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Abstract  To investigate the effects of curcumin on mitochondrial dysfunction induced by high glucose
(40 mmol/L glucose, 24 h) in L6 cells, curcumin( 10, 20,40 pmol/L) was administered for 24 h after high glu-
cose culture. The effects of curcumin on the mitochondrial dysfunction were evaluated by mitochondrial membrane
potential, reactive oxygen species ( ROS), ATP content and mtDNA copy number. The mRNA and protein expres-
sion of uncoupling protein 2 ( UCP2), PPARy coactivator 1a( PGC-1a) and sirtuin-1 ( Sirt3) were also deter-
mined. As improvement of high glucose damage, curcumin significantly raised mitochondrial membrane potential
and ATP content, and decreased ROS level. Curcumin significantly ameliorated the down regulation of UCP2 yet
with little effect on mtDNA copy number and PGC-1a and Sirt3 expression. In conclusion, curcumin could signifi-
cantly ameliorate mitochondrial dysfunction in 16 cells induced by high glucose, which involved the mechanism of

multiple antioxidants.
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Tablel Real-time qPCR primer sequence

Gene Primers(5'—3")
Cox1 F.GGAGCAGTATTCGCCATCAT
R:CGGCCGTAAGTGAGATGAAT
F:TCACCCACACTGTGCCCATCTACGA
R :CAGCGGAACCGCTCATTGCCAATGG
ucP2 F.TGGAGGGAGAGCGTCTGAGA
R:TGATGTGCCGAGGCTTTGT
Sirt3 F:CGCCTTATCCTCTAGTTCCTGTG
R:CGGTCTGTCAGCATCATCTTCC

F:CACCAAACCCACAGAGAACA
R:GGGTCATTTGGTGACTCTGG

B-actin

PGC-1a

F.forward primer;R :reverse primer
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(HCU) , 2y J5 gk 22 15 37 24 h, e BRZORL AR I e,
A G DN 35 5 150 Y A5 4 A SR T U = 4 A
ZRL AR B HL A
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Figure 1 Effects of curcumin on viability of L6 cells cultured in 40

mmol/L glucose (x +s,n=3)

NC:L6 cells cultured in DMEM with 25 mmol/L glucose; HG: L6 cells
cultured in DMEM with 40 mmol/L glucose; HCU: L6 cells cultured in
DMEM with 40 mmol/L glucose and curcumin. *P <0. 05 vs NC group
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Figure 2 Effects of curcumin on mitochondrial membrane potential of
L6 cells cultured in DMEM with 40 mmol/L glucose (x +s,n=3)

#P<0.01 vs NC group; * P<0.05, " * P <0.01 vs HG group; HLA ;
L6 cells cultured in DMEM with 40 mmol/L glucose and a-lipoic acid
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Figure 3  Effects of curcumin on ATP level of 16 cells cultured in 40
mmol/L glucose (x +s,n=3)

#P <0.01 vs NC group; * P <0.05, * * P <0.01 vs HG group
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Figure 4 Effects of curcumin on reactive oxygen species level of 16
cells cultured in 40 mmol/L glucose (x £s,n=3)
#P <0.01 vs NC group; * P <0.05, * * P <0.01 vs HG group
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Figure 5 Effects of curcumin on mtDNA copy number of L6 cells cul-
tured in 40 mmol/L glucose (x +s,n=3)
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Figure 6  Effects of curcumin on UCP2, Sirt3 and PGC-la mRNA

expression of L6 cells cultured in 40 mmol/L glucose (x £5,n=3)

#P <0.05,%P <0.01 vs NC group; * P <0. 05 vs HG group
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Figure 7  Effects of curcumin on expression of UCP2,Sirt3 and PGC-1a
protein in L6 cells cultured in 40 mmol/L glucose (x +s,n=3)
#P <0.01 vs NC group; * P <0.05,* * P <0.01 vs HG group

4 1 £

BEPRI AR 25T m] 51 22 Fh AL A 41 20 40 Ji
ROS AR AN AP B R R0 2 (ATP A i
JB/D ZRLR DNA BT 45 ORI R 5% (19 D fiE
BRI, 1 T 75 R 8 R AR . ZIWETERIE , % 3
R AEAN S AL S 20 [ dr S LR 2L 2 i
A543 , o] LA DR I 40 e A S A A A A2 )
BN T RE o A S 1o HE ST R R IR I
L6 ZHMIAEIEY , 25 58 22 0 S0 B JULAR L Sohs (4 2
REMIHL I o

AWFTE R, Bl IR n] AR LR A e 7 11 B
WA T K, X 5 SCmR [ 9 ] il — 2K, i 2 3R
(20,40 pmol/L) AT B S5t 410 ¥t i Bl 5 | A 40 i 20 A
TR AR AR . RIS, e b 0 5%l (4 . ATP K
- 3 D i 2 B R (20,40 pumol/ L) X 41 ffd
ATP K- HA B A EGE R . bl W, 28R

T S SR BT BT L6 A1 SR R s i EL A
I A A o

LR A (SR M A A i SR, T L
EME TG A L ROS it £ 0T S84l
YU P o B AR, B0 T 2 U % L AGEs
#A% PKC 4%, 3T BUBVETR 3R, iR & S 80T W
PR R IE R RE B R A . AR R, R
(10,20,40 wmol/L) AT B I 41 5 i i 1 | 2 400 7%
PEEKE TR, X 5 HATA AR 2 8 PR
B AR PR — B

GIRENG 3 g e LR ARAS ATTET TR
AW RRE SR 2 Y 3 BR 9 mtDNA &
TR LR TR A W B B 4525, T miDNA #% D1
FOURL R A 14 0 % LG bR o TEA 23R Y
WERAET L6 20 A mDNA $2 VLB A ¥4 T
[ A R o AR A 4 ¥ TG S S, T
SRR THRE B A R, 2 AR
a-TRE TR X L6 20 i B9 mtDNA #5 I % ok 0L i %
AR

