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ABSTRACT — Fincoal type fluorosis has only been reported from China, but its pathogenesis is unclear.
Many people believe that fluorosis is associated with oxidative stress. Oxidative stress can be reduced at
higher selenium (Se) level. Heat shock protein (HSP70) is the most conserved and induced against differ-
ent stressors. The aim of this study is to detect the expression of HSP70 in fluorosis patients and explore
the role of Se in fluorosis protection. The subjects were divided into four groups: “High Se + F group” (n
=50), “High F group” (n = 50), “High Se group” (n = 20) and “Control group” (n = 46). Expression of
HSP70 was evaluated by Western blotting and real-time PCR techniques. The concentration of fluoride,
content of Se in hair, activity of antioxidant enzymes (GSH-Px, SOD, CAT) and content of malondialde-
hyde (MDA) were determined. The relative amount of HSP70 gene transcription was significantly higher
in “High Se + F group” than the other groups. The same results were found for expression of HSP70 pro-
tein to B-actin ratio. There was a significant difference between “High Se + F group” and “High F group”
regarding MDA content and glutathione peroxidase (GSH-Px), superoxide dismutase (SOD) and catala-
se (CAT) activity. These results suggest that oxidative stress plays an important role in the pathogenesis of

the Fincoal type fluorosis and it can be reduced at higher Se level.
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INTRODUCTION

Fluoride is naturally present in varying amounts in
air, water and food and its excessive accumulation in
the body can exert toxic effects (Spittle, 1994). Endemic
fluorosis that seriously impairs human health is prevalent
in the world. The latest estimates suggest that about 200
million people, from among 25 nations the world over are
affected by the serious problem of fluorosis (Ayoob and
Gupta, 2006).

Endemic fluorosis is prevalent in China (Zhang, 2008)
because of high fluoride water (Luo et al., 2008), brick
tea (Cao et al., 2004) and indoor combustion of high-F
coal (Ando et al., 2001). Eight counties of Ankang City
are acutely affected areas in Shaanxi province with Fin-
coal-type fluorosis (Xu et al., 2008). Among these coun-
ties, Ziyang County is famous for its selenium-rich tea,

and has higher environmental selenium (Se) level, with
Haoping Town having the highest level (Fang and Wu,
2004). We selected fluorosis Patients from Haoping Town
as “High Se + F group”.

Patients from Hanbin district of Ankang City were
selected as “High F group” because its environment
Se level is the lowest among the eight counties and is
still within normal range (Yang, 1989). We also select-
ed healthy volunteers from Haoping Town as “High Se
group” and healthy volunteers living in Xi’an as “Control
group” which is the capital of Shaanxi province and has
normal Se level in its environment.

Investigators have explored the mechanism of fluor-
osis, consequently, collected numerous biological evi-
dences, including oxidative stress (Izquierdo-Vega et al.,
2008), apoptosis (Zhang et al., 2007), and over-load of
intracellular calcium (Xu et al., 2007). Among these the-
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ories, the “Oxidative stress” is the only explanation that
can explains the pathological lesion of multiple organ and
multisystem fluorosis (Guan et al., 2007).

Oxidative stress in biological systems results from
an imbalance between cellular reactive oxygen species
(ROS) and capacity of antioxidants. The antioxidants not
only play a key role as ROS scavenger, but also regu-
late the redox state of the cells (Matés ef al., 1999). In
oxidative stress, antioxidants such as GSH, glutathione
peroxidase (GSH-Px) and SOD are expended, the abili-
ty of antioxidation reduces, and the product of lipid per-
oxidation, i.e. malondialdehyde (MDA) accumulates
(Ozgocmen et al., 2007). The involvement of antioxi-
dants in people responding to fluoride toxicity is unclear
because it does not belong to the group of transition met-
als that may induce oxidative stress. The mechanisms by
which fluoride acts at the cellular level and by which peo-
ple may defend themselves against this pollutant are not
fully understood yet.

Among the families of stress proteins, heat shock pro-
tein (HSP70) is the most conserved and one of the first
HSPs to be induced against different stressors. Conserved
nature of the stress response across species allows the
application of HSPs based assays over a wide range of
organisms and in this regard HSP70 expression has been
proposed as a sensitive indicator of adverse biological
effects (Vard et al., 2002; Mukhopadhyay et al., 2003).

