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Protective Effects of Safflor Yellow B on Neuronal Damage Induced by
Okadaic Acid in Differentiated SH-SY5Y Neuroblastoma Cells
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Abstract ; In this study, the protective effects and the mechanism of'Safflor yellow B (SYB) on neuronal damage induced
by okadaic acid (OA) in differentiated SH-SY5Y neuroblastoma cells were investigated. SH-SY5Y cells were differentia-
ted with all-trans retinoic acid ( ATRA )%and treated with OA to induce high phosphorylation of Tau, which could build
up a model of Alzheimers Disease (AD) in vitro. Giemsa staining was used to observe the change in morphology of SH-
SYSY cells. Western blotting was appliedito/detect the'levels of phosphorylation of Tau protein at 262 site. Flow cytome-
try was used to assess the production of reactive.oxygen species (ROS) in the cells and mitochondria,and the change of mito-
chondrial membrane potential! The experimental results showed that treatment of ATRA could induce SH-SY5Y neuroblastoma
cells to differentiate into-mature neurons. OA can obvious cause neuronal synapse atrophy and phosphorylation of Tau on site

of Ser-262. SYB can improve the neuronal damage induced by OA ,depress the phosphorylation of Tau protein at Ser 262, de-

crease the intracellular and mitochondrial ROS production,and increase the mitochondrial membrane potential.
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Fig. 1 The chemical structure of SYB
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SYB 525 2 [ il SH-SYSY 40 izl [1 ATCC;
DMEM 55 5% 3 Jif4F Il 7 (fetal bocine serum, FBS) |
I Corning 24 7] ; 43 sUHEH IR ATRA 1 [ 3¢ [
Aladdin /7] ; Giemsa T #5 , LiCl, [X] H B2 ( Okadaic
acid , OA )+ HIFL K (DMSO) It [ £ & Sigma 2y
A PT p-Tau ( Ser 262) | FR#L Tau5 M H L [E Ab-
cam /A i 3 Pt B-actin, HAR i A AL W B bR ] — Ul
H £ [E Cell Signaling /A #] ; DCFH-DA (2,7-Dichloro-
di-hydrofluoresein diacetate ) 7¢ Y& #£ £ . Mito SOX %%
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1.2 (UEE5E&

CO, 353548, HZK SANYO /A ] ; SpectraMax Par-
adigm FiEHR{Y , 3 [ Molecular Devices 2\ ] ; T F Hi,
Uk %4t , 2218 Bio-Rad /A ] ; NovoCyte " it zC 41 11X,

FE ACEA AF],
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NARZEEE 20 LR 40 il SH-SYSY 7E 5 10% FBS,
100 U/mL 7525 2,100 wg/mL 4% 2 () DMEM 5
FiH, F 37 °C,5% CO, 10 FRFREAR,
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A1)
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5% CO, $E3E4A TR 1270, WEESS 1% 96 FLAR P9 24
MIREFT o, o3 S R B, S22 {2 1) 290k JEE
0.001,0.01,0.1,1,10,100 pmol/L, f4H1i% & 5 4
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Wk 5 mg/mlg] MTT 20 L LTS 4 h 5, F
£ B3, BALI AT 150 wL DMSO, 5235 #4872 1 , (il
FH RSO 30 53 5 ik o FH A S0 25 FL IO AR, T
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BRI E ST

R I B AT A SCRRARAE , 1 2 2 Bxt
HUE R SH-SYSY 4iffe, L 1 x 10 4~/mL 2 Ff
T 6 fLtk, LN A M 3 mL, TG FR A5 5% 24
h, &% JE K 5 wmol/L ) ATRA, 1% FBS [y
DMEM #% 55 J 4k 22 15 5%, i K30, B KWL %¢ 240 i
IS i ekd il R e A [T A S o Y
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BT, SRR AL, PBS Uk 2 IR, N A% PMSF () RIPA
2 2L AR R 1, BCA A D A Ak 2. e

x 100%
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Fig. 2  Effects of SYB onsurvival of SH-SY5Y cells(n =3,

