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A A ARG R IR | Curcumin ZH 40 A A PR T35 36 PE4UKOF- B8 APP 41 B W B 4IK[(0.05 £0.01) vs. (0.18 £0.01),P=0.000;
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0.000], FLBRES ALK 253 F T ISR BRI i ik, MR OB A . IRIE S A Ak 24 25 5 R 258 2000 T AU 2 C R
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P=0.000; (0.64 +0.20) vs. (1.78 £0.03), P=0.000]; 3 H. Curcumin Z1%¢ APP 411 Caspase3 15 Caspase9 (3% 1 W i AR (0.66 +
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Curcumin improved mitochondrial function of N2a/APP695swe cells

and inhibited apoptosis
Liang Jie' ,Kang Qingmei’, Zhang Xiong’,Zhou Fanlin',Gao Minna',Li Yu'
(1. Teaching and Research Section of Pathology,College of Basic Medicine ;
2. Institute of Neuroscience ,Chongqing Medical University)

[ Abstract ]Objective ; To observe the effects of curcumin on the mitochondrial morphology and functions,and on the apoptosis in N2a/
APP695swe cells, and to explore the underlying mechanisms. Methods ;: The experimental cells were divided into four groups:N2a/
APP695 group (WT),N2a/APP695swe group (APP) ,dissolvent control group (DMSO,5 pmol/LL) and Curcumin group (5 pmol/L).
Flow cytometry(FCM) method was used to investigate apoptosis, the level of cytosolic ROS and the change of mitochondrial membrane
potential. Immunocytochemistry technique was performed to analyze changes of cytochrome C in experimental cells. The morphology
of mitochondria was observed by electron microscope. Western blot was carried out to detect the expression of caspase3 and caspase9
protein. And the activities of caspase3 and caspase9 were assessed by spectrophotometry. Results : Apoptosis and cytosolic ROS were
significantly lower in the curcumin group than in the APP group(0.05 +0.01 vs. 0.18 + 0.01,P=0.000;49.67 + 4.16 vs. 197.67 + 8.08,
P=0.000) ,and the mitochondrial membrane potential was higher in the curcumin group than in the APP group(1.00 £ 0.03 vs. 0.64 =
0.03,P=0.000). The electron microscopy found that curcumin could reduce the swelling of the mitochondria and improve its shape.
Furthermore , curcumin could reduce the release of cytochrome C and the expression of caspase3 and caspase9 protein in the
curcumin group than in the APP group (0.62 + 0.12 vs. 1.39 +0.10,P=0.000;0.64 + 0.20 vs. 1.78 + 0.03,P=0.000). Similarly,the
activity of caspase3 and caspase9 was significantly lower in the curcumin group than in the APP group(0.66 = 0.04 vs. 2.12 + 0.06,
P=0.000;0.58 + 0.04 vs. 0.93 + 0.03,P=0.000). Conclusions
Curcumin could reduce the apoptosis of the N2a/APP695swe
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(N2a/APP695swe ) 4l 112130 J&E 1] R 24 V5 AR B 0 4 2 1L
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Western blot Gl &(PO012A) BTN H LA (11A22C09)
W [ 18 AR A 7] 5 BT B-actin (ICMO01-100) G %
Pt Caspase3 (hs—1518) Fll Caspase9 (bs—1388) . 4l il {4 % C
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12,1 40MuEEgR B RAE B 1x10° 440 il (N2a/APP695 Al
N2a/APP695swe ) /K 37 CH A ZE 25 em® FiFRIMH , 40 i
B3Ry 40% , FH4F 100 mL & 47 mL DMEM 47 mL OPTI-MEM |
5 mL FBS.1 mlL ¥ 4 8 2 P4 K 09 IR & 5F 9% W (N2a/
APP695 AIEE5FER) AT 47 mL DMEM 47 mL OPTI-MEM 5 mL
FBS .1 mL T 5% Z AT .20 mg G418 340 Ji iy TR A 55 35
(N2a/APP695swe 45 TR ) , & T 4 ML 15 5748 (37 °C 5%
CO,) TEE S O R E KA 5256

