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Abstract
Introduction: Fluorides, when taken in amounts exceeding the standard
therapeutic dosage, are regarded as toxic substances. Chronic fluorosis
causes marked destruction of lung tissues. The study aimed to determine
whether the effect of a chronic toxic dose of sodium fluoride on the lung
of an adult male albino rat is reversible or irreversible. This was done
through light and electron microscopic studies. Morphometric study was
also done.
Material and methods: Forty adult male rats were used. The animals were
divided into 3 groups: control group; group I (chronic fluorosis group) in
which sodium fluoride was given daily for 3 months; and group II (recovery
group) in which sodium fluoride was given daily for 3 months and after that
the rats survived for another month.
Results: The lung of group I was characterized by presence of blood and lymph
congestion. Thickening of alveolar septa was also observed with rupture of
septa and widening of the air spaces. The area % of collagen (1.13 ±0.5), septal wall thickness (13.47 ±6.1), and number of macrophages (5 ±2.5) increased
in comparison to the control group (p ≤ 0.05).With discontinuation of sodium
fluoride (group II), no much improvement was observed.
Conclusions: Chronic fluorosis has many pathological effects on the lung
which are irreversible.
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Introduction
Fluorides, when taken in amounts exceeding the standard therapeutic dosage, are regarded as toxic substances [1]. Fluoride toxicity occurs
due to high concentrations of fluoride in water sources or anthropogenic
causes [2].
Chronic fluorosis can severely damage many systems of the human
body [3]. Pathological effects on the central nervous system, skeletal
musculature, stomach, liver, kidney, cardiovascular system, retina, and
skin were reported [4]. Dental fluorosis can also occur during tooth formation [5]. Finally, lung and kidney damage is also well documented [6].
Kidney damage was observed in both proximal and distal tubules in
the form of hydropic epithelial cell degeneration and moderate tubular
dilatation. Shrunken glomeruli and vascular congestion were also observed [7].
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Marked destruction of lung tissue in the form
of loss of alveolar architecture, emphysematous
areas, desquamation of alveolar epithelium and
alveolar congestion was documented [8]. Hyperaemia, necrosis of epithelial cells, numerous macrophages in interalveolar septa, infiltrations in the
area of blood vessels and emphysematous blebs
were also reported [1].
Whether the effect of chronic fluorosis in a toxic dose on the lung is transient or permanent is
an important and interesting point. So the aim of
our study was to evaluate the effect of a chronic
toxic dose of sodium fluoride on the lungs of adult
male albino rats. This was done through light and
electron microscopic studies. Morphometric study
was also done using the image analyzer.

Light microscopic study

Material and methods
Forty adult male Sprague Dawley rats (Animal
House, Faculty of Medicine, Cairo University),
weighing 250–300 g, were used. Five animals were
housed per cage, and the animals were acclimatized
to standard laboratory conditions (12 : 12-hour
light-dark cycle, temperature 20°C, fed ad libitum
and allowed free water supply). The animals were
deprived of food but allowed free access to tap
water for 24 h before the experiment. Only male
rats were used in this study to exclude possible
sex differences. The experiments were performed
according to the Helsinki agreement on the guiding principles for research involving animals and
human beings.
The animals were divided into the following
groups. Control group: This group was subdivided into two subgroups; each one consisted of ten
rats. Subgroup a: the rats were sacrificed after

A

3 months. Subgroup b: the rats were sacrificed
after 4 months. Group I (chronic fluorosis group):
this group consisted of 10 rats. Sodium fluoride
was given daily for three months, then the rats
were sacrificed. Group II (recovery group): this
group consisted of 10 rats. Sodium fluoride was
given daily for three months, then the rats survived for another month before being killed.
Sodium fluoride was supplied as powder (Cornell Lab). It was dissolved in distilled water and
given in a dose of 2.5 mg/rat/24 h. This high dose
was aimed at studying the toxic effect of sodium
fluoride [1]. The animals were sacrificed by a high
dose of ether, and then dissected and the lung
was taken.

B

Parts of the lung were fixed in buffered formol
saline, processed for paraffin sections of 5 µm
thickness and sections were stained with haematoxylin and eosin (H + E) and Masson’s trichrome
for histological study [9]. The sections were examined and photographed using a Canon digital
camera, attached to an IBM computer system.

Ultrastructural study
The other parts of obtained specimens were
cut into small pieces, fixed in 4% glutaraldehyde
then washed in phosphate buffer and post fixed
in 1% osmium tetraoxide. Fixation was followed
by dehydration and embedding in epoxy resins.
Ultrathin sections were stained with uranyl acetate and lead citrate [10]. Examination and photography of specimens were carried out at using
a Jeom-1400 transmission electron microscope
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Figure 1. A – Areas of connective tissue in the upper half of the picture were masked by a green binary colour
(arrows) in the lower half of the picture (Masson’s trichrome 100×). B – Air spaces in the upper half of the picture
were masked by a blue binary colour in the lower half of the picture (H + E; 100×). C – Measurement of the septal
wall thickness of the lung (H + E; 400×). D – The way of counting macrophages (H + E; 400×)
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(TEM) (Electron Microscopy Department, Faculty
of Agriculture, Cairo University).

