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Effect of Danggui Shaoyaosan on Copper Ion-mediated
ApB Aggregation in AD Cell Model

HAO Xu-yi, LUO Si, CHENG Shu-yi, CHEN Yun-bo"~
(Institute of Clinical Pharmacology, Guangzhou University of Chinese Medicine, Guangzhou 510405, China)

[ Abstract | Objective: To investigate the effect of copper ion ( Cu’* ) on the aggregation and
neurotoxicity of AB, and affirm the role of Danggui Shaoyaosan in wvitro, the Neuroblastoma ( SH-SY5Y) cells
treated with B-amyloid 1-42 ( AB,,,) and Cu’" were used as a vitro models of Alzheimer’s disease ( AD).
Method: AB ,,, (20 pmol L") was reacted with different concentrations of copper sulfate ( CuSO,, 20,
40 pmol-L "), and then the thioflavine T (ThT) staining method was used to detect the AB aggregation state. The
AB aggregation status was also detected by ThT staining in the AB,,,-Cu’" group (20 +20 pmol-L "), and
Danggui Shaoyaosan groups (1.6, 3.2, 6.4 mg-L™"). The SH-SYSY cells were cultured and incubated with
different concentrations of AB,,, (1.25, 2.5, 5, 10, 20, 40 pmol-L ") and Danggui Shaoyaosan (1.6, 3.2,
6.4, 12.8 mg-L~") for 24 h. Subsequently, SH-SYSY cells were incubated with AB,,, (20 pmol-L™") and
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CuSO, (20 wmol-L™") in the AB,,,-Cu’" group, and incubated with AB,,, (20 wmol-L™") , Danggui Shaoyaosan
(1.6 mg-L™") and CuSO, (20 pmol-L™") in Danggui Shaoyaosan group. Control group was added with the
medium. After 24 h of co-action, the cell viability was detected by the methylthiazolyl tetrazolium ( MTT) assay.
The morphology of the cells was photographed by microscopy. The intracellular extracellular AB, ,, aggregation was
detected by Western blot. Result; Cu’* and AB,,, bound to more and larger AB aggregates compared with the
AB, ., group. Compared with the normal group, cell viability was significantly reduced (P <0.05, P <0.01) and
intracellular and extracellular AB,,, aggregation was increased (P < 0.05, P <0.01) in the model group.
Danggui Shaoyaosan can increase the cell viability of SH-SY5Y damaged by A,B-Cu2 " (P<0.05, P<0.01), and
reduce AB,, protein (P <0.05, P <0.01). Conclusion: Cu’’ can increase the aggregation and toxicity of AB;

Danggui Shaoyaosan can significantly reduce the damage of SH-SYSY cells induced by Cu®*-mediated AB

aggregation, promote AB endocytosis, reduce extracellular AB aggregation and increase cell viability.
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P160504-180231 ] ; 75 Ji St A B (HFIP) , i i &£ T
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o w|l, #it 5 Bl o EZ2811A175,
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200 wmol-L™") , ¥ E 3 ANEIL, 37 CHE
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AhPE UL x s Feon, A R] FL R R &R 22 0T,
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3.1 Cu' Xb AB BAE M IH A 25 IR AB,L,-Cu’
R B E S 5 AR, L, AL HEHE , AB, L, -Cu® Ik Cu® " 4]
PLE AB,,-Cu’" 5 Cu®" 411 AB B B 1] I R 4 78
Ko 5 AB,,-Cu’ ik Cu’ " 4H b8, 5 5 A7 24 #4541
M AB, L, BEHL I B iR, WA 1,

A B C
D E F

A AB L 415 B. AB L, -Cu® T Ik Cu®* 41;C. AB, 4, -Cu® "
WUATZHH 1. 6 mg- L™ 2 E. IR 258 3.2 mg- L™ 45 F. 24 U4 Ay
251064 mg- L4

B1 Cu’" 3t AB BERLYIPHHGHN AB,,-C** BEHHM
(ThT, x50)

B Cu®* 41;D.

