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The Possible Role of Folic Acid Against Sodium Fluoride Induced Toxicity
Original in the Skin of Adult Male Albino Rats
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ABSTRACT

Background: Exposure of human being to fluoride occurs through various sources as food, water,
toothpastes and fluoride additives. This exposure is either to low concentrations for long periods or
to high concentrations and both may lead to poisoning. Folic acid (FA) has an important free radical
scavenging property which makes it the most potent antioxidants. Moreover, it suppresses apoptosis and
boost cell survival.

Aim of the Work: To evaluate the protective and therapeutic role of FA against sodium fluoride (NaF)
induced toxicity on adult male rat skin.

Materials and Methods: Forty adult (3 months) male albino rats (weighing 200-220 gm) were equally
divided into 4 groups (10 rats each): group 1 (control), group 2 (NaF, for 4 weeks), group 3 (NaF,
for 4 weeks followed by FA for another 4 weeks) and group 4 (NaF plus FA for 4 weeks). Both NaF
(25mg/Kg b.w.) and FA (8 mg/Kg b.w.) were given orally daily. The rats were sacrificed and samples
of the back skin were processed for histological, immunohistochemical (Bcl2 antiapoptotic protein) and
morphometric studies.

Results: Group 2 revealed signs of degeneration in epidermal cells, expansion of intercellular spaces and
destructed organelles. There was a reduction in epidermal thickness with disturbance in collagen fibers
arrangement and weak immunoreactivity of Bel-2. FA induced relative improvement in the dermal and
epidermal structures in group 3 while there was preservation of these structures in group 4.

Conclusion: FA ameliorates NaF induced harmful effects on skin in addition to its valuable preventive
role.
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INTRODUCTION

Medicine, in particular dentistry, agriculture
and industry are from the most common fields
in which fluoride compounds have been used!'.
Exposure of human to fluoride occurs through
various sources as food, water, toothpastes,
fluoride additives, and use of fluoride gel!.
Fluorides also are used in rodenticides, phosphate
fertilizers, ceramics and brick industries.

Exposure to fluoride in high concentrations or
low concentrations for long time in water or in
foods may lead to fluoride poisoning Fluorosis!*.
Fluoride overexposure may result in many
dramatic effects as chronic dental or skeletal
fluorosis or acute poisoning which can threaten
the lifel>*l.
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Fluoride contradicts with dental plaque
microorganisms' formation, and increases the
durability of mineralized tissues against acid
demineralization. In addition; lung, skin, and
kidney epithelia are often exposed and affected
by fluoride!. Collagen and cells of the connective
tissue which constitute the organic part of
supporting tissues are also affected by fluorine
compounds, as these compounds increase the
non-collagen proteins mass and thus promote the
skin aging!'l. Moreover, fluoride inhibits collagen
biosynthesis in tissues such as bone, tendon,
tracheal rings and skin®®. Although; epithelium
especially keratinocytes are often exposed to
fluoride However, effects of fluoride on these cells
remain non investigated to a great extent!”. It was
reported that, oxidative stress induced by sodium
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fluoride is the main cause for cell degeneration
and apoptosist.

Folic acid (FA) is a synthetic form of folate
(vitamin B9) which presents as supplements
and in many enriched foods™. It is a powerful
antioxidant as it has a free radical scavenging
property!'”. It promotes cell survival and
suppresses apoptosis!*!l.

Aging is a gradual cumulative process
that occurs in all organs. The modifications in
apoptosis may take part in these age-associated
changes. Bcl-2 is a protein which has antiapoptotic
activity in response to a various stimuli"?. The
role of Bel-2 in controlling cell survival and death
have been focused by many researchers!'?!.

The aim of this work was to detect the role of
folic acid in amelioration of the hazardous effects
of sodium fluoride on the skin and its possible
protective effects.

MATERIALS AND METHODS

Animals

In this study, 40 adult (3 months) male albino
rats (weighing 200-220 gm) were used, obtained
from Animal House, Faculty of Medicine, Assuit
University. The rats were fed with commercial rat
chow and had free access to food and water. Room
temperature was kept at 23+ 3 C° with constant
daily light/dark cycle throughout the experiment.
The internationally accepted principles for the
care and use of laboratory animals were followed
in this study.

