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[ Abstract | Objective: To discuss the effect of curcumin on the apoptosis of adrenal pheochromocytoma
(PC12) cells induced by B-amyloid protein 25-35 (AB,s;s) and the expression of cytochrome C (Cyt C) in
mtochondria of rats, in order to analyze the mitochondrial mechanisms of anti-apoptosis. Method: A, ,;was used
to treat PC12 cells, and the cellular model of Alzheimer’s disease ( AD) was established. The PC12 cells were
treated with curcumin at concentrations of 0 ( blank control group), 1.25, 2.5, 5, 10, 20, 40 pmol -L ™",
respectively. The survival rate was measured by 3- (4, 5-dimethyl-2-thiazolyl) -2, 5-diphenyl-2-H-tetrazolium
bromide (MTT). The PC12 cells were randomly divided into the blank control group, the model group, the low-
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dose (10 pmol-L ") curcumin group and the high-dose (20 wmol-L ") curcumin group. The effect of curcumin
on the apoptosis, the changes in mitochondrial membrane potential (Agm), the distribution of Cyt C and the
expression of Cyt C in mitochondria were evaluated by Annexin V-FITC/PI flow cytometry, JC-1 staining assay,
immunofluorescence analysis and Western blot analysis, respectively. Result: Compared with the blank control
group, the survival rate of PC12 cells was decreased significantly, and the apoptosis rate was increased in model
group (P < 0.01). Compared with the model group, curcumin significantly increased the cell viability and
decreased the apoptosis rate (P <0.01). Compared with the blank control group, Aym decreased significantly,
the release of mitochondrial Cyt C to cytosol increase, and the expression of Cyt C in mitochondria down-regulated
in model group (P <0.01). Compared with the model group, curcumin significantly increased Agym, inhibited the

release of mitochondrial Cyt C to cytosol and Up-regulated the expression of Cyt C in the mitochondria (P <0. 05,

P < 0.01). Conclusion: Curcumin can inhibit the apoptosis of PCI2 induced by AB,s,s by suppressing

mitochondrial apoptosis pathway.
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AD H PR H 2552 B E . % # F (curcumin)
e AL G T 2 22 B0 AR 4 4 22 0 JR A ) i AR 2K b 4
YBCHR R g — A IR X 43 7 B B 2R Ak B W, DY H 7
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Ik e B 46 F WL AE ¥ (JC-1, 26 [H Thermofisher
Scientific 23], 57 % T3168 ) ; 27 (R flt 42 105 & (12
[# Biowest 2\ &), 525 E1IWP1031) ; FITC #5ic 1L Pt
/MR 1gG (25 [H GeneCopoeia 23T, 585 L146A) ; St
N Cyt-C $i 44 ( 22 [H Santa Cruz 2\ @], 525 P4887Rb-
h) ;tublin = (% FE AbCam A &), 525 ab8229)
1.3 {U#% HERAcell 240i % CO, #5348 (£ H
Thermofisher Scientific 2y &) ) ; RT-6100 &l 451 ( 3£
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PESCHR[ 12 ] e s g 25 1 AL B A 0 (% A
41,0 A S R B DMEM #53:3£),1.25,2.5,5, 10,
20,40 pmol - L™ "N [A] ¥k B 1 32 8 K, 55 BB A4 (i
AGFRB DMEM $: 372 38) ,37 C 5% CO, it Fig
R 3 2 h 5, B G4l o &AL 4 S A
40 pmol-L~" ABLEL 37 °C 5% CO, Ko/l F B T 4k
Zrih 9% 24 h, PBS PR 1 Wk, &AL 4 A A
0.5 g-L™" MTT %W ,37 C 5% CO, K iu Fig T~
Kig® 1 h WO W . BfL 4 i A DMSO 100 pL
DLV i 52 (L D0VE , B IR IR 10 min, 758 2 il 55 64
UUVEN , T Rayto RT-6100 g b5 {1 %€ 450 nm i £
AbWE S B A, Graphpad 5.0 18 40 AE 0% %, A4
B 6 ATl 6 fLF-H1E .
2.5 Annexin V FITC/PT B i =X 40 g AL 4G I 94 7=
K X B A K PC12 20 i 42 FR 25 )% 5 x 104~/ mL
T 96 FLAR 4 £l 100 pl.,37 °C 5% CO, Kif
FEE T B 7% 24 h, S 08 MTT K U 45 5%, PC12 21
MLBEHL Sy A 25 AL, B L A %5 1R BL DMEM £ 3%
HE S BORVZE B AL A SRR FR DMEM 5 53 26 5 I 5] 4
FHRABGALIMA 10 pmol - L™ 328 FK 5 4 7l 1 %
WEHABELIMA 20 pmol - L' E# K, £ 437 C
5% CO, MAMANREEE FHi5% 2 h J5 , BRas 4l o 4L
AR 40 pmol - L™" AB, 5,37 °C 5% CO, K/l
FVE R T 462223 24 hy 1 200 r-min ' B.[0>5 min
WeEE AR, PBS 1 mL phik 2 ¥, 455 2% vl i v E B
AP0 B . B R A 50 mg - L7' Annexin
V-FITCHI PT i % 5 pl.,37 °C 5% CO, KA FIiR B T
}i 5% 60 min, BD FACScan i =X 20 A {0 00 94 7 1%
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(FL2/FL1) &R Aym (725 4k, Image J 3K {431 5
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BSA Z i & M 15 min, A ST A Cyt-C H {K
(1:50),4CHHF L. PBS 1 mL a2 W, mA
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b it/ RN

