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Abstract

BACKGROUND: Previous studies have found that neuronal damage caused by continuous excessive fluoride exposure is related to Ca”" overload, but the
mechanism of Ca™* flow conversion between intracellular calcium stores and cell apoptosis damage is still unclear.
OBJECTIVE: To investigate the effect of fluoride exposure on Ca”* transport channel proteins and apoptosis levels in the mitochondria-associated endoplasmic

reticulum membrane of primary cultured neural cells.

METHODS: Primary nerve cells of neonatal SD rats were cultured in vitro and identified by immunofluorescence staining with neuronal nucleus-specific
antibody up to day 7. The nerve cells were divided into control group (containing 0 mmol/L sodium fluoride), low fluoride group (containing 0.5 mmol/L
sodium fluoride), and high fluoride group (containing 1 mmol/L sodium fluoride). The cell morphological changes were observed by light microscope 24 hours
after fluorine exposure. The expression levels of apoptosis-related protein BAX/BCL-2 and calcium transfer-related pathways VDAC1, GRP 75, and IP3R were
detected using western blot assay. The expression levels of VDAC1, GRP 75, and IP3R mRNA were detected by RT-PCR. Ca”™" levels were detected by Rhood-2AM
Ca”" probe. Mitochondrial membrane potential detection kit was used to detect the change in mitochondrial membrane potential. The level of apoptosis was

determined by flow cytometry and TUNEL staining.

RESULTS AND CONCLUSION: (1) The purity of neurons cultured on day 7 had been determined to be over 90%, with few impurities, good growth status, and
tight cell network connections, meeting the requirements of subsequent experiments. (2) Compared with the control group, growth of neural cell clusters in
the low-fluoride group and the high-fluoride group increased; the processes were broken; the cell body was rounded, and the connection network between
cells was destroyed. Compared with the low-fluoride group, the cell damage changes in the high-fluoride group were more obvious. (3) Compared with the
control group, the protein expressions of VDAC1, GRP75, and IP3R were increased in the low-fluoride group and the high-fluoride group (P < 0.05), and the
ratio of apoptosis-related protein BAX/BCL-2 was increased (P < 0.05). Compared with the control group, the expression of VDAC1 and GRP75 mRNA in the
low-fluoride group was significantly increased (P < 0.05); the expression levels of VDAC1, GRP75, and IP3R mRNA in the high-fluoride group were significantly
increased (P < 0.01). (4) The level of cell apoptosis increased significantly after fluoride exposure, and the high-fluoride group was significantly higher than the
control and low-fluoride groups (P < 0.01). (5) After fluoride exposure, the concentration of mitochondrial Ca* in nerve cells increased significantly (P < 0.05),
the mitochondrial membrane potential decreased (P < 0.01), and the degree of damage in the high-fluoride group was more obvious (P < 0.05). The results
show that fluoride exposure impairs the morphological structure of primary neural cells, resulting in upregulation of Ca® transfer pathway protein expression
between the endoplasmic reticulum and mitochondria, mitochondrial Ca** overload, mitochondrial damage, and increased levels of apoptosis.

Key words: fluoride exposure; primary nerve cell; Ca’* transfer; apoptosis; mitochondrial membrane potential; mitochondrial damage; mitochondria-associated

endoplasmic reticulum membrane; calcium transport channel
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NEK IR T ma A S 2 SBEERNER, 9l
T BHE FPRE. WSS T RS, g M s E T
VEE RO SR I, 1B It s b 35 v] 5 Rt 2 A b % s
P2 36 5 NMDA 32 (R 0%, Ca™ JBIEFF i, Ca™ Pt i,
i RGN A Ca® AR At B, 3T S A0 P J5E 0 B A
SCiEEE O, Bl YBR[ 2Rt AR R
B B, BRI I Ca™ 2] B BSR4 ML
HEA gt — 7