Chemicals

e Sodium fluoride (NaF) and folic acid
(FA) were obtained from Sigma (St.
Louis, Mo, USA).

*  Bcl-2 (B-cell lymphoma 2) was purchased
from US Biological Company, United
States.

¢ Other chemicals were of high analytical
grades.

Experimental design
4 groups were used in this study (10 rats each):

¢ Group 1 (control): Rats received distilled
water.

¢ Group 2 (NaF-treated group): 25mg/
Kg b.w. NaF was given to rats orally
(dissolved in distilled water) daily for 4
weeks!4,
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*  Group 3 (treated with NaF followed
by FA) (therapeutic group): NaF with
the previous dose (25mg/Kg b.w.) was
given to rats for 4 weeks then stopped
and rats received FA 8mg/Kg b.w. orally
(dissolved in distilled water) daily for
another 4 weeks!'".

*  Group 4 (treated with NaF + FA)
(protected group): NaF (25mg/Kg b.w.)
concurrently with FA (8mg/Kg b.w.) were
given to rats for 4 weeks.

Tissue sampling

The rats of each group at the end of the
experiment were anesthetized by ether; the hair
over an area 2x2 cm on the back is shaved. Then,
the rats sacrificed, their hearts were perfused with
isotonic saline through the left ventricle until the
flowing blood was cleared. The prepared areas of
the skin were taken, treated for a histological and
an immunohistochemical study.

Histological study

For light microscopic study, immersion of the
specimens into formaldehyde solution (10%) was
done, treated and embedded in paraffin and cut
serially (Sum-thickness), then Hematoxylin and
eosin (H&E) and Masson’s trichrome staining
were donel'l.

For ultrastructural study, small pieces (1mm)
of the skin were cut and fixed in 2.5% phosphate
buffered gluteraldehyde, treated for semithin
sections (0.5-1um) and stained with toluidine
blue. Ultrathin sections (80-90 nm) were cut with
ultramicrotome and stained with uranyl acetate and
lead citrate!'”), then photographed by transmission
electron microscope (Jeol-JEM-100 CXII Jeol,
Tokyo, Japan) in the Electron Microscopic Unit,
Assiut University.

Immunohistochemical study

Immunohistochemical staining for detection
of the antiapoptotic protein Bcl2 (B-cell
lymphoma-2), the primary antibody used was
rabbit polyclonal antibody. The cellular reaction
was cytoplasmic!'®,

Immunohistochemical study was conducted
using the avidin—biotin peroxidase method.
Paraffin sections were deparaffinized, rehydrated
in descending grades of alcohol, and incubated
over night with the primary antibody (diluted
1:100) at 4°C. Phosphate-buffered saline (PBS)
was used for rinsing the sections three times then
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incubated for lhour with peroxidase-conjugated
secondary antibody and washed three times with
PBS. The immunoreactivity was visualized by
using 3,3’-diaminobenzidine hydrogen peroxide
as a chromogen. Finally, counterstaining to slides
with Mayer’s hematoxylin was done!'”). Replacing
primary antibody with buffer or non immune
serum was performed for negative controls!3l. The
positive control was tonsil. Immunohistochemical
staining was done at Faculty of Medicine, Assiut
University.

Morphometric and statistical study

Using the image analyzer computer system
Leica Qwin 500 Ltd image analysis computer
system Wetzlar, Germany, the following
measurements were done:

1. Epidermal thickness using H&E stain.

2. Area% of collagen fibers using Masson’s
trichrome stain.

3. The percent of mean area of expression of
Bcl-2 immunoreactivity.

The measurements were carried out in
five non-overlapping high power fields in five
randomly chosen sections in the studied groups
using an objective lens X400.

All measurements were done per area of the
view field. Data in all groups were statistically
analyzed using SPSS (versionl3) statistical
package. Mann-Whitney test was used and the
resulting data expressed as mean + standard
deviation. P value was considered significant
when it is less than 0.05. P value of less than
0.001 was considered highly significant.

