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SUMMARY: The aim of the present investigation was to study the effects of fluoride-
induced toxicity in rats on immunity and histopathology and its possible amelioration
with boron, calcium chloride, and aluminium silicate. Sixty-four male Wistar albino
rats, aged 8 to 12 weeks, were divided into eight groups of eight rats each. The control
group, A, was given normal water while the treatment groups, B, C, D, E, F, G, and H,
were given 30 ppm fluoride ion (F), 30 ppm F with 50 ppm boron, 50 ppm boron, 30
ppm F with 50 ppm calcium chloride, 50 ppm calcium chloride, 30 ppm F with 50 ppm
aluminium silicate, and 50 ppm aluminium silicate, respectively. After four months,
the rats were sacrificed, and blood and tissues collected for immune and
histopathological studies, respectively. The effect on humoral and cell-mediated
immunity was assessed by the antibody titre against sheep red blood cells and the
lymphocyte proliferation assay, respectively. There was a significant decrease in cell-
mediated immunity in rats given F alone and F in combination with aluminium
silicate. Histopathological changes due to F toxicity were observed in the liver with
vacuolar degeneration and hepatocellular necrosis, in the kidney with tubular casts,
in the thyroid with loss of colloid with degeneration of epithelial cells, in the thymus
with loss of lymphocytes and plasma cells, and in the spleen with loss of
lymphocytes. These histopathological changes were ameliorated by
supplementation with boron and calcium chloride, but not with aluminium silicate.
Thus, both boron and calcium chloride, at 50 ppm, may effectively ameliorate F
toxicity in the rat.
Keywords: Aluminium silicate; Boron; Calcium chloride; Fluoride toxicity; Immunity;
Histopathology; Wistar albino rat.

INTRODUCTION

The fluoride ion (F), one of the main toxic minerals causing lesions in the
visceral organs and affecting the immune system, is often found in ground water at
levels higher than the WHO recommended maximum level guideline of 1.5 mg/
L.1 Prevalent in many parts of the world, chronic fluorosis is caused by the
excessive ingestion of F over a long period and endangers the health of both
human beings 2,3 and domestic animals.4-6 Sodium fluoride is used in various
pesticide formulations, including insecticides and wood preservatives.7 It can be
deposited into soil from several anthropogenic sources, both directly, through
phosphate fertilizers, and indirectly, from environmental pollutants such as
pesticides7 and atmospheric pollution from industrial activities and the burning of
fossil fuels,8,9 In addition to its well known effects on the skeleton and teeth, F can
also exert toxic effects on many soft tissues and organ systems, giving rise to a
broad array of symptoms and pathological changes.10,11 F toxicity in animals is
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multifarious.12,13 Even though the majority of ingested F is incorporated into
calcified tissues, trace amounts of this pollutant are able to alter the activity of
several enzymes and the metabolism in soft tissues including in the liver.14,15 Few
ameliorative measures have been suggested to overcome fluorosis in man16,17 and
animals.18-20 The present study was performed to ascertain the ameliorative effect
of boron, calcium chloride, and aluminium silicate on F-induced toxicity in rats.

MATERIALS AND METHODS

Grouping of animals and treatment: Sixty-four male Wistar albino rats, aged 8 to
12 weeks, were divided into eight groups of eight rats each. Group A was given
normal water (control) and the other groups received treatment: Group B: 30 ppm
F, Group C: 30 ppm F + 50 ppm boron, Group D: 50 ppm boron, Group E: 30 ppm
F + 50 ppm calcium chloride, Group F: 50 ppm calcium chloride, Group G: 30
ppm F + 50 ppm aluminium silicate, and Group H: 50 ppm aluminium silicate.
The fluoride (NaF), boron (BNa3O3), calcium (CaCl2), and aluminium (Al2SiO3)
were given to the rats through their drinking water. The dose of F (30 ppm) was
chosen on the basis of our previous study in rats with different dose levels of F,
viz., 10, 30, and 60 ppm.21 The rats were housed in polypropylene cages and fed
with pellet feed and purified water ad libitum. The animal house temperature and
humidity were maintained at 23±2ºC and 50 to 70%, respectively. The present
study was approved by the Institutional Animal Ethics Committee (No. IRC4.4/
IAEC/2012) and conducted as per the guidelines of the Committee for the Purpose
of Control and Supervision of Experiments on Animals (CPCSEA), Ministry of
Environment and Forests, Government of India, New Delhi, India. 

