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Sodium fluoride used in the fluoridation of drinking water and it is still commonly used
for that purpose to prevent dental caries. It exerts toxic effects on many soft tissues. The present
study was aimed to achieving the protective effects of selenium and Curcumin extract against
the toxicity and oxidative stress of sodium fluoride (NaF) that adversely affects the immune
system capacity. This study evaluated the effects of Sodium fluoride on some immunological
parameters and also assessed the ameliorating effects of selenium and Curcumin extract. Mature
male mice (weighing 35-45 g and each group of ten animals) were given sodium fluoride (10.3
mg/Kg bw) and/or Selenium (0.5 mg/Kg) + Curcumin extract (60 mg/Kg) daily intraperitoneally
(L.P) for 4 weeks. In the present study, Sodium Fluoride exposure resulted in decrease in the
IgG, IgM and increasing TNF-* level with respect to the control. As a result, Sodium fluoride
induced immunotoxicity which is reduced by Curcumin extract and/or selenium to great extent

by restoration of the immunoloegical capacities.
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Fluoride is abundant in the environment
and exists only in combination with other elements
as fluoride compounds, which are constituents of
minerals in rocks and soil (Edmunds and Smedley.,
1996). Sources of fluoride include natural fluoride
in food stuffs and water (fluoridated water usually
at 1.0 mg/L) (Beltran and Szpunar., 1988).

Fluoridated tooth pastes can provide
another major source of fluoride intake, particularly
to children. Tooth pastes contain 1.0 to 1.5 mg
fluoride per gram. Fluoride containing mouth
wash could contribute 0.2 to 0.4 mg fluoride per
use. Fluoride tablets and topical gels represent
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additional sources of fluoride exposure (Hodge
and Smith.,1965) The main source of fluoride for
humans is the intake of ground water contaminated
by geological sources (maximum concentration
reaching 30-50mg/L) (Edmunds and Smedley.,
1996).

Selenium deficiency is usually associated
with increased lipid peroxidation which alters the
integrity of cell membranes and consequently,
affects cell functions (Stadtman, 1990; Valko et
al., 2005).Selenium (Se), a human body essential
trace element, displaying an antioxidant effective
oxygen free radical scavenging, protects the organs
and tissues from oxidative damage and improves
the body’s immune system (Liu et al., 2007; Zhou
et al., 2009).

Selenium acts by raising the intra-cellular
concentration of cysteine/GSH, andacts by
scavenging of oxidant species. Its pharmacological
actions include restoration of cellular antioxidant
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potential by replenishing depleted glutathione by
free radicals and ROS scavenging, inhibition of
neutrophil activity and TNF production. Selenium
is a vital trace element, required essential dietary
nutrient for health at low doses and an integral
component of ubiquitous antioxidant enzyme
glutathione peroxidase (GPx). This enzyme helps
in neutralization of reactive oxygen species.
However, protective mechanisms of Sevary from
organ to organ (Stajn et al., 1997).

Selenium (Se) is an integral component of
GSH-Px, an enzyme, which protects cell internal
structures against free radicals and acts as an
antioxidant for cellular membrane lipids (Alvarez
and Storey, 1989; Rotruck ef al., 1973).

Curcumin, the active compound in
turmeric, because of its antioxidant and anti-
inflammatory properties, has been demonstrated in
the prevention and treatment of neurodegenerative
disorders such as Alzheimer disease and multiple
sclerosis (Cole et al., 2007).

Curcumin, an extract of Curcuma longa
Linn., is used as a natural drug or a flavoring in
Asia and India. Curcumin is an orange-yellow
polyphenol present in curry spice and has anti-
inflammatory and antioxidant effects. Early studies
have also claimed that curcumin down-regulates the
transcription factor NFkB and suppresses various
inflammatory mediators (Jobin et al., 1999 and Kim
et al., 2005).

Curcumin has been shown in last two
decades to be a potent immunomodulatory agent
that can modulate the activation of T cells, B cells,
macrophages, neutrophils, natural killer cells, and
dendritic cells (Jagetia and Aggarwal, 2007).