2.8 ZE I TED I L (Western blot) 46 il £k 47 {4 4
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Cyt C,BCA ¥E5E SR I . B30 pg &1 LAE
JG 4T 10% SDS-PAGE BEREHLIK . LUK 58 5
e G AN S 5 % W AR 5 Ry B P4 m A BBt A
Cyt-C Hif&(1:1 000)4 CHEHE o %, PBST vt Ji5 ,
JIA HRP ARC 9 — 40 (1:500) =i BF F 2 h, ECL
b2 RO B, Tublin TR E 7k 5 Lk gy
P . Bio-Rad 2 1 LA &R Gedn £ W 52 2%l
IPWIN 32 B X 4% 454 A7 E 47 K BE A 50 o Cyt
C AHXF FRIKIK P = Cyt C JK BEAE/ ublin JK JEAH
ASF D 6 U, WO BI1E .

2.9 geit it ke BGE SR I SPSS 17. 0 4k
R EgE HHEBIRE I & £5 Ko, Z 40
BB 5, >R B IR 28 07 25 43 B, 4 Tm) 7 7 L A, R
JH SNK #555, P <0.05 £m2Z57A 517 E L.
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mHEA G E X (P <0.01); % fm A 10, AGIt#E (P <0.05,P<0.01), L33,

20 pmol - L~ # % ] i 35 48 w5 40 M A7 0 R, A A
YR, 2R A2 L (P <0.05) , ARG
JIA1.25,2.5,5,40 wmol - L ™' 25 8 22 W] 45 &5 20 i 4
TR R SRR g, 2R A RA S8 L.
W1,

Rl ZHEW ABys; FSM PCI2 AEFEEMNF
n=6)

ZMm (x £,

Table 1 Effect of different concentrations of curcumin on survival

rate of PC12 cells induced by AB,; ;s (x +5s,n=6)

215 #e 8/ pmol + L ™! FEWE R/ %
I s - 100. 00 =0.00
A - 42.39 +6.38%
EWME 1.25 46.63 +7.76
2.5 48.50 +7.78
5 53.57 +8.49
10 79.29 £9.44%)
20 82.81 £10.47%
40 56.04 +£9.03

FE: 5 E4HEY P <0.05,7P<0.01; 5HEHHEY P <
0.05,YP<0.01(%£2~4),

3.2 FZEEX ABy, BT PCL2 4 12 /Y 52 M

Annexin V-FITC/PT XL i 2 240 J 4% 45 S s, B
I AB,s 1515 FH) PCI2 AT T- R B E T &, 525
FA L, 2R BA G128 L (P <0.01) ;i) &
LEBAMEF L EZHAMMIT TR ERFE,
HERA R, 25 B EA5% % E L (P <0.05,
P<0.01) W#E2,

x2 EHEREW AL FEMPCL2 HRATENH
n=6)

M (x +s,

Table 2 Effect of curcumin on apoptotic rate of PC12 cells induced

by ABjsas (v £5,n=6)

21 51 ?Kﬁ/p.mol-L" W12/ %
% - 4.02 +0.67
A - 50.71 £9.29%
LWER 10 32.13 £3.68%

20 19.90 £2.26%

3.3 EBEWEX ARy, 15 F W PCI2 4l Aym 1) 5%
M JC-1 Jeta o A 45 1 Won MR AL AB,s 4 8 2 11
PC12 4fiffl FL2/FL1 I 2 5%, Ui Agm & 2 841K,
HEAHARE, Z5FHASIT%E L (P <0.01) ;1%

22 R A R R R A FL2/FL1L @
ETE L U] Aym B E TR SRR AL, 2 R A

F3I ZEEW AP, FSH PCI2 4 Aym MR (X +s5,n=6)
Table 3  Effect of curcumin on Aym of PC12 cells induced by
ABysas(x +s,n=6)

45 e i/ pmol - L™ FL2/FL1

2 H - 3.80 0. 57

L7 - 0.14 +0.02%

LR 10 0.31 +0. 04>
20 0.93 0. 14"

3.4 EWEX AB,. 15T PCI2 4 Jifl Cyt C 4374
MsZm e s b T 45 SR R, 25 14l PC12 41
Jf, R BDIE , 10 FE M, Cyt C AR P e A% i 3K
oA DL B I OGRS BBV AR, 1R T Y
PC12 41 M AR R4 /I | S 40 ALK, RS 10l 24, obte ol ¢ i
ZMIH ) Cyt C 1B IEZ  IREUM G T 2 MK, 20
SREL TGRS IR i 2 R AR S R i 2R
A1 40 i AT UL RE I E B3R ) Cyt C Eﬁiﬁi"\ Jifi 3
1) Cyt C 2645 7 W 305 . LI

