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Effects of sodium arsenite on mitochondrial function and expression of SIRT1/PGC-1a pathway-
related proteins in human normal liver cell WANG Qj, MA Lu, ZHANG Aihua (Department of
Toxicology, School of Public Health/Key Laboratory of Environmental Pollution Monitoring and Dis-
ease Control, Ministry of Education, Guizhou Medical University, Guiyang, Guizhou 550025, China)
Abstract:

[Background] Long-term exposure to arsenic can cause liver injury of varying degrees. Mitochon-
drial damage may be an early key event of arsenic-induced liver injury. Silent mating type infor-
mation regulation 2 homolog 1 (SIRT1)/ recombinant peroxisome proliferators-activated receptor
gamma coactivator 1 alpha (PGC-1a) is an important pathway regulating mitochondrial mass and
function. However, whether arsenic-induced liver injury is related to mitochondrial dysfunction
mediated by SIRT1/PGC-1a pathway remains unclear.

[Objective] To investigate potential effects of sodium arsenite (NaAsO,) on mitochondrial function
and expressions of SIRT1/PGC-1a pathway-related proteins in human normal liver cell.

[Methods] Human normalliver cells (MIHA cells) were used as the research object. MIHA cells were
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treated with different concentrations of NaAsO, (0, 5, 10 and 20 pmol-L™) for 24 h, and the cells were collected for study. The ultrastructure
of mitochondria was observed by transmission electron microscopy, adenosine triphosphate (ATP) concentration by fluorescence
method, mitochondrial membrane potential (MMP) level by flow cytometry, and SIRT1, PGC-1a and their downstream nuclear respiratory
factor 1 (NRF1) and mitochondrial transcription factor A (TFAM) protein expression levels by Western blotting. One-way analysis of variance
and trend test were used for data statistical analysis.

The viability of MIHA cells decreased gradually with the increase of NaAsO, concentration (F=6495.47, P < 0.001). The transmission
electron microscope observation showed that the size of mitochondria in the 10 pmol-L™* NaAsO, treatment group was different, and the
mitochondria were swollen or elongated in a rod-like shape. The mitochondria in the 20 umol-L™ NaAsO, treatment group swelled like air
spheres or vacuoles. The ATP concentration and MMP level of MIHA cells gradually decreased with the increase of NaAsO, concentration
(Firend of aTp=172.28, Firend of mmp=59.91, both Ps <0.001). Compared with the control group, the protein expression levels of SIRT1, PGC-1a,
NRF1, and TFAM were not significantly changed in the 5 umol-L™ NaAsO, treatment group, while the protein expression levels of SIRT1,
PGC-10, and TFAM were decreased in the 10 pmol-L™ NaAsO, treatment group, and the protein expression levels of SIRT1, PGC-1a, and
NRF1 were decreased in the 20 umol-L™* NaAsO, treatment group. The results of trend test showed that the protein expression levels of
SIRT1, PGC-1a, NRF1, and TFAM decreased gradually with the increase of NaAsO, concentration (Fieng ofsirri=47.07, P < 0.001; Fy eng of poc-16=
15.17, P<0.01; Fyeng of nrr=13.54, P < 0.01; F yong o rran=4-20, P < 0.05).

The down-regulation of SIRT1/PGC-1a and its downstream NRF1 and TFAM may be involved in NaAsO,-induced mitochondrial

dysfunction in liver cells.

