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ABSTRACT

Chronic fluoride exposure is a widespread environmental concern associated with various health implications
beyond its well-known effects on dental and skeletal systems. Eighteen Wistar albino rats were divided into three
groups having six in each. The control group was given 1 ml deionized water/kg b.w./day for 40 days. The groups
Il and 111 were administered with sodium fluoride (NaF) orally by oral gavage at doses of 300 mg/kg and 600
mg/kg body weight daily for the same period. The animals were sacrificed, cardiac tissue was taken out and
processed for histopathological changes and biochemical analysis. Histopathological examination using light
microscopy revealed nuclear dissolution, swelling, and degeneration progressing to pyknosis and karyorrhexis,
Zenker's degeneration, vascular dilation, myofiber fragmentation, and loss of cross-striations were observed in rats
treated with 300 mg NaF. Treatment with 600 mg NaF exacerbated these effects, showing fibrillolysis, fibrous
necrosis, interstitial edema, and extensive cellular infiltration. Biochemical results showed a significant (P<
0.0001) increase in triglycerides, total cholesterol, low-density lipoproteins, very low-density lipoproteins, and
phospholipids, along with a marked decrease in high-density lipoproteins levels in fluoride-exposed rats. Pearson’s
bivariate correlation and simple linear regression analysis exhibited positive relationship between the levels of
fluoride and triglycerides, total cholesterol, low-density lipoproteins, very low-density lipoproteins and
phospholipids. On contrary, negative relationship existed between the levels of fluoride and HDL, indicating
fluoride-induced dyslipidemia.

KEYWORDS: Fluoride, High-density lipoproteins, Histopathology, Low-density lipoproteins, Phospholipids,
Triglycerides, Total cholesterol, Very low-density lipoproteins.

INTRODUCTION

Fluoride, a ubiquitous environmental contaminant, poses
significant health risks through chronic exposure. One of
the most visible manifestations of excessive fluoride
intake is fluorosis, characterized by dental mottling in
mild cases and severe skeletal deformities in more
extreme instances. Beyond its well-documented effects
on dental and skeletal health, fluoride toxicity extends to
various organ systems, including the brain?, skeletal
muscles®!, kidneys™, reproductive organs’®, endocrine
glands'®, liver and spleen.l"®!

Histopathological studies in animals have shown
significant pathological changes in cardiac tissue due to
chronic sodium fluoride exposure, including myocardial
cell necrosis and vacuolation.!® Previous studies reported
structural abnormalities in experimental animals exposed
to fluoride.'**] These changes are indicative of the
cardiotoxic  potential of fluoride, leading to
cardiovascular diseases. This study aims to elucidate the
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effects of fluoride on Lipid profile and histopathological
changes in the cardiac tissue of albino rats.

The detrimental impact of fluoride on soft tissues has
drawn increasing attention, particularly its disruption of
enzymatic functions leading to oxidative stress and the
generation of free radicals.'"’ Among these tissues, the
cardiovascular system stands out due to its sensitivity to
lipid disturbances, which are pivotal in the development
of myocardial diseases. Lipids play essential roles in
cellular structure, signaling, and energy storage, and their
deregulation is intricately linked to conditions such as
atherosclerosis and coronary artery disease.™™! Fluoride
exposure has been shown to induce hyperlipidemia and
alter lipid profiles over time.**! Elevated levels of blood
lipids, including triglycerides (TG), total cholesterol
(TC), low-density lipoproteins (LDL), very low-density
lipoproteins (VLDL), phospholipids and reduced high-
density lipoproteins (HDL), are recognized markers of
cardiovascular risk. Moreover, ability of fluoride to
impair thyroid function and induce hypothyroidism
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further exacerbates lipid metabolism abnormalities,
potentially amplifying cardiovascular risks.*!

MATERIALS AND METHODS

Experimental protocol

A total of eighteen young Wistar albino rats weighing
between 150-200 g were kept in polypropylene cages
with stainless steel grill tops and provided standard rat
pellet diet (Hindustan Lever Limited, India) and ad
libitum access to water. Following a two-week
acclimatization period, rats were randomly assigned into
three groups of six animals each. Groups Il and IlI
received daily oral gavage of 300 mg and 600 mg
sodium fluoride (NaF) per kg body weight, respectively,
for 40 days, while the control group received 1 mL of
double deionized water/kg b.w./day for the same time
period. After the experimental period, rats were fasted
overnight, weighed and excised. The heart tissue was
isolated, washed with normal saline, weighed and
processed further for histopathological and biochemical
analysis.