Immunity: After a four month period of feeding the ameliorating agents and the
fluoridated drinking water, the rats were assessed for their immunity. The rats were
injected intraperitoneally with 200 µL of sheep red blood cells (RBC) diluted in
Alsevar’s solution. Fourteen days after the injection, all the rats were anesthetized
and 1 to 2 mL of blood were collected by the retro-orbital plexus route using a
capillary tube. The blood serum was separated by centrifuging at 2,000 rpm for 15
min and was then used for the determination of the haemagglutination antibody
titre against sheep RBC to assess the humoral immunity.22 Blood samples were
collected in heparin tubes on the 120th day from four rats in each group to assess
the cell-mediated immunity by the lymphocyte proliferation assay. The 3(4,5-
dimethyl thiazol-2-yl) 2,5 diphenyl-tetrazolium bromide (MTT) colorimetric assay
was carried out23 with some minor modifications 24 for the proliferation of
lymphocytes against concanavalin A (Sigma, USA).

Histopathology: At the end of study period, the rats were sacrificed by using an
overdose of anaesthesia and the gross examination of the visceral organs was
done. Tissues of liver, kidney, spleen, heart, lung, thyroid, and thymus were also
collected in 10% buffered formalin (fixative) for histological study. These tissues
were then processed and embedded in paraffin. Five µm tissue sections were
prepared using a rotatory microtome and stained with haematoxylin and eosin
stains.25 After staining, these sections were dehydrated in an ascending series of
ethanol, cleared in xylene, and mounted in the synthetic resin DPX (a mixture of
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the polystyrene distyrene, the plasticizer tricresyl phosphate, and xylene). The
sections were then examined under a light microscope for any histological
changes.

RESULTS

The haemagglutination antibody titres against sheep RBCs in the different
groups of rats are presented in Figure 1.
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The mean±SE haemagglutination antibody titres in the groups were: Group A:

3.25±0.25, B: 3.0±0.41, C: 3.25±0.25, D: 3.25±0.25, E: 3.25±0.25, F: 3.25±0.25,
G: 3.0±0.41, and H: 3.0±0.58. There was no significant difference in serum
haemagglutination antibody titre against sheep RBCs in the various treatment
groups when compared to control rats. However, there was a non-significant
decrease in humoral immunity in the F, the F + aluminium silicate, and the
aluminium silicate groups. 

The stimulation indexes observed were: Group A: 1.05±0.07, B: 0.87±0.04, C:
0.91±0.04, D: 0.97±0.08, E: 1.05±0.01. F: 1.07±0.27, G: 0.79±0.11, and H:
1.13±0.01 (Figure 2). The lymphocyte proliferation assay revealed a significant
(p<0.05) decrease in the stimulation index in the fluoride treatment group, Group
B, and the F + aluminium silicate supplemented group, Group G, as compared to
their counter parts. There was no significant difference in the stimulation index in
the other treatment groups when compared to the control group. The rats in
Groups C and E revealed no significant difference in the stimulation index when
compared to the control rats, indicating the ameliorative effect of boron and
calcium chloride on F toxicity. On gross examination, no morphological changes
were observed in the visceral organs. However, diverse histopathological changes

A B C D E F G H

   Haemagglutination titre

Figure 1. Mean±SE haemagglutination antibody titre against sheep RBCs in the different 
groups, A-H, of rats. 
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were observed in the various visceral organs of the rats belonging to the different
groups (Figure 3). 

The thyroid endocrine gland in the rats of Group B revealed a loss of colloid in
the follicles and degeneration of the secretory epithelial cells (Figure 3a) when
compared to the control rats, which showed uniform colloid in the follicles with
simple cuboidal epithelial cells. The liver of the rats belonging to Group B showed
vacuolar degeneration of the hepatocytes with condensation of the nucleus,
change in the hepatocyte architecture, and a focal infiltration of mononuclear
cells (Figure 3b). 

Kidney revealed infiltration of mononuclear cells with loss of tubular epithelial
cells with degeneration and casts in the tubular lumen (Figure 3c). Spleen

A B C D E F G H

Stimulation index

Figure 2. Mean ± SE stimulation index by lymphocyte proliferation assay in the different 
groups, A-H, of rats. Compared to control, *p<0.05.

Figures 3a and 3b. Histopathological changes in the different treatment groups 
(haematoxylin and eosin, scale bar = 100 µm). 3a: Group B thyroid showing loss of colloid 
and degeneration of epithelial cells; 3b: Group B liver showing vacuolar degeneration, 
condensation of nucleus and hepatocellular necrosis. 
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revealed loss of lymphocytes from white pulp and mild reticulum cell hyperplasia
(Figure 3d) whereas thymus showed loss of lymphocytes and plasma cells from
the germinal centres (Figure 3e) in rats exposed to fluoride ions. In the Group C
rats, the thyroid showed normal secretory epithelial cells with colloid in the
follicles (Figure 3f). 

