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Abstract:

[ Objective | To explore the toxicity and mechanism of combined exposure to fluoride and arsenic on bone absorptive capacity of

osteoclasts in rats.

[ Methods | A total of 54 SD rats of clean grade were randomly divided into 9 groups, with 6 rats in each group (half males and
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half females). Based on a pilot experiment and literature review, the animals were treated with NaF and NaAsO, by intragastric
administration: control group (FyAsy), low fluoride group (5 mg/kg, Fs), high fluoride group (20 mg/kg, F»), low arsenic group (2.5 mg/kg,
Asss), high arsenic group (10 mg/kg, Asig), low fluoride and low arsenic group (5 mg/kg+2.5 mg/kg, FsAs,s), low fluoride and high
arsenic group (5 mg/kg+10mg/kg, FsAsyg), high fluoride and low arsenic group (20 mg/kg+2.5 mg/kg, FaAsas), and high fluoride and
high arsenic group (20 mg/kg+10 mg/kg, FaAsio). The levels of tartrateresistant acid phosphatase 5Sh (TRACP-5b) and pyridinoline
cross linked carboxyterminal telopeptide of type I collagen (ICTP) in rat serum, as well as the levels of osteoprotegerin (OPG),
prostaglandin (PGE,), and 1, 25-dihydroxy vitamin D3 [1, 25(0H),Ds] in homogenate supernatant of right femur tissue samples were
determined by ELISA.

[ Results |
(FoAsp: 1.352 +0.025, 2.942 + 0.078; Fap: 1.427 +0.026, 3.202 + 0.142; Ps <0.05), while there was no significant difference
between any individual arsenic exposure group and the control group (Ps>0.05). The expression levels of ICTP and TRACP-5b in

The expression levels of ICTP and TRACP-5b in the high fluoride group were higher than those in the control group

the high fluoride and high arsenic group were lower than those in the high fluoride and low arsenic group (FAs,s: 1.442 +0.034,
3.280 + 0.095; FxAsjo: 1.345 + 0.042, 3.053 + 0.084; Ps <0.05). The results of partial correlation analysis and interaction analysis
showed that the expression levels of TRACP-5b and ICTP were positively correlated with fluoride concentration (partial correlation
coefficient: 0.663, 0.392; Ps <0.05), and fluoride showed the main effect (F=24.560, 8.188; Ps<0.05). The expression levels of OPG,
PGE,, and 1, 25(0OH),D5 in the groups treated with high doses of fluoride were significantly higher than those in the control group (FoAs:
12.278 +0.220, 1.352 + 0.025, 9.582 + 0.363; Fa: 14.087 £ 0.797, 1.427 + 0.026, 11.915 + 0.931; Ps<0.05). The expression level of
PGE; in the low fluoride and high arsenic group was lower than that in the low fluoride and low arsenic group (FsAsys: 1.442 + 0.034;
FsAsio: 1.345 £ 0.080; P <0.05). The expression level of 1, 25(OH),D5 in the high fluoride and high arsenic group was lower than
that in the high fluoride and low arsenic group (FaoAsas: 12.082 + 0.860; FaAsjo: 10.567 + 0.695; Ps <0.05). The results of partial
correlation analysis and interaction analysis showed that the expression levels of OPG, PGE,, and 1, 25(0OH),D; were positively
correlated with fluoride concentration (partial correlation coefficient: 0.804, 0.487, 0.748; Ps <0.05), and fluoride showed as
the main effect (F=47.100, 9.031, 3.114; Ps <0.05); the direct toxic effects of arsenic on OPG, PGE,, and 1, 25(0H),D5 were
minor (P>0.05).

[ Conclusion | Arsenic can inhibit the auxo-action of fluorine on the bone absorption of osteoclasts in rats, and the fluorine-arsenic
interaction is mainly antagonistic. PGE, and 1, 25(0H),D; may be important factors in the regulation of osteoclast bone absorption

function.
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Table 1 Changes of ICTP, TRACP-5b, OPG, PGE,, and 1, 25( OH ),Ds levels in each group