;ts)
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SH-SYSY 4l 24 h, 3f:4 & B8 SYB e i 5 5% 4n
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Fig. 3 Effects of OA on differentiated SH-SY5Y cells (400 x )
A R4 ;B 5 wmol/L ATRA #5543k 4 d 4H;C. 40 nmol/L OA 4b¥E 6 h 4
Note : A. undifferentiated cells;B.5 pmol/L ATRA for 4 days;C. 40 nmol/L OA for 6 h

Wit Giemsa Qe % B, Rr46 SH-SYSY 4iijfs  3) R AKIEZ N MAR 0.9 5 (K 4), XUl
AN, EBIE MRIBERE, AAK THMARN 40 nmol/L OA LbFH 6 h ] i Fi 4 i 5 fiefbi 13
FHNZE , B VR S wmol/L ) ATRA 55406 4 2.3 SYB 3t OA BRES L B B 2 TR I 00
KIG JUF A A th sl R iiBas 2.3.1 SYB #p#] OA AT 854 SH-SYSY Zmfie % fi%
([E3) e BN MiRey 2.9 £5 (181 4) , Ui &%

A R 22 0 R Y 5 3 A A B AR iR 22 40 nmol/ L
OA 4EFH 6 h J5 , 40 0 45 46 MM 8, A 5 3 2k (1

RIFHEFE R SYB 5 40 nmol/L OA [ HHEH F
Ak SH-SYSY 402 6 h,10 mmol/L LiCl #f
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AR/ Wi BE

Kot ATRA 0A

4 OA 3t4r4L By SH-SYSY AR SRR IRG RIS ME (n =
3, PR )
Fig. 4 Effect of OA on neurite damage in differentiated SH-
SYSY cells(n=3,x +s)
TE: 5ARAMEAL P <0.01; 5 ATRA 4l H#g, * * P <0.01
Note : Compared with undifferentiated group,* P < 0. 01 ; Compared
with ATRA group, * * P <0.01.

B 5 SYB Xt OA FR B S L HySH-SYSY 4R 254545
250 (400 x )
Fig. 5 Effects of SYB on cell damage induced by OA in dif-
ferentiated SH-SY5Y cells(400 x )

72 A. ATRA 41 (5 pmol/L)5B. OA 41 (40 nmol/L) ; C. LiCl 41 (10
mmol/L) ;D ~F. SYB 41 ¥k FE 43514 0.2.0.5.1 pmol/L,

Note: A ATRA (5 wmol/L) ;B. OA(40 nmol/L) ;C. LiCI(10 mmol/
L) ; D/~ F.SYB with concentration of 0.2.0.5.1 wmol/L

FBAEXTRE, FH Giemsa %4 {5 1 f055 40 B A Image-
plus AT UG8, 455K 5.6 iR, 5 OA
ZHAHI 0.5 wmol/L SYB &b R ZH 4 41 il 2 25 725 b A
Wi, 2 22 4 W1 S 4 ], gl 22 LU B A9 L (B i OA
HWO0.9 £572 R 2.0 1, RANBEMEZES (P <
0.01),7f7 0.2 pmol/L I 1 wmol/L SYB ZH %} 5 fiih 25
AEAIIRIAE T E S5, Bl o 5 MR Y L fE i OA 21
0.9 AR N 1445 1.7 5, BAE BEELER(P<

oA/ A
s W w

ATRA OA LiCl 0.2 0.5 1
SYB(umol/L)

B 6 SYB 3t OA FrEi4 4Ly SH-SYSY A Bl 52 fid 353 157 1Y
BM(n=3,xxs)
Fig. 6 Effects of OA on neurite damagesinduced by OA in
differentiated SH-SY5Y. cells(i=3, x + 5 )

5 ATRA 4114, " P <0.01; 5 OA 4L, * P<0.05;"* P
<0.01

Note ; Compared with ATRA gfoup,* P < 0. 01 ; Compared with OA
group, " P <0.05; " P<0.0L.

