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Endemic fluorosis is prevalent in China, which can seriously impair the bones, teeth and cardiovascular
system. The study was intended to explore antagonism of selenium (Se) on high dose fluorine (F) inducing
plasma 6-Keto-prostaglandin F,,,Thromboxane B, and Endothelin-1. Twenty male rabbits were randomly
divided into 4 groups: High F group (NaF,100mg/L), Se group (Na,SeO,,1mg/L), High F + Se group

Key Words: (NaF,100mg/L; Na,SeO,,1mg/L) and Control group (without fluorine and selenium). The ear vein blood was
Fluorine collected for measurement of serum selenium and fluorine at the end of 0, 3™ and 6" months. At the end of
Selenium 6" months, plasma 6-Keto-prostaglandinF, (6-K-P), Thromboxane B, (TXB,) and Endothelin-1 (ET-1) were
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detected. Serum fluorine was increased in high F group and serum Se was increased in Se group. Plasma
6-K-P was decreased, while the plasma TXB, and ET-1increased with the development of fluorosis. Compared
with the high F group, the plasma 6-K-P was higher (p<0.01), whereas plasma TXB, and ET-1 were lower
(p<0.01) in high F + Se group. The interaction showed that there was a significant antagonistic action of Se
on decreased 6-K-P and increased TXB, induced by high dose fluorine. Our study showed that the Se may

antagonize the adverse effects of high F.

INTRODUCTION

Endemic fluorosisisseriousin China. Some epidemiol ogi-
cal studies indicated that the morbidity of atherosclerosis
(AS) wasrelated to the concentration of fluorine in water,
and it was higher among fluorosis patients than others, in
addition the morbidity increases with increasing of fluoro-
sis degree (Wang 1991, Sun 2010). There were many fac-
tors, including fluorine, that could cause dysfunction and
injury of vascular endothelial cells which correlated with
AS(Zhao & Yang 2006). Selenium, on the other hand, could
prevent AS due to itsantioxygenation (Guo & Lin 2005). In
this study, we observed the changes of 6-K-P, TXB,, ET-1
induced by high dose fluorine and suitable amount of Se,
which may help ASprevention influorosisareas.

MATERIALS AND METHODS

Animal treatment: Twenty healthy pure linesNew Zea and
white rabbits weighing 2.0+0.5kg were procured from
Academy of Agricultural Sciences of Shandong Province.
After 7 days of acclimatization, these rabbits were randomly
divided into 4 groups (n=5 per group). Control group was
given distilled-deionized drinking water. High F group was
administered aqueous sodium fluoride (NaF100mg/L). Se
group was administered sodium selenium (Na,SeO,1mg/L).
High F + Se group received NaF (100mg/L) + Na,SeO,

(Img/L). All rabbitswerefed with normal diet (509 per day)
and given water ad libitum for 6 months, each rabbit was
breed in a single cage. The temperature and humidity are
appropriate. Ear vein blood was collected for measurement
of serum selenium and fluorine at the end of 0, 3“ and 6"
months during the experiment. And plasma 6-K-P, TXB,,
ET-1were measured at the end of 6" month.

Chemicals and reagents: NaF solid was obtained from
Tianjin Kemiou Chemical Reagent Development Center,
sodium selenite solid was produced from Tianjin Damao
Chemical Reagent Factory. '*I-TXB, radioimmuno assay Kit,
125].6-K-P and #I-ET radioimmuno assay were purchased
from Beijing Puerweiye Biological Technology Co. Ltd.

M easur ementsof fluoride, selenium, 6-K-P, TXB,, ET-1:
The serum fluoride was detected by using fluoride ion-se-
lectiveelectrode method. The serum Selevel wasmeasured
by 2,3-diaminonaphthal ene fluorescence spectrometry
method. Plasma 6-K-P, TXB, and ET-1 were measured by
radioimmunol ogy.

Statistical analysis: The valueswere expressed as means
* standard deviation (SD) (x £ s) and analysed using
SPSS17.0 software. Comparison of meanswere conducted
using one-way analysis of variance with subsequent
Dunnett2 t-test between groups. P<0.05 was considered
dtatistically significant.
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RESULTS AND DISCUSSION

General condition: During the experiment, al animalswere
in good condition. Their body weights remained stable dur-
ing the experiment.

Serum fluoride: Asseenin Table1, there was no statistical
difference in serum fluoride among groups at O month. At
the end of 3 and 6" months, the serum fluoride wassignifi-
cantly higher (P<0.01) in High F group and High F + Se
group compared to it wasin Control group, and there was
no gatistical difference in serum fluorine between Se group
and Control group. The serum fluoride in High F group was
significantly increased (P<0.01) at the end of 3 and 6"
months compared with it wasin O month, and it was higher
(P<0.05) at the end of 6™ month than it wasat the end of 3
month.