2 R AR A ¢ W 5 M IE (mitochondria-associated ER
membranes, MAM) & EAZ 41 i 2 biL A4 1 55 A Jo I g€ A
SEEHAR GRS, T T A BT ZRLAR 2 R X [ )
FRME B ™, WiE 2 AEETZEARY TR, &
SYERFRIST MAM 51 AR ARAS DA VT 2 A A ar TE B
AR T EH. FERRER Ca™ Fria S e

fEMAM 1, 1, 4, 5- =B34k (Inositol 1, 4,
5-trisphosphate receptor, IP3R) &7 T 4 J5i M | [ Ca™ B X
SR, WIS RS Ca™ BRI P TR I — ARk I g Y,
PRI 9 Ca™ Al 28 K7 A 1 55 1 (1 oL A0 o 1k B 8 3 1 2
1 1 (voltage-dependentanion channel 1, VDAC1) % Bt i A
-y RN TS S S SR VAR RS TR LN S N o R 2
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iz f& (mitochondrial calcium uniporter, MCU) # H 5% A\ 2k ki
PRIERT ", S AR 8 % B IR 55 55 11 75(glucose regulated
protein 75, GRP75) 454 IP3R Ml VDACL ik, YW
H A EAE T, A% A R B R AR ) Ca™ R, Rk
VDAC1-GRP75-IP3R A T MAM &5 ¥ Ca™ i Py Jot 94 1 2o
PRIz i B I

VA G E A AR AN [ AR A A A R AR A1 s R 1 AR
FREAN A, T8 R B A A 4 T &S A8, K6 VDACT-
GRP75-IP3R il f £ [ 1k A A1 Ml R R i Ca®* #4A I = L A
TR, WG G0 R B8 6 1 20 200 M P9 J5 ) — 2Rk 4 Ca™ #
I TE A R T KT AN, R R B 2 Gl A L
il AL A Ca® R R T4 (L T REAK A

1 #RFFE Materials and methods

11 &0t gH RS SRS .

1.2 B AL SCEGT 2023 4F 8 F & 2024 4 8 HAE T
PRk 2 B I e o BB SI2 56 5 56 Ao

1.3 ##t+

1.3.1 /] Neurobasal-A Bi 73k ( #i22 pEA R 77 48 ). B27
E IR K (Gibeo); 7rfiE % B R (Sigma): AN F .
TritonX-100., DAPI, #1540 K &f v 741 DEPC /K (b H{ %3 F )
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40 g/L % JE I (Biosharp); Lok iR LA NI & 0C-1). & T4 DMEM sifi B JR AL (1 10 em AHREFRILAp, (A

T I CHURE IR (R ) RIFEFIZ 4% B (NeuN)
Pifk. Cy3 gl FH ik (I =V ); BE GRP75 —
Pi. fHUE VDACL. IP3R, BAX/BCL-2 —¥i ( MM 22 4H) ),
R B-tublin —HT ( B W HFDHRE ) IR, RS T
(Absin); TUNEL ¥e a3 T2 IR 77) & (FITC). Ri %Y DAPI %t
W VKR RO (TR, BRITRMEZR ): A FT Al A (R
FEFOTAL R FNE IR AR ) 1xHBSS ¥ . R kifk ca® 4t
Rhod-2AM( b i Ak FRAE DD BHE A 7] )s 20 B 0 T Dk 75 &
(AnnexinV-APC, 7-AAD, Wi JHBERIAEW); 1xPBS( i1 % i
3%); Trizol( FRER K ) REESE. PCR A& (TAKARA); K
VDAC1. GRP75., IP3R mRNA ¥ 3454 ( FigA: T.2EH ).
1.3.2 FEAFIRCH] O e 2 BB R aOER: FRE 10 mg
FE e 2 A TR AR T 10 mL 4K, -20 CLRAF, fiH
ALK FERE 10 £ . @ 2 mg/mL AR HBFH LI PRI
30 mg AJIVE FI B fif T 15 mL DMEM JERiliEs 7R e, i A
b U AR R S BN 37 “CoKIBAR TR T A ( BRECIA ).
@M IuTE AR IR AL (& 0.25% 22 & Wi ik, Neurobasal-A 3
Fedk, B27. XL 97 1 2 : 1). @ 1 mg/mL FALENTE
W HEFRFREL 30 mg LA 20 mL #h 8 e R Al R 5 v,
FAR G IR e LR RS 7R 36 & 30 mL, AU DRSS R B 4%
. ® 10% i i 4= W58 AT PRI 2 g JBEAR 95k In A 20 mL
KB > . ©F W Ix ¥R T Wi T
500 mLEBZE/K 5, I 200 mL oK 28, HEaiKERZE 1L,
@MLK 1> KTk f# T 800 mL 4l K G E A2 1 L.
1xTBST. #RHL 2.42 g Tris. 8.8 g NaCl V% fi# T~ 800 mL B4k,
M 1T mL it —20 S5 G, BAKERZE 1L,

