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Abstract: Objective
(ROS) in BRL cells and the effect of curcumin, a plant-derived polyphenol, on copper-injured BRL cells. Methods

To study the relationship between copper-induced apoptosis and reactive oxygen species
BRL
cells were treated with CuSO, (100 wmol/L) or curcumin + CuSO,. The BRL cells without any treatment were used as
controls. Flow cytometry was applied to detect the production of ROS with fluorescent probe DCFH-DA. MTT colorimetry
was used to evaluate cell activity. Apoptosis was measured using Hoechst 33258 staining and Annexin V-FITC and
propidiumiodide (PT) staining. JNK/SAPK protein level was detected using Western blot. Results ROS levels (711.70 +
68.33 vs 87.22 +7.58) and apoptosis rate (45.08 +1.87% vs 8.23 +2.56% ) of BRL cells reached to a peak after 6 hrs
of CuSO, treatment, which were significantly higher than controls (P <0.01). JNK/SAPK levels increased significantly
after 6 hrs of CuSO, treatment and peaked at 24 hrs of CuSO, treatment compared with controls (P <0.01). Curcumin
pretreatment decreased significantly ROS and JNK/SAPK levels as well as the apoptosis rate when compared with the
ROS participated in

Curcumin produced protections on copper-injured BRL cells possibly by anti-oxidation and

CuS0,-treated alone group (P <0.01). Conclusions Copper may induce apoptosis of BRL cells.

apoptosis induced by copper.

inhibition of p-JNK expression.
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BRL 20t ( Hh Rk B b 165 40 i A= 99 Fie 400 %)
DMEM i A= 2F 1ML ( GIBCO 23w ) | 22 B 2% il g W
% (MTT) ( Sigma /A &), 35 [H ) . Hoechst33258 4t {f,ix
79 2 R P AR T 3R] & (3 5 KA F] ) L Annexin-
v-FITC 350 & (R Y5 56 24 7)) L Bl Fir A ( Bio-tek
ELX800) . i = 48 M2 43> #r {X ( FACSC %Y, Becton

Dickinson 3E[EFZ)
1.2 7Hi&
1.2.1 3 F Ak e LL/b& DMSO B

%5, A DMEM FC il i 10 mM I 473K ,0. 22 pm
TALUE T BR A , 40288, ket - 20°C A7, 2 A 2K
i FHE % 10% 13 1) DMEM 3% 552 800 B 2 i it
1.2.2 mpai R sa LIEA 10% 35
AN LI Y DMEM B 3% b 5% BRL 4ii i1, 241 &
5% CO, (& AN 37°CE TR, FEd A K 2 80%
~90% % BT, 1 0. 25% [ B AL, ¥ 1: 2 %
£ 43 R IEH 411 100 pmol/L CuSO, b3 A [ B
20 (2,6,12,24 h) ZE RS T AWK E
(20 pmol/L 40 pmol/L .60 pmol/L 80 wmol/L)
LR WAL BE M 100 wmol /I CuSO, 4EFE6 h],
1.2.3 ghtpmpefrrsisy 4% H LDH Faik
F1 Hoechst 7 Y (ki 22 ¥ 2R % BRL 4 ffg ()55
Mg, 1% —~3EFRM BRL 402 LL 10%
A A TE R DMEM 458 1 x 10°/mL 41 27 , $
T 96 FLAR, 4L 200 pl, Z 40 2E KBRS, 4
2R T4 B AN R 2Tk B 1Y) 22 R 1 DMEM B5 571, 55
I8 AL, ARE G TR 24 h W HE Ff B # AL IR
JI5 & ( LDH) & i B, 5 15 5% L& LDH 3%
71 Hoechst ZE YL 7775 L5 o