Az g op R A SR A L6 4R i UCP2 [
mRNA I [ #5K B T, 540 M ROS K
T s — 2, 22 B R AERFK ROS 7K1 [ B, o /]
DABAE B3 UCP2 ik, 4878 55 UCP2 235 7T fiE
T HZNH ROS AE B, 1A% S8 A 137 30451 13 AL
Hilz—"

PGC-1a S F T C 198 5 Zhr 1A A 1 45 Ak
FEEEEH T, EWIRRRE T, PCC-1 KT,
T VEFAATG 5 o (A 0 il B A LA B JBt ) AR &R
Bt PGC-la 0T I, T 38 5 4y R Y Sin3
EE , Sin3 B JE 5 LRI 2R 1R I 2 Tk 1k
B . A SLge h, ET R 615 L6 4i i PGC-
Lo il Sirt3 #6315 F i, [ i mtDNA $% 01 %t A [
RS SRR T L6 40 1 2R A 1 A AR
FLA— s IR, 38 B R A e 2 bR S REAT
KAe R [A B, % F PGC-1a Fl Sirt3 3235 7 UL BH i
S, BN AR 0 IR SR LA A ) B
BIE 2 (A E NS

Zx PR, 285 200 T R I Sk (R T g i
it JEL A B S e T, ot A 0 SR O
AT A UL SR, 3R AT R i 2 R R AR 1Y
P AL F T R LR AR VR F



55 AT 555 3 )

BRI, 45 LT RXTE A 500 L6 41 A Sk 1A il W A Ay e 35 11

347

(6]

2 £ X #

Patti ME, Corvera S. The role of mitochondria in the pathogenesis
of type 2 diabetes[ J]. Endocr Rev,2010,31(3) :364 —395.
Sivitz WI, Yorek MA. Mitochondrial dysfunction in diabetes ; from
molecular mechanisms to functional significance and therapeutic
opportunities [ J ]. Antioxid Redox Signal,2010,12 (4 ). 537
-577.

Badin PM, Langin D, Moro C. Dynamics of skeletal muscle lipid
pools[ J]. Trends Endocrinol Metab,2013,24(12) .607 -615.
Kelley DE, He J,Menshikova EV ,et al. Dysfunction of mitochon-
dria in human skeletal muscle in type 2 diabetes[ J]. Diabetes,
2002,51(10) :2944 -2950.

Liu ZH,Yu W, Liu C,et al. Protective effect of curcumin on myo-
cardium in diabetic rats[ J ]. Chin J Pathophysiol ( ¥ & y% 32 4
e &) ,2014,30(4) ;725 - 728.

Wang ZF ,Zhong L. Experimental study on the effects of curcumin
on diabetes in rats[ J]. Chinese J Appl Physiol ( ¥ B 5 4 32 %
#.%),2014,30(1) :66 —69.

Li X,Xu ZM, Jiang ZZ, et al. Hypoglycemic effect of catalpol on
high-fat diet/streptozotocin-induced diabetic mice by increasing
skeletal muscle mitochondrial biogenesis [ J |. Acta Biochim
Biophys Sin,2014 ,46(7) :738 —748.

Uo JJ,Chang HH, Tsai TH, et al. Positive effect of curcumin on
inflammation and mitochondrial dysfunction in obese mice with

liver steatosis[ J]. Int J Mol Med ,2012,30(3) :673 —679.

Pharmac,
o Pharmace,
§& e,

»

YagHxg

¥ i

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Romano AD, Greco E, Vendemiale G, et al. Bioenergetics and
mitochondrial dysfunction in aging:recent insights for a therapeu-
tical approach [ J]. Curr Pharm Design,2014,20 ( 18) ;2978
-2992.

Newsholme P, Haber EP, Hirabara SM, et al. Diabetes associated
cell stress and dysfunction; role of mitochondrial and non-mito-
chondrial ROS production and activity[ J . J Physiol ,2007 ,583
(Pt 1).9-24.

Zephy D, Ahmad J. Type 2 diabetes mellitus: Role of melatonin
and oxidative stress[ J]. Diabetes Metab Synd ,2015,9(2) ;127
-131.

Yoon Y, Galloway CA,Jhun BS,et al. Mitochondrial dynamics in
diabetes[ J]. Antioxid Redox Signal ,2011,14(3) ;429 —457.
Liesa M, Shirihai OS. Mitochondrial dynamics in the regulation of
nutrient utilization and energy expenditure[ J |. Cell Metab 2013,
17(4) :491 -506.

Collins S, Pi J, Yehuda-Shnaidman E. Uncoupling and reactive
oxygen species ( ROS)—a double-edged sword for B-cell func-
tion? “Moderation in all things” [ J]. Best Pract Res Clin Endo-
crinol Metab ,2012,26(6) ;753 —758.

Liu C,Lin JD. PGC-1 coactivators in the control of energy metab-
olism[ J]. Acta Biochim Biophys Sin,2011,43(4) ;248 —257.
Park SH,Ozden O, Jiang H, et al. Sirt3 , mitochondrial ROS, age-
ing,and carcinogenesis [ J]. Int J Mol Sci,2011,12(9) :6226
-6239.

2 YARPKR G 2y

RS S REECOIRD IR SRR ah R A

W SOL TR R R 5 SO R0 T T

Fl 478 1% 2 LB 81T 78 W R 4 8 55 A

AIEX
SRARENEY BFEARFIARESTEIEY

BiR=: 28-115, IKITTE , YRIDIZFE !





