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Abstract: Excessive consumption of fluoride through drinking water or other sources lead to skeletal and
dental fluorosis. According to the world health organization 23 nations are facing the problem of fluorosis. In
the recent past researchers describe the non-skeletal fluorosis where soft tissues and major organs are the
victims of fluoride toxicity. Hence in the present study we attempted to investigate the structural changes in
various brain areas followed by fluoride exposure and to explore the protective effect of ascorbic acid and
Ginkgo biloba against fluoride neurotoxicity. Animals were randomly divided into five groups. Control animals
received ordinary water; fluoride animals received fluoride water; all the other animals in the study received
gum acacia, ascorbic acid and Ginkgo biloba for first 15 days followed by the fluoride water for 30 days. The
present experiment showed fluoride caused neurodegeneration in the form of dark, pyknotic neurons could be
apoptosis/ necrosis. However the neurodegeneration is less severe in the ascorbic acid and Ginkgo biloba
treated animals. Hence the ascorbic acid and Ginkgo biloba may help as alternate therapeutic strategy to treat
fluorosis victims.
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I.

Introduction

Fluorosis is a global public health problem; prevalent in approximate 23 nation’s worldwide [1].
Skeletal and dental fluorosis results from excessive deposition of fluoride in the enamel and bones. Fluoride
intoxication also causes damage to soft tissues like liver, kidney, muscle, brain, heart, thyroid, testis, ovary etc
[2, 3]. Fluoride crosses the blood brain barrier causes neurodegeneration [4]. Fluoride accumulates in the
neurons and neuroglia showed morphological changes mainly in the hippocampus [5]. Antioxidants and
antioxidant rich food supplementation acts as antidote in the fluorosis management and fluoride intoxication [69]. Fluoride exposure causes DNA damage, oxidative stress and several histopathological changes in the
neurons [10-12]. There is a positive correlation between the fluoride exposure and oxidative stress in the brain
[13]. In vitro and in vivo fluoride exposure resulted oxidative stress in brain, liver, kidney, lung and testes [14].
Fluoride affects the structure and function of the brain, spinal cord and skeletal muscle [15].
The EGb 761 is neuroprotective in various in vitro and in vivo models [16]. In an in vitro study EGb 761
protected the neurons against the hypoxia induced cell death [17] glutamate toxicity [18]. EGb 761 attenuated
the verapamil induced neurodegeneration [19]. The EGb 761 showed beneficial effect against toxin induced
neural damage such as MPTP, and cyanide [20]. EGb 761 reduced the neuronal damage observed after the
transient occlusion of middle cerebral artery in rats [21]. The Ginkgo biloba has neuroprotective role against
several neuronal insults [22]. Further Ginkgo biloba plays a role in neuroregeneration [23, 24].
Ascorbic acid is a water-soluble antioxidant present in citrus fruits, vegetables and strawberries
[25]. Ascorbic acid is neuroprotective against the sciatic nerve injury in rats [26]. As an antioxidant ascorbic
acid attenuates the oxidative cell death [27], apoptosis [28] quenches intracellular reactive oxygen species [29].
Ascorbic acid in several studies showed neuroprotection against ischemia and excitotoxicity [30-32]. Vitamin C
protected the post natal rat brain from ethanol induced neurodegeneration [33], and also neuroglial cells from
ethanol caused toxic effects [34]. Ascorbic acid attenuated the lead induced apoptosis in hippocampus [35].
Very few experiments addressed the structural changes in the cerebrum caused by the fluoride
exposure. With this background the present study was undertaken to investigate the structural changes in the
various regions of the brain following fluoride exposure, to investigate the protective effect of ascorbic acid and
Ginkgo biloba on the structural changes caused by fluoride exposure.
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II.