Histopathological analysis

Cardiac tissue was fixed in Bouin's fluid for 24 hours,
dehydrated in 95% alcohol for 45 minutes, treated with
tertiary butyl alcohol for 6 hours, cleared in amyl acetate
overnight, and embedded in paraffin wax. Serial sections
of 7 um were cut and then stained with haematoxylin and
eosin.’®! Histopathological alterations were examined
under a research binocular microscope (Leica
microsystem) and microphotographed.

Biochemical estimation

Sample preparation: The cardiac tissue was quickly
homogenized in 0.1 M phosphate buffer (pH 7.4) using a
homogenizer. The homogenate was then centrifuged at
10,000 rpm for 10 minutes, and the resulting
supernatants were used for biochemical analysis.

Chemicals and Reagents

Diagnostic kits of Erba Mannheim/Germany were used
for the estimation of levels of triglycerides, total
cholesterol, low-density lipoproteins, and high-density
lipoproteins. The levels of very-low density lipoproteins
were estimated using the formula given by Friedewald et
al.*7 and the phospholipids levels were assessed using a
diagnostics kit from DiaSys Diagnostic Systems, by
following the instructions provided in the protocols.

Biochemical Assays

The level of fluoride in the cardiac tissue was measured
by a potentiometric method by using the ion selective
electrode.l*®

The levels of TG, TC, LDL, HDL, VLDL, phospholipids
in control and experimental rats were estimated using
commercially available reagent kits by following the
datasheet instructions.
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Statistical analysis

Statistical analyses were conducted using SPSS 16.0
statistical software (IBM). Data are expressed as Mean +
standard deviation (SD). One-way analysis of variance
(ANOVA) was employed to assess the significance
between experimental groups, followed by post hoc
Bonferroni  multiple  comparison  test.  Statistical
significance was defined as P< 0.05. Pearson’s bivariate
correlation analysis and simple linear regression test was
used to examine the relationships between two variables.

Ethical Aspects

All  experimental procedures were conducted in
accordance with the guidelines approved by the
Institutional Animal Ethical Committee of Punjabi
University, Patiala  (Animal  Maintenance and
Registration No. 107/GO/ReBi/S/99/CPCSEA/2017-42).

RESULTS

Histopathological findings

The histopathological examination of cardiac tissue of
control rat revealed syncytical arrangement of muscle
fibres. These fibers were separated by narrow inter-
muscular spaces (Fig. 1). Cardiomyocytes had close
alignment with typical features and structural integrity
and were introduced to fusiform in an orderly manner
(Fig. 2). The myofilaments of cardiomyocytes were
aligned neatly, with distinct horizontal stripes.
Myocardial fibers were uniformly sized, and the
cytoplasm was uniformly distributed. A normal blood
vessel was also visible (Fig. 3). At higher magnification,
the myocardium appeared normal, with a centrally
placed nucleus, cross-striated myofibres, and a typical
branching pattern (Fig. 4).

In  comparison to the control group, marked
histopathological changes were observed in sodium
fluoride treated rats. The cardiac tissue of rats treated
with 300 mg NaF/kg b.w./day for 40 days revealed that
the nuclei were dissolving and experiencing mild to
moderate swelling. The nucleus showed signs of
degeneration with changes in shape and size, ultimately
progressing to a state of pyknosis and karyorrhexis (Fig.
5). Zenker's myocardial degeneration was observed along
with vascular dilation and congestion. There was
fragmentation and separation of myofibers and loss of
cross striations (Fig. 6). In fluoridated rats, there were
areas in the tissue where the muscle fibers were
disorganized, fragmented, and showed signs of cell death
(myonecrosis). These areas were also infiltrated by
inflammatory cells, mostly lymphocytes, indicating a
response to the damage (Fig. 7). The cellular changes
such as rupturing of muscle fibers, widened intercellular
space and extensive inter-myofibrillar haemorrhage were
noted (Fig. 8). The mild degeneration and congestion of
myocardial fibers along with cloudy swellings and
formation of vacuoles were prominent (Fig. 9). The
myocardial fibers appeared to be clumped and distortion
of endocardial layer was seen (Fig. 10).
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The light microscopy of the cardiac tissue of rats treated
with 600 mg NaF/kg b.w./day for 40 days revealed
isolated fibrillolysis, early signs of fibrous necrosis, and
dissolution of nuclei. Additionally, interstitial spaces
showed the presence of a fibrinous, edematous fluid,
numerous haemorrhage sites, and infiltration by various
cells including histiocytes, lymphocytes, and
granulocytes (Fig. 11). The experimental rats exhibited
significant vacuolar/fatty degeneration in the cardiac
tissue, with dilated blood vessels displaying hyperplasia,
leading to detachment from the cardiac muscle (Fig. 12).
There was presence of histolytic cells. Spotty necrosis,
disarray and collapse of myofibrils and hyaline
degeneration were also noted (Fig. 13). The arrangement
of myofilaments began to loosen and disordered large
gaps between myocardial fibers were prominent (Fig.
14). Cardiac muscle cells experienced denaturation and
there was extensive haemorrhage and rupture between
the cardiomyocytes (Fig. 15). In the myocardium, there
were acute fibrous necrosis, sarcoplasmic vacuolization,
small haemorrhages and fibrillolysis observed (Fig. 16).

