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Abstract: The sodium fluoride was commonly added to drinking water and tooth pastes as decay preventive
ingredient. It is toxic at long term exposure and leads to some adverse effects on various organs, including the brain.
This study was done to investigate the changes in the cerebellar cortex of sodium fluoride intoxicated rats and the
protective role of vitamin E. Forty adult male albino rats were used in this study and were divided equally into four
groups: control, vitamin E, sodium fluoride treated and prophylactic. At the end of the experiment, the cerebellar
cortex of all rats was processed for light microscopic examination and immunohistochemical study. In the cerebellum
of sodium fluoride treated animals some of the Purkinje cells appeared shrunken with decrease in the thickness of
the molecular layer. The protected group is nearly similar in appearance to the control group. Chronic exposure to
sodium fluoride induces changes in cerebellar cortex. Vitamin E has protective effect on these changes. So, dietary
supplements of vitamin E are recommended.
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INTRODUCTION  prepared inside   Teflon    (fluorinated     ethylene) lined

Fluoride was an essential trace element from the them [7]. 
halogen group that had protective effects against bone Commercially,  it  was used to etch glass, ceramics
mineral loss. Also, it can prevent caries and enamel and computer chips, refine metals and petroleum
fluorosis. Sodium fluoride was commonly added to products, make ceramic materials more permeable, inhibit
drinking water, tooth pastes and some mouth washes as fermentation in breweries and wineries, polish aluminum
decay preventive ingredient [1-2]. and as a refrigerant and rust remover. Due to the wide

The other sources of fluoride exposure include exposure to fluoride from different sources, it was difficult
processed  beverages,  food additives,    rodenticides and to determine its daily consumption [8]. 
insecticides containing fluoride compounds. Previous Chronic fluoride toxicity can alter neuronal and
studies documented that fluoride becomes toxic at long cerebrovascular  safety,  abnormal  behavior   patterns
term exposure and leads to some adverse effects and metabolic lesions in  the  brain  of  experimental
predominantly on the skeletal system and also causes animals [9-11]. 
damages to kidney, liver, thyroid gland,  endometrium Experimental studies exhibited that fluoride
and  brain [3-5].  Fluoride  accumulated  in  dark  green accumulation was observed in the brain of experimental
vegetables and concentrated  in  their  leaves,  was animals exposed to chronic fluoride intake and this
extracted  from the  soil  and  water  [6].  Our  daily  foods accumulation  increased as drinking water fluoride content

cookware increase  the  concentration  of  fluoride inside
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increased [12]. The long term intake of high level of Group II (Vitamin E Group): Each animal received vitamin
fluoride in human caused neurological complications such
as paralysis of limbs, vertigo, spasticity in extremities and
impaired mental acuity [13]. The development of children's
intelligence is adversely affected according to the level of
fluoride [14]. 

Some studies stated that chronic exposure of
pregnant and lactating mothers to high level of fluoride
affect some biochemical indexes of the brain and learning
memory abilities of their offspring's. Generation of free
radicals, lipid peroxidation and altered anti-oxidant
defense system are considered to play an important role
in toxic effect of fluoride [15,16]. The fluoride caused
extensive oxidative stress, excessive lipid peroxidation
and reduced antioxidant enzymes activities in vivo or in
vitro [17]. 

Non  enzymatic  antioxidants  such  as   vitamin E
can  act  to  overcome the oxidative stress. Studies have
reported that vitamin E can reduce lipid peroxidation
caused by toxic substances [18-19]. Vitamin E had many
biological functions; the antioxidant function being the
most important and/or best known. Other functions
include enzymatic activities, gene expression and
neurological functions. The most important function of
vitamin E was in cell signaling in antioxidant metabolism
[20].

The previous literature regarding the histological
changes  in  fluoride-induced  neurotoxicity was very
little. Thus the present study was aimed to study the
histological and immunohistochemical changes occurring
in the cerebellar cortex of adult male albino rats following
chronic exposure to sodium fluoride (NaF) and the
possible protective role of vitamin E.