sodium arsenite; human normal liver cell; mitochondrial; silent mating type information regulation 2 homolog 1; recombinant
peroxisome proliferators-activated receptor gamma coactivator 1 alpha
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EAARE EDTA BY 0.25%RES H L. WEAM, &
FLION 0.5 mLIC-1 & TER, BIEIBURES, 4hE
EHFBETPES 20 min, BELEREELFLE, IIA
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BT R AIRE(H1-UR RIREE) /Z BRI RE(HL-
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B S%BRAETNRIRY TBST(E AR /278 PVDF iR, = R1%
FREHA 2 h; 3§ SIRT1. PGC-1a. NRF1 BAMME KRR S
GAPDH FfA351#% 1:1000 #6%%, TFAM ZERTUAIZ 1:
10000 #%5%%, 4 °C ¥ BZR; KA 1:5000 HIEIT &K
YIEIRICH ZIMZERES 2 h /5, BI0 ECL BBLE R
F®TF PVDF fE b, RN HFRATHER, BIE
RKIREZRE ECLIR, B LIREEE, X KRFER G
TBNEERER. ERXRER, FERR, RTRF,
H#ER 5 FB Image Pro Plus 6.0 M4 D i B X EE,
1.9 FitFEDH

SR SPSS 21.0 RS EIBHITAITE D, FiE
BIEYBETIHERRNZEESDH U+ KT, S48
bR EREAR S EDH, #H—P AR, ATP 2
Kz SIRT1. PGC-la. TFAM EH KRIAKFEH ETFHHE
LSD-t 3%, ZAREE 7. MMP 7KKz NRF1 B B RIXKF
FETRTFEA Dunnett's T3 3%, FIB-RNFZ R DR
BB HRRE, HIRANMILL, 07K E a=0.05,

2 #R
2.1 NaAsO, 3 MIHA 4ARE;E IR MM
533 ML, &2 NaAsO, b IE 20 Y 4

JETIIRAER, B BE NaAsO, (KR E R F = Z R (F=
6495.47, P<0.001)» DLE] 1,
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[Ela: 5xt884E48LL, P<0.05; b: 5 5 umol-L™ NaAsO, 20 IB4AAH L,
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Bl 1 NaAsO, &I 24 h j§ MIHA 48R85E77 (n=3)
Figure 1 Viability of NaAsO,-exposed MIHA cell for 24 h (n=3)

2.2 NaAsO, X MIHA 4R R {AEB LSRR
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NaAsO, SMIRLALERI AR Ik 2 SRR = /8K ILE 2,
2.3 NaAsO, ¥ MIHA 4Hi ATP JRER MMP 7KFRIRZE

533 BRAMELL, T2 NaAso, L IELH MIHA 41
Bl ATP SR E K2 MMP 7K 3B ; B NaAsO, K E
B F+ & i A PR AR Farp 1855=172.28, Fp 12=59.91, 15
P<0.001), W& 3,
2.4 NaAsO, ¥ MIHA 408 SIRT1. PGC-la. NRF1 A2
TFAM EBHFRIAKFERF N

53488 4H48EL, 5 pmol-L™" NaAsO, &I 4R SIRT1.
PGC-la. NRF1 X2 TFAM & HRIAK Y TR E T 1L,
10 umol-L™ NaAsO, &0 BB 4H SIRT1. PGC-1a A&z TFAM &
H R A K FFEME(P<0.05), 20 pmol-L™ NaAsO, &b 12
£H SIRT1. PGC-1la &2 NRF1 ZE H R A K FE MK (P<
0.05); 5 5 pmol-L™" NaAsO, 26 EEZA B L, 10 umol-L™
NaAsO, SbIE£H MIHA 4l SIRT1 & B RIX K F K
(P<0.05), 20 umol-L™" NaAsO, Zb 2 £H SIRT1. PGC-1a
K TFAM B B RIA K FFEK(P<0.05) ; 5 10 umol-L™
NaAsO, 2 EBZH#8LL, 20 umol-L™ NaAsO, LbIEZH MIHA
4HA SIRT1. PGC-1a & A FRIAKFFE(E(P<0.05); H
FREABLRERTAITFEN(P>0.05), LIk,
SIRT1. PGC-la. NRF1 Az TFAM & H RIiA K F Y KE

NaAsO, RERIFHE X PRI Forr 125=47.07, P < 0.001;
FPGC-lafé % =15.17’ P< 0.01; FNRFIE % =13.54) P< 0.01;
Fream 1a:2=4.20, P< 0.05) o TLE 4,