RESULTS

1. Histological results
A. Light microscopic results
1- Hematoxylin and Eosin stain (H&E)

In control (group 1) examination of stained
sections showed the two layers of the skin;
epidermis and underlying dermis. Adipose
connective tissue layer; the hypodermis is
seen beneath the dermis. Epidermis appeared
as arranged layers of stratified keratinocytes;
stratum basale resting on a basement membrane,
the stratum spinosum, the stratum granulosum,
and the stratum corneum. An upper papillary and
lower reticular layers are the constituent of the
dermis. It contained hair follicles with associated
sebaceous glands (Figures la,b). While group 2
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sections showed that the epidermal thickness was
apparently reduced when compared to the control.
Nuclei with deep staining and pale vacuolated
cytoplasm could be seen in some keratinocytes.
The dermis showed disturbed collagen fibers,
empty vacuolated areas, few connective tissue
cells, congested and dilated dermal capillaries,
cellular infiltration and multinucleated cells
(Figures 2a,b). In group 3, thin epidermal
thickness is still seen compared to the control
group. Few cells with deeply stained nuclei and
pale vacuolated cytoplasm were seen. The dermis
had some areas of vacuolations and cellular
infiltrations (Figures 3a,b). Sections of the skin
in group 4 showed that most of epidermal cells
and dermis maintained their normal appearance
with preserved the thickness of the epidermis
compared to the groups 2 &3 (Figure 4a,b).

2- Masson's trichrome stain

Group 1 showed abundant coarse greenish
interwoven collagen fibers in the dermis
(Figure 5). However, in group 2 there was
a remarkable decrease, fragmentation,
disorganization and wide separation of the
collagen fibers with many empty spaces
(Figure 6). In group 3, the collagen fibers were
still disorganized with some empty spaces
(Figure 7); meanwhile, in group (4) the collagen
fibers appeared nearly similar to the control
(Figure 8).

3- Immunohistochemical stain

Bcl-2 immunostained sections in group 1
revealed a strong brownish Bcl-2 expression
mainly in basal epidermal cells and in some
connective tissue cells in the dermis (Figure 9).
In group 2, a weak Bcl-2 immuno-expression
was observed (Figure 10), while in group 3, the
reaction was mild (Figure 11). In group 4, positive
Bcl-2 expression which is nearly similar to the
control group was detected in the basal epidermal
and dermal cells (Figure 12).

4- Toluidine blue stain

Semithin sections in group 1 showed the
different epidermal cells layers and the underlying
dermis. The intercellular spaces between the
epidermal cells could be clearly seen. The
basal layer revealed columnar cells with oval
nuclei, while the spinous layer cells had short
cytoplasmic projections. Granular layer cells
had deeply basophilic granules and the overlying
horny layer which formed of keratinized flattened
non-nucleated cells (Figure 13). However in
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group 2, widened intercellular spaces between the
epidermal cells and a reduction in the epidermal
thickness could be clearly detected. Moreover,
vacuolated areas could be seen surrounding some
epidermal cells and other cells had pale or deeply
stained irregular nucleus. The dermis showed
disorganization of connective tissue and many
empty spaces (Figure 14). Toluidine blue-stained
sections in group 3 revealed areas with a widened
intercellular space between keratinocytes, while
other cells with a normal intercellular space. Some
epidermal cells had cytoplasmic vacuolation.
The dermis appeared normal to a great extent
(Figure 15). In group 4, the epidermis and the
dermis appeared nearly similar to the control.
Moreover, the epidermal layer thickness and
intercellular spaces between the keratinocytes
were clearly seen similar to the control (Figure 16).

B. Ultrastructural results

The skin ultrathin sections in group 1 showed
the basal keratinocytes resting on a basement
membrane with a large rounded nucleus.
Mitochondria and free ribosomes could be seen
in the cytoplasm. The adjacent spinous cell had
an oval nucleus, free ribosomes, tonofilaments
and mitochondria in the cytoplasm. Intact
desmosomal junctions could be seen connecting
the cells (Figures 17,18). The underlying dermal
collagen fibers appeared regular. Spindle shaped
fibroblast with an oval elongated euchromatic
nucleus, rough endoplasmic reticulum and
free ribosomes in the cytoplasm could be seen
(Figure 19).