MATERIAL AND METHODS:

Animals

This study was performed on 70 young
male mice, weighing about 35—45 g b.wt. Animals
were obtained from the animal house of the King
Fahad Center for Medical Research, King Abdul-
Aziz University in Jeddah. They were breeding in a
well ventilated room with the temperature ranging
between 22 and 25 UC and maintained under
standardized conditions away from any stressful
conditions with 12/12 light and dark cycle with
free access to humidity and were fed dry balanced
meal for experimental animals provided by the

General Organization for Grain Silos and Flour
Mills in Jeddah, with a constant source of water. All
experimental procedures and animal maintenance
were conducted in accordance with the accepted
standards of animal care per cage (Council of
Europe, European convention for the protection
of vertebrate animals 2006). We have followed the
European community Directive (86/609/EEC) and
national rules on animal care. One group served
as control. Animals were weighed and randomly
allocated into 6 groups (10 rats each).
Chemicals
Sodium Fluoride

Sodium fluoride (NaF) was purchased
from Sigma Chemical Co., St. Louis, Mo., USA.
The tested dose of NaF (10.3 mg/kg b.wt) was
chosen based on the previous studies of Zabulyte
et al. (2007). A stock solution was prepared by
dissolving of 100 g of NaF in 1000 ml of distilled
water. The dose schedule was so adjusted that the
amount of NaF administration per animal was as
per their respective weight.
Selenium

Selenium was purchased from BDH
Chemicals Ltd., England. The tested dose of
selenium (0.5 mg/kg) was chosen based on the
previous studies of Ibtissem ef al. (2011).
Curcumin extract

Fresh Curcumin was obtained from local
market (Cairo, Egypt), then washed and was soaked
in water for 24 hours and after that it was dried then
homogenized by using electrical mixer and then the
dose was prepared (60 mg/Kg) and this dose was
chosen according to Abdul-Hamid and Moustafa
(2013).
Experimental protocols

The study was performed on 70 mature
male mice, divided into 7 main groups; each group
was consisted of 10 rats. The 1% Control group:
Animal’s received 1ml of distilled water orally
daily for 30 successive days. The 2™ Sodium
Fluoride (NaF) treated group: Animals were daily
received NaF (10.3 mg/Kg) for 30 successive days
intraperitoneally (I.P).The 3 Selenium treated
group: Animals were received selenium (0.5
mg/Kg) for 30 successive days intraperitoneally
(I.P).The 4™ Curcumin extract treated group:
Animals were received Curcumin extract (60mg/
kg) for 30 successive intraperitoneally (I.P).The
5" NaF + Selenium treated group: Animals were
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given sodium fluoride (NaF) (10.3 mg/Kg) for
30 successive days and then co-administered by
selenium (0.5 mg/Kg) intraperitoneally (I.P).
The 6" NaF + Curcumin treated group: Animals
were given sodium fluoride (NaF) (10.3 mg/Kg)
for 30 successive days and then co-administered
Curcumin extract (60mg/Kg) for 30 successive days
intraperitoneally (L.P). The 7" NaF+ Selenium+
Curcumin extract treated group: Animals were
given NaF (10.3mg/Kg) and then co-administered
with selenium (0.5mg/Kg) and then followed by
Curcumin extract (60 mg/Kg) for 30 successive
days (I.P).The substances were administered in
the morning (between 09.30 and 10.30 h) to non
fasted rats. The first day the animals were treated
was considered experimental day 0.At the end of
the 30 days of treatment, all animals were scarified
and dissected.

Blood samples collection

Blood samples were collected after the end
of the experiment from the retro-orbital vein, which
is a simple, convenient and successful procedure
that allows bleeding of the same animal more than
one time with minimal stress (Scherners, 1967).
After the end of 4th week, individual blood samples
were drawn by orbital puncture (from eye plexus)
using microhematocrit capillary tubes (Lancer,
Athy, County-Kildare, Republic of Ireland), Serum
was harvested from blood without EDTA and
subsequently used for the determination of them
Immunoglobulin G (IgG) and Immunoglobulin M
(IgM), Tumour necrosis factor (TNF -a).
Immunoglobulin G (IgG)

The IgG is a quantitative turbidometric
test for the measurement of IgG in serum or plasma
by using IgG kit (GenWay Biotech, Inc). Anti-
human IgG antibodies when mixed with samples
containing IgG form insoluble complexes. These
complexes cause an absorbance change, dependent
upon the IgG concentration of the patient sample
that can be quantified by comparison from a
calibrator of known IgG concentration (Peace and
Kaplan, 1987).