0.05) . UitH] SYB feis 2z OA fir 853 fL iy SH-SYSY
S 4473 ,0. 5 wmol/L Y SYB 25 SR 4 BH i
2.3.2 " SYB\%4K OA Fi % Tau & & 262 1% 5 B i
1
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ATRA O0A LiCl 0.2 0.5 1

p-Tau Ser262 I- W — i — l

Tau s [ ——— ——

B-actin [Fo S———— — |
15

p-Tau262/Tau 5

0.0
ATRA OA LiCl 02 0.5 1
SYB (umol/L)

B 7 SYB 3t OA ErEi4 LBy SH-SY5Y 4 Tau & H Ser
262 fir BB BRI (n =3, v = 5 )

Fig. 7 Effect of SYB on the Ser 262 phosphorylation of Tau
protein induced by OA in differentiated SH-SY5Y
cells (n=3, Xt )

. 5 ATRA 418, ™ P <0.01; 5 OA 4i1L%, * * P <0.01

Note ; Compared with ATRA group,® P < 0. 01 ; Compared with OA

group, * * P <0.01.

AR ) SYB 15 40 nmol/L OA [R]fH 15 H T
SN SH-SYSY 2 i 6 h, 10 mmol/L LiCl
Sk BE A X5 BE, SR ) Western blot J7 35, £ 1] SYB X}
OA T8 34k SH-SY5Y 4 i 7E Ser262 {i; £ Tau 2
FIREIRAL IS0 . I 7 B/ ,40 nmol/L OA 4h B
6 h J5 4 Tau % 47K FAS AL AR K, Ser-262 B g Ak 7k
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THBTE, S Al B EM2ZES (P <
0.01) ; /K[ #& B SYB(0.2,0.5,1 umol/L) &5 40
nmol/L OA [FBHER] 6 h J&5 , Ser-262 ik 1k 7K - B
b BEATG, HE IR B (P <0.01)
2.3.3 SYB #p4) OA Frs i i ROS = A

6

=

DCFH Flu(x 10%)

ATRA OA 0.2 0.5 1
SYB (umol/L)

B8 SYB X} OA FrEi4r4L iy SH-SYSY ZAAafa iy ROS &9
ER(n=3,x%5)
Fig. 8 SYB decrease the ROS induced by OA in differentia-
ted SH-SY5Y cells (n=3,x +5)
.5 ATRA 411048, %P <0.01 ;5 OA ZH 4, * * P <0.01
Note : Compared with ATRA group,™ P < 0. 01 ; Compared with OA
group, " * P <0.01.

RGN OA X673 Ak n 224 o 28 70 240 Jfd i Y ROS
724, R FHAE AR I P AL BUER Y 2SO LR £l DCFH-
DA, DCFH-DA AR EEAHEG, 7T A i 558 41 f i,
PEA AN IS B M P T Tl K A 1l A RE 3 A0 I )
DCFH, iy ROS ] S8 TESOGRY DCFH AR WA 40
PR DCF, HZOEHRE H5-ROS (YK IRIE

WE 8 J 7, 43 Ak B B P 28 5T 4 i 28 40
nmol/L Y 9_A AbFE 6 h 5 g Eim I BT E (P <

10+ ##

Mito SOX Flu(x 10%)

ATRA OA 0.2 0.5 1
SYB (umol/L)

B9 YB#IH OA FREI L iy SH-SYSY £ B B i) Ze 4L {2k
TR ROS HIF=# (n =3, x =)
Fig. 9 SYB decrease the mitochondrial ROS induced by OA
in differentiated SH-SY5Y cells (n =3, xts )

TE: 54, ¥ P <0.01; 5 OA 4l Hhdk, “ P <0.05," " P<
0.01

Note : Compared with differentiated group,™P <0. 01 ; Compared with
OA group, “P<0.05," " P<0.01.