The present study was aimed to detect the correlation
between HSP70 expression and antioxidant enzymes in
fluorosis, beneficial role of Se in fluorosis to lessen oxi-
dative damage and the relationship of HSP70 expression
with Se.

MATERIALS AND METHODS

Patients and groups

According to the fluoride concentration of the coal
and dental fluorosis status, which was assessed by Dean’s
index, a total of 100 patients (age ranging from 28 to 68)
were selected including; fifty patients from gaige, ping-

Table 1. Gender and age in each group

chuan and shuangxing village of Haoping Town as “High
Se + F group”, twenty healthy people from the hejiazai,
xianghe village of Haoping town as the “High Se group”,
Fifty patients from the shuangqin and shuanglong villag-
es of the Hanbin District as “High F group” and forty-
six healthy volunteers living in Xi“an as “Control group”.
No statistical significant difference was found in gender
and age among all the groups (Table 1). The patients were
informed about the purpose of research and their consent
was taken before enrolment. The local Ethics Committee
approved the study protocol in accordance with institu-
tional guidelines.

Sample collection

Approximately 6 ml of blood and 10 ml instant urine
was collected from each person (fast, morning). EDTA
was added in 3 ml of blood for anticoagulation, and
Peripheral blood mononuclear cells (PBMCs) were isolat-
ed by density gradient centrifugation (2,500 rpm/min for
15 min). Serum was separated from remaining 3 ml blood
by centrifugation at 3,000 rpm/min for 15 min. Serum and
urine were kept at —20°C until used for further analysis.

Materials

Trizol Reagent was purchased from Invitrogen life
technologies (Carlsbad, CA, USA). The rabbit anti-
human HSP70 antibody was from Cell Signaling Tech-
nology Inc. (Beverley, MA, USA). The rabbit anti-human
B-actin antibody was purchased from Lab Vision Corpo-
ration (Fremont, CA, USA). The horseradish peroxidase-
conjugated anti-rabbit secondary antibodies were bought
from Santa Cruz Biotech, Inc. (Santa Cruz, CA, USA).
polyvinylidene difluoride (PVDF) membranes were pur-
chased from Millipore (Billerica, MA, USA). SYBR
PrimeScript™ RT-PCR Kit was obtained from Taka-
ra (Takara Shuzo, Shiga, Japan). RevertAid First Strand
cDNA Synthesis Kit was purchased from Fermentas (Fer-
mentas, MD, USA). The AEC staining kit was from Bei-
jing Bio-Lab Materials Institute (Beijing, China). All
primers were synthesized and purified by Beijing Sunbi-

Group Gender (male/female) Age

High Se + F group 21/29 46.73 £ 0.97
High F group 22/28 50.48 £ 3.10
High Se group 9/11 4595 + 1.67
Control group 20/26 49.17 + 2.14

Note. Data are expressed as mean =+ standard error mean (S.E.M). P < 0.05 compared with the control group. Data were analyzed

with one-way analysis of variance (ANOVA).
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otech Corp. (Beijing, China). Sodium fluoride (NaF) was
obtained from Shanghai Chemical Reagent Corp. (Shang-
hai, China). The GSH-Px, SOD and CAT test kits were
purchased from Jiancheng Bioengineering Ltd. (Nanjing,
China). All other reagents were of analytical grade and all
solutions were prepared using thrice-distilled water. All
other reagents were obtained from commercial sources.

Detections of fluoride concentration

Fluoride concentration was determined from samples
previously stored at —20°C by the method of Anon (1989),
briefly, equal volumes of total ionic strength adjustment
buffer (TISAB) solution (TISAB: 58 g NaCl + 4 g triso-
dium citrate + 57 ml glacial acetic acid, pH = 5.0) and
serum or urine were taken and flouride concentration was
detected by using a fluoride ion-specific electrode con-
nected to a pH Meter (Model pHS-2) and coupled to a
standard calomel electrode (Model 232) as reference.
The accuracy and precision of the method employed was
checked by the analysis of a standard reference material,
consisting of a standard with high and low levels of fluo-
ride (National Institute of Standards and Technology).