1.2.4 MTT x%mpe& A%nl B BRL 44 Fl
T 96 fLAR, BEFL & 107 ~ 10° 4~ 40, # BLKE 5%
24 h,in A 100 pmol/L ) CuSO, 5% & A [A] B [a] (2,
6,12,24 h) J5, Bl A MTT % (5 mg/mL)
20 pL, 37CHkZLMEH 4 h, W& BiE, HALINA
DMSO0150 pL, 4G IRAIIG , T 490 nm P K78 B
SRR IS 00 7 5 FLOG IR LA

1.2.5 Hoechst33258 % X &, 7N LA PN 2 A
BRL A F 2585 i b, IEH 41 6 BRAL DA R 4 25 20
BT AFAL IS 0.5 mL [E K 4°C B2 7%, Wi
PBS #%: 2 ¥%,0.5 mlL Hoechst33258 444 5 min, T%¢

DGR U (B OGS 340 nm) . 7ERLEF
BEAILEL 100 240 i3 530 0 T 20 B 1 LL 31
1.2.6 Annexi V-FITC/PI % & %7 X, 28 AL 5 7
WACHE 45 AL I B TR 35 35 TR R T A e,
HCA LA JEE N 10°/mL, $3R 0 S A UL A e 5, B3
A0 ML HT o
1.2.7 @B HE R (ROS) K-Fm 2 Z: W& SCHik
(31753847, DCFH-DA [ (9 #52E A 41 it w8 1 it
feAk o DCFH 775 1 48 - 75 T # & fk i DCF, DCF
YEGHRE 55 4B N IS 1 E K BGE . DCF 13
RWALHy 488 nm , WPy 525 nm, Y AR A A,
AL E 7 10 wmol/L 1) DCFH-DA ,37°C 4 i 1%
FEANIEE 20 min, bR A0 MR T
1.2.8 SPAK/JNK % B2 4K F | & BRL 4 jits
22 b RS ) s ) AN [ v B Y 22 iR T TS,
A M2 2 MR R UR BE H, 48 12% + Z b B
TR -2 DY I IS Ic 58 IS FL Uk (SDS-PAGE ) HLTK (% 7%
ZFEIE FEA] 2 h, B PT Phospholus SAPK/JNK Bt
SAPK/INK Hifip 4°CF & 12, -0t kb febifh =
HTFWEE 1 h, A2 ROt r ke, 71 F IBAS
BAL IR R G A AT 50
1.2.9 %t F o4 FrABIREEEIRA x £
Fn A LR R R J5 2230 8. LA P <0.05
At E L,
2 Z#R
2.1 EHZEWNARSHER
A e Z A R AR BE W LDH 5 )
FIPHT A 4% 5 155 X BOATA b 22 55 oK L e 35 1%
(P>0.05) , ML m K I, Wik 1,

F1 Z=#FEX BRL AR GHEEMET

LA (xs)

5 Bil%k(n)  LDH(U/L)  HTHHR(%)
TE O B2 8 346.60 £33.27  8.32£2.89
FZHEZ 10 pmol/L 4 8 393.20 £50.41  8.58 £1.36
LW 20 pmol/LH 8 400.00 +91.38  8.86 +3.06
LKWHE A0 pmol/LAH 8 372.00 +42.07 8.73+1.53
FHHE B0 pmol/LA 8 357.00 £62.21  8.89£2.76

2.2 $EPE BRL @AY E T iEESMENER

W6 5 T 98 7 P R SEE K, BRI 44 L £7% 4 T 32
T TEEKF B T, 6 h 4L W2 (P <0.01), I
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%2 $F% BRL AfE T2

215 A fH(MTT) JHTH 48 % (Hoechst, % ) FHHHAT H(% ) WIER (% ) AN (% )
1B R 2 0.803 +0.04 8.23 £2.56 2.43 £0.31 0.02 £0.01 97.49 +6.35
HBE 2 h 4l 0.752 £0.07 18.65 +1.48° 3.98 +0.56 2.800.01" 89.35 +7.56
M 6 h 4l 0.565 +0.05" 45.08 +1.87" 26.6 =1.10" 1.28 £0.03" 52.60 +4.69"
HiMEE 12 h 41 0.505 +0.03" 36.42 +4.66" 6.39 £0.22" 10.06 +0.11" 46.09 +4.11*
HEE 24 h 4 0.391 +0.06" 34.07 £2.69" 7.21 £0.43" 23.52 +0.22" 45.54 +3.78*