Serum selenium: Asseenin Table 2, there was no differ-
ence in serum selenium among groups at 0 month. At the
end of 3 and 6™ months, the serum Se was significantly
higher (P<0.01) in Segroup and High F+Se group compared
with the Control group, and serum Sedid not differ between
High F (P<0.01) at the end of 3% and 6" monthsthan O month.
It was higher (P<0.05) at the end of 6" month thanit was at
theend of 3 month group and Control group. The serum Se
in Se group wassignificantly increased.

The effect of high dosefluorine and selenium on plasma
6-K-P, TXB,and ET-1: AsseeninTable 3, plasma 6-K-P
in High F group significantly decreased (P<0.01) than Con-
trol group, but TXB, and ET-1 were significantly raised
(P<0.01). There were no differences of the three indexes
between Se group and Control group. 6-K-Pin High F+Se
group was significantly higher than the High F group
(P<0.01). TXB,and ET-1inHigh F+Se group were signifi-
cantly lower than the High F group (P<0.01, P<0.05).

Theinteraction of fluorineand selenium: Asseenin Ta-
ble 4, compared with non-fluorinated groups, the 6-K-Pin
fluorine-containing groups was lower (P<0.05) and TXB,
in fluorine-containing groups was higher (P<0.05).

Fluorine is an essential trace element for human being
whichwill generate del eterious effectswhenit islacking or
excessin vivo. Endemic fluorosisis prevalent in China be-
cause of high fluoride water (Luo & Feng 2008), brick tea
(Cao et al. 2004 ) and indoor combustion of high fluorine
coal (Ando et a. 2001). Endemic fluorosiscan seriously im-
pair the bonesand teeth. In recent years, exploring the dam-
age on the non-bone tissue and its mechanism induced by
high dose fluorine and fluorosis have become ahot research.
One of the emphaseswasthe harm to cardiovascul ar system.
In an epidemiologica study (Liang 1986), the researchers
investigated the endemic fluorosisareasin Hebei province,
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and they found that the morbidity of ASwas higher inthese
areasthan in non-fluorosisarea, and the morbidity waspos -
tive correlated with the fluoride level in water. In the 24™
World Conference of the International Society for Fluorine
Research, the American and Polish scholars presented that
the high dose fluorine can promote the formation of AS(Sun
& Wang 2002). However, Sewas considered to be acompo-
nent of GSH-px which played an important role in
antioxidation. Se deficiency was accompanied by adecreased
activity in GSH-px. Smultaneously, Se could exert the anti-
oxidant effectsby scavenging free radicalsand repairing the
damage of membrane, and then alleviated fluoride toxicity
(Zhang et al. 2009, Hayshi et al. 1997, Chen et al.2005).
Another epidemiological study proved that the morbidity of
ASwas negatively correlation with the Selevel inthe envi-
ronment (Shanberger 1975). Onthe basi sof experimentsand
related literature, our team explored a suitable dose of Se
(Se Img/L) in antagonizing detrimental effects caused by
high dose fluorine (Bian & Wang 2004).

In recent years, some scholarsfound that the occurrence
of ASwas due to the dysfunction and damage of vascular
endothelial cells(Qiu2007). Abnormal secretion of vasoac-
tive substances was considered to be the principal manifes-
tation. Aswe all know, the PGI,, TXA, and ET family can
reflect the vascular endothelial function preferably. PGl has
the function of diastolic blood vessels and anti-platel et ag-
gregation. TXA, possess the function of promoting vaso-
congtriction and platelet aggregation. PGI, and TXA, can
metabolizeto 6-K-Pand TXB, quickly, soit canwell reflect
the concentration of PGI, and TXA, in vivo by measuring
plasma 6-K-P and TXB,. Ross et al. (1997) found that the
TXA,/PGlI, balance plays an important role in the mainte-
nance of vascular homeogtasis. TXA_ /PG, val ue raised was
one of reasonsto platel et aggregation and vasoconstriction,
S0 it was an important determinant to AS. The ET were a
family of endothelium-derived peptides that possess char-
acteristically sustained vasocongtrictor properties, ET-1 ap-
peared to be the predominant member of the family, which
isgenerated by vascular endothelial cells(Haynes & Webb
1998). So it wasimportant for thisstudy. Therefore, we ob-
served the effects of Se on the plasma 6-K-P, TXB,, ET-1
exposed to high dose fluoride. In addition, we wanted to
explore the role and mechanism of high dose fluorine on
AS, and theintervention effect of Se.