Se levels

Approximately 1 g of hair were collected from the
nape of the neck from each subject and Se level was
detected by AFS-930, Atomic Fluorescence Spectropho-
tometer (Titan, China) following the method of Wietecha
et al. (2005).

Detections of lipid peroxidation and the
activities of antioxidant enzymes

The content of MDA, the activities of GSH-Px, SOD
and CAT were measured from serum using commercial
kits. The results were expressed as nmol/ml for MDA, U/
ml for CAT, umol/l for GSH-Px, U/ml for SOD, respec-
tively.

Western blot analysis

Total protein was extracted from PBMCs following
the method of Hummon et al. (2007). The protein content
was quantified by BCA reagent (Pierce Chemical Co.,
Rockford, IL, USA). The protein was adjusted to coinci-
dent concentration by the BSA standard curve and dilut-
ed with 1% SDS. Total protein extracted from PBMCs
was resolved on 10% SDS-PAGE gel and transferred to
PVDF membranes. Each sample of 30 pl contains 20 pg
total protein. The PVDF membranes were dried at 37°C
for 1 hr and blocked in 2.5% non-fat milk in Tris-buffered
saline (TBS) with 0.01% Tween 20 at 25°C for 1 hr. The
PVDF membranes were incubated overnight with prima-

ry antibodies at 4°C, washed, and incubated with sec-
ond antibodies at 37°C for 1 hr. Immunoreactive proteins
were visualized using the AEC staining kit. Densitometry
was performed using Work-Lab software (UVP, Upland,
CA, USA). The data was recorded as the ratio of sam-
ple to B-actin. All of the immunoblots were performed at
least three times.

Gene expression analysis by real-time
quantitative RT-PCR assays

Total RNA was isolated from PBMCs following the
method of Hummon ef al. (2007). RNA was purified
using RNeasy Mini Kit according to the supplier’s pro-
tocol., quantified by optical density at 260 and 280 nm
and stored at —80°C. cDNA was synthesized from 3 pg
total cellular RNA with a 1st strand cDNA Synthesis Kit
for RT-PCR. Quantitative real-time PCR was performed
with the iIQ™S5 Real Time PCR Detection Systems in 8
even-tubes and using SYBR PrimeScript™ RT-PCR Kit
in 20 pl reaction mixtures (SYBR 10 pl, cDNA 2 ul, for-
ward primer 400 nM, reverse primer 0.5 pl, RNase Free
distilled H,O 7 pl) by using primers for human HSP70
mRNA (forward 5-AGAAGGACATCAGCCAGAAC-
3’and reverse 5'-GAACAGGTCGGAGCACAG-3") and
B-actin (forward 5'-GAACGGTGAAGGTGACAGCAG-
3" and reverse 5'-GTGGACTTGGGAGAGGACTGG-
37). The reaction mixtures were initially heated at 95°C
for 10 sec followed by 40 cycles of 5 sec at 95°C, 15
sec at 61°C, and 10 sec at 72°C. The PCR products were
resolved on a 2% agarose gel and densitometry was per-
formed to quantify the amounts of HSP70 mRNA relative
to the levels of B-actin (Data not show).

The sizes of PCR products were 182 bp and 200 bp for
HSP70 and B-actin, respectively. The PCR product was
evaluated by melting curve analysis using the Q™S5 soft-
ware (version 2.0). HSP70 mRNA data was normalized
by C. of B-actin, which is a non-regulated housekeeping
gene. The cycle counts (C;) represents the relative abun-
dance of a transcript.

Real-time quantitative PCR data was processed apply-
ing relative quantification using the AAC;-method (2-44C.)
(Livaka and Schmittgen, 2001).

Statistical analysis

The data was expressed as mean + S.E.M. Differences
between groups were evaluated by one-way ANOVA with
subsequent Dunnett’s t-test using SPSS13.0 for windows
(Version 13.0, SPSS Inc., Chicago IL, USA). A difference
at P < 0.05 was considered statistically significant.
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RESULTS

The fluoride contents in urine and serum

Fluoride content in the serum and urine was signifi-
cantly higher in people with fluorosis in residential areas
with high coal fluoride as compared to “Control group”.
The fluoride content of serum and urine in “High Se
group” was higher than that of in “Control group”, but
has no statistical significance.