The liver of the Group E rats showed hepatocytes with a vesicular nucleus and
pink stained cytoplasm (Figure 3g) which was similar to that of the control rats.
The kidney of the Group C rats revealed normal glomerular architecture without
any casts in the tubular lumen (Figure 3h) as seen in the rats of Group B. The
spleen in the Group E rats revealed germinal centres with lymphocytes and normal
architecture (Figure 3i) as seen in the control rats. The rats in Groups D, F, and H
who were given boron, calcium chloride, and aluminium silicate alone,
respectively, showed no histopathological changes in these organs as compared to
the rats of the control group. The rats in Groups C and E revealed amelioration
from the toxic effects of F in terms of the histological changes in the liver, kidney,
spleen, thyroid, and thymus. However, the rats in Group G given F + aluminium
silicate revealed similar changes in these visceral organs to those of the rats in
Group B, indicating no ameliorative effect of aluminium silicate on F toxicity. The
heart and lung tissues did not show any histopathological changes in any of the
rats in the treatment groups as compared to the control rats. 

Figures 3c-3f. Histopathological changes in the different treatment groups (haematoxylin 
and eosin, scale bar = 100 µm). 3c: Group B kidney showing formation of casts stained pink 
colour in the lumen of tubules; 3d: Group B spleen showing mild loss of lymphocytes with 
reticulum cell hyperplasia; 3e: Group B thymus showing loss of lymphocytes and plasma 
cells from the germinal centres; 3f: Group C thyroid showing appearance of colloid with 
normal secretory epithelial cells. 
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DISCUSSION

The present findings indicated that while humoral immunity was affected only
slightly, to a statistically nonsignificant extent, the cell-mediated immunity was
greatly affected by F ingestion at 30 ppm through the drinking water. In
physiological amounts, boron has been shown to increase serum antibodies in
broilers and rats.26 The thymus gland cultivates mainly T lymphocytes and
mediates the cellular immunity. The cellular immunity was affected by F toxicity
and concurred with the pathological changes in the thymus. The bone marrow
mainly cultivates B lymphocytes and mediates humoral immunity. In addition to
storing red blood cells, the spleen is a peripheral immune organ and generates an
immune response. The visceral organs like liver, kidney, spleen, thymus, and
thyroid showed toxic effects on F exposure. 

The ameliorative effect of boron and calcium chloride at 50 ppm level on F
toxicity was observed with the haemagglutination antibody titre, the lymphocyte
proliferation assay, and the histopathological examination. Extensive ballooning
degeneration, hepatocellular necrosis, and infiltration of mononuclear cells have
also been observed in the livers of mice fed with 500 ppm of NaF in drinking
water.27 The lesion observed in the present study concurred with the previous
report 27 but was less severe and this might have been due to the lower dose of F
used in the present study. High doses of boron (>200 mg/L) in drinking water can
significantly inhibit the growth of immune organs and lead to the exhibition of
toxic effects in broilers.28 Another study indicated that birds fed with 100 mg/L of
boron had a rapid development of the thymus at 4 weeks of age, with an increased

Figures 3g-3i. Histopathological changes in 
the different treatment groups (haematoxylin 
and eosin, scale bar = 100 µm). 3g: Group E 
liver showing normal appearance of 
hepatocytes with vesicular nucleus and pink 
stained cytoplasm; 3h: Group C kidney 
showing disappearance of casts in the tubules 
and normal glomerular architecture; 3i: Group 
E spleen showing normal architecture with 
germinal centre containing lymphocytes. 
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number of lymphocytes within the thymic parenchyma, and gradual enlargement
of the lobules which were well developed by 6 weeks of age.28 Boron plays a vital
role in regulating enzymatic activity in pathways involved in energy substrate
metabolism, insulin release, and the immune system. It modifies insulin release by
altering the metabolism of nicotinamide adenine dinucleotide phosphate (NADP)
and may affect glucose, lipid, and protein metabolism.26 However, toxic effects of
boron have also been reported when fed at high levels (>400 mg/L) in broilers.28

Thus, low doses of boron may be used in animals to ameliorate the toxic effects of
F as observed in this study. 

The aluminium silicate did not show any amelioration on F toxicity. A toxic
effect of aluminium chloride along with F in mice testis has been reported
previously.9,29 This may be the reason for aluminium silicate not having an
ameliorative effect on F toxicity and also having an additional toxic effect as
observed in the cell-mediated immunity and the histopathological changes in the
various organs in the Group G rats. However, aluminium silicate is being widely
studied for its effect on the amelioration of various mycotoxins in poultry. 

We found calcium chloride overcame the toxic effects of F on immunity and the
various organ pathologies and this concurred with a previous report which
indicated that calcium neutralizes the F bioavailability in a lethal model of F
poisoning in mice.30 The spleen and thymus showed histopathological changes in
Groups B and H which corresponds to the decreased stimulation index in the
lymphocyte proliferation assay. The histopathological changes observed in the rats
of the different treatment groups corresponded to the immunity results. 

 Thus, boron and calcium chloride may be conveniently used for ameliorating F
toxicity. However, more experimental studies are highly recommended in order to
understand the changes occurring at the molecular and subcellular levels in F
toxicity and their amelioration by various agents. 
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