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Abstract:

Fluorine is a common trace element that participates in the regulation of vital activities in
human body. Proper intake of fluoride promotes the development of teeth and bones, prevents
dental caries, and also benefits the conduction in the nervous system. However, long-term
intake of excessive fluoride adversely affects various organ systems, especially the cardiovascular
system. Chronic fluorosis is one common endemic disease in China. Long-term intake of excessive
fluoride can cause different degrees of damage to the morphological structure and function
of myocardium, and abnormal expressions of related signaling pathways. Therefore, exploring
the changes of related signaling pathways in myocardial caused by fluorosis is important for
the prevention and treatment of chronic fluorosis. The mitochondrial pathway of cell apoptosis
involves multiple genes and signaling pathways. Oxidative stress plays an important role in
fluoride-induced myocardial damage. This papaer reviewed the effects of fluorosis on myocardial
tissues and discussed the changes of signaling pathways related to myocardial injury induced
by fluorosis from the perspectives of oxidative stress and cell apoptosis, aiming to provide a
theoretical basis for the prevention and treatment of fluorosis.
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BN NERBUAEB BT H. E/LER, FEEXTH
AEMRPESERAARBRN, KMAAURR
HWAKNFZRGEFLEEEXM Y, FEOME
A5, HEWZESBRNEDSRRSEYE
x o AXFELEREPENOHARMZ MR

ESBBE N,

1 EMRPSS5OAAERRE

Cicek F" W RZEME, KESUYHNERETSZ
BAKRBEBOAARHE. TheEMEM LR E—EEERM
5, BREMNARIEEE, RERFDAUETS
SERABROINEL~EHENRTS, HEEats
EENIEM, REREINR. EBNOMARH, O
AILETLERETIEESS ; ERMAPFZHOAALRF, Al
ALREENREEHREEIEM, HEHBREENLEY
5k, FESPSHONARS, OAEAREMNTE
MIBRE &N, ARHEFIFREINES, ARERLE
Y kBEE ; mEHRPSHOAARF, OAEALRMIE
MEEZELN, EE—LOHFESHINAR. &
BINIR. £EURTRARFRTRET, KPEEET
FUYSBUOANIBE P okushi " 1 T IR B KE
KK 79 6~13 mg/L B X [= B AY /OB EI RN CARE 4
K (EE0HEAR) NEL, RUsaXEROAMR
R R EFILS, Takamorim 2 M@ 3 H AT #1[X
NEFEROBENHREAI, S&EYMBKFENTF
0.576.2mg/LZ BN SSHOABRGINE, HBES
R RIR 2 BIFEEEX R BILHER, 18
MRPSAILUSIELESTKINER2. INAME R
fm. TopBkREFEAA BRI ORREOME RA
L3

2 @HPBELNIEER

MR TR —FMEINAREEEBERITTA, B
FREREEZMREYNERKEZE I, HRERE
&1, B1¥E Bcl-2 &\ Caspase K& FI3NEEE F P53 o
S SBORMBRERIE (AR, LRI Y
EBEREESEMET ; SEMEERFRN S F. DNAK
EEREHRIHIF. BER. AREKEF. FEIR
RHEFENEREYREZLESHAAT,

HARE @S B IR R M L (R S @ s A b
B Fas T SIBEE, HPLRAZENXBETRE
Z—R® B2 REEH", HTF&NARARAETE

HAipEEs 2 —, BRRE = ERRVE A ERIR T 4R
RIEIR B3], IR MRS ThRE R £ T B4R
TR X, ARATRKRN&FENFIEZ—TE
MR LERAR SRR AL N E, X2SBENRERE™
F—RINEMNUFE RN, RZEH—RTIBVARRE
TREER R, Bel-2 Ri&EBERRM LN AN S8
HRHPEEEENREITER. BMR A Bc-2 R4
M EE ERARINFEIMEAT, HEXAUERS
ESHARBATHNEFF B2 EBERIFIER ; SHEHR
SN BE RN AT E BT XRNALRF B2 &
ASERXRE, TOIMERE, BEEX{NHAEEH M,
[G3RZINTE Bel-2 RIEFIEE Bel-XL LA Bax EREZHY
BRERETE, Bc-XL 5 Bcl-2 {EFRAER, Bcl-25 Bax
LEETINGEIEINEE, A B2 RIEAIEZTHZIEDN
ERA Y, ZNAEZERGETETFZIRER, 81
LLRIRBREB AL T Ca® BIK. caspase-3 # caspase-9
JEE. Bel-2/Bax ELERFEAER, UMM EZRC (Cyt ) M
SRARR R e e,
DHERRSHRATEXNERREARERN,
RER—LELMERFAER. CNARBATHES
MOMERRALZENLENEEZNG, 07 KE O
A% (dilated cardiomyopathy, DCM) F1J& & 14 Cv Al
K 171, Di Napoli Z " & I DcM £ E 890 AL 4 A
TS =EERKNEPENEMEX, DRETER
DHBEMOIMETERIAEZH BaxEH, Bax/Bcl-2
HILEZRIE NN, HESWAEHAEE K IEMEX, BATH
CDAARBEZED . EBERPESIRN—E54
ATHXNERRELREARE, YanF W HR
A, ERPEFAVO A HIc2 A R P LKA
R = SBEARAREB AL TE, HMBUSE caspase-9,
& caspase-3 R iK1 %, Bcl-2/Bax 3R 3A N IE, 408
R H B Cyt ¢ 18 %, T caspase X Tk 1, caspase-8 5
caspase-9 @ AR BN AT BEF, caspase-3 A T2
BTHITHEF, ot cRENAERBARBTH
—NMNEENRPEREF. @lRPHN ot cBRES AT
EREENETF 1 (Apaf-1) K caspase-9 BERER, X
TBBUE caspase- 9 BB RINEE ST ; caspase-9 #IEL
&, S8R caspase-3. caspase-6 X T iR A #
BUE, XEEQRBEsHs SARARRRRTEEF.
DNABERXATER. FLBc-2 KKK R R
HEREQMEESAEER, FHARENE, #HMiR
=40 DNA VB EThEE, AR EIERILTA D WINEE
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mARERE >, REBFEHHARLIN, SHSA
BARBOAF Bl-2 EAFRARABRTIERA, BaxE
BEREXMLIERHS, M Bcl-2/BaxBIELLIER
AR ; HERUYRIREBRK, Bd2REREH
MMHEIEEEA, BaxTKiE#E S,