1.3.3 SLIRENY) Hid: 72 h I SD OKER 10-14 L, SPF 4,
MEREANRR, BB M EE R S g sh Py D i, VFAliE S
SYXK( 5% )2023-0002, SEIG 5 %2 48 S M R B K 2 3h ) sE 5 16
HZ G i, &S NO.2305198.

1.4 Ik

141 JFACHZMM R IURIRE 7 OSiEs: A 12 40
WS 55 T 4 38 98 6 % 58 . TUNEL B (0 M1 207 445 J155 H 437 Ay
M Fp 2 A0, FERSEEE f, (6 6 ALk T &
F 598 EN 28, RT-PCR. ¥t =X 4H A A Wl (4 # 22 4 i, A
20 mm R A/NILE; IR T Ca¥* IR K &40, 6 L
BRI AN IUATCE AN IIE AU 22 3R 36 2 R 0 15 i
e A AR FRES RN 37 CHfIE R AR, 5B 2
R 2 75 Jiie 22 AR IR T PBS 329 5 minx3 YK J& U\ 41 i
BT &M @EASRIG: RO AR BT, B
FUR AT B 75% LT3 G W E A 5E, BT fRiN

PRI SRE, BREREEAN KM, SRR KRR,
O EUH S8 K B T 5 — & T s R A R R e, ©
A 2 08 5 OB N 0o R B8 R S IV IR, SR BRCOR G B Jot 1.0
2.0 mm JEFE (20 3B T 10 7 T4 we b R 9 AR 1 R 37 1L
W, R ZHZUBT AR 1 mmxd mmx1 mm A4 R, #EE 2 min
Ja /NG B, AT ARG, 37 CaHfuR: FRAE
JHAL 25 min, £ 5 min #E 5% — X AMENHA L. OMAIE =
R B 10% JR 2 LI ) DMEM o B 1% 77 L 5 R T,
ZOEWHA . OfEH 70 pum JEM I JE LA EW, 1000 r/min
B0 5 min, B BIE, R A o8 A B IR R E R AN M,
UGS 1% 2x10° U7 IR FEREAT BERI AR, 6 FLAREEFLINA 2 mL
S E, 12 AL LN 1 mL 4HH0E, 20 mm LA
/NI 1.5 mL ARSI, 55 2 RERREEFRIEE, (6N
AP TR B 3R I N O YE 1 IBANA)E, INAFIE e 4R
FEMG ST, ZJE 2d LRI, FREEBFEEET R,
142 JFARMEmpsE FERMEMEERER T RE
R BEFRAE, PBS IR VEAMLIC Fr 2 Ik x3 min, 40g/L % 5
I [ 72 20 min, PBS %% ¥t 4H i € v 3 7k x3 min, 0.25%
TritonX-100 = JiLi83i%E 20 min, PBS IZHE4HIEF 3 YK %3 min,
Ga B B PUAE AR E R B 1 h, AR AW, TR b
T MR NeuN HiTfA (1 @ 100), 4 CRERIFEER, %2R
€ Jr 4 PBS ¥2 ¥t 3 I x5 min J&, i M/ Cy3 455 586
ZFHL (11 200) BEYLEE 2 h, PBS 2 3 K x3 min, N
DAPI G5 & 5 min, PBS {2 ¥E 3 1K x3 min, i I 6 v
RE R FTEERIE R b, IR A 20 M A — 0 55 1 3R 3 3k
ITHEE, PR TSI, BEYLEE 3 4> 200 1L
PRI, H Image J EAT B 20 i LE 5] 23 4

