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ABSTRACT

The study was carried out to evaluate the neuropathological effect of sodium fluoride in hippocampus of
albino rat. Healthy albino rats of Wistar strain weighing 100-200 g were divided in four groups. Group |
was given 1 ml double distilled deionized water/kg body weight/day for forty days and kept as control.
The remaining groups Il, 111 and IV were treated with 100, 200 and 300 ppm of sodium fluoride/kg body
weight/day via oral gavage for the same period. The rats were sacrificed and hematoxylin and eosin
stained sections of hippocampus were studied for neuropathological abnormalities. In rats treated with
100 ppm sodium fluoride, the hippocampus showed various degree of disarrangement of pyramidal layer.
The pyramidal neurons appeared distorted with elongated rod shaped nucleus. Shrunken and darkly
stained nuclei were visible in some neurons as compared to control. In rats treated with 200 ppm sodium
fluoride, many neurons displayed irregularities in their structure and distribution. A decrease in the
density of pyramidal cells in CAl region was observed. The neuropil displayed various degree of
necrosis, granular cells showed vacuolation and disintegration of neuroplasm. In hippocampus of rats
treated with 300 ppm sodium fluoride, neurotoxic changes were very much prominent compared to
control. Constricted blood capillaries were visible in the neuropil. Some nerve cells contained pyknosed
nuclei. The polymorphic layer depicted degeneration and atrophied nerve cells. At some locations, clear
halos were visible in neuropil. Some granule cells and pyramidal neurons exhibited chromatolysis. The
findings of present study illustrated that fluoride may worsen the cytoarchitectural arrangement in the
hippocampus by altering the structure of pyramidal neurons and neuroglia. The nuclei of pyramidal
neurons in hippocampus may be the main organelle that gets affected and starts depicting variation in size
and structure in different concentration of sodium fluoride.
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INTRODUCTION

High levels of fluoride in drinking water have become a potential health hazard all over the world.
Ingestion of fluoride induces adverse effects in teeth and skeletal system as well as the structure and
functions of non-skeletal systems such as muscle (Shashi and Rana, 2016), kidney (Karaoz et al., 2004),
liver (Manna et al., 2007), myocardium (Basha and Sujitha, 2011), thyroid gland (Shashi and Kumar,
2016a) including brain (Shashi, 2003). Excessive fluoride exposure may result in central nervous system
dysfunction (Spittle, 1994). Several neurological symptoms have been observed in fluorosis patients
(Basak et al., 2016). Scientific studies have shown that excess fluoride in drinking water damages the
nervous system. Chronic fluoride exposure is associated with the eventual rise in incidence of
neurodegenerative diseases such as Alzheimer’s dementia (Blaylock, 2004). The hippocampus is the key
region for learning and memory in the brain and has been postulated to be one of the neurotoxic target
sites attacked by fluoride (Bhatnagar et al., 2002).

The hippocampus is a major component of the brains of humans and other mammals. It belongs to the
limbic system and plays important roles in the consolidation of information from short-term memory to
long-term memory and spatial navigation. Like the cerebral cortex, with which it is closely associated, it
is a paired structure, with mirror-image halves in the left and right sides of the brain. In humans and other
primates, the hippocampus is located inside the medial temporal lobe beneath the cortical surface. The
hippocampus has a shape of a curved tube, which has been analogized variously to a seahorse. The
hippocampi are vital regions found in each of the cerebral hemispheres. It consists of two interlocking
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laminae of gray matter: the Cornu Ammonis (Ammon's horn) and the dentate gyrus. The Cornu Ammonis
(CA) is divided into four regions; CAIl, CA2, CA3, and CA4 (Hayman et al., 1998).

Fluoride is known to accumulate in various parts of brain especially in hippocampus (Burgstahler and
Colquhoun, 1996). Evidence that fluoride crossed the blood brain barrier raised the possibility that
fluoride could affect the structure and function of the central or peripheral nervous system. During the
past decade researchers all over the world have felt that there is a need to study the effects of fluorides on
brain. Thus, the present study elucidates the effect of different doses of fluoride on the neuropathology of
hippocampus in albino rats.

MATERIALS AND METHODS

Experimental Animals: Young and healthy Wister albino rats weighing 100-200 g were housed in
polypropylene cages with stainless steel grill tops and bedded with paddy husk. They were kept under
standard laboratory conditions maintained at 25+2°C and 12 hour light and dark cycle and were fed on
standard pellet diet obtained from Hindustan Lever Limited, Mumbai, India. Water was given ad libitum.
The animals were acclimatized to the laboratory conditions for two week prior to the experimentation.
The experimental protocol was approved by Institutional Animal Ethics Committee, Punjabi University,
Patiala (Approval no.107/99/CPCSEA-2012-10).

Experimental Design: Rats were weighed and randomly divided in four groups with six rats per group.
The administration lasted for forty consecutive days which was done via oral gavage. Group | was given 1
ml double distilled water/kg body weight/day and was kept as control group, while the remaining group
I1, 111 and 1V was treated with 100, 200and 300 ppm respectively.