Lipid Profile

1. Triglycerides

The mean level of TG in cardiac tissue of rats exposed to
fluoride significantly increased (F = 175.835, P< 0.0001)
by +20.229% and +46.761% after 40 days of treatment
(Fig. 17). Post-hoc Bonferroni test confirmed significant
(P< 0.0001) elevation in level of TG within and between
fluoride-treated groups (95% CI = -18.373 to -13.487).

2. Total Cholesterol

The mean level of TC in cardiac tissue of group 11 (300
mg NaF/kg b.w./day) and group Il (600 mg NaF/kg
b.w./day) significantly increased (F = 680.150, P<
0.0001) by +81.061% and +142.481%, respectively,
compared to control after 40 days of fluoride exposure
(Fig. 18). Post-hoc Bonferroni test revealed significant
(P< 0.0001) increase in level of TC within and between
fluoride-treated groups (95% CI = -44.183 to -24.618).

3. Low-density Lipoproteins (LDL)

The mean level of LDL in cardiac tissue of rats
significantly increased (F = 639.568, P< 0.0001)
compared to controls after 40 days of fluoride
administration (Fig. 19). There was +85.232% and
+162.837% increase observed in fluoride-administered
groups. Post-hoc Bonferroni test exhibited significant
(P< 0.0001) elevation in level of LDL within and
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between fluoride-treated groups (95% CI = -29.619 to -
19.847).

4. High-density Lipoproteins (HDL)

The mean level of HDL in cardiac tissue of rats
significantly decreased (F = 73.175, P< 0.0001) by -
17.963% and -39.180% compared to controls (Fig. 20).
Post-hoc Bonferroni test indicated significant (P<
0.0001) decrease in level of HDL within and between
fluoride-treated groups (95% CI = 2.847 to 7.392).

5. Very Low-density Lipoproteins (VLDL)

The mean level of VLDL in cardiac tissue of rats
significantly increased (F = 175.811, P< 0.0001) after 40
days of fluoride exposure (Fig. 21). There was an incline
of +20.232% in group Il and +46.760% in group IlI.
Post-hoc Bonferroni test indicated significant (P<
0.0001) increase in level of VLDL within and between
fluoridated groups (95% CI = -3.675 to -2.697).

6. Phospholipids

The mean level of phospholipids in cardiac tissue of
fluoridated rats showed significant accumulation (F =
55.213, P< 0.0001) compared to control rats, indicating
an increase of +17.068% in the 300 mg/kg NaF group
and +32.501% in the 600 mg/kg NaF group, respectively
(Fig. 22). Post-hoc Bonferroni test after ANOVA
revealed significant (P< 0.0001) elevation in the level of
phospholipids within and between fluoride-treated
groups (95% CI = -20.258 to -5.660).

Correlation Analysis

Pearson’s correlation and simple linear regression
analysis showed a significant positive relationship (P<
0.0001) between the levels of fluoride and triglycerides
(R?=0.886, Pearson r = 0.941; Y = 63.410 + 800.738X;
Fig. 23); total cholesterol (R? = 0.963, Pearson r = 0.981;
Y = 40.057+1775.524X; Fig. 24); low-density
lipoproteins (R? = 0.960, Pearson r = 0.980; Y = 23.828
+1271.769X; Fig. 25); very low-density lipoproteins (R
=0.886, Pearson r = 0.941; Y = 12.682 + 160.150X; Fig.
26). phospholipids (R? = 0.845, Pearson r = 0.919; Y =
76.428 + 662.430X; Fig. 28), whereas there was
significant (P< 0.0001) negative relationship between the
levels of fluoride and high-density lipoproteins (R* =
0.917, Pearson r = -0.958; Y = 26.452 - 268.466X; Fig.
27) following the 40 day fluoride exposure.
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Fig. 1: T.S. of cardiac tissue of control rat showing
the normal syncytial arrangement of myocardial
fibers (T ). Haematoxylin and EosinX400

