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Abstract:

[Background] Excessive fluoride can accumulate in brain tissues, causing nervous system damage.
MicroRNA (miRNA) can affect the ability of learning and memory by regulating the expressions of
related proteins.
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[Objective] This experiment explores the effects of fluoride exposure from pregnancy to adulthood on spatial learning and memory of
offspring and the expressions of miR-204 and miR-34b-5P in the hippocampus.

[Methods] Sixteen pregnant SD rats were randomly divided into four groups and exposed to NaF via drinking water at 0, 60, 120, and
240 mg-L?, respectively, with four rats in each group. The pregnant rats were treated from pregnant day O to postnatal day 21 (PND21)
of the offspring rats. From PND22 to PND90 (adulthood), 8 offspring rats (4 males and 4 females, and litter sex ratio was 1:1) from each
group were treated with the same concentrations of NaF as the dams through the same procedure. The offspring rats were tested in the
Morris water maze. Before death, 24 h urine was collected, and blood was collected by heart puncture. Urinary, brain, and serum fluoride
concentrations were determined; the pathological changes of hippocampus were observed under a light microscope; the separated
hippocampus were stored at -80°C and tested for miR-204 and miR-34b-5P expression levels by real-time PCR.

[Results] Compared with the control group, the body weight of each exposure group was significantly reduced (P<0.05), except the low
fluoride exposure group at postnatal week 6. The Morris water maze results showed that on the second, third, and fourth days of training,
the escape latency was positively correlated with fluoride exposure concentration (r=0.443, 0.519, 0.840; P<0.05); the first arriving time
and the number of crossing the platform were positively and negatively correlated with fluoride exposure concentration respectively
(r=0.828, -0.599; P<0.001). The urinary fluoride concentrations of the 60, 120, and 240 mg-L™ exposure groups were (13.08+1.60),
(14.49+1.17), and (25.92+2.38) mg-L™, respectively, significantly higher than that of the control group [(3.89+0.52) mg-L"] (P<0.001). The
brain fluoride concentration of each exposure group was (8.20+0.68), (16.03+0.84), and (25.39+0.62) ug-g™, respectively, significantly
increased compared with the control group [(1.28+0.11) ug-g?] (P<0.001). The serum fluoride concentration of each exposure group was
(0.04+0.00), (0.06+0.01), and (0.16+0.12) mg-L*, respectively, significantly higher than that of the control group [(0.02+0.00) mg-L*] (P<
0.001). The urinary, brain, and serum fluoride levels of the progeny rats in the exposure groups were positively correlated with NaF exposure
concentration (r=0.948, 0.996, 0.914; P<0.001). Compared with the control group, there were pathological changes in the hippocampal
neurons, such as shrinkage of hippocampal neurons, red staining of cytoplasm, pyknosis of nuclei, hyperchromasia, blurred structure, and
disappearance of nucleoli in the exposure group. Compared with the control group, the expression levels of miR-204 in the medium fluoride
group and the high fluoride group and the expression levels of miR-34b-5P in each exposure group were increased (P<0.001). The expression
levels of miR-204 and miR-34b-5P were positively correlated with fluoride exposure concentration (r=0.984, 0.980; P<0.001).

[Conclusion] Continuous exposure to fluoride from pregnancy to adulthood may impair the ability of learning and memory in pups, which
may be related to increasing expressions of miR-204 and miR-34b-5P in the hippocampus.
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Figure 1 Effect of continuous fluoride exposure on the weight of
offspring rats (n=8, xts)
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2.2 Morris 7KK = SLI84E R 222 ZTEFRZELE SWRALLRK . aasm=4d8
220 EMAATER S3WRALRK DIGFE2XR, & XREXRFAREEN (P<0.001) ; @A, SRAEAF
MAVBBRIAEK (P<0.05) ; E4XK, b, SAA HEAXRHBITEL (P<0.05), FREXREIXFAR
BIREEEBARRAIIER (P<0.001), H2. 3. 4R TR  [B]5 NaF £EHRE D FIZIEMEX (r=0.828, P<0.001),
BEERERS NaF IR S RE S X, HEEM D NFRSRESFERFHTARKENEX (=-0.599,
514 0.443. 0.519. 0.840, P{&EY/)\F 0.05, WK 2, P<0.001), #0132 Fi7~o

K2 HEREEN—AFRBEBRARTEIREFM (n=8, Xts)

Table 2 Effects of continuous fluoride exposure on the escape latency and space exploration of offspring rats (n=8, xts)