MATERIALS AND METHODS

Forty adult male Wister albino rats (Rattus
norvegicus), weighing 250-350 gm, were used in this
study. They were housed in King Fahd Medical Research
center (KFMRC). All animals were housed for one  week
in suitable cages for acclimatization on the laboratory
conditions before the experiment. The duration of the
experiment was six weeks. Fresh water adlibitum and
standard rodent food pellets were always available. The
animals were divided equally into the following four
groups:

Group I (Control Group): Each animal received 1ml normal
saline once daily by oral intubation. 

E which was obtained in the form of capsules, each
capsule contained 400 mg vitamin  E: EVIT 400 Soft®

Gelatin Capsules, Manufactured by: European Egyption
Company, Packed by: Batterjee pharma, Jeddah, KSA. The
dose was calculated according to a  previous  study  [21]
in  a  dose  equivalent  to  the  human  therapeutic  dose.
The content of the capsule was evacuated in 5 ml corn oil
and each rat was given daily 1 ml according to its weight
by oral intubation.

Group  III  (NaF  Treated  Group):  Each  animal  received
20 mg/ kg sodium fluoride orally by gastric tube once
daily [22]. Sodium fluoride was obtained in the form of
powder from Abu Aljaddal Company for chemical and
medical trading, Jeddah, Saudi Arabia.

Group IV (Prophylactic Group): Each animal received
vitamin E at the same dose and route as in group II
concomitantly with the NaF at the same dose and route of
group III. 

The brain was dissected and then the cerebellum was
taken and prepared for light microscopic study. The
specimens were fixed in 10% neutral-buffered formalin and
processed for preparation of paraffin section. Sections
were cut and stained with hematoxylin and eosin (H&E)
for general examination and Glees and Marsland's silver
stain for cytoskeleton demonstration [23]. 

Immunohistochemical Study
For Glial Fibrillary Acidic Protein (GFAP): After fixation
in 10%, neutral formalin for 2 days, dehydration, clearing
and embedding in paraffin soon followed. Paraffin section
were cut at 5 µm and stained with modified avidin-biotin
peroxidase technique for Glial Fibrillary Acidic Protein
(GFAP) to demonstrate the astrocytes. Primary antibodies
were purchased from DAKO Agilent Technologies
Company Sections underwent deparaffinization and
hydration. They were treated with 0.01 M citrate buffer
(pH 6.0) for 10 minutes to unmask antigen. Then, they
were incubated in 0.3% H O  for 30 minutes to abolish2 2

endogenous peroxidase activity before blocking with 5%
horse serum for 1-2h. Slides were incubated with the
primary  antibody  (1:100 monoclonal mouse anti GFAP)
at 4co for 18-20h, then washed and incubated with
biotinylated secondary antibodies and then with avidin-
biotin complex. Finally, sections were developed with
0.05% diaminobenzidine slides, were counterstained with
hematoxylin, dehydrated, cleared and mounted. GFAP
positive cells appeared brown and nuclei appeared blue
[24].
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Table 1: The mean thickness of Molecular, Purkinje and Granular layers of
cerebellar cortex in different groups (Control, Vitamin E, NaF and
NaF + Vit. E)

Control Vitamin E NaF NaF+ E
Thickness of 225±33 230±61 137±17 211±42
Molecular layer 
Mean ± SD
Thickness of 28±3 28±3 9±2 18±2
Purkinje layer 
Mean ± SD
Thickness of 
Granular layer 
Mean ± SD 251±36 164±28 109±19 224±43

Morphometric and Statistical Studies: The image
analyzer computer system (Olympus) in the Anatomy
Department, Faculty of Medicine, King Abdulaziz
University was used to measure the mean thickness of the
molecular, granular and Purkinje cell layer in each group.
The recorded data for each group were analyzed using the
SPSS  program.