Fig. 2: T.S. of cardiac tissue of control rat showing
fusiform order and the intercellular spaces (| ).
Haematoxylin and EosinX100
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Fig. 3: T.S. of cardiac tissue of control rat showing
regular and uniform pattern of cardiac cells
arrangement. Narrow intercellular spaces and a blood
vessel (| ) were also seen. Haematoxylin and
Eo0sinX100
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Fig. 4: T.S. of cardiac tissue of control rat showing
cardiac muscle fibers with centrally placed nuclei ().
Intercalated discs were also visible (|). Haematoxyli
and EosinX 1000 (under oil immersion

Fig. 5: T.S. of cardiac tissue of rat treated with 300
mg NaF/kg b.w./day for 40 days showing dissolution
of nuclei () and nuclear pyknosis, karyolysis. and
chromatin margination in cardiac myocytes.
Haematoxylin and EosinX400

Fig. 6: T.S. of cardiac tissuc of rat treated with 300
mg NaF/kg b.w./day for 40 days showing Zenker’s
degeneration (| ) with widely separated myocardial
fibers (| ) exhibiting wavy orientation. Haematoxylin
and EosinX100
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Fig. 7: T.S. of cardiac tissue of rat treated with 300
mg NaF/kg b.w./day for 40 days showing presence of
numerous cytoplasmic vacuoles (| ) and lymphocytic
infiltration (1‘). Haematoxylin and EosinX400

Fig. 8: T.S. of cardiac tissue of rat treated with 300
mg Nal/kg b.w./day for 40 days showing dilated
blood vessel (1‘) and hemorrhage (T), Haematoxylin
and EosinX100

Fig. 9: T.S. of cardiac tissue of rat treated with 300

mg NaF/kg b.w./day for 40 days showing cloudy mg NaF/kg b.w./day for 40 days showing clumped
swellings ('|) and congestion of myocardial fibers. fibers (). Hacmatoxylin and EosinX40
Haematoxylin and EosinX100

dad = ‘_ ; L 3 = - Fig. 12: T.S. of cardiac tissue of rat treated with

Fig. 11: T.S. of cardiac tissue of rat treated with 600 600 mg NaF/kg b.w./day for 40 days showing
mg NaF/kg b.w./day for 40 days showing interstitial thickening of , coronary artery (‘). Vacuolar
edema (|), fibrillolysis (] ) and fibrous necrosis (). degeneration ( | ) of myocardium was also seen.
Haematoxylin and EosinX400 Haematoxylin and EosinX100
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Fig. 13: T.S. of cardiac tissue of rat treated with 600
mg NaF/kg b.w./day for 40 days showing interstifial
inflammatory cells () and hyaline degeneration ( | ).
Haematoxylin and EosinX400

Fig. 14: T.S. of cardiac tissue of rat treated with 600
mg NaF/kg b.w./day for 40 days showing disarrayed
pattern of cardiac myofibers (‘|') and loosely arranged
myofilaments. Haematoxylin and EosinX100
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Fig. 15: T.S. of cardiac tissue of rat treated with 600
mg NaF/kg b.w./day for 40 days showing interstitial
edema ( ), fibrillolysis (T ) and fibrous necrosis (|).

Fig. 16: T.S. of cardiac tissue of rat treated with 600
mg NaF/kg b.w./day for 40 days showing acute
fibrous necrosis and damage to parenchyma
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Fig. 17: Mean level of triglycerides (immg/dL) in control
and fluoridated rats. “P<< 0.0001 Groups II-III compared
with Group I. == P< 0.0001 Group IT compared with
Group III. One way ANOWVA followed by post-hoc
Bonferroni multiple comparison test.

Fig. 18: Mean level of total cholesterol (mg/dL) in
control and fluoride treated rats. “P<< 0.0001 Groups II-
III compared with Group I. == P< 0.0001 Group II
compared with Group III. One way ANOVA followed
by post-hoc Bonferroni multiple comparison test.
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Fig. 19: Mean level of low-density lipoproteins
(mg/dL) in control and fluoride-administered rats. “P<
0.0001 Groups I-IIl compared with Group I, =* P<
0.0001 Group II compared with Group IOI. One way
ANOVA followed by post-hoc Bonferrom nmltiple
comparison test.