The selenium contents in hair

Selenium content was significantly higher in “High Se
+ F group” and “High Se group” as compared to “High F
group” and “Control group”. There was a slight increase
in hair Se content in “High F” group as compared to
“Control group”, which is not statistically important (Fig.
2). Results showed that none of subjects in this study is
Se deficient according to marginal thresholds established
in China (Yang, 1989), which implies that participants
must have consumed relatively Se-rich foods.
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Fig. 1. Concentration of fluoride in serum and urine. Concen-
tration of fluoride in serum and urine was calculated
from a standard curve, which was made from a refer-
ence material. * Statistically significant (p < 0.05).

The activity of antioxidant enzymes and the
content of MDA

SOD, CAT and GSH-Px activity of “High F group”
was lower as compared with “Control group”, with SOD
and GSH-Px having statistical significance. CAT activi-
ty was significantly higher while GSH-Px activity low-
er in “High Se + F group” as compared with “Control
group”. SOD and CAT activity was significantly higher
while GSH-Px lower in “High Se group” as compared to
“Control group”. All the enzymes have significantly high-
er activities in “High Se + F group” as compared to “High
F group” (Table 2).

MDA content was significantly higher in “High F
group” as compared with other groups, and there was sig-
nificant decrease in the MDA content of “High Se group”
and “High Se + F group” as compared to “High F group”
(Table 2).

HSP70 and B-actin protein expression by
western blotting.

HSP70/B-actin ratio was significantly higher in “High
Se group” and “High Se + F group” as compared with the
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Fig. 2. Content of Se in hair. According to the reference stand-
ard of selenium deficiency, the content of selenium
lower than 0.66 pg/g was described as selenium defi-
ciency. * Statistically significant (p < 0.05).

Table 2. Activities of SOD, CAT, GSH-Px and content of MDA in each group

Group SOD CAT GSH-Px MDA
(U/ml) (U/ml) (umol/l) (nmol/ml)
High Se + F group 82.21 £ 3.93# 21.63 + 1.37# 313.28 + 10.22"# 5.07 £ 0.28*#
High F group 55.56 + 4.93* 335+0.16 194.65 + 10.76* 24.09 + 1.60*
High Se group 115.05 £ 6.19*# 15.90 + 2.26*# 243.41 + 33.87" 5.74 £ 0.36™#
Control group 86.65 + 9.20*# 6.45 £ 0.38 44558 + 8.51* 11.01 + 1.08*#

Note. Data are expressed as mean + S.E.M.
“*P <0.01 compared with the control group.

#p <0.01 as compared with “High F group”. Data were analyzed with one-way ANOVA.
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“Control group”. However, there was no significant dif-
ference in HSP70/B-actin ratio between “High F group”
and “Control group” (Fig. 3).

Real-time quantitative PCR analysis of PBMCs

HSP70 mRNA level (relative amount) in “High Se +
F group” was significantly higher as compared to “High
F group” and “High Se group”. No significant difference
was found when mRNA level of “High Se group” and
“High F group” were compared (Fig. 4).

The correlation between HSP70 gene
transcription and protein expression

A positive correlation was found between HSP70 gene
and protein expression (r = 0.568, P < 0.001). The expres-
sion of HSP70 gene was significantly higher in “High
Se + F group” as compared with “High F group” (Fig.
4). Similar results were observed when these two groups
were compared for protein expression (Fig. 3).
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Fig. 3. Selenium increased HSP70 protein expression. The to-

tal protein extract of PBMC was subjected to PAGE
and sequential Western blot analysis with HSP70 spe-
cific antibody against HSP70 followed by incubation
with anti-rabbit secondary antibody and revelation
by AEC staining. Integral optical density (I0D) was
calculated by Gel Imaging System automatically. The
positions of HSP70 and B-actin were shown (A). The
mean densitometric values of each sample protein di-
vided by B-actin from three independent experiments
were depicted as bar graphs (B) Values are presented
as the mean + S.E.M. *P < 0.05 vs control.