RESULTS

The Control and Vitamin E Group (Group I & II):
Examination of H&E sections of the control cerebellar
cortex as well as vitamin E-treated group showed the
normal histological structure. They showed three
apparent layers from outside inwards; the molecular layer,
the Purkinje cell layer and the granular cell layer (Fig.1).
The  outer  molecular  layer was formed of nerve fibers
with few scattered stellate and basket cells. The flask
shaped Purkinje cells layer were arranged in one row
between the granular and molecular layers. They showed
large rounded nuclei with apparent nucleoli and
basophilic Nissel's granules in their cytoplasm. The
granular  layer consisted of closely packed numerous
small  granular  cells  with  deeply  stained  rounded
nuclei (Figs.1, 2, 5). 

By Glees and Marsland's silver stain, the molecular
layer showed regularly arranged axons of granular cells
and dendrites of Purkinje cells (Fig. 3). The cytoplasm of
Purkinje cells showed homogenous brown stained
cytoplasmic cytoskeletal elements (Figs. 3, 6).

Immunohistochemical staining for Glial Fibrillary
Acidic Protein (GFAP) showed GFAP positive cells in the
granular layer and occasionally in the molecular layer
(Figs. 4, 7).

Group III (NaF Treated Group): Examination of H&E
stained sections of cerebellar cortex of sodium fluoride
treated group showed that most of the Purkinje cells  were

Histogram 1: The mean thickness of Molecular, Purkinje
and Granular layers of cerebellar cortex in
different groups (Control, Vitamin E, NaF
and NaF + Vit. E)

Fig. 1: A photomicrograph of cerebellar cortex of Group
I showing molecular cell layer (M), Purkinje cell
layer (P), and granular cell layer (G). H&E X 400

Fig. 2: A photomicrograph of cerebellar cortex of Group
I showing Purkinje cell layer (P) arranged in one
row between the granular and molecular layers.
They have large pyriform or flask shaped cell
bodies. H&E X 600

absent and some of them were present in one or 2 rows.
They were shrunken with ill defined cytoplasmic
processes and irregular architectures. Some of them have
deep homogenous cytoplasm while others have
vacuolated  cytoplasm with absence of Nissel's granules.
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Fig. 3: A photomicrograph of a section in the cerebellar Fig. 6: A photomicrograph of a section in the cerebellar
cortex of Group I showing regular nerve fibers in cortex of Group II showing the cytoplasm of
the molecular layer and Purkinje cells with Purkinje cells as homogenous brown stained
homogenous cytoplasmic cytoskeletal elements cytoplasmic cytoskeletal elements ( ). Glees &
( ).  Glees & Marsland's silver stain X400 Marsland's silver stain X 400

Fig. 4: Immunohistochemical staining for (GFAP) positive Fig. 7: Immunohistochemical staining for (GFAP) positive
cells in the cerebellar cortex of Group I showing cells in the cerebellar cortex of Group II showing
scattered positive cells in the molecular and scattered positive cells in the molecular and
granular layers ( ).  X 400 granular layers ( ). X400

Fig. 5: A photomicrograph of a section in the cerebellar Fig. 8: A photomicrograph of a section in the cerebellar
cortex of Group II showing the outer molecular cortex of Group III showing absence of most of the
layer (M) formed of nerve fibers with few scattered Purkinje cells (P). Some of them present in one or
stellate and basket cells. The Purkinje layer (P) has 2 rows. They are shrunken with ill-defined
large pyriform or flask shaped cells. Also note the cytoplasmic processes and absence of Nissel's
granular layer (G). H&E X400 granules. The molecular layer (M) is less in

The molecular layer and granular were less in thickness
and had multiple vacuolated areas. The cells in the Glees  and  Marsland's  silver stained sections
granular layer were small oval or rounded with deeply showed  irregular   arranged  nerve  fibers  in  the
stained nuclei (Fig. 8). molecular   layer,    while    the   Purkinje   cells     showed

thickness.  H&E X 400
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Fig. 9: A photomicrograph of a section in the cerebellar Fig. 12: A photomicrograph of a section in the cerebellar
cortex of Group III showing few Purkinje cells cortex of Group IV showing regularly arranged
which lost its pyramidal shape. Note the irregular nerve fibers in the molecular layer. Glees &
arrangement of nerve fibers in the molecular layer. Marsland's silver stain X 400
Glees & Marsland's silver stain X 400