1.2.2 AnnexinV-FITC/PT kM 41 M8 1= BG40 K40
B WT HI N2a/APP695swe AMALfE1% (1 4 2) 57T 25 cm® 15
FEHEE SR, 24 b R A0MIC A R 2 60% , K553 45 B 1 N2a/
APP695swe 351 7 LA curcumin(5 wmol/L) 1 DMSO(5 wmol/L)
ABER 24 WS ZRIEIC A ER 80%~90% ;0.5% B HE 11 M 1L 40
M, A3BINEE 4 HANM (WT 20 APP 20 . DMSO 41 . Curcumin
AEFRZH), 1 000 /min B0 5 min, BLO5EHE, i, 1 mL
PBS ¥ i B 0, 526 0 3 40 M T % 4 4% Annexin V-
FITC/P kY 0, ELAAR D PR3 d PR E BL R 2 A A B2 Bt i 20
B TAEE AT, ST AR 3 K,

1.2.3  DCFH-DA A A MIG A BOGEE KR WT
Il N2a/APP695swe Al AL AR (1 15 2) 5N T 25 em? H5 5770
R, 24 h G A A R4 60% , 5 4 ) 45 BL 1) N2a/
APP695swe 435l LA curcumin (5 pmol/L) Al DMSO (5 pmol/
L)AL 24 b WM A% 80%~90% ; T AL IR 4 LH AN (WT
24 APP 20 .DMSO 2 Curcumin ZbFHZH) ,F 1 000 r/min .0
5 min, FEJT, 248 DCFH-DA 4] (10 wmol/L) , 5% 37 °C
WFE 0.5 h, B 5 min B 1 IR, WEE LG PBS P 3 1K,
LY TAE R, 5K g i P S PR S o i,
T H A S 3 IR

124 JC-1 Lk Zeni A RE AL SRR ALHMIA , w4
MR WT I N2a/APP695swe ZHIAEAR (1 1% 2) )5 T25
em?® FEFEMAEESE, 24 h 5 QUM & 562 60% , 143 3 45 K 1
I N2a/APP695swe 4355 LA curcumin(5 pmol/L) 1 DMSO (5
wmol/L) ZbFH 24 h | 40 -4 % 80%~90% ;0.5% i 4 11 Bt I
A, 43 i e 4 MM (WT 24 APP 24 . DMSO £ Cur-
cumin ZbFHZH ) 1 000 r/min B> 5 min, EO5E58, & 1,
1 mL PBS ¥R BN, # BR SE AR R JC-1 et
PRI TAE SR, AL AR A (7 A R B, JC-1 R4
TELRARLARAY LT (matrix) T, LR G W (J-aggregates) , 1] L)



BERERKZEFIR 2018 £5 43 55 2 #1 ( Journal of Chongqing Medical University 2018.Vol.43 No.2 )