DISCUSSION

Different authors have postulated different pathogen-
ic mechanisms of fluorosis. The “Oxidative stress” is the
key point of fluorosis at present (Guan et al., 2007). Oxi-
dative stress is defined as a disturbance in the balance
between the production of free radicals and antioxidant
defense. The hypothesis regarding that oxidative stress
may be involved in the pathogenesis of chronic fluorosis
has been emphasized, based on results from many inves-
tigations on patients, animal models with chronic fluoro-
sis, and cultural cells treated with high-concentration of
fluoride. These findings have shown high level of MDA
from lipid peroxidation (Shivashankara et al., 2002), and
reduced activities of antioxidant enzymes (Chlubek ez al.,
2003).

Many organisms need Se in order to maintain antioxi-
dation (Stadtman, 1990). Se has been found and accepted
as an essential trace element for living organisms, includ-
ing humans, because it forms the active center of GSH-
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Fig. 4. Effects of Se on HSP70 mRNA expression by real-time
PCR. To examine the expression of HSP70 mRNA
real-time quantitative RT-PCR was carried out. B-actin
was used as quantitative relative internal parameters to
normalized HSP70 expression level. Relative amount

in sample = 2-44C_,
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Px that plays a role in relieving severe oxidative stress
(Rotruck et al., 1973). The positive effect of Se has been
demonstrated as a decrease in lipid peroxidation and as an
increase in the activity of anti-oxidative enzymes.

We observed a significant increase in MDA concen-
tration in serum in “High F group”, suggesting oxidative
damage had occurred. Our results indicate that activities
of GSH-Px, SOD and CAT can be decreased in chronic
fluoride exposure, whereas Se can inhibit the effect of flu-
oride on antioxidant enzyme activities and increase the
activities. Selenium is part of enzyme GSH-Px that cat-
alyzes the oxidation of glutathione in the presence of
hydrogen peroxide to yield oxidized glutathione and
water. (Bounous and Molson, 2003). GSH-Px can pro-
tect the cells against oxidative damage. Se deficiency is
accompanied by a decrease in GSH-Px activity (Wu et
al., 2003). So when chronic fluoride exposure occurs, the
loss of GSH-Px activity is predominant.

We detected selenium from hair as it reflects long term
intake of trace elements (Slotnick and Nriagu, 20006).
HSPs are a family of stress-induced proteins exhibiting
well described functions in cytoprotection preserving cell
viability. Of all of the HSP families that have been stud-
ied, it is the HSP70 family that has been most widely used
as a biomarker due to its rapid and significant increase
during cellular stress (Ryan and Hightower, 1996). The
fundamental role of HSP70 is to repair protein damage
that can occur as a consequence of stress (Gething and
Sambrook, 1992) and therefore this family of proteins
plays a key function in cytoprotection. In response to
environmental stresses, the gene coding for the inducible
69kDa HSP70 is rapidly activated.

Although reinforcing endogenous self-preservation
mechanisms are considered as a promising strategy for
advanced organ protection, the effect of HSP70 on chron-
ic fluorosis damage has not been reported. Compared to
control group, the expression of HSP70 protein was high-
er in “High Se group” (p < 0.001). We studied the expres-
sion of HSP70 protein in our experiment because it was
higher in “High F group” as compared to “Control group”
and we found a remarkable increase in the level of HSP70
proteins in “High Se + F group” as compared to “High
F group”. A higher level of HSP70 mRNA on “High Se
+ F group” as compared to other groups demonstrates
that high Se level significantly increases the expression
of HSP70 in PBMCs and attenuates the oxidative stress
caused by chronic fluorosis. These findings suggest a pos-
sible role of HSP70 as a mediator in inducing tolerance
against chronic fluorosis.

In addition the present data provide additional indi-
cations that Se can up-regulate HSP70 mRNA (37 fold),
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induce the high-expression of HSP70 protein (15 to 24-
fold) and reduce the damage induced by fluoride intoxi-
cation in human PBMCs. The decrease of HSP70 mRNA
and the quantity of HSP70 protein expression may result
from oxidative damage, which would lead to a total loss
of membrane fluidity and integrity (Horvath ef al., 2008).
This would reduce the activities of GSH-Px, SOD and
CAT enzyme available to lessen the oxidative damage, so
that the content of MDA would increase.

Similarly, Se in our study also increased the basal
steady-state HSP70 protein level in “High Se group”,
suggesting that Se exerts a mild stress on cell though the
HSP70 mRNA level was not increased evidently. Moreo-
ver, PBMC from patients with high Se level had arguing
for evidently improved ability to cope with stress. Since
blood samples were obtained and frozen under controlled
conditions at different times by the same personnel, the
effect observed was not due to differential sample prep-
aration.