Materials And Methods

Animal care and maintenance:
Adult male wistar rats were used for the experiment; the animals were housed in the central animal
house facility of the Manipal University. Animals were placed in polypropylene cages with paddy husk as
bedding material at 26 ± 20C with two rats together, maintained in standard light and dark cycle. Standard
laboratory pellet diet with water ad libitum was provided. All the experiments were carried out according to the
Institutional Animal Ethical Committee (IAEC/KMC/21/2009-2010).
Experimental design:
Adult male wistar rats were divided in to the five groups with six animals in each group.
Group I: Control animals (exposed to 0.5 ppm of fluoride in drinking water)
Group II: Animals received 100 ppm of sodium fluoride via drinking water for 30 days
Group III: Vehicle control animals received 100 mg/kg body weight of gum acacia for 30 days, followed by
100ppm of fluoride for 30 days
Group IV: Animals received 100mg/kg body weight of ascorbic acid for 15 days followed by 100 ppm of
sodium fluoride for 30 days
Group V: Animals received 100mg/kg body weight of Ginkgo biloba for 15 days followed with 100 ppm
fluoride water for 30 days.
Administration of Sodium fluoride:
221 mg of sodium fluoride was dissolved in the 1000ml of ordinary tap water to achieve the concentration of
100 ppm of fluoride ions. The fluoride water was provided to the animals as ad libitum
Administration of Ginkgo biloba:
100mg of Ginkgo biloba extract was dissolved in 1% gum acacia solution. This solution was administered to the
animals at the 100mg/kg body weight with the help of oral gavage needle attached to a syringe.
Administration of ascorbic acid:
Since Vitamin C is water-soluble, 200mg of ascorbic acid was dissolved in the 20 ml of ordinary tap
water, administered to the animals at the dose of 100mg/kg body weight with oral feeding needle.
After the experimental period of 45 days the animals were sacrificed with ether anaesthesia, animals were
perfused with 4% paraformaldehyde solution and the brains were collected in 10% neutral buffer formalin. The
brains were processed for histopathological examination, 5µ thickness coronal sections were taken with the
rotary microtome. The sections were mounted on albumin coated slides.
Cresyl violet staining procedure:
We have followed the method described by the [37] Madhyastha et al., 2002.
Light microscopic examination:
The stained slides were examined under 10X and 40X with light microscope; the CA1, CA3 regions of
hippocampus, Amygdala, Motor cortex regions were identified with help of Paxinos and Watson. Proper stained
slides without artefacts in the regions of interest were considered for counting the neurons.
Cell counting:
Ten sections from the each rat for the each area were selected for counting. Number of viable neurons in the
CA1, CA3, Amygdala and Motor cortex regions were counted with 400X magnification across 250µ length with
the aid of ocular micrometer. All the slides were coded before the counting to avoid the manual bias. The results
were expressed as number of viable cells per unit length of the field (Number of cells/250µ).
Statistical analysis:
The data were analysed with one way Anova followed by Bonferroni`s post-test using Graph Pad Prism, version
5 (Graph Pad Prism Software inc., USA). The results were expressed as Mean ± SD, p value less than 0.05 was
considered statistically significant.

III.

Results:

CA1 and CA3 sub regions of hippocampus (CA1 Fig 1, 2), (CA3 Fig 3, 4):
In the present experiment fluoride caused neurodegeneration in the hippocampus CA1 and CA3
regions. In comparison to the control the mean numbers of viable neurons were less in these areas (p value
<0.001). The numbers of viable neurons were significantly high in the ascorbic acid and Ginkgo biloba treated
group’s comparison to fluoride group (p value <0.001).
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Amygdala region (Fig 5, 6):
The number of viable neurons were less in the fluoride group compared to the control (p value <0.001).
The number of viable neurons were more in the Ginkgo biloba and ascorbic acid pre-treated groups (p value
<0.001).
Motor cortex region (Fig 7, 8):
Fluoride received group showed less number of viable neurons compared to control (p value <0.001). Ginkgo
biloba and ascorbic acid received groups showed more number of viable neurons compared to the fluoride
group.
The results of the present experiment showed marked neurodegeneration in the CA1, CA3 sub regions of
hippocampus, amygdala and motor cortex regions of fluoride group. The neurodegeneration is less severe in the
ascorbic acid and Ginkgo biloba groups.

IV.

Discussion

Present study results revealed extensive neurodegeneration in the various brain areas exposed to
fluoride. Ascorbic acid and Ginkgo biloba received animal brain showed less degeneration. Fluoride exposed
brain showed histopathological changes suggesting necrosis/ apoptosis, and these changes are linked to the
thyroid hormone levels [36]. The neurodegeneration observed in the present study was similar to
histopathological changes observed in this experiment. Another study observed demyelinization, reduction in
number of purkinje cells, disappearance of dendrites, mitochondrial swelling, and endoplasmic reticulum
dilatation in the brain of fluoride exposed animals [10]. Fluoride and low iodine exposed animal brain showed
shrunken, pyknotic, dark stained neurons with small nuclei, spheroid bodies and decrease in cell number of the
neurons [37]. The present experiment showed similar changes with the fluoride alone. The investigators of
another experiment detected apoptosis of the neurons exposed to the high fluoride and low iodine [38]. The
apoptosis observed in fluorosis is confined to the neurons of cortex and hippocampus [39]. Pyramidal cells of
hippocampus showed degeneration, atrophy and necrosis, cerebral cortex showed gliosis, chromatolysis and
axonal swelling, signs of encephalitis in fluoride animals. The above changes are seen in the present experiment,
except the signs of inflammation. They have also noticed congestion of capillaries, areas of haemorrhage [40].
However we could not find the haemorrhage in the cerebrum. Fluoride caused cell membrane involution,
mitochondrial swelling, and chromatin clumping in the CA3, CA4, and dentate gyrus regions [41].
Shivarajashankara reported the similar changes in the hippocampus, cerebellum, motor cortex and amygdala;
however the amelioration or mitigation of those changes was not considered in that experiment [42].
Neurodegenerative changes are also seen in the hippocampus, cortex, spinal cord and sciatic nerve [43]. Bax and
Bcl-2 proteins are involved in fluoride caused apoptosis [44].
Gingko biloba extract reduced the apoptosis observed in several experiments [45-47, 16]. In an in vitro
study the cells pre incubated with EGb 761 decreased hydroxyl ion induced apoptosis [48]. Ginkgolide B one of
the constituents of Ginkgo biloba extract promoted cell survival and reduced the spontaneous apoptosis and
toxin induced apoptosis [49]. Prenatal exposure to EGb 761 alters the gene expression and promotes cell
survival in hippocampus [50]. Ginkgo biloba prevents the excitotoxicity induced cell death offers
neuroprotection [51]. Protective effect of Ginkgo biloba is also extended to the neuroglia especially the
astrocytes [52]. The antiapoptotic effect of EGb 761 is due to up regulation of Bcl-2/Bax ratio, down regulation
of caspase-3 activity [53].
The neuroprotective effect of ascorbic acid is due to its antioxidant activity, treatment with vitamin C
reduced the oxidative stress in chronic fluoride intoxication [54]. Vitamin C treatment reversed the structural
changes caused by the fluoride [55], in our experiment ascorbic acid prevented degenerative changes caused by
the fluoride exposure. Ascorbic acid showed antiapoptotic effect in various in vivo and in vitro studies [27, 29,
56]. Ascorbic acid decreases Bax protein, enhances Bcl-2 protein thereby attenuates the apoptosis [35]. Ascorbic
acid prevents the free radical caused oxidative damage of the cell membrane [57]. Ascorbic acid also protects
the neurons against exitotoxic cell death [30, 31]. Vitamin C exerts neuroprotective action through scavenging
the oxygen free radicals [58]. A decrease in lipid peroxidation, an increase catalase activities in the
hippocampus were the reason for its neuroprotection [59].

