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HHJ:

BTz T AR, HdERRESSEREMEENE, MR Re 2 U 2L ML
PR 45140 I B AT, (R BAR L v AR B A . DOBRAE SR IR 2 AHOCHE 3 Csilent information
regulator 2-related enzyme 3, SIRT3) Wi 4ERFLLRI AT TR E % (reactive oxygen species,
ROS) Ak, M#H4EFHE SIHF 1o (hypoxia-inducible factor-1a, HIF-1a) 1 N4 KHEME 1) BE &AM
BT, BeRsIKahRe =T A LR L (oxidative phosphorylation, OXPHOS) [FI¥E ik EHYmFE
BB ZE (melatonin, Mel) fFERRAPUAMN, CHUESLRZ SIRT3 BB A5 EERA
SIRT3/HIF-1o 3/ 5 1 g AR E A 7E HALEN (sodium fluoride, NaF) FUk B &2 tEHI1EH,
FFISAE Mel FIERIRBUR, AP R B8 T BC &40 13 i B 42 R L8 () B AR 5 1B A T I A
J7i

PR SEE: GEIURAE Sprague-Dawley (SD) Kl 36 W, FZMERELL 2. 1 BEHLECN 6 41: XTHE
H OKFIREMRT 1 mg/L) « 3/ NaF 43541 (10, 20. 40 mg/kg/day) « Mel 41 (10 mg/kg/day)
J Mel + NaF FEAFEH (10 mg/kg/day Mel + 40 mg/kg/day NaF) , #4J% 5= 1 NaF #&#& & Mel T-Fi
B, BERR (Fo) HRZZL M HE HHEB 4 T NaF 25, fFR (FD BHAERS 10 RIFIRIELSESE
I NaF i 77 UM EE 75 Mel TIALR) FiACK BN A58 8 REs: H IEIEEST Mel, AbFiYY
Frae & FiAAKR 2 A% . Morris /K& E  (morris water maze, MWM) SEEGI Fy AR B 25 (8] 2 2]
5id128877; &S BT 258 (transmission electron microscopy, TEM) W 2 5 2H 21 28 ki AR T 25
Hs Je RGOS0 A ST TE A G500 S e B s S BN (western blot, WB) Al Eh2H 21
o SIRT3. HIF-lo. 7ZME NADH Jit & Fe-S & 1 (NADH dehydrogenase ubiquinone Fe-S protein,
NDUFS1) . ALBRIEE M A (lactate dehydrogenase A, LDHA) « NEAEZ ¥4 M2 (pyruvate kinase M2,
PKM2) Fl1 6-%f IR A 2- P4 B/ R HE -2, 6- ~ Wi fRAE 3 ( 6-phosphofructo-2-kinase/fructose-2
6-biphosphatase 3, PFKFB3) MIRIAK-; A ATP o5 Gl B ATP & &

RO DU/ RIS ST (HT22) AR 9, BEARWKEE NaF e84l (0. 204
40. 60 mg/L) + Mel 41 (20 uM) . Mel + NaF JtAbEEZH (20 pM Mel + 60 mg/L NaF) . H HIF-1a
/T4 RNACHIF-10 siRNA ¥ 4t HT22 2l g 37731 Fii A it sCAm AR 40 i Y ROS KT
H IC-1 BREFPRAG b AR AL (mitochondrial membrane potential, MMP) ; F|H] Seahorse XFe96
S AT G40 fl FE 4R (oxygen consumption rate, OCR) FIUAMRIL R (extracellular acidification rate,
ECARD, LAt OXPHOS R I 7K -5 31 WB il SIRT3 VHIF-1a A e A QM < 8 1 (NDUFST
PFKFB3. LDHA Al PKM2) f)&ik; HIR&G AN ATP, 7o M e S 7R 35 &
GER:

1. NaF B #FE1HE Fi AR RS AL mITIAE: MWM 455 IR, 40 mg/kg NaF 41K fU 116
TRER ORI 2 e T IR, K B R IS TR R (P<0.05) 5 SXHRZHLEL, 20 A 40 mg/kg NaF