Our results showed that compared with Control group,
plasma 6-K-P in High F group was significantly lower
(P<0.01) and plasmaTXB, and ET-1in High F group were
significantly higher (P<0.01). Demonstrating that PGI,, was
lower and TXA,, was higher in high F group, and the TXA /
PGI, valueincreased. It was consistent with the mechanism
of AS generation. When aperson hasthe chronic fluorosis,
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Table 1: Serum fluorine in different groups(; + s, mg/L).

Group 0 month 3@ month 6t month

Control 0.153+0.017 0.174+0.002 0.206+0.032

High F 0.156+0.010 0.589+0.113PPee  (,779+0.199PPeeY
Se 0.152+0.016  0.175+0.020 0.194+0.018

High F+Se 0.15620.017 0.502+0.057PPee (.695+0.153PPeeYY

PP<0.05, PPP<0.01 compared with Control group
€P<0.05, #¢P<0.01 compared with High F group at 0 month

¥P<0.05, ¥¥P<0.01 compared with High F group at 3 months

Table 2: Serum selenium in four groups ( x + s mg/L).

Group 0 month 3@ month 6t month

Control 0.135+0.007 0.136+0.069 0.166+0.013

High F 0.131+0.013 0.124+0.026 0.161+0.005

Se 0.13620.012 0.256+0.020PPee  (0,319+0.041PPeeYY
High F+Se 0.137+0.007 0.239+0.022PP&e  (.294+0.016PPeeYY

PP<0.05, PPP<0.01 compared with Control group
€P<0.05, #¢P<0.01 compared with Se group at 0 month
¥P<0.05, YYP<0.01 compared with Se group at 3 months

Table 3: The concentration of 6-K-P, TXB2, ET-1 at 6" month (pg/mL).

Group 6-K-P TXB, ET-1

Control 823.13+82.2 113.77+34.5 208.£14.6
High F 623.17+94.8PP 248.35+53.4PP  2427+14.1PP
Se 816.89+71.8 107.50+29.7 208.2+10.3
High F+Se  768.96+57.6%¢ 151.78+25.7¢¢  216.4+13.4P¢

PP<0.05, PPP<0.01 compared with Control group
€P<0.05, #¢P<0.01 compared with High F group

Table 4: The ANOVA about the effect of fluorine and selenium and their
interaction on 6-K-P, TXB2, ET-1 (pg/mL).

MS F P
6-K-P

F 78717.37 12551 0.003
Se 23260.97 37 0.072
F+Se 28680.47 456 0.049
TXB2

F 43328.74 19.1 <0.001
Se 13204.66 5.82 0.028
F+Se 10664.81 47 0.046
ET-1

F 1983.43 6.57 0.021
Se 844.09 279 0.114
F+Se 775.64 257 0.129
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fluorideionscan deposit in blood vessel swith large number,
they caninjurethe vascular endothelial cells, and reducethe
activity of PGIs. In this study, the secretion of ET-1 was
raised. They may work together in constricting blood ves-
sels, even blocking blood vessels, which can aggravate the
processof AS.

The antagonistic effects of Seon fluorine werefound by
Polish scholars, they indicated that Se can increase the ex-
cretion of urinary fluorinein children (Wasowics 1985). The
study prompted that increasing intake of Se can reduce the
deleteri ous effects caused by high dosefluorine. Inthisstudy,
we can seethat there were significant differencesin the 6-K -
P, TXB,, ET-1 between High F+Se group and High F group.
Theinteraction showed that therewasan antagoni stic effect
of Se on fluorine in the 6-K-P and TXB,. In addition, our
team confirmed Se, in appropriatelevel, was able to antago-
nize the adverse effects of fluorine within a certain range
(Hou 2008). A moderate amount of selenium intake can ef-
fectively improve lipid metabolic disorder and the whole
bl ood rheology abnormality, aswell asthe lipid peroxidation
disorder in vivo induced by high dose fluorine (Zhu et al.
2008). Se can alsoinhibit abnormal expression of INOSand
eNOS induced by high dose fluorine (Hou et al. 2008).

CONCLUSIONS

High dose fluorine can lower plasma 6-K-P, whileincrease
TXB,and ET-1inblood. However, intake of Se adequately
can obvioudy antagoni ze these changes, so it can play aben-
eficial role in inhibiting vasoconstriction and platelet ag-
gregation, and slow down the formation and development
of AS. Our experiment prompted that it isimportant to add
theintake of Se moderately, together with reducing the fluo-
rine content in drinking water, in prevention and treatment
of ASinthefluorosisareas.
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