We conclude that fincoal type flourosis is linked with
oxidative stress. Se is an inducer of HSP70 and has a
major importance in stress response of human PBMCs in
the fluorosis. Since the stress response is a conserved and
universal phenomenon, and the effect of Se in vivo is fair-
ly general, these findings may have wider implications in
other body tissues as a possible anti-fluorosis mechanism.
However, whether this is a proof of principle or a special
exception will be a subject of future studies.

ACKNOWLEDGMENTS

This work was supported by the National Natural Sci-
ence Foundation of China (grant number 30630058,
30671820) and the Shaanxi Science and Technology
Agency (grant number 2005K15-G2). We would like to
thank Chen Jinghong, Zhang Zhifeng for excellent tech-
nical assistance and Lu Li ef al. for sample collection. We
thank professor Xu Jiru for critical reading of the manu-
script.

REFERENCES

Ando, M., Tadano, M., Yamamoto, S., Tamura, K., Asanuma, S.,
Watanabe, T., Kondo, T., Sakurai, S., Ji, R., Liang, C., Chen, X.,
Hong, Z. and Cao, S. (2001): Health effects of fluoride pollution
caused by coal burning. Sci. Total. Environ., 271, 107-116.

Anon. (1989): Standard Methods for the Examination of Water
and Wastewater. Fluoride pp.484-493. American Public Health
Association, Washington.

Ayoob, S. and Gupta, A.K. (2006): Fluoride in drinking water: a
review on the status and stress effects. Crit. Rev. Environ. Sci.
Technol., 36, 433-487.

Bounous, G. and Molson, J.H. (2003): The antioxidant system.



405

Fincoal type fluorosis and HSP70

Anticancer Res., 23, 1411-1415.

Cao, J., Luo, S.F.,, Liu, J.W. and Li, Y. (2004): Safety evaluation on
fluoride content in black tea. Food Chemistry, 88, 233-236.

Chlubek, D., Grucka-Mamczar, E., Birkner, E., Polaniak, R.,
Stawiarska-Pieta, B. and Duliban, H. (2003): Activity of pan-
creatic antioxidative enzymes and malondialdehyde concentra-
tions in rats with hyperglycemia caused by fluoride intoxication.
J. Trace Elem. Med. Biol., 17, 57-60.

Fang, W.X. and Wu, P.W. (2004): Elevated selenium and other min-
eral element concentrations in soil and plant tissue in bone coal
sites in Haoping area, Ziyang County, China. Plant and Soil,
261, 135-146.

Gething, M.J. and Sambrook, J. (1992): Protein folding in the cell.
Nature, 355, 33-45.

Guan, Z.Z., Yu, Y.N., Zhang, H., Wei, Z.D., Liu, J.L., Zhou, L.Y.
and Chen, X.G. (2007): The research of endemic fluorosis with
epidemic factor pathological lesion and the measure of preven-
tion and cure. J. Med. Res., 36, 62-63.

Horvath, 1., Multhoff, G., Sonnleitner, A. and Vigh, L. (2008):
Membrane-associated stress proteins: More than simply chaper-
ones. Biochim. Biophys. Acta., 1778, 1653-1664.

Hummon, A.B., Lim, S.R., Difilippantonio, M.J. and Ried, T.
(2007): Isolation and solubilization of proteins after Trizol
extraction of RNA and DNA from patient material following
prolonged storage. Biotechniques, 42, 467-470, 472.

Izquierdo-Vega, J.A., Sanchez-Gutiérrez, M. and Del Razo, L.M.
(2008): Decreased in vitro fertility in male rats exposed to
fluoride-induced oxidative stress damage and mitochondrial
transmembrane potential loss. Toxicol. Appl., 230, 352-357.

Livak, K.J. and Schmittgen, T.D. (2001): Analysis of relative gene
expression data using real-time quantitative PCR and the 2-2ACT
method. Methods, 25, 402-408.

Luo, K.L., Feng, F.J., Li, H.J., Chou, C.L., Feng, Z.K. and Dong,
Y.S. (2008): Studies on geological background and source of flu-
orine in drinking water in the North China Plate fluorosis areas.
Toxicol. Environmental Chemistry, 90, 237-246.