143 JRACHHZ 20 M I SRR B A B AR I TR S 50 S
IR FE, XS 0 mmol/L AL S, KA ZH & 0.5 mmol/L
A, ERAE 1 mmol/LsALEN. FEIREE 7 RIJEAH
SR, A3 FH B AN TR B AL PR #8058 A B R R AT 4
BHOR, 37 CHIFFAERIE 24 h (Em B FR AL . fEMATT5E
FEFRE NN 1 mg/mL FALAR VARG BT R G AR B (1 1 7%
B, XA (N IEH Ao TRt ), KA (979 pL
FREETCTE IR AL 21 UL 1 mg/mL HIRALEAVEIR ), ol
(958 pL #1242 T 58 & FE TR AL NN 42 uL 1 mg/mL B AL BATE R ) -
1.4.4 PREAHMAS R e S TR S kIl R 2 R
AbFE 24 h [ IEARHP A, FEERETREE, {EH PBS NDIRE
2 Ik x3 min, JIA RIPA UK F2F4NHL 20 min, WEERMERE
1.5mLEP %, 4°C. 12500 r/min &> 15 min, U4 g3
MR, WO\ 5xLoading Buffer Jifli 7K ¥ 10 min A5 j5 -20 °C
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1747, A FFREJG4 8% SDS-PAGE HiJK Ji5 % I 25 PVDF fift ( Hy
VK 40 min, %E 25 min), 10% il 4= 53 A 2 h, TBST
123 K x10 min, 4 CHRIKId & % & VDACL(1 : 1000),

GRP75(1 : 2000). IP3R(1 : 500). BAX(1 : 2000), BCL-2
(1 : 1000). B-tublin(1 : 10 000) & [—¥i, 4 2 K TBST &
Veskalr 3 X x10 min, EHIIFE —H (LLEPIR 186 LT

. 1gG, 1 : 25000)1 h, TBSTJZ¥E2k 3 ¥k x10 min, AN
B SEHAT B8, 8] Image ) AT KBS, TEHM

2t K FEAE /B-tublin JKEE(E AR 3] H i 5 AR Rk & .

1.4.5 RT-PCR £ Jll VDAC1, GRP75. IP3R mRNA % ik  HU %
TR AL B 24 h R AN, R BRBR IR AL, A PBS iE
W 2 ¥k x3 min, SFFLHIA 500 pL Trizol K4 ok &, %R 24
fif# 2 min, I 1/5 RREIRS), HIFE 3 min, HHR
WA 1.5 mL B4, 4 °C. 12 000 r/min 5.0 20 min, %%
¥ EEAKMERBOER, MAFER AR, =EHE
3 min, 4 ‘C. 12 000 r/min .0 15 min, /NOGWER B3, N
A 1 mL DEPC /KHC & A3 $ 75% L7 (FHHig ), 4 C.
12 000 r/min B§.C» 10 min, W Fx B, &0 8640, KT
5 min JG I\ 50 pL DEPC 7K fif, Wl 5 ¥4 FE Ji 42 R ) & it
WREAT S G 5 PCR B, SR 27 VL4011 mRNA ik &,
SIMFAINER 1, RARR IR 2.