— 157 —

FEAELT G (593/561) s FELRRLAR B L AL AR, JC-1 ANfE
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FEAESRAA T (530/488) , RO IEIR LT 5 GR 1Y)
L3RR/ INTT LS R AR B H A7 P i 55, Sz o A A 3K
1.2.5 Caspase3 Fil Caspase9 HJIEMEAIN IO ECAE K BIRY
WT Hl N2a/APP695swe AU (1 1% 2) 5 FP T 25 em? B5 5%
MG TR, 24 h 5 AL A L 60% , K 53 5145 B 1 N2a/
APP695swe 43 9T LA curcumin (5 wmol/L) F1 DMSO (5 wmol/
L)AL 24 h, 40014 % 80%~90% 5 0.5% I 1 it Ak 41
o, 23 WA 4 ZHAR B (WT 41 APP £ _DMSO #H . Curcumin
AEFRZE) 1000 r/min 850 5 min, 22 BT, A SRR vk 24
fi# 30 min, 20 000 g .00 5, 4% MBS & VLM E Caspase3
F1 Caspase9 Wi, A~y 85238050 3 1K,
12,6 MBL BOSEAER IR WT Fl N2a/APP695swe 2 Jifl
AR (AL 2) FFTF 25 em? BEFRIRRGIE 24 h RANARIL &%
25 60% , 153145 B 1 I N2a/APP695swe 435l 7 LA curcumin
(5 wmol/L) Fl DMSO (5 wmol/L)ZbFH 24 h;24 h J I &% 40 fifg
G 2RIK 80%ZEAT , B FLIPE AR 1B Ak 200 ML, 1% A i A A B
DT I 4 AN (WT 2H N2a/APP695swe ZH 557 %) R
24 .Curcumin ZbFRZH) )T 1 000 r/min B> 5 min, B5.0585,
R, B, A 1 mL PBS HE 40, TR AT,
1 200 r/min &> 5 min, K& 3 K, Fa—IRKE LB, F7H
W, M A B R 8 1 mL, F 4 CUKAAF I E 30 min
SRIG IR H BT S AL AL BEREAS R 2 Bk A3 D) i S A
SR T LSS 1 WA TR T E AT S 3 R
127 feEdiffess  BOEUE I WT A N2o/APP69Sswe
I AT LA R (24 FLHRO) B 7, 5x10° S Al 370 T 24
LA B AIRIC A b, 555% 24 h, KEHLIEN 6 4~FLAY N2a/
APP695swe AT~ Lk 5 pwmol/L Y curcumin AbFH 24 h, Fi%k
B 6 ~fL N2a/APP695swe ZHfif1 T~ LA 5 pmol/L ) DMSO 47
24 hy SRIGWCAELRMIE H (WT 2H N2a/APP695swe 2 HHI%F
W2 Curcumin ZbFEZ1)PBS (0.01 mol/L) 5% 3 ¥Xx3 min,
492 B HEEFE RE 20 min, PBS 7% 3 ¥R x 5 min, BUHTEH-[E
FETHI T T ARG HAS S0 2 A AR S e 2 Ak Al
1.2.8  Western blot  HUSEUZE KV WT F1 N2a/APP695swe
AL (145 2)J5F T 25 em? 53R 35 3%, 24 h 5 40
BRY 60% , 4 53 3145 U 1 )i N2a/ APP695swe 43 Jill T~ LA
curcumin(5 wmol/L) Fl DMSO (5 wmol/L)AbFH 24 h, FH4HE H
FPEBOR T & LB 20 1 (WT 41 APP 41 . DMSO 41,
curcumin AP NI H . BCA B2 Ak m , 55 H
PEENIE S5 (Western blot) 235l %€ Caspase3 ,Caspase9 [
H AR, % Image ] AT 44 iR E A LN S
(B-actin) B9 BE(A , AN 25 H R kK HHS B-actin A H
HFoR . ST EE SR 3 K,
1.3 %uit o4t

SR HH SPSS 23.0 TG4 400, AT B B LA 8L +

FRUEZE (v £ 5) Foon , AR U BCR R BA R 5 22500, 4L1A)
T LR LSD—¢ 125, K 36 7K UE 2=0.05

2.1 EhEBAIK @I A KT

LT T AR A T s O (6 1,18 1),
1 BT ZAE 1 A B iR, 5 N2a/APP695swe 41 (APPAL)
ML, Curcumin 21 AT WT 210 B TR B AIG, 22 7 A 4
P27 X (P=0.000, P=0.000) , DMSO 21 22 % I 24 75 L
(P=0.282) . Tz CA M A AT A P 3 1 AR A T s, g 1
IHPEEAIE 1 C.D, 5 APP 4HAH L, Curcumin 2H W i P4 7%
VKPR WT WEMEEUKT, 22508 5o 24 X (P=0.000,
P=0.000) , 1] DMSO ZH 1 21 P 336 1 420K P-4 24 (P=0.702)