PG FRKE. B bR R BRI FE SRR o5 L B BRI (P<0.05) o JBIRG IR, SXA
EC, NaF 588 KRGS CAl XHE T R/ MARE /D, #0240 H BN 1A 2 4 A B 46 25028

2. NaF % 5% 3 80 522U HT22 4R Zebifaiifn & ATP 38/b: S5XTHRZLLE, 40 mg/kg NaF
K RV S 2R HH LA S PR s T 2L . IRSVA AR AN 34k, L ATP SRR (P<0.05) . NaF RE&f
HT22 4HfsEA b, S5XFRRZELL, NaF # 55 HM4HM A ROS /KT REHE, MMP Fl ATP & & W3
B (P<0.05)

3. NaF 2 iliid 4% SIRT3/HIF-1o fHi5 FRE RN E AL SXTHRALL, NaF BT TiEY
23 % HT22 i SIRT3 A1 NDUFS1 H H#ik, [FNf i T HIF-1a. LDHA. PFKFB3 1 PKM2
221k (P<0.05) . Seahorse fERHTEMH, HXTIEAILL, 60 mg/L NaF 20 HT22 4iiffif) OCR K4k
FLARFEREIPIL . ATP ;=4 S KPR JI 504K, T ECAR. BEEFMAE. BEE#fAGE /) Ak 225
N (P <0.05) o JeAh, LT X HEZH, NaF % #effi HT22 4 i) 74 B B A LR & =19 1 (P < 0.05) &

4. HIF-lo JUEKAI X3 NaF 5 SHUREEACHI EZIE: 5 NaF + siRNA-NC ZitL, NaF +
siRNA-HIF-1a 41 HT22 ZHff) OCR S ARLARRFIR D HE W59, 117 ECAR SBERE AR /K1 1 2 FEAIR

(P <0.05) ; NaF + siRNA-HIF-1a 1 HT22 40/l ) ATP % &AM NDUFS1 &k %3 Jb, Mbsm
fif (LDHA. PFKFB3. PKM2) FIWEEZfR™ 1) (NERRRFIFAIR) BIe# T (P<0.05) .

5. Mel 342 Fi ARK BRI By i 2 T NHAZI D RE 453475 : 55 40 mg/kg NaF ZH L, 40 mg/kg NaF + Mel
KRGS CAL XA To)e IVIMR BRI IN, P& Z08 . B PR R IR0 EE B3 AN [A) & by 2%
BT (P<0.05) , TS YR )RR AR 2 2 FEAIC (P <0.05)

6. Mel Y 42 5 41 2 K HT22 41 () LR R 44452 45 484 i ATP 7K°F: 5 40 mg/kg NaF 41 EL, 40 mg/kg
NaF + Mel 2H K R 5 28 R s 25 1) 1 52 88 2 WAL F2 FE I SR ke, B ATP (8 4 n( P < 0.05).
5 60 mg/L NaF Z1tt, 60 mg/L NaF + Mel 21 HT22 4i i) ROS /KFEZERE(E (P<0.05) , MMP Al
ATP ZREZETHE (P<0.05) .

7. Mel ifi1d 4% SIRT3/HIF-1a flici3% NaF 35 2 RE R EIFE: 5 NaF 4L, NaF + Mel 4
K BRI E 22 K& HT22 411 SIRT3 I NDUFS1 £ (A RIAEE EFt, i HIF-1o FUHE B2 AR B (LDHA
PFKFB3. PKM2) &2 Ff# (P<0.05) . 5 60 mg/L NaF ZHtt, 60 mg/L NaF + Mel 20 HT22 41 [¥]
OXPHOS /K-F34hn, MR (P<0.05) 5 [FI AEIBRMILER S ZEIK (P<0.05) .
g5k