Epidermal ultrathin sections in group 2 showed
basal and spinous cells with heterochromatic
highly folded nuclei. There was disruption of
desmosomes with widened intercellular space
(Figure 20). Peripheral chromatin condensation in
the nucleus could be seen in some basal cells. Other
cells had an electron dense shrunken, irregular
nucleus with perinuclear halos. Vacuolated
mitochondria inside the darkly stained cytoplasm,
widening of intercellular spaces and disruption
of desmosomal junctions could be also seen
(Figure 21). Some spinous cells appeared
shrunken with an apoptotic nucleus and a
wide intercellular space. Other cells revealed
cytoplasmic vacuolations and dilated cisternae of
rough endoplasmic reticulum with dense particles
in some of them (Figure 22). The nucleus of
fibroblast was deeply stained, finely granulated
with irregular nuclear membrane. It was
surrounded by densely stained scanty cytoplasm
with unidentifiable cellular organelles. Basal
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keratinocytes with dilated rough endoplasmic
reticulum cisternae which contain dense particles
were observed overlying the basement membrane.
Disorganization in the wunderlying collagen
bundles appeared clearly (Figure 23).

In group 3, basal epidermal cells could
be seen resting on their basement membrane
with euchromatic nucleus and deeply stained
cytoplasm which revealed rough endoplasmic
reticulum dilated cisternae which contained
dense particles. The adjacent spinous cells had
an oval euchromatic nucleus and a little amount
of tonofilaments. Desmosomes with adjacent
cells were noticed. The intercellular space was
seen widened in some areas. Some basal cells
had irregular indented nucleus (Figures 24,25).
Fibroblast showed oval elongated nucleus
surrounded with cytoplasm contained vacuolated
mitochondria and many electron dense bodies.
Collagen bundles could be seen in the underlying
dermis (Figure 26).

Examination of the ultrathin sections in group
4 showed that the basal keratinocytes and adjacent
spinous cells revealed euchromatic nuclei and
appeared similar to the normal to a great extent. In
some areas, slight widening of intercellular spaces
was seen (Figure 27). The fibroblast appeared
more or less similar to the control with its oval
elongated nucleus; rough endoplasmic reticulum
and free ribosomes in the cytoplasm. However,
some vacuolated mitochondria could be observed
(Figure 28).

II- Morphometric and statistical results

Using Mann-Whitney test, the epidermal
thickness showed a significant decrease in groups
2&3 compared to the control. At the same time,
it increased significantly in groups 3 and 4 as
compared to group 2, while the difference in the
epidermal thickness between group 4 and group 1
was a non-significant (Table 1, Histogram 1).

The area% of collagen fibers decreased
significantly in groups 2&3 when compared to
group 1. In groups 3 and 4, the increase in area% of
the collagen fibers was significant as compared to
group 2. The difference between group 4 & group
1 was a non-significant (Table 2, Histogram 2).

Regarding the area% of Bcl-2 expression, the
decrease was significant in group 2 comparing
to group 1. However, the difference in groups
3 and 4 was a non-significant as compared to
group 1. Meanwhile, the increase was significant
in groups 3&4 in comparison with group 2
(Table 3, Histogram 3).
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(D) with upper papillary (P) and lower reticular (R) layers and hypodermis of adipose tissue (H). Many connective tissue cells with
spindle shaped nuclei (arrows), Hair follicles (HF) with associated sebaceous glands (SG) can be seen in the dermis. (1b) The layers of
the stratified epidermis; stratum basale (B) on basement membrane, stratum spinosum (S), stratum granulosum (G) and stratum corneum
(C). H&E, (1a): X200, (1b): X400.

PR
Fig. 2: Photomicrographs of skin sections of an adult rat (group 2) showing: (2a) The epidermis (E) with apparent decrease in its
thickness. Disorganized collagen fibers (thin arrows), vacuolated areas (stars) and few connective tissue cells (thick arrows) could
be seen in the dermis (D). Hair follicles (HF) and sebaceous glands (SG) can be also seen. (2b) Epidermal cells with cytoplasmic
vacuolation and deeply stained nuclei (arrows). Congested and dilated dermal capillaries (arrow heads) are noticed. Inset: Showing
cellular infiltration (tailed arrow) and multinucleated giant cell (crossed arrow). H&E, (2a): X200, (2b): X400.
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dermis shows areas of vacuolations (arrows). Hair follicles (HF) and sebaceous glands (SG) can be observed. (3b) Few cells in epidermis
can be seen with deeply stained nuclei and surrounded by pale vacuolated cytoplasm (arrow). Note cellular infiltration (curved arrow).
H&E, (3a): X200, (3b): X400.

