15 kDa
4 Fig [-aCtin | e——— 43 kDa
A B C D

240 1 A T 3] 25 AN ] A R0, AL R 2 7 A

A, TEH 4B BRI C. T 2EBK4 ;D T S 4

H b LA 3 P 1 IR TR I R P A A 9 Y AR
V7 Y 0 R AR 0 TR AR R
IR, R -E R RGP BN, S8l T
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Electrophoresis of autophagy signaling pathway related

proteins expression levels in SH-SY5Y
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Table 5 Effect of rabbit serum with GDD on expression of autophagy sig

naling pathway related proteins expression levels in SH-SY5Y (x £,

n=3)
T LKB B N
wn wwm S0 N G e ew g
E% - 0.81 +0.04 0.41 0. 04 1.87 £0.07 0.54 0. 06 0.77 £0. 03 0.75 £0. 02 4.08 £0.02
A - 1.59+0.04% 0.81 £0.01 0.65+0.01 3.08 +0.12% 1.99+0.12% 1.77 £0.10%  1.25 0. 02%
TARHR 10 1.36 £0. 11 0.68 £0.02%  1.11 £0.01*  0.8220.07% 1.29+0.09% 1.31 £0.01*  2.51 £0.06*
5% 10 1.06 £0.08*  0.55+0.02* 1.56+0.03* 0.60+0.01 1.16 £0.05" 1.15+0.06*  2.13 £0.02%

AR ] P AR R SR B PR B AR Sz
FH MTT Ll €8 32 00 48 B 77 3% 5% A0 LDH 0 441 Jid 75 14 DA
W% 1o A XoF 240 B A 5 405 U R 38 A X5 4 B 9 ROS,
SR AR IS FEL A7 g A 0 A R v ] X6 R AR ) T R Y
SO, 200 28 S I N v A 2 A0 I AE T R, AN B
PRI IN, ROS By & & 14 hn, i 523 nl LA S 25 34
2 B B A7 15 6 ek /b 20 i BE PR AN ROS (1) B i, [ Uk
o AT L3 S 0 2N B A S Ak R, DT s 4 i
FZRLAR B DI fig , 5 B0 B 45405 , i T 573 38 i 1] 42
a5 AR ZE L Y ROS (9772 2 AR 3 2Rk AR T
fiE , DA X 240 A R 3 2K

LKB, 25 ZFi A=Wk 7 , 2 A Y OC 4
T AS TN A9 A TR S AR, T R
PR I-3%T% AMPK AH S 8 (6 W0 e e bt e, =
AMPK T LU 77 . A USRI, PRk
LTTLIA S LKB, P4 L APPLI 4 i 9 77 5t M
b 5y B 40 MR b, S B0 AMPK f 3E L
AMPK 2 201 Jid fiig 125 4 35 7000 200 i 7 3 o 22 1) A% Bk e
ol RN A, VR ) 40 A AT, 2 R A P RE AR
A IEZ P S, 4E 45 40 i 9 A A7 R0 B 08 20 i i g

- 66 -

BN o HCTT LU R R B K AR ARG R R
14 A5 LI FT LA i 408 A 2B K R g . AMPK g /b
BB VAR 0G0 T Ak AT S TSC2 KA il m
TOR {551 S35 42 . mTOR & 817 11 M 40 i
AR EEME A WA o R N
T R WE T B O, AR IR T R i, HnT
Bl Ak 2F 10 38 A P ) AR DG SE P 1 (ATGL) AT
i A WA A R, ULKL 208 R i iR,
AALAT L AR 1] 8 15 mTORCI, ifif H J& mTORC1 (1 4
0 ). AT LB R £k SESN2 I SQSTMI >k i 45
A o A IE A % B, AMPK AT LU i i S
ULKI (48 B AE A OJF L85 R A6 I I o5 2 A W15 &
L LC3 R A C RN Atgd K i B A
LC3-1 ,7F Atg3 Al Atg7 2E S 5T LC3-1 5%
Rt 2 Wz (PE ) 45478 i LC3- 11 45 4 78 [ W 1 st
b IR R R B BIAR R T . Western blot
R BoR, 5IE 4 W, &4 LKB,, AMPK,
LC3A/B, ULK #1 p-AMPK % [ #) % 15 & 2 8% i1,
mTOR Flp-ULKZE F i) 635 B HFEAL., SBR[
B, B G i 41 LKB,, AMPK, LC3A/B,
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ULK Il p-AMPK & {4 % i5 & % F% %, mTOR Al
p-ULKZE (1 %35 B8 n. A iF 32 25 W & K 7 i
ROS 7T LI i3 4 ] mTOR 5 5 i B 2% % L 240 Jfg 5
pS3 B S E A WE A AT T Se e g5 R UL
B S OR T OH M LKB -AMPK {3 5 B, i S
L B 2 A DR T % 20 I B4R 0 o T AT S T RE
L5 1 U A0 BN ROS (A R IR T H A
B, 3 T W K AR X 28 T A0 R B R B
EH .
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