Image analyzer study
The sections were examined using Leica Qwin
500 image analysis software on an IBM operated
computer system. Four specimen preparations
from each rat (with a total of 40 preparations
in each group) were subjected to quantitative
studies. Ten readings were obtained in each spe
cimen and the mean values were obtained (Figure 1).
The percentage area of collagen tissue fibres
in Masson’s trichrome stained sections was measured inside a standard measuring frame. The
collagen tissue fibres were detected and masked
by green binary colour. Then the area of the green
binary colour was measured and expressed as
percentage area in relation to the area of the standard measuring frame. The same previous steps
were applied to the air spaces in H + E stained
sections. The septal wall thickness was measured
using the interactive measuring menu. The number of macrophages was counted.

Statistical analysis
The data were collected and studied using the
two-tailed ANOVA to compare between the different groups using the statistical program SPSS 20.
The quantitative data were examined by Kolmogorov Smirnov test for normality. Significance was
considered at p-value < 0.05.

Results
Results of H + E stained sections
Histological examination of the lung of the control rats exhibited normal architecture.
The lung of the chronic fluorosis group (group I)
was characterized by the presence of blood and
lymph congestion complicated finally with blood
extravasation. Thickening of alveolar septa was
observed in certain specimens and ruptured septa with widening of the air spaces were observed
in others. Cellular infiltration was also a constant
finding in this group. Not much improvement was
observed in the recovery group (group II) compared to the chronic fluorosis group (Figure 2).

Results of Masson’s trichrome stained
sections
Thickening of the connective tissue was observed
in group I in comparison to the control group. This
finding regressed obviously in group II (Figure 3).

Results of electron microscopy study
The lumen of the bronchioles in group I was
collapsed with disrupted cilia. The cytoplasm was
attenuated and the mitochondria were swollen.
Myelin figures were observed. Margination of the
nuclei with irregularity of the nuclear membranes
was also observed. Not much difference was observed in group II compared to group I apart from
some mitotic figures in pneumocyte cell type II
(Figure 4).
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Figure 2. A – Normal alveoli (A), alveolar sac (AS), bronchiole (B) and blood vessel (arrow) in a control rat (H + E;
400×). B – Thickened septa (S), widened air spaces (W) and congested blood vessels (C) in a rat of group I (H +
E; 100×). C – Massive areas of blood extravasation (E) in the lung of a rat of group I (H + E; 200×). D – Lymphatic
congestion (LC), ruptured septa (S) with cellular infiltration (CI) and extravasation of blood (E) in the lung of a rat
of group I (H + E; 200×). E – Giant multi-nucleated cell (G), cellular infiltration (arrows) and areas of blood extravasation (E) in the lung of a rat of group I (H + E; 400×). F – Thin and ruptured septa with widened air spaces (W)
in the lung of a rat of group II (H + E; 100×). G – Congested blood vessels (C), thickened septa (S), shredded cells
(arrowheads), haemosiderin granules (thick arrows), cellular infiltration (CI) and secretions (thin arrow) in a respiratory bronchiole (B) in a rat of group II (H + E; 400×). H – Lymphatic congestion (LC), thin ruptured septa (RS) and
cellular infiltration (CI) in a rat of group II (H + E; 400×)
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Figure 3. Connective tissue pattern (arrows) in
the different groups (Masson’s trichrome 400×).
A – Control group, B – group I, C – group II

Morphometric results
There was a statistically significant increase
in the mean percentage area of collagen, septal

wall thickness, and number of macrophages in the
chronic fluorosis group (group I) in comparison to
the control group. Meanwhile, the percentage area
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Figure 4. A – Non-ciliated Clara cell (ncc), ciliated epithelial cell (cc), basement membrane of the epithelium (*),
smooth muscle cell (mc), a fibroblast of connective tissue (ct) and the lumen (L) with cilia in both transverse and
longitudinal sections in a control rat (6000×). B – Myelin figure (MF), Clara cell with glycogen particulates (arrow)
and secretory granules in mucous cell (MC) in a bronchiole of a rat of group I (2500×). C – Collapsed lumen (L),
disrupted cilia, swollen mitochondria (M) with disrupted cristae and attenuated cytoplasm with presence of nuclei
(N) near the lumen in a bronchiole of a rat of group I (6000×). D – Pneumocyte type II with lamellar bodies (L),
marginated nucleus (N) with irregular nuclear membrane and mitochondria with lost cristae (M) (8000×) in a rat of
group I. E – Binucleated (N) pneumocyte cell type I in a rat of group II (5000×). F – Abundant collagen fibres (arrows)
in the alveolus interstitium of a rat of group II (20000×). G – Ballooned mitochondria (M) with rupture of cristae,
homogeneous elastic fibres (E) and collagen fibres (C) in the alveolus interstitium of a rat of group II. Note red
blood corpuscle (RBC) (12000×). H – Swollen mitochondria (M) with disrupted cristae, indented nucleus (N) with
condensed marginated heterochromatin and widening of perinuclear space (arrows) in the alveolus interstitium
of a rat of group II (12000×)
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Table I. Mean and SD of percentage area of collagen, septal wall thickness, number of macrophages and percentage area of air spaces of the different groups
Group