Neuropathological Examinations: The rats were fasted overnight and sacrificed under ether anesthesia
after 40 days of fluoride treatment. The hippocampus was carefully removed and fixed in Bouin’s fluid,
dehydrated in 95% alcohol for 45 minutes, tertiary-butyl alcohol for 6 hours, cleared in amyl acetate for
overnight, and were embedded in Paraffin wax. Wax blocks were prepared and 7 um thin serial sections
were cut with rotary microtome and stained with hematoxylin and eosin (Drury and Wellington, 1967)
and examined under microscope (Leica DM 2000) and subsequently microphotographs were taken with
camera (Leica DFC 450 C) fitted on research microscope.

RESULTS AND DISCUSSION

Results

In control rat hippocampus, distinct four regions viz. CAl, CA2, CA3 and CA4 and Dentate gyrus (DG)
regions with normal neuronal architecture were observed (Figure 1). CA1l and CA2 zones comprise of
small pyramidal neurons. CA3 and CA4 zones of hippocampi comprise large pyramidal neurons. DG
region composed of granular cells. There is a narrow hippocampus sulcus. Hippocampus comprises of
molecular layer, pyramidal layer, and polymorphic layers (Figure 2). The pyramidal layer is the principal
cell layer. The polymorphic layer consisted of neuronal processes (axons and dendrites), blood capillaries,
glial cells, and scattered nerve cells. The pyramidal neurons were normal with triangular, pyramid shaped
cell body, nodded axon, multiple branched dendrites with spines, basophilic rim of neuroplasm and large
vesicular nuclei (Figure 3).

In rats treated with 100 ppm sodium fluoride, the hippocampus revealed various degree of disarrangement
of pyramidal layer (Figure 4). Many pyramidal neurons appeared distorted with elongated rod shaped
nucleus (Figure 5) and were shrunken with reduced Nissl's granules (Figure 6) and contained darkly
stained nucleus (Figure 7).

In rats treated with 200 ppm sodium fluoride, many neurons displayed irregularities in their structure and
distribution in comparison to control group. There was decrease in the density of pyramidal neurons in
CAL region (Figure 8). In the polymorphic layer, neuropil displayed various degree of necrosis (Figure 9).
In CAS3 region, the pyramidal neurons were elongated with spindle shaped nucleus (Figure 10). In dentate
gyrus region, granular cells showed vacuolation and disintegration of neuroplasm (Figure 11). The
neuropil exhibited focal areas of necrosis (Figure 12). In rats treated with 300 ppm sodium fluoride,
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neurotoxic changes were very much apparent compared to control group. There were present constricted
blood capillaries in the neuropil (Figure 13) and nuclei of some nerve cells were pyknosed (Figure 14).
The neuropil of polymorphic layer depicted degeneration and atrophied nerve cells (Figure 15). The
pyramidal neurons appeared shrunken and darkly stained (Figure 16). The neuropil at some location
appeared as clear halos (Figure 17). Some granule cells of dentate gyrus region (Figure 18) as well as
pyramidal cell exhibited chromatolysis (Figure 19).
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Figure 1: T. S of Hippocampus of Control Rat Showing Four Distnct Areas: CAl, CA2, CA3 and
CA4; There is a Narrow Hippocampus Sulcus (HS) and Dentate Gyrus (DG). H&E, X40

Figure 2: CALl Area of procmpus of Control RatShowing Mlecula (M),yramidal (P), and
Polymorphic (Po) Layers; Glial Cell and Capillaries are Scattered inside the Polymorphic Layer

H&E, X400
N
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Figure 3: T. S of Hippocampus of Control Rat Figure 4: T. S of Hippocampus of Rat Treated
Showing Pyramidal Cell with Triangular Body, with 100 ppm Sodium Fluoride Showing
Nodded Axon Multiple Branched Dendrites Disarrangement of Pyramidal Layer H&E, X400
with Spines, Basophilic Rim of Cytoplasm and
Large Vesicular Nuclei H&E, X1000

Figure 5: T. S of Hippocampus of Rat Treated Figure 6: T. S of Hippocampus of Rat Treated
with 100 ppm Sodium Fluoride Showing with 100 ppm Sodium Fluoride Showing
Distorted Pyramidal Cell with Elongated Rod Shrinkage of Pyramidal Cells H&E, X1000
Shaped Nucleus H&E, X1000

Discussion

The present study was undertaken to investigate the effect of different concentrations of sodium fluoride
on neuropathological alterations in the hippocampus. Fluoride accumulated in the neurons and neuroglia
showed morphological changes mainly in the hippocampus. Since fluoride is classified as neurotoxic
substance, our neuropathological examination of the hippocampus confirmed that it is the most affected
region due to fluoride intoxication. The neuropathological changes observed in our study in the form of
necrosis, degeneration, atrophy, and pyknosis of pyramidal neuronsin Ammon’s horn of hippocampus of
the fluoride treated rat, is corroborated by earlier researcher (El-lethey et al., 2010).