NaF @i SIRT3 Kik, FHRLRHARTGEREAT AP ROS B, #H—D¥IE HIF-1a, {2
ffip gt s AR T OXPHOS [MIBEFEAR B 4fE, ATP A fiA g, m&HE FiAKRINAIIRE.
Mel FTiE I 42 SIRT3/HIF-1o fill A R D) e RS A R QU AR, iR NaF T80 R &
2. AR T RBUK B HAFIERT AL, B T Mel KT8 71 /2 SIRT3/HIF-1a 4
MIORSEE R, NAUERER B A R B B BT SR 4 1T i R A0 T8 A
REE. WALAN; BB, SIRT3/HIF-la 554 KEMAEME, feaEAu



Abstract

Objective:

Fluoride is widely distributed in the natural environment, and excessive exposure can lead to
developmental neurotoxicity. Disruption of mitochondrial energy metabolism serves as a key mechanism
underlying fluoride-induced neural injury; however, the specific molecular mechanisms remain unclear.
Silent information regulator 2-related enzyme 3 (SIRT3) modulates reactive oxygen species (ROS)
generation by maintaining mitochondrial homeostasis. Hypoxia-inducible factor-lo. (HIF-1a), a key
oxygen-sensitive modulator of energy metabolism, promotes the shift of metabolic pattern from oxidative
phosphorylation (OXPHOS) toward glycolysis. Melatonin (Mel), a potent antioxidant, has been identified
as an agonist of SIRT3. This study aimed to investigate the role of the SIRT3/HIF-1a axis-mediated energy
metabolic reprogramming in sodium fluoride (NaF)-induced developmental neurotoxicity and verify the
protective effects of Mel, thereby providing a novel theoretical basis and potential intervention targets for
the prevention and control of neurotoxicity caused by environmental fluoride exposure.

Methods:

In vivo experiment: A total of 36 adult Sprague-Dawley (SD) rats with a female-to-male ratio of 2:1
were randomly divided into six groups: a control group (water fluoride concentration below 1 mg/L), three
NaF exposure groups (10, 20, 40 mg/kg/day), a Mel-treated group (10 mg/kg/day), and a Mel + NaF
co-treatment group (10 mg/kg/day Mel + 40 mg/kg/day NaF), to establish a model of perinatal NaF
exposure with Mel intervention. From the onset of pregnancy, maternal rats (Fo) were given daily
intragastric NaF administration corresponding to their respective group. The offspring rats (Fi) were
continuously exposed to the same NaF dosage regimen starting from postnatal day 10. F; rats in the Mel
intervention groups received daily intraperitoneal Mel injection from postnatal day 8, and all interventions
lasted until the F; rats were 2 months old. The morris water maze (MWM) test was used to assess spatial
learning and memory abilities in F; rats; Transmission electron microscopy (TEM) was employed to
observe mitochondrial ultrastructure in the hippocampus; Nissl staining was performed to evaluate the
morphology and integrity of hippocampal neurons; Western blot (WB) was applied to detect the expression
levels of SIRT3, HIF-la, NADH dehydrogenase ubiquinone Fe-S protein 1 (NDUFSI1), lactate
dehydrogenase A (LDHA), pyruvate kinase M2 (PKM2), and
6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3 (PFKFB3) in hippocampal tissue; And an ATP
assay kit was used to measure ATP content in the hippocampus.

In vitro experiment: Mouse hippocampal neuronal cells (HT22) were treated with varying
concentrations of NaF (0, 20, 40, and 60 mg/L), Mel (20 uM), or a combination of Mel and NaF (20 uM

Mel + 60 mg/L NaF). A molecular intervention model was established by transfecting HT22 cells with



HIF-1a small interfering RNA (HIF-1a siRNA). Flow cytometry was used to detect intracellular ROS
levels; The JC-1 probe was employed to assess mitochondrial membrane potential (MMP); A Seahorse
XFe96 analyzer was used to measure the oxygen consumption rate (OCR) and extracellular acidification
rate (ECAR) to evaluate OXPHOS and glycolysis levels; WB was performed to detect the expression of
SIRT3, HIF-1a, and energy metabolism-related proteins (NDUFS1, PFKFB3, LDHA, and PKM2); and
commercial kits were used to measure cellular ATP, pyruvate, and lactate contents.

