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Pathological changes of femur, liver, kidney,
and brain tissues in rats exposed to fluoride

LI Boyan, ZHANG Zhuo " , ZHOU Bo, GUO Lianying, WANG Xiaohong, YU Ye, Hu Bosen
(Department of Public Health, Shenyang Medical College, Key Laboratory of
Environment and Population Health of Liaoning Province, Shenyang 110034, China)

[ Abstract]  Objective To study the effect of sodium fluoride on the pathological and morphological changes in
femur, liver, kidney, and brain tissues of rats with fluorosis. Methods Ten healthy male and ten healthy female weaned
Sprague-Dawley rats were randomly divided into a control group and fluorosis group. Rats in the fluorosis group were fed
with tap water containing a fluorine ion concentration of 100 mg/L for 12 weeks. Contents of fluoride ion in the femur,
liver, kidney, and brain tissues of rats in each group were determined, as well the content of malondialdehyde (MDA) in
serum, liver, kidney, and brain. Pathological and morphological changes in the femur, liver, kidney, and brain of rats
with fluorosis were observed using light microscopy and transmission electron microscopy (TEM). Results Body weight,
body length, and tail length of rats in the fluorosis group were slightly lower than those in the control group, but the

incidence of dental fluorosis in rats treated with fluoride was 100%. Fluoride levels in the femur, liver, kidney, and brain
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tissues of fluorosis group rats were significantly increased compared with the control group (P < 0.01), and MDA content

in serum, liver, kidney, and brain of rats with fluorosis was higher than that of the control group (P < 0.01 or P < 0.05).

The results of pathological examination in rats with fluorosis revealed; 1) shortened bone trabecula, 2) wider trabecular

spacing in bone tissue, 3) hepatocyte degeneration and vacuolization in liver tissue, 4) vacuolar degeneration of epithelial

cells in the kidney proximal tubule, as well as mildly congestive and expanded interstitial tubules, and 5) sparsely

distributed hippocampal cells exhibiting swelling and vacuolation. Under TEM, all the osteoblasts, hepatocytes, epithelial

cells of the kidney proximal tubules, and neurons in rats treated with fluoride all exhibited shrinkage, chromatin

margination, and mitochondrial swelling. Conclusions Sodium fluoride can cause pathological damage in the femur, liver,

kidney, and brain tissues in rats, and can induce cell apoptosis.

[ Keywords)

HAR B, ST R % LU AL i e R E A7
TEo TEmR FEREE S AF R, LA 0 i & 5 A S Ak
Yy, AR RN 2 B R, A R B R,
TEFR I, S0P B e 1 T O ) — R T R
TS REEESR, BT AT RIS DL A EEL
JRYEFAE ) ST 30 n] i T | R R X R 2 AR
GrAFAR I AR SR T RE S H T HHT, FUh
DR B, B AR O AL 1 R 78 g 48 B2 %0
FFNR T GRS 1 S LR A R
AREEA Gy, A FE I8 A X 1E H R SRR 18 A 9
FREER IO B HE AL, 2 B M 252 A B LS R AL
B | R S A B AR A AR R 2 S B 2 O
AT R TR EALEE RAT SR P R A AL
S VTP @ENDI B Y i R T T R IS

1 #efrE

1.1 W

20 HIrFL 4 IS IRE 65~75 g, TS SD K
BROCHE 452 ) W 1 b 1 2 B K 2 55 5% 3 )
[ SCXK(1L)2013-0001 ], HMMEFE 1 J&J5 , i4E 1A
A4 D UK DK BRU R AL 5 A o HRZH RN SR b i 4
Rl 10 H (HERERE B E) o XA A
HeAK (FHeBE 0. 4536 mg/L) , FUH EE 414k & Ak
B (NaF) f9 F R K (F B 100 mg/L) 5 P41k
RN SIS IR IR AR SIS hg ¢ RN ES IV oy N
SIS EEE [ SYXK (AL)2013-0007 | #E47, Seiedh
FRgk 12 ] W], kel ) = B Ar X, %R 20°C ~
25°C , FAHE R (60+10) % , S286 KR A & 4%
K EBIRREE, AR B R TGRS SR sh )
AR 3R BRI 257 N8 3 SO,
1.2 FEFSME