0.01) ; AR HeZ f SYB 55 OA [a] it FH A e JBE 44¢
AN OA PRS2t B2 1) Tt , R W] SYB 7J
G OA X il 28 Jo R A e .
2.3.4 SYB #r%) OA Frst & 42k R ROS & 4

L5 ATRA 41AH L, OA b3 6 h J5 S (A I 15
UKL TR (P <0.01) s AR SYB AP S
LORLATR ROS KPR H & e B AR v, 0.5
F 1 wmol/L SYB 25 OA 41 b4 Ml 21k 2% 5
(P<0.01), S5 R0, SYB Il OA FT 3L
AR LA 1 S 7K T (8 1L, RER AR X e A I it
HERII

2.3.5 SYB 374 OA P 8025 5 AR IR v, 4% 8 TR,

3

[}

1

ARCVRSH (eva JEV SR

ATRA OA 02 05 1
SYB (umolVL)

E10 SYB £&f% OA BTEI5 LI SH-SYSY 4 B2k 4 fA A5
BATRIBEIR (n =3, v =5 )

Fig. 10 SYB depress the decrease of mitochondrial mem-

brane potential induced by OA in differentiated SH-

SYS5Y cells (n=3, Xt )

T : 5 ATRA ZHH#E, ™ P <0.01;5 OA 414, » P <0.05

Note : Compare with ATRA ,# P <0.01 ;Compare with OA, * P <0.05.

JC-1 J&—Ffr )32 FH T 4G 0 28 7 4% 55 o 457 (%) BH
BT IR kL . 1 (E R 20 M 2 A B r A3 55
T, HA M, JC-1 AT Ak A 2RO A L B I R
ZRIK, P HELADOE (560 nm) Lk A B L
f R R JC-1 A Bk PR AR S 675 (530 nm)

i & 10 AT, 5 ATRA ZHAH L, OA 2 4 i 2k
PR ALK 2 TR (P <0.05) ;5 OA A It
B, SYB - i 4 2 (A B H 57 7K 7 B B 7 T OA
H(P<0.05) ,kfizg SYB BT im , Sohr (A BB i Ao 5
G208 LIt UAH OA W] B S 4540 S b AA st ,
LRI H (57 A AR, SYB ] 170441 Jf g A £ 4% 7Y
ROS 7K1 T 25 AT B AR ROS X4 4 4% B 1) 41k
B0 , A ) T AR 2R R B L7 K

3 g

SH-SY5Y 20 g SR Y8 T~ A 1l 220 i o P b 855 40



466 KIRF=YIBE R 5T K

Vol. 30

JL, F 3R TN BAREPE , FT B ATRA 1 P e L 155 o iplz
fist 2, R B (TPA ) 55175 5 3 Ak s HAT D) BE Y B 2 b
ZICRAY, AT A R S 28 22 B or dR L T 4y
R ELRE ) o oA T2 BT RO S B IF ST & TR, AT
ATRA 155 SH-SYSY 40 A 534k hy i 22 oo 4 i,
283 OA R BEAT {58 fph 2245 262 {3/ £ tau & [
WAL 7 AR Sh AD B A ek R aE , LiCl
1 GSK-38 (il ) , BRAE A ] 43 AP 22 0C tau
R IRAL , 8 A A 22 T 5 Ml B 4052, TR I AR S 3 R
H 10 mmol/L LiCl 4 FHM: X HE