NaF SREE / (mgL?) B3BEERER (Escape latency) /d BERIAGE /s ST aRE
NaF concentraﬁon/(mg-L’l) #1K (Dayl) 2K (Day2) 3K (Day3) 4K (Day4) Thetime of first arriving platform/s  The number of passing platforms
0 52.82+4.14 45.33+5.25 26.01%6.56 11.25+3.29 8.24+1.82 4.13+1.25
60 52.27+2.68 47.84+4.31 30.42+2.71 14.42+1.90 8.82+1.03 3.13+0.84
120 52.84+3.96 45.93+5.17 33.9344.29 16.94+1.42" 11.51+1.61 2.63+1.30°
240 53.19+4.63 52.88+3.48" 33.7746.01 21.172.77" 15.32+¢2.22" 1.75+1.39"
F 0.08 4.43 421 23.23 27.99 5.36
P 0.973 0.011 0.014 <0.001 <0.001 0.005
r 0.050 0.443 0.519 0.840 0.828 -0.599
P 0.784 0.011 0.002 <0.001 <0.001 <0.001

[F] SBBALLEK, * 1 P<0.05 ; ** 1 P<0.001, # : 5 NaF BIHER M,
[Note] Compared with the control group, *: P<0.05; **: P<0.001. #: Correlation with NaF.

2.3 FR. RRMMESR

S5xERALLR, FRSHFRIR. K. MEHFR
ESFHE, ZREHITFERNX (P<0.001) ; BRAFR
FR. B, ME&/KFIY5 NaF ;sREZ1EA>* (P<0.001) ,
BXRZEEr258079 : 0948, 0.996 5 0.914, M3 3,

R3 FERBEWFRR. RRIUERBIEN (n=8, xts)
Table 3 Effects of continuous fluoride exposure on fluoride
concentrations in urine, brain, and serum of offspring rats (n=8, x+s)

NaF SRR ﬁﬁﬂflg/ HE?UKEF/ JI]]%%ZE)E/ 2 beoD; o R Y 2
(mgL) Urin(:']g;:- : id g“g'g )' e )‘ > = N
NaF concentration/ Y UO'r'I e Brain ﬂuorilde Serum ﬂuo.rlde [3E] A SWEB4A iB: | o h&4a iD: S5, BEEEL
mer’) T ey R, ROk FERE. WRAREDAREREN N
5 5905 N 505000 Bf, METTANG—, BE. IR MRETLAIN, REHK,
60 13.08+1.60 8.20+0.68 0.04+0.00" ZICA 0. RESEEAN VD EEIHMATATRGE /), BRIR,
120 14.49+1.17" 16.03+0.84"" 0.06+0.01" MBIZEEESE, TR, SHER, Z(THE ; P, aadE
240 25.92+42.38" 25.39+0.62 0.16+0.12" SHETHISREMAEMNTL, BRESHETERE,
F 265.02 2187.60 568.45 [Note] A: Control; B: Low fluoride group; C: Middle fluoride group; D:
P <0.001 <0.001 <0.001 High fluoride group. The black arrow indicates normal structure,
7 0.948 0.996 0.914 and the green arrow indicates pathological changes. The brain
P <0.001 <0.001 <0.001 hippocampus in the control group is clear, neurons are uniform

in size, tightly and evenly arranged, nuclei are regular in shape
and lightly stained, and nucleoli are visible. In the low-fluoride

D] ** : 53EBLALLER, P<0.001. # : 5 NaF BUMEXE M,

[Note] **: Compared with the control group, P<0.001. #: Correlation
exposure group, a small number of hippocampal neurons are

with NaF.
reduced in size, along with red staining of cytoplasm, pyknosis

. f nuclei, hyperchromasia, blurred structure, and disappearance

SO LA RTRLE °
24 BEHHRFELR of nucleoli. The medium and high fluoride groups show similar

!IIII 2 Fﬁ/-_l_\, iqﬁ@—ﬂ? lﬁﬂlil /ﬁ%éﬂéﬂ%y)ﬁ\iﬁﬁﬁ% changes in hippocampal neurons to the low fluoride group, and
H*ﬁ , $Eﬁ é%ﬁj(’] \i">] , B g%—-\ iﬁ]/ﬂ HF@J\ éﬁiﬂﬂff%ﬁ the changes in cell morphology are more obvious.

DN s B2 #EaSEFRESALHERBLER (x400)

ZSEMON|, Fefasg —al S EETHN/ DI EO N
SHN, FEH ZCA . RARBANDEES Figure 2 Hematoxylin-eosin stained hippocampus of offspring
1 ééﬁﬁ&?ﬂ:léﬁlj\, H@Jﬁél%, éﬁﬂ@*ﬁkilﬁléﬁ, pzats:) rats after continuous fluoride exposure (x400)
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TR, EMWER, ZCHEEK, REBETEESFT
851X (hippocampus 1, CA1). CA2, H. E&4AE
DA T HINSEERAEMNT Y, BEREIZER
mn, MEFSHEFRE, TRMAEHELZ, IR
FBEERK,
2.5 miR-204 52 miR-34b-5P FiAKF
S53RALLR, . ERESHmiR-204 K EFE
A miR-34b-5P FRIXIFFE (P<0.001), ZFEHEXTZER
KEBE NaF IR EREZEHEX (r=0.984, r=0.980,
¥JP<0.001) . W& 4o

K4 FREDHELH MiR-204, miR-34b-5P HIFRIAE
(n=8, x+s)
Table 4 Expression levels of miR-204 and miR-34b-5P in the
hippocampus of offspring rats (n=8, X+s)
NaF 3R / (mg-L?)