HITACHI H-7650 i# 5 i385 ( HAS H S A ) ) 5
SpectraMax Plus384 155 3 1 B AR A ( 3E [E Molecular

Fluorosis; rats; oxidative stress; pathology

Devices /ATl ) ; CSB-F-1 B 3525 F L £ s Al (K Vb2
SRR ) . FALEN (Sigma, USA) 5 75 86 353 1]
ACPEBATT T HE R AR ) s 2 R ( BT
HILE R PR R ) 5 1 (AU AR YR
ABRAT) 5 DA (Lt B TR AR MR K e
ARRA ) AR A (At 5t ik AU B A R 2
w) s N BT & (R st R ) TR ST ) 5 %
Ih il 22 R & (R s AR ) TARESEI)
1.3 EWHE

S A R, & R BRUPR L, B B KR
K, R R BUIRUBE A 43 B k) e S 9B o & A1
Ol WSS, BT AR U IS | I = 3 kR I, 3 55 i
RS5O B B B R IR, BRI
A [l — W O [R] 8 6 ZH 2L R 1T MDA % I
TR 6 HOC I (MERE A2 ) HAUREAS, T 98 &
A 5 ) BOMEIE R BRAS 1 AL 8UREA T Bedn
ATl 2 WSS 4 2 HOR B U A T T H B A
Al gs . BARF T 9L BRI TR .
131 #EEmE

Z: MO SCSCHR 7 %, B A U i iR A
W R TR K R R AT E 7 A U R
N S e SN ST BRI YTEARN
1.3.2 MDA &l

IM7EH MDA % 5 #% FREET 1 i 47484, MDA
(nmol/mL) = (%% B9 OD {H - % 25 H& /Y OD
{8)/ (FRUESE ) OD {H-#rifESS HE I OD fH) xR
HE R R P PR A K, AHZ0h MDA & &5E , &
SEMERR AR LR DU 2H 21 1Y) 1 6, 4% R KRR LG fin
YA BRER K (I S AR TE VK E AR AR AR A ) H 5
53, il 109% L4155, 3000 r/min #5010 min,
B VE W, P AR IR B B S OR E AT #:4E, MDA
(nmol/mgprot) = (M3 &1 OD {H - 25 H Y OD
{E) /(B Y OD {H -FrifiEzs FAS B9 OD fH) x bz
YR B/ R i A B

e
*



rp [ AR PR 2R 2 A 2019 4E 6 H 55 29 555 6 B Chin J Comp Med, June 2019, Vol. 29,No. 6 101

1.3.3 SbBbrAsil &

B BREARBIH 4% 2 R W EEE 2 72 h (s
72 J5 75 H 10% EDTA JBi45) . [EE 45 )5, ik
YL 3 h, ANEE A AURY) A - JRAR R
T, WGE T MERALUES,

1.3.4  HBARASTl %

BBy T i A JOT 1 B, H At 28 8 IBOAH ] 3 62
HAH B 2. 5% ZREE I E E 24 h(B A
r EDTA 55 ) , /NS UE)E , F 1% 1 DU A e ki
T, AR B K, PR 480 S 0 1, LA T 441
PR TR A RAT A5 R A DL Y £ i Y R
B AR
1.4 SitESH

KH SPSS 17. 0 Geit 31 v et ot . S
BRI B bR S (& +s) o, PIZH A %1
R ¢ K5, DL P<0. 05 WERA G X,