Fig.1 Effect of Cu’* on ApB aggregation and Danggui Shaoyaosan
on AB,,,-Cu’* depolymerization( ThT, x 50)

3.2 BIFATZIEN AB, L, -Cu’ " M B M Y 5 R
3.2.1 ARFIVEEE AB,., % SH-SYSY A 77 2 (5 1)
52 B A R, ABL, W ¥ 5, 10, 20,
40 wmol - L~ "B, 40 M (1 2k 77 3R AT W AR B 45, Hovh
AB, W BEAE 20,40 pwmol - L' B B A B F k2 7
(P<0.01), HCRM AB, L, #E N 20 pmol - L™ FEH]
F SH-SYS5Y 24 hiE Rt &0 Wk 1,
3.2.2 MIAATET AB L, 5T ) SH-SYSY i {4
AL AR ER S5 A4, AB, L, AL A A7
R EREM(P <0.01) ;5 A, A LLE, HIHA 24
BRI A 1.6,3.2,6.4 mg- L™ B X} SH-SY5Y
ROl ST RV A (B RN S R AR = [ A S
(P<0.05,P<0.01), W32,
3.2.3  Cu’" Ml AB MIE 1 I XT SH-SYSY A= 77 %1
o 525 A &, CuSO, ¥k B E 10,
20 pmol- L' i, Xt SH-SYSY A= 47 3 0 B & 5 1
AB, L HEEAE 5,10 pmol - L™ "I, Hix) SH-SYSY A= 77
FRICW] R 5 Y 3 L W AE T SH-SYSY B, 4
.48 -

R1 AB Y SH-SYSY FBAREFRHHM (v £5,n=6)
Table 1 Effect of AB,,, on viability of SH-SY5Y cells(x +s,n =6)

215 ng/p,mol'L'] A 40 A= A7 R %o

25 - 1.69 £0.17 100.00 £9.99
ABy s 1.25 1.70 £0.12 100.62 +6.99
2.5 1.74 +0.21 103.11 £12.52

5 1.63£0.17 96.67 +9.97

10 1.57 £0.21 93.41 +11.95

20 1.31 £0.06 77.96 £3.59"

40 1.18 +0.09 69.97 +5.44"

LSS A P<0.01(£3R),

F2 HEAGAHI AL, B SH SH-SYSY 20 i #5145 4 BY 10 4R 47 4E
A(x+s,n=6)

Table 2 Protective effect of Danggui Shaoyaosan on AB, 4, -induced
SH-SYS5Y cell injury model(x +s,n=6)

20 51 JR e /mg - L A 4 il AE A7 2R %
251 - 1.31£0.06 100.00 +4.16
ABi 4y 20.0% 0.99£0.09 76.11 +8.96")
BAERESET 1.6 1.26 £0.13 96.4 +9.52%

3.2 1.27£0.12  96.82 £9.21%
6.4 1.35+0.10 103.27 +7.88%
12.8 1.11£0.05 84.88 +3.72
25.6 0.96 £0.14  73.59 +10.91

WSS AR P <0.01;5 AR, 4l P <0.05,V P <
0.01 ;% IR JE B 2K wmol - L7,

MR BE T RE(P <0.01) . W3,

£3 Cu** 70 AB HEIERXT SH-SYSY MM LRI M (v £5,n =6)
Table 3 Effect of Cu’* and AB interaction on viability of SH-SY5Y

cells(x +s,n=6)

24 51 e S/ wmol - L ™! A A A 7R %
L] - 1.92 £0.18 100.00 +9. 54
CuSO, 10 1.90 £0.21  99.06 +11.01

20 1.78 £0.23  93.25 £12.36
ABi s 5 1.91£0.18  99.73 +9.12
10 2.14+0.06 111.73 +3.41
AB, 4 -Cu** 5+20 1.48 £0.22  77.56 +11.63"
10 +10 1.55+0.22  81.02 £11.03"

3.2.4 BIHATZHHIN AB,L,-Cu® " i iy SH-SYSY
BOR 240 Ma B AR m 58 a4,
ABip-Cu’ A AEFF R B E TR (P <0.01); 5
AByp-Cu™ " 41 L B, 2 U9 AT 2 B A U AE 3.2,
6.4 mg- L'} SH-SYSY 41 g 2k 77 R B B I #5 (P <
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0.05,P<0.01), W4,

4 LPAHEHI AB,,-Cu*" K SH-SYSY HEM R ER
(x+s,n=6)

Table 4 Protective effect of Danggui Shaoyaosan on A, ,,-Cu®*
damaged SH-SY5Y model(x £s,n=6)

£8.51 JF Ak e E /me - 1! A AL A7 A %
% B - 1.05 +0.12 100 +11.03
ABy 4, -Cu®? 20% 0.51£0.10  48.99 +9 89"
20445 25 1 1.6 0.61 £0.05  58.47 +4.95
3.2 0.73£0.09  69.15 +8.39%
6.4 0.81£0.07  77.07 +6.74%
12.8 0.540.06 51.04 +5.42