o A g %57 4 y Wi WS
v e ST e [ o W A BN O o
Fig. 4: Photomicrographs of skin sections of adult rat (group 4) showing: (4a) nearly normal skin structure with apparent increase in
thickness of epidermis (E) which is more or less similar to the control. The dermis (D), hair follicles (HF) with sebaceous glands (SG)

appear normal. (4b) Most cells in epidermis have vesicular nuclei and appear similar to control to a great extent (arrow). Connective
tissue cells with spindle shaped nuclei are noticed (open arrows). H&E, (4a): X200, (4b): X400.
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Fig. 5: A photomicrograph of a skin section of adult rat (group Fig. 7: A photomicrograph of a skin section of adult rat (group
1) showing abundant coarse collagen fibers in the dermis (Co). 3) showing fine disorganized collagen fibers (Co). Some
Masson’s trichrome, X400. empty spaces are seen (arrow). Masson’s trichrome, X400.

50pm

Fig. 6: A photomicrograph of a skin section of adult rat (group

2) showing a dramatic decrease, disorganization and wide Fig. 8: A photomicrograph of a skin section of adult rat (group
separation of the dermal collagen fibers (Co). Many empty 4) showing nearly normal collagen fibers (Co) which looks
spaces can be detected (arrows). Masson’s trichrome, X400. like the control group. Masson’s trichrome, X 400.
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Fig. 11: A photomicrograph of A skin section of adult rat
(group 3) showing mild Bcl-2 immunoexpression in basal
epidermal cells (arrows) and few dermal cells (arrow heads).

Fig. 9: A photomicrograph of a skin section of adult rat (group
1) showing strong positive immounoexpression of Bcl-2 in the
basal epidermal cells (arrows) and some dermal cells (arrow
heads). Bel-2, X 400. Bel-2, X 400.

Fig. 12: A photomicrograph of a skin section of adult rat
(group 4) showing a positive Bcl-2 immunoexpression which
is nearly similar to the control in basal epidermal cells (arrows)

Fig. 10: A photomicrograph of a skin section of adult rat
(group 2) showing a weak Bcl-2 immunoexpression in the

basal epidermal cells (arrows) and a few dermal connective
tissue cells (arrow heads). Bel2, X400. and dermal cells (arrow heads). Bcl-2, X 400.
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Fig. 13: A photomicrograph of a skin section of adult rat
(group 1) showing the different layers of cells in epidermis
(E). The layer of stratum basale (B) reveals low columnar cells
and oval nuclei with narrow intercellular spaces between the
keratinocytes (arrows). The cells of stratum spinosum (S) are
seen with short cytoplasmic projections (wavy arrow). The
cells of stratum granulosum (G) appear with deeply basophilic
granules and the overlying stratum corneum (C) is formed
of layers of flattened non-nucleated keratinized cells. The
underlying dermis (D) is seen. Toluidine blue, X1000.

Fig. 14: A photomicrograph of a skin section of adult rat (group
2) showing the cells in epidermis (E) with wide intercellular
space (thin arrows). Cells surrounded with vacuolated
cytoplasm (thick arrow), others have deeply stained irregular
nuclei (curved arrow) or pale nuclei (arrow head) can be
seen. Note that there is a marked reduction in the epidermal
thickness. The dermis (D) shows many vacuolated areas (stars)
and lipid droplets (open arrows). Toluidine blue, X1000.
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Fig. 15: A photomicrograph of a skin section of adult rat
(group 3) showing areas with widened intercellular space
between the keratinocytes (thick arrow), while others with
normal intercellular space (thin arrow). Some cells reveal
cytoplasmic vacuolation (open arrows). The dermis appears
more or less normal (D). Toluidine blue, X1000.