#*1 | PCR3IHIFFI

Table 1 | PCR primer sequences

2.9 ElEv2!

VDAC1 Forward: 5-AAG AAC GTC AAT GCG GGT GG-3’
Reverse: 5’-TCC GCT GTA CCT CTG AAA CG-3’

GRP75 Forward: 5’-TGC CAT TCA AGG AGG TGT-3’
Reverse: 5-GTT TGT CCA TCA GCA GCA-3’

IP3R Forward: 5’-ATG CCA GGA GGA AAT GCG AA-3’
Reverse: 5-CTC AGG GGT GGA CTT GGT TC-3’

GAPDH Forward: 5-GAC ATG CCG CCT GGA GAA AC-3’
Reverse: 5’-AGC CCA GGA TGC CCT TTA GT-3’

Pk PR 1, 4, 5 ZFERRNLEESZAR; VDACL i R ARH I I & T iE R e 1,
GRP75 Jytii & & 11 75.

=2 | PCRREKZE

Table 2 | PCR reaction system

Ewil & (L) PR
SYBR Primix Ex Taq 1] 12,5 1x

PCR Forward Primer 1 0.4 umol/L
PCR Forward Primer 1 0.4 umol/L
S e [ R (cDNA) 2

T TEAEK 8.5

Jssny 25

146 btk Ca™ JRFEERLIN JHAEFEALIE 24 h 5, WRERILER
FE/NILAR 8 R 5, 48 HBSS SRR 2 Wk, %IRRT HE
7 MK LK Rhod-2AM FLE A 4 pmol/L TAR, A IL4R

114 | PEARKRTIZHASR | 5305 | 18 | 2026F17

BN 500 pL #8%E TAEW, 37 ‘CHFE 30 min, HBSS J& Fi4t il
2 %, JI\ 500 L HBSS =i ¥ & 10 min J5 3L AR s T
MR . 2 H Image J X B HEAT BEAL /3 H
147 ZRRARIE R AAS I H5 FE AL PE 24 h 5 R AT A
@ JC-1 Gt TARMRICH: AR S50 F & F 4l 7K 4 5xIC-1
Qe 2 R RE 5 A5 )5, A 10C-1 BB 2 ke JC-1 B
VMR 200 %, 1930 IC-1 Jeta TAER . @%eth: TRBRIGTR
W, AR PBS /NDEERAHAR 1 Ik, NN 1 mL#HE T 58 A R
FR3E, M 500 pLIC-1 Jea TAEM, 740821, 37 CHllji
B FRAET T E 20 min, @R¥E: WHENRE, WERAEMR,
F 1xIC-1 Qe G P /N Lo e 2 I, N 1 mL #1122 0 56 42
Rigrdt, FOu MBS .
1.4.8 TUNEL Zeaylifish S dnfud v OB w: R #EL
24 hj5, ERBIFREE, PBS /NOMEWE 2 X x3 min, 40 g/L
IR VAR = R T 58 20 min, K4 E W, PBS E 1 2 1K x
3 min, @iEi#E: {#H 10 ug/mL (1) ProteinaseK VA = il i &
5 min BEATIE %, PBSEYE 2 Ik x3 min, @ ff: )T I
VN 50 uL Equilibration Buffer B s 4l fifl, =W E 10 min,
PBS ¥ ¥k 3 Yk x5 min, V& ¥k J5 U 4 PBS( TEE A E T ).
@M HI AR IC TAEM: P IRAE P & J5 PBS W= Ui ] 58
%, TE UK b fif % FITC-12-dUTP Labeling Mix £ Equilibration
Buffer j&, % MESL58 I 7 Anic TAEMAFR Recombinant TdT
enzyme : FITC-12-dUTP Labeling Mix :
2uL @ 5L ;50 L2 : 5 @ 50) HLHIIR G . Ofrid: L
AME T FEA LN 57 pL TdT Arid TAEM, TN &, 37 C
IKHEEOCIEE 1h, EEARET (ARG 2 )5 A 2 3R
HRELREEIEAT ), PBS 12Uk 4 X x5 min. ©Yd%: FFk PBS,
FEEEFKIE L3 Jn 100 pL DAPI B, =i 4e4% 5 min, PBS
B3 K x5 min, BUHIC K, FUE4RIR I F J& Bl ik,
WINPT K B AR B, I A4 —
55 ) 4803 AT 3 ], SO0 WA PR IR
1.4.9 FRYIMARK WAL T AR R AR 24 h )5,
FEAMuRE IR AL, PBS NVOIRBEANAL 1 UK, I 4H AL AL
Acutase B ( %2R & B = i, THABCRELIR M,
HAFTELIEHEA ) K EARH 240 46 3 min, 1000 r/min
20 5 min, 3F G, PBS EEVESG HIRE L, 7 LIS,
B 500 pL 1xBindding Buffer B &, K Byl #% Ui 2o iy
B, SN 5 uL AnnexinV-APC fll 7-AAD, BAZLE ) HIAY
BN 5 uL AnnexinV-APC FI{Y I 10 pL 7-AAD, 24k 3% 1R
A EIREOEHEE 5 min, WA LN
1.5 EEIRIA WBHEAHGFEARMEH S TS
DA, R EE B A EAR M S Al B LR b ik ca®t IR MR