Matés J.M., Pérez-Gomez, C. and Nuifiez de Castro, 1. (1999): Anti-
oxidant enzymes and human diseases. Clin. Biochem., 32, 595-
603.

Mukhopadhyay, 1., Nazir, A., Saxena, D.K. and Kar Chowdhuri, D.
(2003): Heat shock response: hsp70 in environmental monitor-
ing. J. Biochem. Mol. Toxicol., 17, 249-254.

Ozgocmen, S., Kaya, H., Fadillioglu, E. and Yilmazc, Z. (2007):
Effects of Calcitonin, Risedronate, and Raloxifene on erythro-
cyte antioxidant enzyme activity, lipid peroxidation, and nitric
oxide in postmenopausal osteoporosis. Arch. Med. Res., 38,
196-205.

Rotruck, J.T., Pope, A.L., Ganther, H.E., Swanson, A.B., Hafeman,

D.G. and Hoekstra, W.G. (1973): Selenium: biochemical role as
a component of glutathione peroxidase. Science, 179, 588-590.

Ryan, J.A. and Hightower, L.E. (1996): Stress proteins as molec-
ular biomarkers for environmental toxicology. In: Feige (U.,
Morimoto, R.I., Yahara, 1., Polla, B., ed.), pp. 411-424, Stress
Inducible Cellular Responses. Birkhauser Verlag, Basel, Swit-
zerland.

Shivashankara, A.R., Shivarajashankara, Y.M., Bhat, P.G. and Rao,
S.H. (2002): Lipid peroxidation and antioxidant defense systems
in liver of rats in chronic fluoride toxicity. Bull. Environ. Con-
tam. Toxicol., 68, 612-616.

Slotnick, M.J. and Nriagu, J.O. (2006): Validity of human nails as a
biomarker of arsenic and selenium exposure: A review. Environ.
Res., 102, 125-139.

Spittle, B. (1994): Psychopharmacology of fluoride: a review. Int.
Clin. Psychopharmacol., 9, 79-82.

Stadtman, T.C. (1990): Selenium biochemistry. Ann. Rev. Biochem.,
59, 111-127.

Varo, 1., Serrano, R., Pitarch, E., Amat, F., Lopez, F.J. and Navarro,
J.C. (2002): Bioaccumulation of chlorpyrifos through an experi-
mental food chain: Study of protein HSP70 as biomarker of sub-
lethal stress in fish. Arch. Environ. Contam. Toxicol., 42, 229-
235.

Wietecha, R., Kos’cielniak, P., Lech, T. and Kielar, T. (2005): Sim-
ple method for simultaneous determination of selenium and
arsenic in human hair by means of atomic fluorescence Spec-
trometry with Hydride Generation technique. Microchim. Acta.,
149, 137-144.

Wu, Q.Z., Huang, K.X. and Xu, H.B. (2003): Effects of long-term
selenium deficiency on glutathione peroxidase and thioredox-
in reductase activities and expressions in rat aorta. J. Inorg.
Biochem., 94, 301-306.

Xu, G.Y., Li, P.A. and Li, X.Q. (2008): Control Status of Coal-
burning Fluorosis and Arsenism in Shaanxi Province. Endemic
Diseases Bulletin, 23, 94-125.

Hui, X., Yu-Lai, Z., Jing-Min, Z., Hui, L., Ling, J. and Guang-
Sheng, L. (2007): Effects of fluoride on the intracellular free Ca2*
and Ca2*-ATPase of kidney. Biological Trace Element Research,
116, 279-287.

Yang, G.Q. (1989): Studies on the safe maximum daily selenium
intake. Chin. J. Endemiol., 8, 273-327.

Zhang, M., Wang, A., He, W., He, P., Xu, B., Xia, T., Chen, X. and
Yang, K. (2007): Effects of fluoride on the expression of NCAM,
oxidative stress, and apoptosis in primary cultured hippocampal
neurons. Toxicology, 236, 208-216.

Zhang, Z.G. (2008): The study on brain impairment from expo-
sure to fluoride and the intervention of selenium. Advances in
Psychological Science, 16, 475-479.

Vol. 34 No. 4







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