Tau 2 189 FE UG 45 A U, Tau 2 R 45
P 3 rb A L AT Y R IR, DRI AT DL S5 B
TS S5, NME Tau A 6 FMIA, Hi2E Hh
SR e PR BT 1 I 07 A, Tau 2K i
Al BEIR AL AV LA i, b R (b 2 L R H
HARM . Tau EAEBHRTED RS EIES
K, FEARRR TP AX 22 R 48 Tau 8 IR TL 7K F Eb
RN 2 RGE T Y TR AT
Tau £ FIREIR fb K- & Az B AR Ak I R 4, i) an iy
IRZEMGBR, FE LR G RE ST, 76 AD R/EidfEh, wau
A B RR A AR TP B NFTs, 2% L 4E R A E &
A MINBERIRE 7, B i 2ot i ™ . AD iy
S AN AR e B Tau 25 11 2207 A B B IR fl 4l
Ser396 . Ser262 | Ser202 , Thi205 Z:°°%, 12 wif Wf 7% %
W, Ser262 (v TR 45 A IX 3, 1% 407 1 B 1R 1 25 o
1 tau XPRUE 96 R B LR MUE B9 R fe e IF
ST 3 Hoau B Ser262 i 5
FRfk 2 AD KAz b FE rh i A 0 B R 2
RS HABAL S BRI AL o OA i S & on 4 al
i Ser262 {7 41 PR L ACE W i Th i 2 . ARSI
Hr OA b3 (40 nmol/L,6 h) Ak p 25, 5 Wi g
ORI k2245, I\ Western Blot 25 5L W] 1 Tau 2
PR OF i 3 e (P <0.01) .

YLk R TR E AL VR I R AR A
2. I AFKE E R GB2760-1996 v, & [ K 4 H
255 SRR KR SRS R B, LT AR 0 K AL
B SRR TGE, SYB Wbt E R EA
RO A3 22— , % £ e T BT S8000 A 4 2%/ BRUAT P 22 R
PHERY S IR A RSN I S IR AT ST W, SY X
OA 5 A4k SH-SYSY 4 i B A (R4 /E ',
B2, XF SYB 7E B 28 o0 28 fih 25 47 Jy T AR 97 4E
BURI ARSI TE A . ABFSE R S pmol/L 1y
ATRA ¥ SH-SYSY ZHAIAb B 4 d, 531 b Bl 24 i

290, 142 40 nmol/L OA LbHR 6 h, 357 R fihZ5 45 |
Tau 25 (i EEBERRILAY AD RSMEAY I M Tau 2 A
WRER AL IR 6 PR 0 A B LA 5 457 7K - 55
5 T A5 MR AF 55 AS [R) e B8 1 SYB St 5 fioh 25 45 114 1
P VE A KL

ROS fnid AL E  —F LA A R4S, 7RI
HIEOLT RS & FE AN RS (R0 /E T, gt A
(EVJEBuREiipN e FRCIP Y Yo RuE R YW & =
AP, SR RO Y &R BFSE T, AD
SR T B A R AR Y A B ROS A 5 11 AL 1L 45
%7 ESCERHRGE , Tau 8E [ % BE MR AL B,
LRLARTIREZ 1 T EBOR ) ROS AR R AL, 5
S fish T RE R4 5 T 4806 B U™ A ) ROS 25 3 B
Tau 2K 4 o BERE R 1h JF RBUE Wl NFTs , f5: Z R 45
B T8 AD IR o AT KB, OA B
P2 TCA0 5 i AT Z R AR ROS /K -1 I 2 Tt
R (P<0.01) , ZAARE A 2 Zobr AR 3 1k I I
TR AL SE A A B AL B IR T = A ATP 443
Tl 2 40 RS2 A5, SR AR P 3 37 3 o, e £
WEART™ . AT, AD H 25N 40 i R Q3 5
LR R VT T B A7 5 2R A S fE 37 2 R A AR
A AHFTE R, OA 1 B 2ot I , Lok A
LA I 25 R (P <0.01) o ARSZEGFIH SH-SYSY
AT BFSE SYB X OA Ffr U B i 28 70 5 frh 28
Y ER . 45538 ,SYB(0.2 ~1 umol/L) kb
PRV BE AT L IR OA 5243 1 41 it 2 ok 25 45 A
JE , BEAIC Ser 262 13 55, Tau & (MR 1L KV, HAE
Ve FABLH AT BE -5 /0 i P B ki (R IR ROS 7=/, 42
SRR R AT G, FRATTAIBIFGE A 2148 ST
BT AD B3R YT 3R T — 2 10 52 58 4K B A S
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