Results:

1. NaF exposure impairs hippocampal neurons and cognitive function in F; rats: MWM results showed
that the escape latency of rats in the 40 mg/kg NaF group was significantly higher than that in the control
group, while swimming speed was significantly lower (P < 0.05). Compared with the control group, the
platform crossing number, as well as the distance and time percentages in the target quadrant, were
significantly decreased in the 20 and 40 mg/kg NaF groups (P < 0.05). Nissl staining revealed that
compared with the control group, NaF-exposed rats exhibited fewer Nissl bodies in hippocampal CAl
neurons, accompanied by neuronal soma atrophy and pyknosis.

2. NaF exposure induces mitochondrial damage and decreased ATP levels in hippocampal tissue and
HT?22 cells: Compared with the control group, rats in the 40 mg/kg NaF group exhibited obvious cristae
rupture, cristae lysis and vacuolization in hippocampal mitochondria, accompanied by decreased ATP
content (P < 0.05). In the HT22 cell model of NaF exposure, intracellular ROS levels were significantly
elevated, while MMP and ATP contents were markedly reduced in the NaF exposure group relative to the
control group (P < 0.05).

3. NaF exposure induces energy metabolic reprogramming by regulating the SIRT3/HIF-la axis:
Compared with the control group, NaF exposure downregulated the expression of SIRT3 and NDUFSI
proteins in hippocampal tissue and HT22 cells, while upregulating the expression of HIF-1a, LDHA,
PFKFB3, and PKM2 (P < 0.05). Seahorse energy metabolism analysis showed that compared with the
control group, HT22 cells in the 60 mg/L NaF group exhibited decreased OCR, mitochondrial basal
respiration, ATP production, maximal respiration, and spare respiratory capacity, whereas ECAR,
glycolysis, glycolytic capacity, and glycolytic reserve were significantly increased (P < 0.05). Additionally,
NaF exposure significantly elevated pyruvate and lactate contents in HT22 cells compared with the control
group (P <0.05).

4. HIF-1a silencing ameliorates NaF-induced energy metabolic reprogramming: Compared with the
NaF + siRNA-NC group, the NaF + siRNA-HIF-1a group exhibited significantly increased OCR and
mitochondrial respiratory function, along with significantly decreased ECAR and glycolysis levels in HT22
cells (P < 0.05). ATP content and NDUFS1 expression were significantly elevated, whereas glycolytic
enzymes (LDHA, PFKFB3, PKM2) and glycolytic products (pyruvate and lactate) were significantly



reduced (P < 0.05).

5. Mel attenuates hippocampal neuronal and cognitive impairment in F; rats: Compared with the 40
mg/kg NaF group, the 40 mg/kg NaF + Mel group exhibited an increased number of nissl bodies in
hippocampal CA1 neurons, significantly increased platform crossing number, as well as elevated distance
and time percentages in the target quadrant (P < 0.05), while the escape latency on day 4 was significantly
decreased (P < 0.05).

6. Mel alleviates mitochondrial damage and increases ATP levels in hippocampal tissues and HT22
cells: Compared with the 40 mg/kg NaF group, rats in the 40 mg/kg NaF + Mel group showed restored
mitochondrial cristae structure and markedly alleviated vacuolization in the hippocampus, accompanied by
significantly increased ATP content (P < 0.05). Compared with the 60 mg/L NaF group, intracellular ROS
levels were significantly decreased, while MMP and ATP contents were significantly elevated in HT22
cells of the 60 mg/L NaF + Mel group (P < 0.05).

7. Mel ameliorates NaF-induced energy metabolic reprogramming by regulating the SIRT3/HIF-1a
axis: Compared with the NaF group, the NaF + Mel group exhibited significantly elevated protein
expression of SIRT3 and NDUFSI, as well as decreased expression of HIF-1a and glycolytic enzymes
(LDHA, PFKFB3, PKM2) in rat hippocampus and HT22 cells (P < 0.05). Compared with the 60 mg/L NaF
group, the 60 mg/L NaF + Mel group showed enhanced OXPHOS and suppressed glycolysis in HT22 cells
(P <0.05), accompanied by reduced pyruvate and lactate contents (P < 0.05).