Equilibration Buffer=
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FrASAE, AN T K, JEARRh 2 4 0 515 442 38 % VDACL .
GRP75. IP3R i H A TAH G [ BAX/BCL-2 KIA/K .

1.6 it FEaH BALRE 3 RASTHE ST, HdE Ll xts
F 7R, B GraphPad Prism 10 #4748 40 ik 4 #r, iF & 5Ok
K FHC T ¢ har 5 B B0 PR 35 22 43 BT, P < 0.05 972 e 35 1
B LEG LT G B SN ERRE A G R
%o

2 Z5R Results

21 RARAMYZ@miey A WE 1R, BIREE 7 R
SAMIRES R, AMRECR. RARNE, @i+, bz
B, dif R RAEAK, dRSGEFEE, i WAH
B TY LR M 2%

2.2 RARAMMZmieey e R I NeuN JEAT s 98 e e
%€, NeuN 2 —FiphZ o M E R, FELE T
Az gifuizh, RKAESMAMBPEE L IEMHX, TH
TR A E B (B 2 FrR, W% f: DAPI, 41
NeuN). FENLHIEL 6 /> 200 f5HLEF, fHH Image ) THE A4
N4y (95.0042.31)%.

23 AXEEAZm@IET ST WE 3 PR, HRELHE
24 hJ5, TIa Rl TSR, AT W
MM R R ALK, SR, MM, i,
Rig+w, REZEREERONEE: S0 RALE, #E
PR AR A B R IR K . B4, AR R KRR
B, G AR R B AR, AN B R SRR D SRR
LR s AR S B, B 2 5050 4t i o R AE
T2, U 3G .

24 FRAEE LKA Y IRATL WE 4 PR, KLk
A& Ca”™ 575 7 Rhod-2-AM 4bH J, %)% A sE &l WL Ca™
I AT AR AR R T S R N, LB SR R R
AP Ca* TR Y RIS, AR A Ca® IR R
TR R A IG5 (P < 0.05),

2.5 P RIS ERAMIE QAT T LR A A A I —
T DL IC-1 W S ERER, K GH A, 4 2 25 s e o AR Ak g Sz
05, ATF TR AR TR, 2 2Rk AR R A A
I, JC-1 W] DALE SRR I 25 5T PO i R & ) ()-aggregates),
PRI, MR AT BARE, JC-1 ANREIREARTE L
FLAR 3BT, DL (monomer) JE X AFLE, F7 A (a7
Jo I IC-1 AT B G 07 [ AR 1T LUR 25 5 Hk:
DU E S B A7 (0 R B B S TR, AR EE S EURR S
Vi ke AL NI IR A S A NE TR 2 i ) R A N o S
IR

2.6 # AALIE S AN 2% 4m it VDACL-GRP75-IP3R i 34 A B T 48 %
& & BAX/BCL-2 &2 KA W 6 fin, HxfREAMLEL, 1K
TRALA S TR AL A0 i Ca™* Bz iE A< & 9 VDACL1. GRP75,
IP3R RILIHH Tt (P <0.05); LxfHRZAAHLL, MRAZLA S
FALANZ N BAX/BCL-2 2 [ 1A LU H W .7+ = (P < 0.05),
H BAX/BCL-2 [5#i 45 A R 52 34 in i 3 i (P < 0.01)

2.7 FRAEE @A KT T WE 7 s, A
REERBERFBRFOIG, MRFHTIKFHE EF, HE
H B Em TR B H A (P < 0.01); TUNEL Zeftgh LR,
XA, R R A S BUR A S S A T 2 2
MRG0 (P < 0.01), H iS40 E T30 TR
/H (P<0.01).