Fig. 16: A photomicrograph of a skin section of adult rat (group
4) showing epidermis (E) and dermis (D) which are nearly
similar to the control. Most epidermal cells preserve their layer
thickness with nearly normal appearance. Keratinocytes are
separated by narrow intercellular spaces (arrows). Toluidine
blue, X1000.
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Fig. 17: An electron micrograph of an ultrathin skin section
of adult rat (group 1) showing basal keratinocytes (B) resting
on a basement membrane (double arrow) with a large rounded
nucleus (N). The cytoplasm contains mitochondria (m) and
free ribosomes (r). Note the adjacent spinous cell (S) with a
large euchromatic oval nucleus (n) and mitochondria (m) in
the cytoplasm. Intact desmosomal junctions between adjacent
cells (arrow heads) can be seen. TEM, X 4800.
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Fig. 18: An electron micrograph of an ultrathin skin section
of adult rat (group 1) showing a spinous cell with an oval
nucleus (N). Mitochondria (m), tonofilaments (arrows) and

free ribosomes (r) can be seen in the cytoplasm. Desmosomes
are clearly seen (arrow heads). TEM, X 4800.
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Fig. 19: An electron micrograph of an ultrathin skin section
of adult rat (group 1) showing a spindle shaped fibroblast
(F) with an oval elongated euchromatic nucleus (N). Rough
endoplasmic reticulum (rER) and free ribosomes (r) could be
seen in the cytoplasm. Note underlying regular collagen fibers
in the dermis (C). TEM, X 7200.
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Fig. 20: An electron micrograph of an ultrathin skin section
of adult rat (group 2) showing basal (B) and spinous (S)
keratinocytes. The nuclei (N) are heterochromatic and highly
folded with peripheral chromatin condensation. There is a
disruption of desmosomes with an apparent widening in the
intercellular space (arrows). EM, X 5800.
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Fig. 21: An electron micrograph of an ultrathin skin section
of adult rat (group 2) showing basal keratinocytes. Some cells
have nuclei (N) with peripheral chromatin condensation and
irregular outline (thin arrow). Other cells have electron dense
shrunken, highly folded nucleus (n) with perinuclear halos
(thick arrow). Note the vacuolated mitochondria (m) inside the
darkly stained cytoplasm. Widened intercellular spaces (arrow
heads) with disruption of desmosomal junctions can be seen.
TEM, X 7200.
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Fig. 22: An electron micrograph of an ultrathin skin section
of adult rat (group 2) showing shrunken spinous cell with
apoptotic nucleus (N). The cell is surrounded by an extensively
wide intercellular space (arrows). Note the adjacent cell with
apoptotic nucleus (n). Its cytoplasm reveals vacuolations (V)
and dilated cisternae of rough endoplasmic reticulum (rER)
with some cisternae containing dense particles (open arrow).
TEM, X 5800.
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Fig. 23: An electron micrograph of an ultrathin skin section of
adult rat (group 2) showing a fibroblast (F) with electron dense,
finely granulated nucleus (N), an irregular nuclear membrane
(arrow head) with deeply stained scanty cytoplasm. Cellular
organelles are not clearly discriminated. Basal keratinocytes
(B) with dilated rough endoplasmic reticulum cisternae
(rER) containing dense particles (open arrows) are observed
overlying the basement membrane (double arrow). Note the
underlying disorganized collagen bundles (C). TEM, X 7200.
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Fig. 24: An electron micrograph of an ultrathin skin section of
adult rat (group 3) showing basal keratinocytes (B) resting on
the basement membrane (double arrow) with an euchromatic
nucleus (N) and a deeply stained cytoplasm which reveals
dilated cisternae of rough endoplasmic reticulum (rER) that
contain dense particles (open arrow) . The adjacent spinous
cells (S) can be seen with oval euchromatic nucleus (n), little
amount of tonofilaments (arrow). Note the desmosomes
(arrow head) with the adjacent cells. TEM, X4800.
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Fig. 25: An electron micrograph of an ultrathin skin section
of adult rat (group 3) showing basal keratinocytes (B) with
an irregular nucleus (N) which reveals indentation (thin
arrows) and mitochondria (m) in the cytoplasm. Widening
of the intercellular spaces is still seen (thick arrow). Note the
underlying collagen fibers (C) in the dermis. TEM, X 7200.
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Fig. 26: An electron micrograph of an ultrathin skin section
of adult rat (group 3) showing a fibroblast (F) with an oval
elongated nucleus (N). Vacuolated mitochondria (m) and
many electron dense bodies (arrow heads) could be seen
in the cytoplasm. Collagen bundles (C) are observed in the
underlying dermis. TEM, X 7200.
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Fig. 27: An electron micrograph of an ultrathin skin section
of adult rat (group 4) showing: basal keratinocytes (B) and
adjacent spinous cells (S) which reveal euchromatic nuclei (N)
and appear nearly similar to the control. Slight widening of the
intercellular spaces is noticed in some areas (arrows). TEM,
X 4800.
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Fig. 28: An electron micrograph of an ultrathin skin section
of adult rat (group 4) showing a fibroblast (F) with an oval
elongated nucleus (N). The cytoplasm contains rough
endoplasmic reticulum (rER) and free ribosomes (r). Some
vacuolated mitochondria (m) are seen. Note collagen bundles