Conclusion:

NaF induces mitochondrial dysfunction and intracellular ROS accumulation by downregulating SIRT3
expression. This effect further activates HIF-1a, thereby triggering neuronal energy metabolic
reprogramming from OXPHOS to glycolysis, reducing ATP production, and ultimately impairing cognitive
function in F; offspring rats. Mel attenuates NaF-induced developmental neurotoxicity via improving
mitochondrial dysfunction and reprogramming energy metabolism mediated by the SIRT3/HIF-la
signaling axis. This study elucidates a novel molecular mechanism underlying fluoride-induced
developmental neurotoxicity, clarifies the pivotal role of the SIRT3/HIF-1a axis as well as the intervention
value of Mel, and offers new insights and potential therapeutic targets for preventing fluoride-related
neurodevelopmental impairment.

Key words: sodium fluoride; melatonin; SIRT3/HIF-1o signaling axis; developmental neurotoxicity;

energy metabolism
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1 L

T
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A SR SIERAG YR, AT S 2 MOt R A& ARG E . AN (sodium
fluoride, NaF) S EY), FELMEWRIE ZAET H A LI K g,
FEMRRE AR AL TEE . P8 AR EB LA SR AN VF 2 H X R oK e & &
S TR DA KT 1.5 mg/L fbsER 3, HaE At fieyEEiEd
WIS A A R A VS AR N A 18 B 3R AN ) T 5 Ak 1 B R0 i 7 6
v, R E R RN S EORA AN B R R R, 0 RNE ™ B EP R
AU AT B E MR G, A R iifh, WA, WK, O, MERS
AR ERER N A m A ERCS, i, FpEsl A2 Kk,

fa LR R & B oG I, ARG AK B TE, W2 HiA R 2T
sl AEFUER M, WA BB bR E R TR E R, H
TZ I B Rt A P S5 P 850 2 R 51 R B PR3 B e U O T JRAT R i HE 3R
W, A B E A B B 20t LB I B A = AE AR e e, B A R 5 AN fg
FIWIIA A AEAR ISV 120, S SIBe-k W ] S 2 8 ] B0 AR BN/ B R 27 20 il
12« CICARFE IR, JFRE SR DS BUR RIB- 14, HAis S &R
YR Z ML EE AR, MREREERERE . BRI, RAERPL, phgis
R S A e . E MR R A SR A B AL R BRI TR A T R PR G A5 1Y
S H5H RIS Qe AL, A2 = IRBRIG NG . N DR S AR QAN B 1 i 5% H R
S 2 MU DS S M AR A HIE L, PUELIRBRAN AL AR DU I R 4 () AR ), R IX
Ler AR B, AL 5l R SR DhReRsas A2 EL, (RN TR R
LR HARAL] 1A e B o DRLHG, 75 2250 22 BT SRR A5 5 K B A B BIATL I

KB 5 NS EH B 2%, HIVEFEAMR 20% R . SRR fE e A oS i
MES, | AAE T AT A, Mo, B AR Al R, H 32 ARt
(oxidative phosphorylation, OXPHOS) it #%2, -4 LA4H 5T H (0 B Al o pib 28 ToHe it
REE, JETT4ERF RN I EE AT Rel200 JHLopB R At 1) VA TR R A2 G SN i SO LR, AR
AN S NERAR AL QWA A, #H—2 55 OXPHOSPY, Z&k 4k v] it
OXPHOS =4 K8 HI IR A% F =152 (adenosine triphosphate, ATP) PASZIEINRE MR
ik R RN A PR A4 S O A T R TN h 22 T AP 2 E R A AL AN D e 32 4R
i, 2HIETES (reactive oxygen species, ROS) Fh. kiR 47 (mitochondrial
membrane potential, MMP) F[%. OXPHOS fEHBCFIZERAA MK SE— RV 74, B