3 {74t Discussion

FRa I 1 5 5 B2 2 0 AR 2 AT L I NMIDA 52 1k 41 i
WA I RIEMAE, SEC M ca® iEVER i, 5] ARl
B Ca™ WIREEEL, RN ca® R A 54588 9 (Calmodulin,
CaM) 452 31 380% CaM {4511 25 1384 (Calmodulin-dependent
kinase 11, CaMK 11 ), #k—#5i i feh 4 40 o D4 A P B k45 2 20,
it 47T PO 045 2 HP ) Ca™ AT RS A4, B Py R L
[ IP3R UG i R R AR T, BENZRRIIAR) Ca® 25 =1
FRAGIAAIGH R T AR R Y, Ik, ARRIRINTE T b
PR X RIS Ca™ ) 2 B A, [ A S A 1 45 8k R 2 5
R RIS P, B R R TG AN Cca £
T I — 2R ] 5 12 I8 48 B I R IR A 9T o

#E MAM 1, VDAC1-GRP75-IP3R /& 171 & % Ca™ M 4
RN i BIRRAA I R A R AR Y, BRI,
5 VDACL n] DL o Py fii 0 5 28 r A 22 0] Ry 4, 8 T 18
DY I 1 2R A ) Ca® SR YT BR B VDACT I £ 53k
GRP75 F1IP3R1 Z [A] [ FE 42 ek, 7 P Joit I 55 26 R 4 A L
fER kD fEILFRIE GRP7S M4, &ILT IP3R1-VDACL
AHEAE R SR 0 PUBR 1P3R1 B GRP75 2> 5: 3 VDAC1
F1 GRP75 B, IP3R1 2 (M &R H />, RW) 3 Fidg 1%
FEAAT CLIEAT P 5T YRR R AR 2 (B IR 85 512, b2 5 4+
MAMs [f15EHe 22, iZ00F 7o & DLEA M 22 40 B /0 S 52 5 24 h
i, AR 5 A AN A P A G A2 3 T 4H R B 1 VDACL,
GRP75. IP3R ik & A T,  [R] I 25 ot B8 1 Ao W 21) 45 ks 44
Ca™ ¥RFEHEIN, MMM EMMWHREG, LRk ca™ p
BN VDACL-GRP75-IP3R 45 4 74 30 % A 55 .

LR R R R Ca® YR I IN AT Bt — b 5l R LR Rk ca™
B, WOE NiE— RAMCEK, SRS P
SRR IR IF A A2 — AN AT 0 S AN B AR T I R 1
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Figure 1 | Primary neuronal morphology from culture to day 7 (A: x100, B:
x200)

DAPI NeuN Merge

E 2 | RRAEZMIIZIFFIIE NeuN RERLLEE (A: x100, B:
x200)

Figure 2 | Immunofluorescence identification of nuclear-specific antibody
Neun in primary neuronal cells (A: x100, B: x200)
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Figure 3 | Morphological changes of neuronal cells in each group after 24
hours of sodium fluoride treatment
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Figure 4 | Mitochondrial ca”
concentration changes in nerve
cells of each group after 24 hours
of sodium fluoride treatment
(confocal microscopy, x1 000)
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Figure 6 | Changes in calcium transduction channel protein, mRNA
expression and apoptosis-related protein expression in nerve cells of each
group after 24 hours of sodium fluoride treatment
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Figure 7 | Changes in apoptosis level of nerve cells in each group after 24
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