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7k) 8060 120, 240mg/L M BEH, XKBBRNKARNEE. BRMEIREORETF
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FLARPEYIERN S RF AR (B : #f=1:1), B PND22 = PND60 IR FRE A ML R E 4k
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Effects of chronic fluoride exposure on hippocampal structure and spatial learning and memory
of F2 rats LUO Yu, XIE Chun, ZHANG Hua, TAN Ying, GE Qi-di (Key Laboratory of Environmental
Pollution Monitoring and Disease Control, Ministry of Education/School of Public Health, Guizhou
Medlical University, Guiyang, Guizhou 550025, China)

Abstract:

[Background] Fluorine can enter human body through drinking water, air, food, and other media.
Excessive fluorine not only causes bone damage, but also passes through blood-brain barrier
and accumulates in brain tissues, causing nervous system injury, and consequently presenting
decreased neuronal connections, abnormal synaptic function, and impaired spatial learning and
memory, ect.

[Objective] This experiment is designed to explore the effects of chronic fluoride exposure on
hippocampal structure and spatial learning and memory in F2 rats.

[Methods] Sixteen clean SD pregnant rats were randomly divided into four groups, with four rats
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in each group: control (drinking water) and 60, 120, and 240 mg/L NaF groups. The pregnant rats were treated with NaF through drinking
water from gestational day O to postnatal day 21 (PND21) of F1 rats. The F1 rats were treated with corresponding concentrations from
PND22 to PND90, and six F1 rats (female: male=2:1) were randomly caged and followed the same protocol until PND21 of F2 rats. Eight F2
rats (female : male=1:1) were randomly selected from each group and treated with corresponding concentrations from PND22 to PND60.
The spatial learning and memory ability of the F2 rats was tested by Morris water maze and light-dark box experiment. The levels of fluorine
in the F2 rat brain and 24-h urine samples were measured. The hippocampal pathological changes were observed by HE staining and electron
microscopy after the designed exposure.

[Results] Compared with the control group, the weights of the F2 rats of the 120 and 240 mg/L NaF treatment groups after eight weeks
were decreased. Compared with the control group [(7.06£0.79) ug/g, (1.89+0.23) ug/L], the brain fluorine [(14.23+1.86), (18.15+£1.98),
(28.74+2.19) pg/g] and urinary fluorine levels [(11.36+0.91), (15.30£0.26), (18.67+2.01) ug/L] of the NaF treated F2 rats were increased (P<
0.01). In the Morris water maze test, compared with the control group, the escape latencies in the 120 and 240 mg/L NaF treated F2 rats
on the second day and third day and in all NaF treated F2 rats on the fourth day were increased (P<0.05, P<0.01); the time to reach the
original platform was prolonged while the frequency of platform crossings were decreased in the 120 and 240 mg/L NaF treated F2 rats (P<
0.05, P<0.01). In the light-dark box experiment, the time in the dark box [(157.25+33.17), (209.38+10.98) s] and the percentage of time
in the dark box [(52.42+11.06)%, (69.79%3.67)%)] of the 120 and 240 mg/L NaF treated F2 rats were higher than those of the control
group (P<0.01), while the number of transitions of the 240 mg/L NaF treated F2 rats was reduced (P<0.01). According to the optical
microscopy observation with HE staining, compared with the control group, the NaF treated groups showed hippocampal neurons with
nuclear pyknosis, hyperchromasia nucleus, and loss of structure. The electron microscopy observation showed mitochondrial swelling, as
well as Golgi and endoplasmic reticulum expansion in hippocampal neurons of the NaF treated groups.

[Conclusion] Continuous fluorine exposure can damage the hippocampal neuron structure and reduce spatial learning and memory of F2 rats.

Keywords: fluorine; F2 rats; hippocampus; learning and memory; chronic intoxication
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1.3.6 BEHBEHENREILENTN KBDHERKTIKK
NG 1ImmP BIAALRIR, F25% MR _BhEERE, B
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120mg/L NaF 7.38+0.74 21.63+0.52 44.63+0.52 97.88+1.55 148.632.82""
240mg/L NaF 7.25+0.46 21.50+0.54 47.25+0.71" 98.75+2.12 145.25+3.27""

F 0.697 2.288 13.089 1.183 42.174
P 0.562 0.100 0.000 0.334 0.000

[E] S34BBALLEL, * : P<0.05 ; ** : P<0.01o
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®2 FEAREN_AFERME. REKFHTIE (n=8, Xts)

483 s (ug/e) FR& (ug/L)
XFER 7.06£0.79 1.89:0.23
60mg/L NaF 14.23+1.86"" 11.36+0.91°"
120 mg/L NaF 18.15+1.98™" 15.30+0.26"
240mg/L NaF 28.74%2.19™ 18.67+2.01°"
F 204.191 337.083
P 0.000 0.000
r 0.974 0.903
P 0.000 0.000

[E] ** : 533EBALLE, P<0.010

/=
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BEaRE _RFREUMTERERETR, 5
STERLAAALL, E)I14R5E 2. 3K, HRANESRA K
F R ke B R EAEK (P<0.05, P<0.01) ; JIIZREE4
X, FEBH TR FRBEBAIIIEK (P<0.01),
“RKFEFE 2R, FIXMF4RRBBREES NarF
BEBEREZIEMEX, XA 751790.586. 0.481.
0.848, 3 P<0.01, MK 3,
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x3 FEASZEN A FRBEEARIIRMM (n=8, xts, s)

=Gl F1XR EPES F3X Fax
Y$ER 51.34+4.28 43.83%5.35 26.39+7.78 12.2542.11
60mg/L NaF 51.37+2.54 47.3945.53 30.17+4.19 17.80+1.28""
120mg/LNaF  51.41+4.46 49.96+4.28"  36.436.06"°  18.69+2.41%"
240mg/LNaF  51.26+4.33 52.754#3.10"  35.8947.50°°  22.79+2.24"*
F 0.002 5.299 4.329 35.642
P 1.000 0.005 0.013 0.000
r -0.009 0.586 0.481 0.848
P 0.963 0.000 0.005 0.000
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4831 ERAARE (s) ST A RE (R)
puiE 7.4311.50 4.63+1.19
60mg/L NaF 8.45+1.28 3.75£0.89
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60mg/L NaF 139.75421.02 11.2541.75 46.58+7.01
120mg/LNaF  157.25+33.17* 11.13+2.42 52.42+11.06™
240mg/LNaF  209.38+10.98"" 8.38+1.06™" 69.79+3.67""
F 21.636 6.502 21.639

P 0.000 0.002 0.000

r 0.827 -0.625 0.827

P 0.000 0.000 0.000

[E] S34BRALLE, * : P<0.05 ; ** : P<0.01o
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