4151 T BURMEECIRE AR BUi A7 FRIR T BT Sh (XSRS [LELL = 1, 25 "R R D3

Group ICTP TRACP-5h 0PG PGE, 1, 25(OH ),Ds
XIRZH (FoAso ) 1.352+0.025 2.942+0.078 12.278 +0.220 1.352+0.025 9.582+0.363
IS ( 5mg/kg, Fs) 1392 +0.028 3.048 +0.092* 12.918 +0.685 1.392 +0.058 10.415 = 0.609*
A (20 mg/kg, Fa) 1.427 £ 0.026" 3.202+0.142° 14.087 +0.797* 1.427 = 0.026" 11.915+0.931°
AL (2.5 mg/kg, Asos) 1.363 +0.027 2.965+0.115 12.366 + 0.465 1.363 +0.027 9.695 + 0.566"
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&Rl
bl I BB MERESSIR AR POl FRIRPE BRI Sb HRR HIZIRER E2 1, 25 "I ER D3
Group 1CTP TRACP-5h OPG PGE, 1, 25(OH ).D;s
4L 10mg/ke, Asi) 1.382 +0.045 2.953 £0.095 12.448 + 0.298 1382 +0.045 9.537 +0.732
JRRURANZL (5 mg/kg+2.5 me/kg, FsAs,s) 1.408 +0.041 3.043 £ 0.098 13.013 £0.391° 1.442 + 0.034* 10.422 + 0.602
R RN (5 mg/kg+10mg/kg, FsAsi) 1.425 £ 0.038* 3.098 £ 0.085* 13.124 + 0.383* 1.345 + 0.080' 11.005 + 0.792%
AL ( 20 mg/kg+2.5 mg/kg, FaoAsas ) 1.442 + 0.034 3.280 = 0.095"% 14.268 + 0.847*" 1.425 +0.038 12.082 + 0.860""

=g 2 (20 me/kg+10mg/kg, FaoAsio) 1.345 + 0.042

3.053 +0.084"

14.365 + 0.811"* 1.408 + 0.04 1 10.567 + 0.695""

[ Ja: Gx{RAAL, P<0.05; b: HIEALAAIL, P<0.05; o: FEAAAMIL, P<0.05; d: GRMLAAL, P<0.05; e: FE@ L, P<0.05;
f: SIRERA ML, P<0.05; g SGIRAGE#HAMIL, P<0.05; h: 5FAMKBLMIL, P<0.05,
[ Note Ja: Compared with the control group, P<0.05; b: Compared with the low fluoride group, P<0.05; ¢: Compared with the high fluoride group, P<0.05; d:

Compared with the low arsenic group, P<0.05; e: Compared with the high arsenic group, P<0.05; f: Compared with low fluoride and low arsenic

group, P<0.05; g: Compared with low fluoride and high arsenic group, P<0.05; h: Compared with high fluoride and low arsenic group, P<0.05.
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Table 2 Analysis of the interaction effect of fluoride and arsenic

e T FRU S e SE R 22 ik U AT TRIR PRS2 Sb BRI ISR E2 1, 25 AR D3
Redp ICTP TRACP-5h 0PG PGE, 1, 25(OH ).D;
Exposure type
F P F P F P F P F P
FL(F) 8.188 0.001 24.560 0.000 47.100 0.000 9.031 0.001 3114 0.044
il As) 2.597 0.086 1.813 0.175 0.059 0.561 1.525 0.229 0.083 0.920
G+ (FrAs ) 3.345 0.018 3.722 0.011 0.020 0.999 0.395 0811 0.176 0.950

24 #&FhE TRACP-5b. ICTP. OPG. PGE,. 1, 25( OH ),D;
# A8 2 A
.5 TRACP-5b. ICTP. OPG. PGE,. 1, 25( OH ),Ds

e MIEA R (9 P<0.05); fifi 5 TRACP-5b.,
ICTP. OPG . PGE,. 1, 25( OH ),D; M1 o4t 2%
BEX(HP>0.05), W#FE3,
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Table 3 Partial correlation analysis of fluoride and arsenic

gl A5kt 2 (LIPS P gl A5kt 2 PhiAHISE R 5K P
Variable 1 Variable 2 Partial correlation coefficient Variable 1 Variable 2 Partial correlation coefficient

FL(F) TRACP-5b 0.663 0.000 fifi (As) TRACP-5h -0.113 0.421

F(F) 1cTP 0.392 0.004 fifi(As) 1cTP -0.157 0.262

F(F) OoPG 0.804 0.000 fif (As) oPG 0.132 0.350

FA(F) PGE; 0.487 0.000 fifi (As) PGE; 0.210 0.136

JCF) 1, 25(OH ).Ds 0.748 0.000 i As) 1, 25(OH ).Ds 0.192 0.168

[ 7% JTRACP-5b 2 78 7 Bk Bk Mk 24 BL B Shy ICTP 7 1 AR v K ELA K OPG B R#* % ; PGE, H#IFI M F E2; 1, 25(0H).Ds M 1, 25 =%

L4 & % D3,

[ Note ]TRACP-5b: tartrateresistant acid phosphatase Sh; ICTP: pyridinoline cross linked carboxyterminal telopeptide of type I collagen; OPG:

osteoprotegerin; PGE,: prostaglandin E2; 1, 25(OH ),Ds: 1, 25-dihydroxy vitamin D3.
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