Numbers of examined
preparations
in every group

Area %
of collagen,
mean ± SD

Septal wall
thickness,
mean ± SD

Macrophages
number,
mean ± SD

Area %
of air spaces,
mean ± SD

Control

40

0.28 ±0.35

5.7 ±2.6

1.2 ±1.2

64.12 ±3.6

I

40

1.13 ±0.5

13.47 ±6.1

5 ±2.5

51.34 ±10.6

II

40

0.25 ±0.17

11.62 ±4.18

1.4 ±0.97

59.6 ±18.9

SD – standard deviation

of air spaces of this group was statistically significantly lower in comparison to the control group.
With discontinuation of sodium exposure (group II),
a statistically significant improvement of the percentage area of collagen, and the number of macrophages was noted. On the other hand, the septal wall thickness and the percentage area of air
spaces showed no significant change compared
to group I. Most of the parameters of group II
were still different from the control group (Tables I
and II).

Table II. Comparison of mean % area of collagen,
septal wall thickness, number of macrophages and
% area of air spaces of the different groups

Mean % area
of collagen

Mean septal
wall thickness

Discussion
Fluoride is a potent enzyme poison. The chronic
fluorosis group (group I) was characterized by the
presence of marked pathological effects on the
lung. This destructive effect might be attributed to
the effect of lipid peroxidation [8]. The increase in
the level of lipid peroxides is associated with the
decrease in the activities of superoxide dismutase,
catalase, and glutathione peroxidase [11]. Another possible explanation for the destructive effect
of chronic fluorosis intoxication is the alteration
of antioxidant status, which may increase generation of free radicals [11]. Such free radicals affect
cellular components such as lipids, proteins, DNA
and carbohydrates [8].
The presence of myelin figures in the chronic
fluorosis group seemed to be due to conformational changes of membrane protein and lipoprotein layers [12], as fluorosis reduces membrane
lipids, especially phospholipids [3, 13].
The presence of congested blood vessels, exudate and cellular infiltration in group I indicates
the presence of inflammatory reactions which
might be attributed to the release of IL-6 and IL-8
from a human lung epithelial cell line [14]. Also,
the increase of alveolar macrophages in this group
mediates the observed pulmonary inflammation
via the production of chemokines [15].
Emphysema and alveolar wall destruction in
the chronic fluorosis group might be due to excess
protease or elastase activity unopposed by appropriate antiprotease regulation with subsequent
elastic tissue destruction and ruptured septal
walls [16]. Also, matrix metalloproteinases derived

Macrophages
number

% Area
of air spaces

Group

Versus
group

Value
of p

Control

I

0.001*

II

0.7

I

II

0.001*

Control

I

0.001*

II

0.001*

I

II

0.2

Control

I

0.001*

II

0.6

I

II

0.006*

Control

I

0.002*

II

0.4

II

0.42

I
*Statistically significant

from macrophages and neutrophils had a role in
tissue destruction [16].
Capillary congestion in group I might be due to
the previously mentioned inflammatory process
or due to the chemical mediators released after
tissue damage [17] with subsequent ruptures of
the capillary and extravasation of the blood.
The mitochondrial effect in group I might be
a sign of a degenerative effect as fluoride ions penetrated the mitochondria via simple diffusion [18].
The mitochondrial swelling observed in this group
might be a manifestation of ATP deficiency [14].
The percentage area of fibrosis increased in
group I. This fibrosis might be elastic or collagenous tissues as observed by using the TEM study.
The collagen synthesis was probably induced by
growth factors and cytokines secreted by leukocytes and fibroblasts [12]. Collagen deposition
might also be associated with elastase-induced
emphysema [19].
The main aim of the current work was to study
the irreversible effect of sodium fluoride on lung
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tissue. This was done through studying the histological and morphometric changes after the
discontinuation of sodium fluoride (the recovery
group, group II). With discontinuation of sodium
fluoride, not much improvement was observed
and the same previous pathological findings persisted. Although the percentage area of collagen
and the number of macrophages were significantly improved in this group, the septal wall thickness
and the percentage area of air spaces showed no
significant improvement. Most of the morphometric parameters were still different from the control
group.
Proliferation of pneumocytes II was observed in
group II as compensatory hyperplasia replacing the
destroyed septal parts as pneumocyte II cells are
known to retain the capacity for cell division and
could differentiate into type I pneumocytes [13].
In conclusion, chronic fluorosis has many pathological effects on the lung. On both a histological
and a morphometric basis, its effect on the lung
tissue is irreversible. So, we recommend measurement of additional functional parameters and at
least one or two oxidative markers (SOD, catalase
activity, lipid peroxidation) in tissue samples after
sodium fluoride exposure to support this conclusion. Also the evaluation of one/two lung inflammatory markers, such as TNF and IL-6, is very important to support this conclusion.
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