(C). TEM, X 7200.
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Table 1: Mean values of epidermal thickness in the
studied groups

Mean+SD 38.54+1.78 15.30+£2.50 20.92+1.91 36.73+2.66

Range 36.0-41.1 11.6-19.9 16.7-23.2 31.5-39.5
P-value' 0.000" 0.000" 0.131
P-value® 0.000" 0.000"
P-value’ 0.000"

SD: standard deviation
* Statistical significant difference (P< 0.05)
1: Comparison with Group 1 - 2: Comparison with Group 2

3: Comparison with Group 3

Table 2: Mean values of area percent of collagen fibers
in the studied groups

Area percent  Group 1 Group2  Group 3 Group 4

Mean+=SD  78.47+2.22 48.65+£2.75 59.524+2.20 77.27+3.16

Range 75.7-82.0 44.7-52.2 55.2-62.0 73.8-85.2
P-value' 0.000%* 0.000" 0.199
P-value? 0.000" 0.000"
P-value’ 0.000

SD: standard deviation
* Statistical significant difference (P< 0.05)
1: Comparison with Group 1 - 2: Comparison with Group 2

3: Comparison with Group 3

Table 3: Mean values of area percent BCL-2 expression
in the studied groups

Areapercent Group 1l — Group2  Group3  Group 4
Mean+SD 771 +£0.83 4.55+0.71 7.14+0.82 7.43+0.93
Range 6.3-8.8 3.5-5.7 5.9-8.3 6.0-8.7
P-value' 0.000* 0.089 0.570
P-value? 0.000" 0.000"
P-value’ 0.449

SD: standard deviation
* Statistical significant difference (P< 0.05)
1: Comparison with Group 1 - 2: Comparison with Group 2

3: Comparison with Group 3
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Histogram 1: Mean values of epidermal thickness in the
studied groups
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Histogram 2: Mean values of area percent of collagen fibers

in the studied groups
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Histogram 3: Mean values of area percent BCL-2 expression
in the studied groups

DISCUSSION

This study aimed to evaluate the therapeutic
and prophylactic effect of folic acid (FA) against
sodium fluoride (NaF) toxicity on the adult male
albino rat skin.

Fluoride (F) is a widespread water contaminant
that causes a set of serious health problems”,
It exists in varying amounts in food, water and
causes air pollution from numerous industrial
operations®". Human exposure to fluoride may
occur through toothpastes, fluoride additives, and
administration of fluoride gel®.

Fluoride is absorbed and transported through
the blood to tissues and organs?!. Excessive
exposure to fluoride may lead to acute poisoning,
or chronic intoxication'"; (Fluorosis) which is due
to long term exposure!??,

This study was done on the skin, as it is the
biggest mechanoreceptive organ in our body™.
Meanwhile, it is a major potential route for the
absorption of toxic materials encountered in the
workplace. Consumer products contain different
concentrations of sodium fluoride that may
cause symptoms either due to skin, ingestion or
inhalation exposure??*,
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In NaF treated group, the epidermal thickness
was decreased compared to the control. This
reduction was confirmed by morphometric
results and statistical analysis. At the same
time, the epidermal cells showed many signs
of degeneration as deeply stained nuclei, pale
rarified cytoplasm, expansion of intercellular
space, shrunken, irregular nuclei and damaged
organelles. These destructive effects of NaF may
be due to oxidative stress; this is in harmony
with Mansour & Tawfik!®! who stated that there
is a relationship between fluoride toxicity and
elevated oxidative stress in rats. In addition,
Abd EL-aziz et al.™ reported that cell damage
and apoptosis due to oxidative stress starts after
chronic fluoride exposure.