Hit, RS aESEOAARRNERIALENS
TheemI A, HMERSARBATHEXNERNER
NERARE, RASRONARET ; FEEERET
FSEONARBTHNG S Bc-2 ZRANEBRAT
. BaxBRANERTELIFEXR. B, XTAPS
TSRO ARATHRERRZE TR, FEHT
FRNHRER,

3 @HE5 P38MAPK (5@
KRZERMMERTZE P38 43RSV H I EE (P38
mitogen-activated protein kinases, P38MAPK) 15 5 1@
B, XEYARP—MHEBNESESER, I
NESWEHE, BHARZINESHEEEEZA,
HITERIAE 2, P38VAPK (S S B 2 NEEER
MAPKES B Z—, FETZMERERER N,
RRERF NERIEF 6 MEMIREER D FE T LU
BUEIZE S8, P3SMAPK RIEH 4TI E, 9512
P38a. P38B. P38y #lP385, E M, p38p fEAILALR A
HE8+9EE. MAPK. MAPKEES (MAPKK. MKK)
1 MAPKK 2 BS (MAPKKK) 52 8 7& P38MAPK 15 5 1B
B =D XA, P3SMAPK S ER1LBUER, M
AR R NARRIZA, FHiBI Fas. Bax 1 NF-kB HEF
MARREA T, RAEFIIIE ), P3SMAPKIE S IBETE
DAARFIIERERF LR, P38 IFRASITHE
HAO AR AR ThBEF= £ 8200, W TIAIE Mfc2c EHER
RFHERL, REEMOINEHSIERXERN
Rk 2, sunZ ) K I, P3ISMAPK AE 15 &3 17 5 K]
F (tumor necrosis factor, TNF-a) B9 & AR IZ A0, TNF-a
BRI % XA ROITRIEHH PISVAPK YA AL 55E 1L, TN
AR, EURIBEE P3SMAPK (E S8R &
R E e EITEE DAF-16 BUE, HMTF DAF-16 U
T3, £ DAF-16 E NAREIZAHBIE R R
FEREWUWN B R A, &% R (reactive oxygen
species, ROS) #2& EEMIEM, ROSTEGFEAE F.
dEtMeEaaE, el EarkEmneE =",
—R&3RIE, & ROS KT EIRTEAAEH] DNA &AL ™ E AYI5R
5. A_EE (malondialdehyde, MDA) AT E LAY

=z —, DANALR AR HY MDA KT 2 BRAE BT
SEURNIZE, FEERRAMNRGKBIZEE, H
X142 ARG XT ROS RBUR, ROS TEIF 2 &R AY & il
BREXRIER, BIEMERE Y, |HYbeEER
(HLRFRARAR P ROS KL N, MITIESEMRIH 2,
DAVABRAXS ROS AR AU 5 DAL ROS AT %,
SRR MARREH, MMERCAEALRTH ; ROS
NEESREYNSsEEX, MAatNstsS el
MIRRER % 2,

NAREENESCYRUS AWM B &
AECBEBEIECEBRMAEYIEWE (superoxide
dismutase, SOD). & Mt H BT EIL¥EE (glutathione
peroxidase, GSH-Px) A Kid & S ES (catalase, CAT)
%, soD AR EFauMAmaf) ziE EErIfE
A, ett2—MeEFRrameBaiE FBEER
R EERS, GSH-Px ] LUBFREE M EIFZ ARSI
SEWY, DEH,0, R, HIRIPARE RS A
IhRERYTE R, CATHREASIBIRIANBIH,0. AR BH
EEEdsiimmina Rk Y= SE
SWLNE, XEEMOZERINO =B R MM
RPN XBERAFER. /UIENNGEE, 715
TRNmE IR ERESREES, —E2EL
AR E T Z B TS, EVELTaK
RNOBBURES, NSRS SEWVEREM KRS F
LRI ThEER (A, HIEMMEXESBERNEW, XF
ARSI B, MANTEEET, VA~ 4%
AENBEHESERIELY), SBERMALEER
SEMRAE TR, TR AR B HENEFE ), rOS
ERUESHNONBRGHEEEER, HrkSE
BEEZANTN, MM ARBERSEHRAFEM, X5
P38MAPK fE S BER REAEXE, TEEE LW,
ERPEAHNKRRIFALRR, rROSHEEFRIT AR
KFBEESTFEEREBENFIANMERSA, XKRBAER
FRENARFIMEF, ROSHKFIRIZEFIEEHR
AR, Suzuki F LIRS M A LUBE RE K EY
IES, et ROS =4, HSHENIAIG INARBERE
H2 XX, MTSEATP & BRI HAE#H Cyt c B
ROS I = IE X DNA #5115 F8UE MAPKKK IR 12, BBUE
c-Jun FERIHHEE UNK) , MTBUENEE RIETE
F2H1EHXES 1 (SIRT1) BMSEN 14 RN, EANEF] AE
B AR 2 RFE N E BB ER. NFkBEXES
B, HIESEHMEXERNRE, BUE caspase IR R,
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