Fig. 10: Immunohistochemical staining for (GFAP) Fig. 13: Immunohistochemical staining for (GFAP)
positive cells in the cerebellar cortex of Group III positive cells in the cerebellar cortex of Group IV
showing increase in the positive cells ( ) mainly showing few scattered positive cells in the
in the molecular layer.  X 400 molecular and granular layers. X 400

Fig. 11: A photomicrograph of a section in the cerebellar showed   monolayer   arrangement   of   Purkinje   cells
cortex of Group IV showing the Purkinje (P), with   mild   disorganization.   Few   Purkinje   cells    were
molecular (M) and granular (G) layers. Few cells still  affected in between many apparently normal cells
appear distorted with deeply stained nuclei and with central vesicular nuclei. Some of them were
cytoplasm.  H&E X400 surrounded with vacuolated cytoplasm. The molecular

increased  accumulation  of  the   cytoplasmic (Fig. 11).
cytoskeletal elements that indicated deep argyrophilia Glees and Marsland’s silver stained sections of the
(Fig. 9). cerebellar  cortex  appeared  nearly  more  or  less  as   the

Immunohistochemical staining for Glial Fibrillary
Acidic Protein (GFAP) in the cerebellar cortex of fluoride
treated group showed positive immunoreaction in the
cytoplasm. Also, in NaF treated group, GFAP positive
cells were more numerous and appeared larger in the three
cortical layers (Fig. 10).

Group IV (Prophylactic Group) Sodium Fluoride and
Vitamin E treated Group: Examination of H&E stained
sections of the cerebellar cortex of prophylactic group

and granular layers were more or less similar to the control
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control (Fig. 12). Immunohistochemical staining for Glial traumatic injuries. Its expression is essential for normal
Fibrillary Acidic Protein (GFAP) showed positive white matter morphology and blood brain barrier [35, 36].
immunostaining in the cytoplasm (Fig. 13). Central nervous system damage due to any neurotoxic

Morphometric and Statistical Studies: A significant is expressed by GFAP protein marker for astrogliosis [35].
decrease in the mean thickness of the cerebellar cortex cell In this study the increased positive expression of GFAP
layers in fluoride treated group was detected as was due to neuronal damage caused by fluoride
compared to the  control group (Table 1 and Histogram 1). administration. This finding was supported by other

DISCUSSION increased content of gliofilaments and organelles occur as

Fluoride is widely distributed in nature in many forms a matter of cell death or a neuroprotective response [37].
and its compounds are used extensively. Fluoride in small Vitamin E was the most important lipophilic
doses had prophylactic influence by inhibiting dental antioxidant and resides mainly in the mitochondria thus
caries while in higher doses it causes dental and skeletal helping to maintain membrane stability. Also, it decreased
fluorosis [25]. Fluoride is absorbed completely and the cell death which is due to the oxidants and free
quickly from the gastrointestinal tract and affects radicals in different cells [38]. The ingestion of vitamin E
important organs [26]. protects against lipid peroxidation most efficiently

The cerebellum is responsible for smooth and through its anti-oxidant action. The oxidative stress plays
accurate movements and any lesion in it is manifested as an important role in mediating apoptosis through
signs of cerebellar ataxia [27]. mitochondrial dysfunction [19]. In this study, a

In this work, NaF induced damage and concomitant administration of vitamin E and sodium
disorganization in Purkinje cells. Purkinje cells were fluoride in the protected group significantly reduced the
arranged in one or two layers as compared to the control damage induced by sodium fluoride in cerebellar cortex of
group. They were shrunken with ill defined cytoplasmic rats, but not completely recovering the histopathological
processes and some of them had vacuolated cytoplasm changes to normal. Also, diminished GFAP
with absence of Nissel's granules. The molecular and immunoreaction was observed when compared with those
granular layers were less in thickness and had multiple of fluoride treated group. Vitamin E has protective effect
vacuolated areas. The cells in the granular layer were on these changes. So, dietary supplements of vitamin E
small, oval or rounded with deeply stained nuclei. This are recommended.
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