F1 BFHZBATERMEERAKE (n=3)

Tab.1 Level of apoptosis and reactive oxygen species

in each group ( n=3)

A5 BT T4
WTZ 0.07 +0.00° 49.00 + 8.89"
APPH] 0.18 +0.01 197.67 + 8.08

DMSO4 0.17 +0.00" 195.33 £6.81"
CurcuminZfl 0.05 +0.01° 49.67 £4.16"
FAE 424.490 416.560
PH 0.000 0.000

H:a, 5 APP ZH LA, P<0.01;b: 55 APP 2[4, P> 0.05

22 EHEIE N2a/APP695swe it b LAk id T 5
Curcumin A] DLEGEAN I R LRI R IR K . 1A 2 IR
LT Sk TG S LR R R RS F | 21 (S AE PN 2854 Bl R it
N2 FHIZER 5 APP ZHAH L, Curcumin 215 WT ZHA9Zk:
IRGE TG , 7] WLZR A R L1 O ik TR 48 B IR
ToLk A 23 oAb 2544, T DMSO 20 F 3 H 5 APP A1 IR
T, T IR R 45 , AR LS A LTI %, ik
WA S, It S YRR
23 EFFABLEEMIEEAL R @i EE C ek
FEE R AT LIRRAR A M LR A B (7 (35 2, 181 3), i b
Atz C REI(IE 3) gk 2 FIIEl 3 A B iR, RAHIC-1
BT AN ARG LA AT, BH SR et gkt 1C-1
BRI Z KR B RS TR R ] JC—1 A7 BRI 22 A4 2 Fif
TEAERTS , B E R AR G (5 (FL—1 ) 30 A I L 45 (5%
I ZRAR KL AT AR A AL A 2T (FL-2) 3 3 A
MEET PR A% NICAEE R (VA 52 (3OS 7 VAN S R ER Ve s S 1/ A (O
NERATAAR PRI, 21568 BE WSS | LA SR B8 =77 7 T i
R SR, ARME X — AR 2 (AR i 7 AR T, 5
APP ZHAH L, Curcumin 40 FZLEEDE G LRI S TH , WT 2
v, RIRL AR A T | 25 A St l24 2 2 (P=0.000,
P=0.000),DMSO 42 5 T4 it L (P=0.257) . W&l 3CHT
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Apoptosis and reactive reactive oxygen species in different groups were confirmed by FCM
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Fig.2 The morphology of mitochondrias in different groups were observed by transmission electron microscope
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®2 BHELBKRIEBAKTF (n=3)

Tab.2 Mitochondrial membrane potential in each group(r=3)

21531 k34
WTZH 1.01 +0.08
APP#H 0.64 +0.03
DMSO# 0.69 +0.07°
CurcuminZl 1.00 = 0.03"
FAH 35.570
PAH 0.000

T :a, 5 APP 4 38, P< 0.01;b: 5 APP 4H L4, P> 0.05

2.4  F 35 & A& N2a/APP695swe 28 it Caspase3 Caspase9
B G o Fak | R BT A& Caspase3 |, Caspase9 # 7 H4

LW RIRAL APP AN Caspase3 1 Caspase9 (7R
Ik, IR Caspase3 il Caspase9 Hi e (R 3, 4),
e 3 FIE 4A B iR, APP 240 Caspase3 , Caspase9
H¥5 K %5 ;5 APP 404 H , DMSO 4L 41 i1 Caspase3 |
Caspase9 75 [ [ 325 825 5 R B I (P=0.060, P=0.991 ) ; Cur—
cumin ZH#; APP 2L i Caspase3 ,Caspase9 £ [ i £ ik i
W RLREAR , 22 547 GE 1 5 3 (P=0.000, P=0.000) ; WT 28
5 APP 41 HL , 4L Caspase3 Fll Caspase9 31k i B i