Hassan & Yousef!*®! suggested that oxidative/
nitrosative damage is the major mode of action
of fluoride toxicity. The toxic effects of fluoride
might be through; formation of free radicals, lipid
peroxidation, and modified antioxidant defense
systemsP”. Animals treated with fluoride showed
altered levels of Glutathione (GSH), Superoxide
dismutase (SOD) and Total Anti-oxidant Capacity
(TAC) which augment the accumulation of free
radicals. Meanwhile, Hassan & Yousef?®!
reported that fluoride induces nitric oxide (No)
which in turn inhibits mitochondrial respiration
that leads to damage of cellular components.

Furthermore, in agreement with this study
Prado et al” found that Kkeratinocytes lost
their stratified appearance and deduced that,
fluoride could affect cell differentiation, which
explain fluoride-induced tissue disturbances and
disorganization.

Masson's trichrome stain in NaF treated group
showed a significant decrease, fragmentation
and disorganization of collagen fibers. This was
confirmed by morphometric and statistical results
which showed a significant decrease in area% of
collagen fibers in the treated group comparing
to control. These results were in harmony with
Ghafeer et al.? who reported that, the decrease
in the dermal collagen might be due protease
enzymes originated from inflammatory cells,
as collagenase enzyme of neutrophils or may
be due to reduction of biosynthesis of collagen
molecules™!. Susheela & Mukerjeel” declared
that, Fluorosis is not only a disease of bone and
tooth, but it also affects the non-osseous tissues.

Collagen is a structural constituent of osseus
and non-osseous tissues and its biosynthesis is
greatly impaired due to fluoride intoxication.
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It increases the non-collagen proteins as
proteoglycans and glucosaminoglycans so,
speeding up the skin aging!'. Sharmal"
reported that the hydroxylation of proline
to hydroxyproline is intervened by fluoride.
Therefore collagen breakdown in many organs as
bone, muscle, skin, lungs, kidney and trachea may
be due to disturbance in the formation of collagen
fibers after fluoride exposureP”. Susheela and
Sharma® declared that fluoride induced reduction
in the aldehyde content of bone, tendon (collagen
type I) and skin (collagen type I + IlI) tissues.

Bcl-2 is an antiapoptotic protein that prevents
apoptosis in response to various stimuli. It plays
an important role in regulating cell survival and
apoptosis. Bel-2 inhibits apoptosis by preventing
the release of cytochrome CU'Z. In this study,
Bcl-2 showed weak immunoreactivity in NaF
treated group and these results were confirmed
by morphometric measurements which showed a
significant decrease in area% of Bcl-2 expression
in the treated group as compared to the control.
The present results were augmented by Xu
et al.® who found that NaF induces apoptosis via
Bcl-2 suppression.

It has been suggested that alterations in
apoptosis may be due to age-associated changes.
The epidermis in aged animals showed a
decreased thickness and most keratinocytes
appeared with deeply stained small nuclei
surrounded by pale clear cytoplasm with
increased interspaces between disorganized
collagen fibers®?. In contrast, overexpression of
Bcl-2 causes accumulation of cells and may leads
to neoplasial'?,

Folic acid (FA) is the synthetic form of folate
(vitamin B9)PL It is present in a variety of foods?**l.

The findings of this study demonstrated the
efficiency of FA in combating the free radical
interposed oxidative insult produced by sodium
fluoride (NaF). There was a relative improvement
in the dermal and epidermal structures in group
3. Meanwhile, group 4 revealed preservation of
the skin architecture to a great extent. This was
evidenced by the light and the electron microscopic
examination and confirmed by statistical results of
epidermal thickness, area% of collagen fibers and
of Bcl-2 expression. The current results were in
agreement with the studies of Barichello et al.’¥
who imputed these changes to the free radical
scavenging properties and possible antioxidant
activity of FA. It was stated that FA is a potent
antioxidant!'”! and it enhances the cell existence
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and inhibits apoptosis!'l. Koul et al.% revealed
that, FA suppressed the expression of ornithine
decarboxylase (ODC) in skin and activity
of serum lactate dehydrogenase, suggesting
inhibitory effects on cell damage. Stanhewicz
et al B reported that, Folic acid and its metabolite,
5-methyltetrahydrofolate (5-MTHEF), may
improve vessel function. So, repeated folic acid
supplementation would ameliorate the cutaneous
microvascular function.

CONCLUSION

The present study provided a valuable insight
on the role of FA in alleviation the toxic effects
of sodium fluoride on the skin in addition to its
beneficial prophylactic role.
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