2 HR

2.1 SR —HRRR

SR AN, P A R REE R KR Ik
B R R KA T 4 R4 (3 22 RS2
B (P>0.05), W% 1, FhEHREIT HRAL
ULBH B S
2.2 EBMFEHER

X FEZH A B WL REE A R A, RN TR A K &
BRI, WA O, R DG A G, B L
e, B REAL K BB LR A 100% , HBAS
[F] R 2 B SR B F, o e i 4 2 rp s HO BT L
HZRIA S BT 10 A R A, s TR
SO, T (OS]  DO  F RR s, o Ifl
FAE , JEREIRGR |, T R, UL 2 IR 1,

2.3 BAKRKRALAHEEE

3 RN, P B R BUE SRR R
i g e 2 T R KRR (P<0.01)

2.4 BAKRKBRAEHLH MDA 22

BRI RV ST 2 MDA F
R E ST RARER (P<0.01 5% P<0.05), I
4,

FT1 BUHAKRR—BORI( % £5,n=10)

Table 1 General conditions of the rats in each group

ZH 5 AR (g/week) KR (g/ week) AR (g) K (em) B (ecm)
Groups Food intake Water intake Body weight Body length Tail length
papitskcl

140. 54+22. 67 264. 41+45. 90 311.25+89.99 22.84+2.05 18.66+1. 32
Control group
4= h ey
ﬁlﬂ:‘{&,ﬂ 135.14+16. 19 235.41+25.97 292.85+74.72 22.38x1.65 18. 64+0.92
Fluorosis group
F2 HUARBBEBET LA (n=10)
Table 2 Incidence of dental fluorosis of rats in each group
2051 E# L]} S W Gilis
Groups Normal Mild Moderate severe
X HEZH Control group 10 0 0 0
FHEELL Fluorosis group 0 4 5 1

W AER B AR Coh ;D EE,
Bl 1 AR EIRIEA N O

Note. A, Normal. B, Mild. C, Moderate. D, severe.

Figure 1 Dental fluorosis of rats in each group
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Table 3 Changes in tissue fluoride of rats in each group

2L B (pe/s) JFIR g/ k) R (ny/kg) T 98 g/ k)
Groups Bone fluoride Liver fluoride Kidney fluoride Brain fluoride
X HE2H
415.27+35.05 198. 20+90. 99 284.53+110. 12 210.28+130. 45
Control group
il
ﬁq:‘{& 2195. 87+66.22 ™ 581.03+158.31™ 914.32+306. 81 ™ 800. 21+195.53 ™"
Fluorosis group
TE SR A, ™ P<0.01,

Note. Compared with the control group, ™ P<0. 01.

F4 FHREAFHLEH MDA & ( & +5,n=10)

Table 4 MDA content in different tissues of the rats in each group

20571 1L 7 ( nmol/mL) JFZH 2 ( nmol/mgprot ) "5 2 21 ( nmol/ mgprot ) 0§20 2 ( nmol/mgprot )
Groups Serum Liver tissue Kidney tissue Brain tissue
X B2
2.97+0.72 1.52+0. 35 0.71+0. 14 1.26+0. 26
Control group
=4
%‘EP,{&(E 3.94+0.94 " 2.54+0.59 " 1.71+1. 18 2.29+0. 84
Fluorosis group
TE: SRR LEL, * P<0.05, ™ P<0.01,

Note. Compared with the control group, * P<0. 05, ™ P<0. 01.

VE AL o WO so HEE e, EE s, JRE T X R EEAHL < b, IO oo JFFIE o, BEAE ;b I T3 X
B2 SCE KA SR H A

Note. Control group: a, femur; c, liver; e, kidney; g, hippocampus. Fluorosis group: b, femur; d, liver; f, kidney; h, hippocampus.

Figure 2 Histopathological changes in different tissues of the rats in each group
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Note. Control group: a, osteoblast; c, hepatocyte; e, epithelial cells of proximal convoluted tubules; g, cerebral neuron.

Fluorosis group: b,osteoblast; d, hepatocyte; f, epithelial cells of proximal convoluted tubules; h, cerebral neuron.

Figure 3  Ultrastructural changes of different organ tissues in the rats
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