SIER X M4l AL, a P<0.05; b P <0.01
%3 $Ex BRL A& ¢S KM (xs) 2.3 ARKEZEZMMAERRENS BRL 48588

415 B8 (n) WO P B BTFEESRFENER
IEH X A 8 87.22£7.58 49201 BRI 2 {1 T 2 R A Sk S L
s 2 . o S HR AL BRL AUHLAG U8 O RAT 2
HEE 6 h 2l 8 711.70 +68.33° TR X IR 2 5 A BE (P <0.01),
%W%E 12hdl 8 647.01 +54. 15f M4,
I E 24 h 4 8 296. 88 +£23.23°

a HIEH MY, P <0.01

x4 Z=HZEFRTE BRL ARE TN (%)
415 Y817 /3% (Hochest) TR IR AN L
FWEXIRLL 0 wmol/L 45.08 £1.87 26.60 +3.98 1.28 £0.03 52.60 £4.69
FEHE 10 pmol/L 4] 44.87 £2.01 24.36 +2.17 1.21 +0.07 52.78 £5.01
FE#HE 20 pmol/L 4] 44.20 £1.88 22.98 +1.65 1.21 +£0.09 52.90 +4.21
FEHE 40 pmol/L 4] 42.71 £1.16" 12.76 £1.84* 1.17 £0.11 55.63 +4.11
FH# % 80 wmol/L 4] 38.84 £2.21% 11.70 +1.56° 1.27 £0.08 59.96 +6.37

a HEMENIRL LLE, P<0.01

x5 ZEEIEFEES BRL AEESH N
2057 BIE(n)  TEMEAET YOG A
LRI 8 711.70 £68.33
FHZE 10 pmol/L 41 8 607.87 +32.44
F# 2 20 pmol/L 4 8 586.42 +28.61
L ZE 40 pmol/L 41 8 362.03 +34.15°
F#ZE 80 wmol/L 41 8 368.92 +31.58"
a GREENBALLE, P<0.01

2.4 JNK/SAPK $ik7kF

B 56 9 7 0 T I, INKC B R 1 K
29.35 +0.18 | F+5) 63.36 +2. 24, 1fi £ # 41 INK
BERRILZ M 53. 16 +3.20 T3] 40. 12 £1.73, 54
L% BRZH P2 S i PE(P <0.05) , L3 6,7,

xR 6 EMEANELTE JNK BB K ER LB
JNK1/2 P-JNK1/2 INK JHELZER (% )
IEHNHRZ  0.436 £0.028 0.128 £0.017 29.35 +£0.18
Y E 2 h 0.458 +0.032 0.133 £0.026 29.56 £1.12
i E 6 h 0.585 +0.037" 0.325 £0.059 55.62 £2.81°
HMFE 12 h - 0.763 £0.052° 0.349 £0.038*" 60.27 £3.72"
AR E 24 h 0.824 +0.035" 0.519 £0.026* 63.36 £2.24"

SIEH R R LEL, a P<0.05; b P <0.01

®7 =EEXENE BRL 400 INK BBk 7k E RIS 0

INK1/2 P-JNK1/2  JNK {EfLZ (% )
X R 0.596 +0.045 0.316 +0.028 53.16 £3.20
B 10 pmol/L 4 0.571 £0.038 0.291 £0.049  51.68 £1.55
LW H 20 wmol/L 4 0.543 £0.0232  0.249 £0.038"  45.77 +3.26"
FWE 40 wmol/L 4] 0.502 £0.032>  0.212 £0.045"  42.34 +2.62P

LHZE 80 wmol/L 4
S BN MU, a P<0.05; b P <0.01

0.495 £0.024*  0.198 +0.026* 40.12 +1.73?