NaF concentration/(mg:L") miR-204 miR-34b-5P
0 1.000.10 1.000.07
60 1.430.27 1.79+0.02"
120 2.24+0.23" 2.3120.12"
240 2.86+0.36 3.61#0.05
F 489.96 1482.27
P <0.001 <0.001
r 0.984 0.980
P <0.001 <0.001

[E] ** : S4BLALLER, P<0.0010 # : 5 NaF RUMEX M,
[Note] #*: Compared with the control group, P<0.001. #: Correlation
with NaF.

3 itie

AEIEKERMRBRERIN—NEEIET. 7
R, FENaF REREASMERSHELERK, 53R
AL, RESAEKREZFHTE, IBra=EDH
T FERAERNIZK, R, M. REKFERRFEE
BRNEN IRV ENIET. KA RERER, 3
SHFRIR. MBERNAEES TR, BH5NaF
BEEZIEMEX, BTBHNERNG, BRIEREHE
H, MAEREMRMANY, X548 0] 55 MmN
pEHE % 2,

BERAWMSSFIBIZNEELM, =8]8
IZHF R T /BB EM ™, AR EZMSE
SHFREMBESMETTHER L. KR4/, 4
ZE4E, EEM, Z{COERERIENRE, RRaE
MG, AImEESMETEN,

Morris KX E L2 E B FIFN =B F i
12BN %, MIAAAB FEZ OB EMUMITIHAIN T
EHRRIAL, iE AT NEKRBIKEEFEIFIEIZ

HIREXEES), EERTINEARESIHFEER, XI
FETEMIEICIZNRFE . ZARED, SR
AALLER ERE 4R, P SRAREBAREIIEL ;
SRREATFEERIXTEREETERK, FHTER
HEERRL, RS ERRERETFRINTIE
F 321788770

miRNA TERAAR P EEMNTEY+PFEE. EN
B HETON. RSP RIEEEER Y,
FA] /R % 78 2R 9% (Alzheimer’s disease, AD) &R LT X
X AT E] miRNA 75 3K ), Atk miRNA BT {E A
SRS B F MG IA R THEEFERS . miRNA B]
BERATARBRAZHERANERERE™, B8
BT 5 mRNA BY 3- JEENIR XS & G X HF1TIE AR,
PEUTERIZAIZRIA Y, EEB O LRIEARHUIIRE
B LA &2 116 A 46 23 &1 miRNA IE 3 R 1Ko Daiwile Z B2 7
RAEM, WHFEAKE (8. 20mg-L?) B NaF FIiE S IELR
I3 RNA FRIXIBEHIN T, o, SABREESUYEA
FinEiRLE 5, HNALSPZ N 5RMERAEXH
miRNA HIIBBE ZRRIX ™), EFAFH=EZN
FHRAHEN  FREHBREFREIRARERT
78 5 miR-34b-5P ZF %> miRNA R E FRiX, miRNA
ARES 5 R R BRFREIIBIZIRMG s miR-204 5
miR-34b-5P kA2 5 81E AD TE WK SR 2B 1T14%
RRBEE B, miR-204 BRIXEEREIEIHETTH
RALETEBMAEREAFN- FE -D- RELRRTHEHE ;
PRI TrkB RIA B9, EBEBHELRARGEHFEIIBIZ
B EF 53 H & I miR-34b-5P B9 L 1 BT #1354 B2 B
HERNTHEAEENFRA ; FAD/NEERAH,
MEImiR-34 5, 25X MBEARMESHBERSLIERN
EAR — RAIVERER 2K FERE, 12125RE R
35, W— IR BAmiR-34 TEHRFF S22 ThEE A E Y
ER B, b9k, miR-34b-5P EI @I T E B2 EA T
REFHESEERFRARABAT Y, MELAmRE
FITHEERY IE B B AR At rT 2BV B ASRFE, ASHAR
SR ZBAENFEIFEARESRFRESH
miR-204. miR-34b-5P = RiX, 45 & Morris KX E L0
£EBHE © miR-204. miR-34b-5P IS RIA T REE 12 EL
BliEF T RTEFEIILIZ8877, EAENGIERSH—
FRito

SRR, BUREaRERN MIREFRINT(E
2318128877 ; F R85 A miR-204. miR-34b-5P Y
FRIXFA B A GER T8 F B IZEE PR RINEI Z —
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