V.

Conclusion

In conclusion we observed neurodegenerative changes in CA1, CA3 region of hippocampus, motor
cortex and amygdala of fluoride exposed animals. These changes were less severe in ascorbic acid and Ginkgo
biloba received animals. The findings of the present experiment were consistent with the findings of the
previous researchers. The natural antioxidants enhances the nutritional status, antioxidant defence of the body
thereby decrease the toxicity or the progress of the disease.
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Fig 1: Bar graph shows the number of viable neurons across 250 micron length in CA1 region of hippocampus.
C: Control; F: Fluoride, V+F: Vehicle+Fluoride; C+F: Ascorbic acid+Fluoride; GB+F: Ginkgo biloba+Fluoride;
C vs F p value<0.001; F vs C+F p value<0.01; F+ GB+F p value<0.05 one way Anova followed by
Bonferroni`s post-test. Each data represents Mean±SD.

Fig 2: Photomicrograph shows the CA1 region of hippocampus cresyl violet stain (200X). C: Control; F:
Fluoride, V+F: Vehicle+Fluoride; C+F: Ascorbic acid+Fluoride; GB+F: Ginkgo biloba+Fluoride.

Fig 3: Bar graph shows the number of viable neurons across 250 micron length in CA3 region of hippocampus.
C: Control; F: Fluoride, V+F: Vehicle+Fluoride; C+F: Ascorbic acid+Fluoride; GB+F: Ginkgo biloba+Fluoride;
C vs F p value<0.001; F vs C+F p value<0.01; F+ GB+F p value<0.01 one way Anova followed by
Bonferroni`s post-test. Each data represents Mean±SD.

Fig 4: Photomicrograph shows the CA3 region of hippocampus cresyl violet stain (200X). C: Control; F:
Fluoride, V+F: Vehicle+Fluoride; C+F: Ascorbic acid+Fluoride; GB+F: Ginkgo biloba+Fluoride.
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Fig 5: Bar graph shows the number of viable neurons across 250 micron length in amygdala region. C: Control;
F: Fluoride, V+F: Vehicle+Fluoride; C+F: Ascorbic acid+Fluoride; GB+F: Ginkgo biloba+Fluoride; C vs F p
value<0.001; F vs C+F p value<0.01; F+ GB+F p value<0.01 one way Anova followed by Bonferroni`s posttest. Each data represents Mean±SD.

Fig 6: Photomicrograph shows amygdala region cresyl violet stain (200X). C: Control; F: Fluoride, V+F:
Vehicle+Fluoride; C+F: Ascorbic acid+Fluoride; GB+F: Ginkgo biloba+Fluoride.

Fig 7: Bar graph shows the number of viable neurons across 250 micron length in motor cortex region. C:
Control; F: Fluoride, V+F: Vehicle+Fluoride; C+F: Ascorbic acid+Fluoride; GB+F: Ginkgo biloba+Fluoride; C
vs F p value<0.001; F vs C+F p value<0.01; F+ GB+F p value<0.01 one way Anova followed by Bonferroni`s
post-test. Each data represents Mean±SD.

Fig 8: Photomicrograph shows the motor cortex region cresyl violet stain (200X). C: Control; F: Fluoride, V+F:
Vehicle+Fluoride; C+F: Ascorbic acid+Fluoride; GB+F: Ginkgo biloba+Fluoride.
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