o WT o

P2-Q1 P2-Q2 P2-Q1
10° 10°
£1/4%=0.95 21/43%=0.67
10 10°
10' 10'
E o P2-Q4 : P2 Q3 10 rz Q4 ) P2-Q3
g 10' 102 10° 10' 10 10°
§ 10' P2-Q1 DMSO P2 10° ) Curcumin -2
gl a
10° 10°
£1/4%=0.88 £1/4%=0.97
10 10
10' DAY 10'
o P04 4 P03 P04 . ; LCat)
10 10 10 10 10° 10 10 10 10
530/40[488]
A, B ALK AR HL L 5 43 A1 1]
wT APP
B & G4

4P
Wy /

¥

‘.,r\“?gl‘g. .’ "

WA, 25 5 e 238 L (P=0.000, P=0.000) , H.An# 3 FifEl
3C iR, APP 21 DMSO ZH A Caspase3 , Caspase9 191
PEAGIN A2 B W T s 5 APP ZHAH L, DMSO 4H Caspase3 Cas—
pase9 FITGTETCHI 22 5 oGt it2# 1 L (P=0.179,P=0.963),
Curcumin 2 Caspase3 ,Caspase9 BTG TE2EF A4 Geil22 5 X
(P=0.000,P=0.000) ,WT £ )} Caspase3.Caspase9 Jif T4 2 5
A G5 R X (P=0.000, P=0.000).,

% 3 #£%H Caspased #ll Caspase9 & B MfGE 4R IEKFE(n=3)
Tab.3 Expressions and activity of Caspase3 and Caspase9
in each group(rn=3)

a5 Caspase3  CaspaseO  Caspase3  Caspased
EH BH [[s3re Tt
WTZH 0.54+0.13* 0.85+0.08 0.54+0.04 048 0.08"
APP4] 139+0.10 1.78+0.03 2.12+0.06 0.93+0.03
DMSO4L 158 £0.07° 1.78 £0.04" 2.06+0.05" 0.93+0.01"
Curcumin4l  0.62+0.12*  0.64+0.20° 0.66+0.42" 0.58 +0.04°
FAE 76.330 87.320 948.360 69.240
P 0.000 0.000 0.000 0.000

TF:a, 5 APP U4, P<0.01;h: 5 APP 4 4%, P> 0.05

1.59
a

1.04
=
i
&

0.5

0.0

wT APP DMSO Curcumin
B. & L AN LR AR LA S5 BE HUA
DMSO Curcumin

"""‘ '.\ »

Y

'6" -h "m ’\

a

k) f.' ""./ - a‘il
, e b

N WA '7"

=

a: 5 APP 41k, P<0.01;b: 5 APP 2ﬂ$ﬁ H., P>0.05
C. S AP Az C FERKKF
B3 LhkEBRM.AEE C AEARLGEAMRIEKE

Fig.3 Flow cytometry was used to detect the mitochondrial membrane potential changes

and immunohistochemical staining was assayed the expression of cytochrome C
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Fig.3 Expressions and activity of Caspase3, Caspase9 at the

level of protein in different groups
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FRZRL AR P I B O OIS 5 TR PR SR 2 | 2 A S
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BRI ST, R WARIE , TEAS A5 R
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Brad S /R 22 R ] LI AD MRS A4 A i 1T,
IFRERE G AT, 5 A S 3 HT IS R — S,
H5 Fan CD SEPF5E & BLAY 22 58 2 0T LAFI 6] AR
70 PC12 A T 0 45 A AR ], RS IE 1
LWRNMAITER (A5 Fan CDFFFEA A
[F) P9 2 , AR 52 5 B 5 X G 2 B A 63K APP695swe Sk
PR (1) N2a 00, e I 4 AL AD AORSNIRS , 256
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