GE]A: 33B84H; B: 5 umol-L™ NaAsO, SbEB4H; C: 10 umol-L™ NaAsO, 5
HE4H; D: 20 umol-L ™" NaAsO, RMIBAR; LT @ETLAL | KhAHKE
Bk, BEERA: LR R K2 SIRRE = AR,

2 NaAsO, & 24 h 5 MIHA SRRRLRIIF BRI T
Figure 2 Ultrastructural changes of mitochondria of NaAsO,-
exposed MIHA cell for 24 h
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3 NaAsO, %1224 h [§ MIHA 4Hf ATP 3RE K MMP 7K (n=3)
Figure 3 ATP concentration and MMP level of NaAsO,-exposed MIHA cell for 24 h (n=3)
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[E] A: SIRT1. PGC-1a BBk & El; B: SIRT1. PGC-1a XS X EES 1T
[&; C: NRF1. TFAM EB3k %7 El; D: NRF1. TFAM B REESIT
B, a: 533HRLAELL, P<0.05; b: 5 5 umol-L™* NaAsO, &b IB£EARLL,
P<0.05; ¢: 5 10 pmol-L™* NaAsO, 2 3B£B48LEL, P<0.05,

4 NaAsO, 23224 h 5 MIHA 488 SIRT1. PGC-la.
NRF1. TFAM ZBRIAKFE (n=3)
Figure 4 Protein expression levels of SIRT1, PGC-1a, NRF1, and
TFAM of NaAsO,-exposed MIHA cell for 24 h (n=3)
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B SR ERMZICHIEERFNZOER, BEiEE
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la TERFRESRRIATHEERRETR A EEEER, BER
NEFRATTHI X B S, AARLERET, NaAsO, &
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S NRF1 RX, #HMEUE TFAM, BIZEIR LR ER
R, FIFERATIRES ., SEMRL, ZBE 58
TIEI0 PGC-1a F NRF1 BIRIARIEH LN K EM S
%, BUE L NLATHRE, BB SHATIRG s A
RERE R, NaAsO, 5 MIHA 4HAE NRF1 Az TFAM
EHARAKTER, 127 SIRT1/PGC-1a FJEER NaAsO,
S M AT LRI 5 B E B 5, NaAsO, IBid T
A SIRT1/PGC-1a BYFRIA, TN G H TR F LRI
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EMERRNENXBELNRE BRRIESL,
TFAM R LEHI{K DNA 3R, SR ThEEL I IZ O E
¥, TFAM RIS FESLLNLIK DNA, (RIPH 2 FIEM
FBIPERE, H eI ALK DNA BOTRR E MM TR,
M4E ALK DNA B RIS E W BER (LN B R D TE 4%
NAEY SR ATP AR RIEEBEERY,
LEHE NaAsO, 35 SHI MIHA 4R &R IR B/
T, ATP KR E R MMP K FERIBEE AT 8E S H T A4
Bl SIRT1. PGC-1a. NRF1 Kz TFAM BIRIAH XK. AR
NINET NaAsO, Xt MIHA 40 i 2 K 17K IH BE [Z 58 &
SIRT1/PGC-la B X ZERREANTM, HFBEIE
R FKA T T ERIB R SIRT1/PGC-1a/NRF1/TFAM 2 [8]
HIEIENLE, HEE S LERIE DNA E N T HIE R,
H—FRITIZEIRTE NaAsO, 1 SHAKIATHAERERS
FEIERA.
25 b, N5 B 7= SIRT1/PGC-1a Kz EL T % NRF1
N TFAM BYRIAR T A BT BE 2 b BN AT 4R LR R4 THBE
RS HMSBFRGING 2 — BTFHAPSHFRG
EERBIEREMAEZRE S, BURNLE T8
o, RZ BN REENMFIFE, BETAHARA
I SIRT1/PGC-1a B] BERK /9 58 FR & BT 451 15 B T B Az Br
A, BEEEKERNGIHFHE LT RNHAR,

SE Xk
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