Immunoglobulin M (IgM)

The IMMUNO-TEK Mouse IgM ELISA
Kit (EIAab (Wuhan EIAab Science Co.,Ltd) is a
rapid, easy to use enzyme-linked immunosorbent
assay (ELISA) designed for the measurement of
mouse IgM in plasma, serum; the kit is especially
useful in monitoring the production and purification

of mouse monoclonal antibodies (Pinherio and
Cobber 1997).
Tumor necrosis factor-o. (TNF- o)

Tumor necrosis factor (TNF, formerly
known as TNF-a) is a potent mediator of immune
and inflammatory responses. TNF is produced by
many activated cell types including monocytes,
macrophages, astrocytes, granulocytes, T and B
lymphocytes, NK cells, keratinocytes, fibroblasts,
and certain tumor cells. TNF exerts many
regulatory influences on the activation, growth,
and differentiation of leukocytes and other cells.
For example, TNF can co stimulate the proliferation
of activated T and B lymphocytes, up regulate
the expressed levels of MHC class I and class
IT molecules by various cell types, as well as
induce the expression of adhesion molecules by
endothelial cells, TNF is selectively cytotoxic for
some transformed cell lines and can exert cytotoxic
effects against certain solid tumors. In vivo, TNF
serves as a primary mediator in protective immune
responses against microbial and viral pathogens.
However, TNF has also been implicated as a central
mediator in a number of pathologic responses and
autoimmune diseases (Ware et al., 1998).
Statistical analysis

Data were collected, arranged and
reported as mean =+ standard error of mean (S.E.M)
of nine groups (Each group was considered as
one experimental unit), summarized and then
analyzed using the computer program SPSS/
version 15.0) The statistical method was one way
analyzes of variance ANOVA test (F-test), and if
significant differences between means were found,
Duncan’s multiple range test (Whose significant
level was defined as (P<0.05) was used according
to (Snedecor and Cochran.,1982) to estimate the
effect of different treated groups.

RESULTS

Evaluation of immunological capacities
Effect of Sodium Fluoride, Selenium, Curcumin
extract and their combinations on serum IGg
and IGm

Serum IGg and IGm were markedly
decreased (P<0.05) after the 4th weeks of Sodium
Fluoride administrations when compared with
normal control group. While non significant
increase (P<0.05) was noticed also in group treated
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Table 1. Effect of Sodium fluoride (10.3 mg/kg), Selenium (0.5 mg/ Kg), Curcumin extract
(60 mg/Kg) and their combinations on Immunoglobulin in male mice (mean + SE). (N =7)
Groups IGg (mg/dL) IGM (mg/dL) TNF-a (Pg/ml)
Control group 635.00+14.83° 246.40+1.80° 5.514+0.31¢
Sodium fluoride 108.20+0.66# 106.20+0.58¢ 11.52+0.78 *
Selenium 642.60+0.92%® 251.0040.70%® 5.07+0.72
Curcumin extract 580.00433.01¢¢ 219.60+0.50° 5.79+0.41 ¢
Sodium fluoride + Selenium 361.00+£29.82¢ 209.00+1.30¢ 7.09+£0.40°
Sodium fluoride + Curcumin extract 327.00+£17.14f 197.20+0.86" 7.31£0.10°
Sodium fluoride+ Selenium+ Curcumin 577.00+8.45¢ 200.80+0.37¢ 6.99+0.09 ©

Means within the same column in each category carrying different litters are significant at (P < 0.05) using Duncan’s
multiple range test, where the highest mean value has symbol (a) and decreasing in value were assigned alphabetically.

= (GM (mg/dl) I1Gg (mg/dl)

670 +

610 +

550 4

490 +

430 +

370 4

310 4

250 4

immunoglobulins (mg/dl)

190 4

130 4

Cantrol Sodium i in extract

Groups
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with Selenium when compared with normal control
group.

Table (1) and Fig. (1) revealed also that
the combinations of Selenium and Curcumin
extract with Sodium Fluoride elicited significant
decrease (P<0.05) in either IGg and IGm when
compared with control group and group treated
with Sodium Fluoride, but their effect was much
more better than that produced by sodium fluoride
alone. However, combination of sodium fluoride
with Curcumin extract and selenium afforded slight
significant decrease in immunoglobulin’s activities
but this effect was much lesser than that produced
with the sodium fluoride alone.