E: S AHLEY P <0.01; 5 Ag ,-Cu® 4 L&Y P <
0.05, P <0.01;* IRk H pmol- L™ (F 5[,

3.2.5 MIFATZHNT AB, L, -Cu® " L[R5 7 1 A5 R
MMEANEW 2 A BEER. 5504
HEH, AR, AL — 5 (3, B 0 B /0N, 23 43
20 M I G s B 4R L AR B CuSO, 4 v 41 i 461 47 3¢
N UM A5 0T 25 145 AB, L, -Cu” ™ 20 v i AR 1
BRI R R (T NS T URe ElE RS TP
3.2,6.4 mg- L™ 4N MR S W Wk, 2 IH AT 2
FIOK A I o B0 T A B 3 M B T 4 ] Y
B N T M R MR S TR, 1R
RIS 25O AB, L, -Cu’ " Sk A /R I # SH-SYSY
AU R AR ER . ILE 2,

AL ZS 4B AB L, 8 C. CuSO, 2H;5D. AB, 4, -Cu® ¥ 21, E. 41445 25
3.2 mg- L4 F. 4 IHA 280 6.4 mg- L' 4
B2 HEREEN AL, ,-Cu RGAMBERESHEMN(FE D

WL, x 100)
Fig.2  Effect of Danggui Shaoyaosan on morphology of A, ,,-

Cu?* damaged cell model(inverted microscope, X 100)

3.3 MIAATZ O SH-SYSY 4 AB FR 1 52
525 AL LA, ALy -Cu” " AL 40 L P 40 b 1 3

ABLo BRI B FHT & (P <0.01)55 AB,-
Cu’ "L, YA 21 3. 2,6. 4 mg- L~ L4
AB L. EHWI B Z (P <0.05), 4114k EiF AB,L,
EH W B FEAE (P <0.05,P <0.01), W% S5, K
3,4,

F5 HANHEI AR, -Cu’" F S SH-SYSY BAS AR, &
BRI (3 +s,n=3)

Table 5 Effect of Danggui Shaoyaosan on AB,,-Cu®* -induced
intracellular and extracellular AB,,, protein in SH-SYS5Y cells

(x+s,n=3)

= AB, 4, /B-actin
415 ﬁim%
/mg-L 41 it i it b
g - 0.71 0. 10 0.33 0. 10
AB 4 -Cu?” 20% 2.85 +0. 16" 1.89 £0. 13V
M4 251 1.6 3.32+0.12 1.43 £0.01%
3.2 3.36 0. 06> 1.22 +0.09%
6.4 3.85 +0.24% 0.82 0. 06>
—_ 170 kDa
130 kDa
100 kDa
70 kDa
55 kDa
AB4 40 kDa
35kDa
o 25 kDa
[-actin  S—————— 13 kDa

A B C D E
AZS P14 BLABy o -Cu* 415C. AT H 1.6 mg- L7415 D. 5197
251 3.2 mg- L™ 4 E Y IAA 25106, 4 mg- L™ (& 4 )
B3 AB,,-Cu**ESH SH-SYSY K AB,,, EERIEBK
Fig.3 Electrophoresis of AB, ,,-Cu®* -induced intracellular AB,,

protein in SH-SYSY cells

— 170 kDa
— 130 kDa
— 100 kDa

— 70kDa
— 55kDa

LV — 40 kDa

— 35kDa

— 25kDa

p-actin 43 kDa

A B C D E
4 AB,,-Cu’* F 5K SH-SYSY 4l L& A, ,, EARIKAK

Fig. 4  Electrophoresis of AB,,,-Cu’*-induced AB,,, protein in
SH-SY5Y cell supernatant
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AD FRH bt B AB 7E M A BB, E 4T 55
DA Bz T 4 A0 AR T 5 2 00 RO B e, T 5 35l 28 9T
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) S8 A 38 SR I I 77 2B 3 48 (ROS) | T 8 ik Y
Cu’ " 7F AB REN B P REEAMMN . AD BFm
HOS R WP B Cu® i RS E N 2 4
U Cu® " S S P Cu® " AU Bk = L % 28
Ji ) oA e A IR L U P R ) Bk = S5 AD
ME RN LSS (S TR, I BB AL
Al G T 200 M0 €, 2% € 4R AL, DA T 3 BB AR 4R Ak
B JT )R IR LA K ek R Sh g g LTS T 4 e
A Cu®" B TR AN T OAB BB A, H G’
TES AB 454 J5 we B JE S Cu® A B 7= A i Ak
R, 54219 Fenton 2 W A1 Haber-Weiss JZ v
7Ok T B RS R R N E T R 48 0T 1Y 4R fb 4
G B, T Gt R L S B AR B4
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