3 g

R AR LT O TR (H T 22 1 A 0 LA
SR TEEVE R, 4 A A A R A B A0
SR A R . B Bk B ROS R REAY
ST AR X S S E B BRSS9 A AL
P AR AR T E B R  ROS ATFE A A
1 fRHELRRLIA Ca®" YR MPTP [ FF i | caspase (1)
WO, BN T AR S50 A ST A 45 AT
JE Y, AT 451 O TR A P s v R TG R
PRUT B Z AR A3 AT A I A 1 1

[E SIS, S BEAE 0.5 mM LT X JiF 4
HEAZ = AAT AT 5, 1 5 e S 100 mM. I X6
JTF 2 RS T S B A . FRATT A S B 45 R T,
100 wmol/L CuSO, A ¥ BRL 44 0 ~ 24 h, ifl i
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MTT 3558 40 M35 1, S BBt 25 ) 907 5 1sf i) ) %iE
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BRL 4l 6 h o] LAE A 175 45005 40 B A A 78
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BRL 2 Jif 7 75 3£ 4 /K F- 19 ROS ; 4l 4k 3 )5 41 g Y
ROS 7K - i B 5] ZE 4 328 5 b 7, 6 h 41 20 ff 9 1
ROS k06, DhJG AN FHA B i b T 3, s & W
BUARTEAR T 32 I S0 76 4810 550 (30 3, 1R 9 i Ak
ARG R, — A, MR
Y ROS 7K -5 HE X B2 R B I 2 40 Y
45 S BRI (1 D R P RS, Al sz 2 A ), 7E )
B S N IR A 56 4 T IR I, 2 6 i 38 458 55 1) 4 ff 4k
F M1 X, i o 25 200 6 %) 7 Wi R0 L VR 22 AN 1Y
ROS B @3N, 7= 4 7 K DCF 2856, P X
SYAfIE A M2 X, HEE 41 M1 R M2 [X A i
B S E e B0 A1) R A G Y S E AN
ZH M1 XA U, M2 [R5 /IN , 16 B A 41 i 401, (4R
FRREREAS 7, R 22 5 R BB A% 4 oy b 100 o1 305 1 4 1
—

S R, Bl A AL R BRL 4 A %) B a) 4 K
AR T E RN, L6 h PR TR
FEIE 50% o {H.12 h DL IRFEAN M 03 2 i 2%
JM R R 33 o] RE 2 0 T 40 M 7E AR AR R 31— e R
JEIG , RSN AR AR AL A RVE T, A i
AR 2% Ty SZ A0 M R A4k R MRS . 22 8 RAIAE—
FIE LR, A0 T R B AR T AR
17 H AN IR FE s /0, DL b 7 25 85 28 X 45 5 6
i1y BRL 41 P4 8 FH , 3 mT A8 AL i 396 4 4
(R R AT K

TR Z 055 22 W0 INK 338 2 (0 3505 5 40 i 0
TABYRR . INK E@ T LA LI IR 5 |

AN AN R 145 5 R A AR A T X T 45
73240 S P 2o R R A R S MR R T B L 5
PRBESEAR A o FRATAY 56 A B, Bl 5 907 75 A I ]
FER, LN ROS K- AN I T i 1 [R] R, INKC 4 1
PR AL APt T o, WAL INKC (B JNKC R 7 )
PO, T2 3R 25 A TR AL INK (a5 1L
M E AL R, DL LR SEg 4 R R W] INK il
PEIEOE S5 T 5 BRL A 4 T B2, ROS
2550 INK i, 22 05 2 R AR 1 5 40 o 9 1R 1k
INK HYZIK T 47155 BRL g8 T R4 R R
LW FEBAIREIEDT A B2 &
Yy, oy TR R R I BAT A B R A A
APEERPTAACTE . X T A0 R, [ ST
FERW], 2B R A 2 I T 3CA Ml 8 T /R
{ELIE 22 1) 1 D S A I 38 PR 30 90 INKC L 3
(1 Fofr e A S ELARBIL R v A o T — 2P o
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