1. B AATFAFHLFMILX

G E A RE RN A, ki gl KRB ERL, IS 5B RS KE
(23 241 AR AR R A RN B B AU (0 1R 4ERF O 2 P R I [FIAE T, X2 ORIE ATP 2
JE A RHE . OXPHOS fE NARLRIZ QI REE A AT, Hom i it — P KA
B ATP AN RS SRR 3281, RAMFEMAEITTKE, FA AR ZEMZIAT
NERIPL, AR, s AN B Ea iz b AT, #%] OXPHOS &
EVINERIL, o] TR B U ARG TEE, T S ERN S IuIE T WA R E RS
M, BRI, R T A A S TR R B AU TS K K B & BV I B L oK 58
2B

UCERAE BT A1~ 2 #H5¢H Csilent information regulator 2-related enzymes, Sirtuins)
FE R FLEN Y 1 B DR ST ) NAD MR 1 2 A AL g 2%, H A Ui BRAE SR T R+ 2 #H R
I 3 Csilent information regulator 2-related enzyme 3, SIRT3) & &7 TZeRifAf)—F kL 4
BEALE, (EZRRLAR RS AU T 5 45 07 T R 4555 OB A FH 128, SIRT3 Ay —Fh B 2 (1
RER TR T, AMUAEZ 2RI AR Re AU, FINBAE R4 ROS HIK-F, H
JE R A A AL (superoxide dismutase, SOD) HIvEME, MIMAE ROS 7K-F [
291, FFER, RS FRES AP SIRT3 HAKREKT, SHETIES SOD
KA OB, LA EA ROS FIFLRE 21, AEFIKSFEH ROS 7E4HMUE 5 1% 51
HFRFARARS T R EEMEN, Mid&E ROS B/ A7 K M58 ffifr . Re EFEE .
R T /IR BE e 9E I N S5 AR BB A AH DI RE RO, ROS 8 R 2% B Wi 2 1 I ot i
BEEAATT, TR BRiAA B - AL SR BE D RE . 38 0 S s J5E 180 52 M i 1T 400 35 B b A4 e
=AARWWEY, 4, ROS WEMS FHAMBENERXK T —AFESFH T
(hypoxia-inducible factor, HIF) [{]3IARY, HIF A #65% K, B 3 # o M3 (HIF-1a.
HIF-20. HIF-30) I —F 5 B IEILFEM BT Rk Hd, HIF-lo nIEEHT
FERRRIE, ZEER RS KR T B FsxBT g2 M Ihe
Gy, TX LS 7y 172 40 M 18 D Re B0 4ERR DL A Dh e B fis ) A2 i A% b 25 4 36 S A
(33. 341, HIF-1a fE NI ARS M BRI SR R+, FESEE SN T HT
AT RE AN B OXPHOS [m R % ¥, dl 0 b i &0 BB ik ia B 11 S LR it A g
(lactate dehydrogenase A, LDHA) . Bl H RIS 1 S8 AR A SRR ERIE . #df
BRI ER 7] CL e 4 A Al (R 2R KRR 1 COX4-1 FRARSEIRAS, WY ombE A ff o 11 I b
KRR E R, R&RERERWERFER. Ak, HIF-1o & 0] 050 2k 4 o 4
A U B RAR AR AR08, BRI, s nTadad B i HIF-1 15 538 8 oA OC e
e, M 4E M B e B AR, HETT S S RBEA R AP FuL v e HIF-1o,
fili /X Wnt/B-catenin 15 5 18 H FIBGE, AT FECR B A ELEY, 28 b, FSBEURET,
HIF-1a i< 8RR R OXPHOS 34 55 2] 5% 155 IS5 BE R K15 TR & Tt &
FEAHSE OXPHOS 74 ATP AZEFF IR ThRE, OXPHOS 3 4if 28 1l 5 KA 40 M 47 o



1. B AATFAFHLFMILX

{HHE M SIRT3/HIF-1a {5 5 Hs2ma wh 2 40 M Rt se AR, H BT AT 0.
BT, FATRHRYL: NaF 255 il i id #f] SIRT3, M40 ROS S &1, Mif
WOE HIF-1o A S HRERR EGE, B K BHEEME.