C D

A, ZSE4;B. BIRIZ;C,D. FEHE 10,20 wmol- L4 (& 2 [[)
Bl EEHEX AP, FSH PCI2 41F Cyt C 5 75 AR M ( s 78
&, x100)

Fig.1 Results of curcumin on distribution of Cyt C of PC12 cells

induced by AB,; ;s (immunofluorescence staining, x 100)

3.5 LW EX APy, BT 19 PCI2 4l i 8k 1A Py
Cyt C RiKMsEm BRI AR, 51 PC12 41 fig
ARLAR N Cyt C Y AH X K38 2 BAR, 3278 kiR
W Cyt CATRBREL ZEMK T, S A, =25 H
A G2 (P <0.01) {57 i 22 % & 41 s R
R RAMML BRI Cyt C XS £ IA B % T
L PR 2 R T RE DI LR AR Y Cyt C B E
K, SEAIA KR, 2R HAASIT2E L (P <
0.01), WK 2,34,
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cytC 15 kDa

A B C D

B2 EHEEN ALy FSH PCI2 ALK KA Cyt C RiEM
A
Fig.2 Result of curcumin on expression of Cyt C in mtochondria of

PC12 cells induced by AB,; 35

FIEBEM (2 £5, n=6)
Table 4  Effect of curcumin on relative expression of Cyt C in

mitochondria of the PC12 cells induced by AB,s ;5 (x+s,n=6)

20 5] e )/ wmol - L ™! Cyt C/tublin
2 - 0.876 0. 132
A - 0. 182 +0. 026%
LR 10 0.691 0. 1014
20 0.723 £0. 114"
4 iTig

AW KB, 22 F 0] BT ABysas BT
PC12 40 M 77 1 3R, 478 % 8 K X ABsss 5 F 10
PC12 200 B — 5 9 1 AR A T . R R R 5
BRI, 28 R IRREIMH] Ao, V5T 19 PC12 41 it ¥4
T, X 5 U BRI AR — B,

20 M0 U T SR 2 SRR R AR BT T RS LR T
BN IR R, th— R E M5 515 Gl
SR I R 81 32 1 — o A BRLPE BE T 5k AR X LA 4 41
FRSE 0 & & KB s N £ g+ 2 e
Flo 4RI TR R AR 3 AR LR R R AR
FET-Z AR AR AN TR R 2 3 Fh i 4%, 5 B 2 4ok
hEREMSHBERE T REEREEME
SRR U T A5 5 T A AR v R S Y R T 4 4
fa s, 6 P T B A R R
55 AT A G 22 4% I U S B T 1 T R, 4R
R T 5 B AT R ARSI RE B UL,
LR LA 1 B 1 A 0 T PR (A Gyt ) BB, Covt
C R— PR/ T B, 8 T Lok R v, R 4oh
AT g e v A2 338 P, 1 0 A A T EL 2 200 08 T 9 4
{3 AR 1, SR B R R U L R i
TEA

A S I 25 R 1A A 53 3 1 A AR A AR 2
— AR T IE R S RRR Aym A BB KR,
Asm B U GA A 20 52 PR T F AR Agm 1Y
0 R A 2 AT T 2 B S R o R e A L AR 1
+ 120 -

=" Y Agm BRSSO A I b K | & 2k

T 25 8 T BE B U T RN R B Cyt € AN

JIE 7% HH ORI BB M v, 5 U T O TR T -

1 (Apaf-1) Z55 IFIE L2 R Yy, ST 2 N oK Sy 266 B

Lot e 2 R 1 K 4 28 IR 3 H K fif il -9 ( Caspase-9) il

PRIE A T2 /NS, Caspase-9 2 S AL T (A4S 42 2% |

2% AL, 5 WG Caspase-3, 1 Caspase-3 2 2 Jfd

T B AMPATIA T, SR T,

WG A, W R THE Agm AT E A

BT ABoss 15 1Y PC12 A0 T2 B9/, e 45 R 3R B

FWRYL ABosss B F 19 PC12 40 g I 1~ 0] fi J2 38 i

LRI TR A ML TR AR S B . S T R

FAEHT ABys 1B T PCI2 A Tt FEh B/ S

Cyt C A K, KL A i Cyt C NZRAE A B il 22

AW R A 56 o B kil 1 Cyt C A9 43 A

LA K Western blot 23 #7 & I 1 Ze B4k Py Cyt C 93

Ko BRI AR B 2 0 R AR R ) e R A

Cyt C 1E ABys,s 15 1Y PC12 40 i 35 1N 5% 56 3R Ji5 4

R 2 25 A, A 2R A N 2 38 B 35 vy, Ul B 32

BRI ABosas 15 1Y PC12 40 M 8 T 2 B vh A7 7E

Cyt C 25, JF HAMG LR AR R i 2 i 5

i ERTIE R R T TR AB,sss 15T HY PCI2 4

JRLAE S 28, I EL AT g T, P T L T AR S

FCAMH) Cyt C DA ZRORL A I 2 Jf 3% DA T 410 4] £ A

TR K,
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