Effect of Sodium Fluoride, Selenium, Curcumin
extract and their combinations on serum TNF-a

Table (1) and Fig. (2) showed that the
administration of Sodium Fluoride elicited a
significant increase in serum Tumor necrosis
factor a (TNF-a) whereas, Sodium Fluoride
combinations with selenium or curcumin extract
elicited a slight significant increase in serum Tumor
necrosis factor o (TNF- a) Whereas, Selenium
and/or curcumin extract afforded a non significant
changes when compared with either control group
or group given sodium fluoride alone.

DISCUSSION

The present study was an attempt to
evaluate the toxic effect of sodium fluoride and
possible ameliorative role of selenium or Curcumin
extract as it is well known that selenium and
Curcumin extract have been reported to be effective
antioxidant, therefore, the present study aimed to
elucidate the possible ameliorative role of Selenium
and/or Curcumin extract in alleviating the toxicity
of sodium fluoride when given to normal rats and
we are according to our knowledge the first authors
to clarify the immunotoxici effect of Sodium
fluoride and the ameliorative effect of Selenium
and Curcumin extract in elevating immune capacity
which is reduced by sodium fluoride.

Macrophages are the first line of host
defense against various infections and cancer
(Takeda and Akira, 2004). When exposed to
stimulatory agents such as toxic compounds like
sodium Fluoride, LPS, zymosan, and various
polysaccharides, the macrophages release several
inflammatory substances and cytokines, including

IL-1, IL-6, and TNF-a. Although it is well-
known that NO and TNF-a are very important
inflammatory mediators that can kill microbes and
tumor cells, the overproduction of NO and TNF-a.
is harmful. In this study, we explored the effect of
sodium fluoride (NaF) induced activation of MAP
kinases leading to the activation of NF-°B and
production of TNF-a.

Our results are greatly reinforced by (Stajn
et al., 1997) who reported that selenium acts by
raising the intra-cellular concentration of cysteine/
GSH, and acts by scavenging of oxidant species.
Its pharmacological actions include restoration
of cellular antioxidant potential by replenishing
depleted glutathione by free radicals and ROS
scavenging, inhibition of neutrophil activity and
TNF production. Selenium is a vital trace element,
required essential dietary nutrient for health at low
doses and an integral component of ubiquitous
antioxidant enzyme glutathione peroxidase (GPx).
This enzyme helps in neutralization of reactive
oxygen species and thus improving the antioxidant
status will lead consequently to ameliorating
immune system.

Natural products are a promising source
for the discovery of new pharmaceuticals. The
low cost of traditional medicinal plants also
raise significant interest to prevent morbidity and
mortality from chronic diseases in countries where
low or middle income populations are important
(Gazioano et al, 2007).

Increased utilization of medicinal plants
became a World Health Organization (WHO) policy
in 1970. Plants and herbs are chemical factories that
directly provide about 25% of currently used drugs
and another 25% of drugs comprise chemically
altered natural products (Desmet, 1997).

Curcumin, a phenolic compound, exhibits
protective effects against oxidative damage and it is
considered to be a potent cancer chemopreventive
agent (Duvoix et al., 2005).

In agreement with Pari and Amali (2005),
curcumin alone significantly decreased the levels
of TBARS. Kalpana and Menon (2004) suggested
that curcumin exerts its protective effect by
modulating the biochemical marker enzymes, lipid
peroxidation and augmenting antioxidant defense
system and thus this will reflect the amelioration of
immune system. More specifically, curcumin was
significantly decrease the levels of free radicals
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and this protective effect of curcumin attributed
to its free radical scavenging activity, induction of
detoxification enzymes and provides protection
against degenerative diseases (Manikandana et al.,
2004).

In accordance with our results, Curcumin
which is an orange-yellow polyphenol present
in curry spice and has anti-inflammatory and
antioxidant effects. Early studies have also claimed
that curcumin down-regulates the transcription
factor NFkB and suppresses various inflammatory
mediators (Jobin ez al., 1999 and Kim et al., 2005).

Curcumin has been shown in last two
decades to be a potent immunomodulatory agent
that can modulate the activation of T cells, B
cells, macrophages, neutrophils, natural killer
cells, and dendritic cells (Jagetia and Aggarwal,
2007), and thus Curcumin has greatly alleviated
the immunotoxic effect of NaF (Sodium fluoride).

In conclusion, the present study shows
that Selenium and curcumin extract treatment
mitigates sodium fluoride intoxication-induced
immunotoxic effect in mice, which could be due to
their antioxidant nature that combines free radical
scavenging and metal chelating properties and thus
enhancing the immune system.
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