HREZE (melatonin, Mel) A] gt il —f 5l H B A8 IR, PratbEEY =
WV, OB FVERTRIGERTG . MO ARTR S 2B AT BRI sh 2 R4 7], T sh 22 (1
PRAPE S i Yok A S SO A L R T R TEORT R 2R AR ) e 5 s I B4
7t OB Mel s SIRT3 FI4F RSB, AR N5 SIRT3 A% HIEAHC: TEME
KEFE SN AR B 5, Mel 3@id i SIRT3 A4 200K Th A% H 0 B W DL
P> 8, e R R BCO IR R, Mel A #40% SIRT3/TFEB 15 S8 KK H R
(41, e LA i 20tk S Mel dE 3 SIRT3 34 5m £k ik it AR U L o ki i P AL B
{E2& SIRT3 MIVTER & 58 M BRIX AR W), bah, WFFcRm], Ao, RERs
RF S PRI A SZ ARG S 1 SIRT3 18, AHL AN 5 M o 035 2 R0t HR 23 5 o SIRT3 (3R
TEO), IR LRI 45 KRB, SIRT3 /& Mel KIERI RN %O FIRFo SR, Mel 2

TR RIS R LR, DUSGXM ORIERE i8I SIRT3/HIF-1o 155 5 A 2
xtREEACHIIRTE, H AT AE 2.

Rl, AHF5 KA Sprague-Dawley (SD) KR EARNEA, MIEAKE (Fo) UF
YRIATF A @ HE E A7 R B T NaF (0. 10, 20. 40 mg/kg/day) 14X (F1) % H i,
DA N AR ik PR 15 78 S5 o 22 8 B OCBERT B, [RII 257 Mel (10 mg/kg/day)
SEFE, AN Fy AR BN FI D RE S ARG 7 F-HL o Ik Ak, KA NaF (0. 20, 40, 60 mg/L)
T Mel (20 uM) AbEE/N R SAZ e (HT22) , H HH 4% HIF-1o siRNA &7 44
HMEARL, B SIRT3/HIF-1a HBHH) BARMER o A 50 B E4R ST SIRT3/HIF-10 Hli2 572
A SR AL R AT AL WA Mel & 758 #E A% A5 Sl B s AR gl 2L, Bt
MR I K BIEENE,  Mel /ERBIAREIZ K B FEAT R AL T 2552
HIR KA -



2. MRERHE AATFAFHLFMILX

2. MRS

2.1 TS5+

AT T e i T ER AN LI AERS LR 2-1,
2% 2-1 B S LI AR

EVIEA) ETME

NaF. Mel [ Sigma /A 7]

SIRT3. PFKFB3. NDUFSI. PKM2. LDHA. GAPDH i
N =B AR IR A A

Pk

HIF-1a ik ¥ Abmart A 7]

HIF-1a siRNA iSRRI R A A
B-actin PLiA I AL B EVHARG R A #

ROS & JC-1 7 &. Tween-20. RIPA Zf#
PMSF. 5xLoading buffer. 0.25%fi5 . HHEH R

AR REREA R A

A e P K 7 AR FRERHLA R A

FLIR I & 1277 & PCBUFSE R AE VIR AR A7 IR 7
ATP & 1376 R RAEMEAR A R A
T4t Marker. PBS #3K. TBS ¥ K R AR AE VIR TR A 7

Tris 6.8, Tris 8.8 30% Acr-Bis fillii. CCK-8 Wlffl& A IEHEAEMFHATRA R
DMEM ¥: 7535, JiaZF i PLta%1 Biological Industries 2 ]
Lipofectamine 2000 4% 44371 & [E Thermo A ]

ECL b2 Rt sl & 8 B & AR AT R A F

MR iy P 52 AR Sl 4 By A PR A )
PVDF J# 3£ Millipore /A ]

6 fLBR. 96 fLiR. AR FFm N BRI AE YR IR A F
ARFE, EHOR, Rk B U RAEY) TREWT U

2.2 FENEE

AR TEW e B AR e A5 B MR 2-2.