Neurodegenerative changes in glial cells, disarrangement of pyramidal layer, distortion in shape of
pyramidal neurons, elongated rod shaped nucleus, shrunken and darkly stained nucleus, vacuolation and
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disintegration in neurons and neuroglia, clear halos and chromatolysis were observed in various regions
of hippocampus of rats treated with different doses of sodium fluoride. Earlier reports on effects of
sodium fluoride on rat brain also documented loss of neuron cell bodies in hippocampus and loss of
synaptic structure (Bhatnagar et al., 2002; Shivarajashankara et al., 2002; Zhang et al., 2008), decline in
number of neurons, presence of vacuolated cells and degenerated nerve cell bodies in the CAl and CA3
areas of hippocampal sub-regions (Shashi and Sharma, 2015).
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Figure 7: T. S of Hippocampus of Rat Treated Figure 8: T. S of Hippocampus of Rat Treated
with 100 ppm Sodium Fluoride Showing Darkly with 200 ppm Sodium Fluoride Showing
Stained Nucleus in Pyramidal Neurones H&E, Decrease in the Density of Pyramidal Cells in

X1000 CALl Region H&E, X200

Figure 9: T. S of Hippocampus of Rat Treated Figure 10: T. S of Hippocampus of Rat Treated

with 200 ppm Sodium Fluoride Showing Necrosis with 200 ppm Sodium Fluoride Showing

of Neuropil H&E, X400 Elongated Pyramidal Cell with Spindle Shaped
Nucleus H&E, X1000

Presence of degenerating neurons (Basha et al., 2011), vacuolated swollen mitochondria and myelinated
fibers with breaks in continuity (axon partly preserved and partly vacuolated) was observed in
hippocampus of fluoride treated rats (Reddy et al., 2011). The rats exposed to 1 ppm (50 pumol/L) of
water fluoride for one year showed morphological alterations in the brain tissue (Varner et al., 1998)
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showed plausibility of our results. A decrease in the number of Purkinje cells, thickening and
disappearance of dendrites, swelling of mitochondria, and dilation of endoplasmic reticulum in neurons
(Guan et al., 1998) along with impaired hippocampus synaptic interface structure (Zhang et al., 2008)
have been observed in the brains of experimental animals subjected to fluorosis. Fluoride treatment could
lead to degeneration of glial cells.

Figure 11: T. S of Hippocampus of Rat Treated Figure 12: T. S of Hippocampus of Rat Treated
with 200 ppm Sodium Fluoride Showing with 200 ppm Sodium Fluoride Showing Focal
Vacuolation and Disintegration of Neuroplasm of Area of Necrosis in Neuropil H&E, X1000
Granule Cells H&E, X1000

Flgure 13 T.S of Hlppocampus of Rat Treated Flgure 14: T. S of Hlppocampus of Rat Treated
with 300 ppm Sodium Fluoride Showing with 300 ppm Sodium Fluoride Showing
Constricted Blood Capillaries in the Neuropil Pyknotic Nerve Cells H&E, X400

H&E, X200
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Figure 15: T. S of Hippocampus of Rat Treated Figure 16: T. S of Hippocampus of Rat Treated
with 300 ppm Sodium Fluoride Showing with 300 ppm Sodium Fluoride Showing Dark
Degeneration of Neuropil (Black Colored Shrunken Pyramidal Cells H&E, X1000
Arrows) and Atrophied Nerve Cells (Orange

Colored Arrow) H&E, X400

Figure 17: T. S of Hippocampus of Rat Treated Figure 18: T. S of Hippocampus of Rat Treated
with 300 ppm Sodium Fluoride Showing Clear with 300 ppm Sodium Fluoride Showing
Halos in the Neuropil H&E, X100 Chromatolysis in Granule Cells H&E, X400

Glial cells were as targets of fluoride toxicity and involved in dysfunction of the brain induced by fluoride
(Trabelsi et al., 2001). Sodium fluoride induced apoptosis and latter involved a series of biochemical
events leading to characteristic changes in cell morphology and death. These changes include blebbing,
loss of membrane symmetry and attachment, cell shrinkage, nuclear fragmentation, chromatin
condensation and chromosomal DNA fragmentation (Kerr et al., 1989). In some other study, reduced
neuronal density in the CA3 region of hippocampus of rat due to fluorosis were documented (Nasir and
Asad, 2013).

The most probable mechanism for the neurodegenerative effects of fluoride are likely related to
excitotoxicity by free radicals, which impairs the glutamate removal by activating microglia which
contain abundant stores of glutamate (Chirumari and Reddy, 2007; Blaylock, 2004; Pellegrini-Giampietro
et al., 1988).
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The findings of present study concluded that fluoride may worsen the cytoarchitectural arrangement in the
hippocampus by altering the structure of pyramidal neurons and neuroglia. The nucleus of pyramidal
neurons in hippocampus may be the main organelle that gets affected and starts depicting variation in size
and structure in different concentration of sodium fluoride.
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Figure 19: T. S of Hippocampus of Rat Treated with 300 ppm Sodium Fluoride Showing
Chromatolysis in Neurones H&E, X1000
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