Fig. 20: Mean level of high-density lipoproteins
(mg/dL) in control and fluoride-induced rats. “P<
0.0001 Groups II-III compared with Group I, == P<
0.0001 Group II compared with Group III. One way
ANOVA followed by post-hoc Bonferrom multiple
comparison test.
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Fig. 21: Mean level of very low-density lipoproteins
(mg/dL) mn control and fluoride-administered rats. “P<
0.0001 Groups II-IIT compared with Group I, == P<
0.0001 Group II compared with Group III. One way
ANOVA followed by post-hoc Bonferrom nmltiple
comparison test.

Fig. 22: Mean level of phospholipids (mg/dL) in
control and fluoride-administered rats. “P< 0.0001
Groups IO-TII compared with Group I, == P< 0.0001
Group II compared with Group II. One way ANOVA
followed by post-hoc Bonferront multiple comparison
test.
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Fig. 23: Scattterplot showing Pearson’s bivariate
correlation and simple linear regression between levels
of cardiac tissue fluoride (ng/z) and triglycerides
(mg/dL) in cardiac tissue of rats after 40 days of
fluoride treatment.

Fig. 24: Scattterplot showing Pearson’s bivariate
correlation and simple linear regression between levels
of cardiac tissue fluoride (ng/g) and total cholesterol
(mg/dL) in cardiac tissue of rats following 40 days of
fluoride treatment.
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Fig. 25: Scattterplot showing Pearson’s bivariate
correlation and simple linear regression between levels
of cardiac tissue fluoride (ug/g) and low-density
lipoproteins (mg/dL) in cardiac tissue of rats after 40
days of fluoride exposure.

Fig. 26: Scattterplot showing Pearson’s bivariate
correlation and simple linear regression between levels
of cardiac tissue fluoride (pg/g) and high-density
lipoproteins (mg/dL) in cardiac tissue of rats after 40
days of fluoride treatment.
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Fig. 27: Scattterplot showing Pearson’s bivariate Fig. 28: Scattterplot showing Pearson’s bivariate

correlation and simple linear regression between levels
of cardiac tissue fluoride (ng/g) and very low-density
lipoproteins (mg/dL) in cardiac tissue of rats following
40 dawys of fluoride treatment.

correlation and simple linear regression between levels
of cardiac tissue fluoride (ng'g) and phospholipids
(mg/dl.) in cardiac tissue of rats after 40 days of
fluoride administration.
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DISCUSSION

In the current investigation, the histopathological
findings of rats subjected to 300 and 600 mg/kg of NaF
b.w./day respectively for 40 days unveiled significant
pathological alterations i.e. myocardial cell necrosis,
fibrillolysis, extensive cytoplasmic vacuole formation,
swollen myocardial fibers, nucleus dissolution, clumped
fibers, and interstitial inflammatory infiltrate. These
findings are in accordance with the study of Okushi*!
who documented several pathological alterations such as
cloudy swelling, infiltration with round cells, thickening
of adventitia, diffuse hemorrhages, and vacuolar and
colloid degeneration of the myocardium in rabbits
exposed to sodium fluoride. The present study highlights
the interference of fluoride with myocardial metabolism,
a condition witnessed by Iwase® who illustrated
through histochemical analysis that fluoride induced
degenerative alterations followed by changes in the
localization of glycogen in the myocardium of rabbits
receiving 10-30 mg NaF/kg/ b.w./day for 15-169 days.
Cloudy swelling, vacuolar degeneration, hemorrhages,
and round-cell infiltration in the cardiac tissue of rabbits
under the effect of fluoride was noted.!

In fluorotic patients, Muller and Bock?? demonstrated
myocardial edema accompanied by the infiltration of
erythrocytes and leukocytes, as well as acute right
dilatation of the heart and general venous hyperemia.
Another study reported degenerative changes, notably
fragmentation of muscle fibers, in the heart of a fluorotic
patient, where delicate sarcolemma was replaced by a
fibrous structure.”® The study done by Pribillal®!
revealed fibrous necrosis, nuclear  dissolution,
fibrillolysis, interstitial edema, minute hemorrhages, and
infiltration of histiocytes, lymphocytes, and granulocytes
in the myocardium of fluorotic patients.

In rabbits subjected to fluoride exposure, Shashi and
Thapar® displayed significant pathological changes in
the myocardium. These changes included extensive
interstitial edema, fibrous necrosis, and cloudy swellings.
Particularly in the group receiving the highest dose of 50
mg of NaF/kg b.w./day, there was marked presence of
myocardial fiber disintegration, round cell infiltration,
and acute hemorrhages. Similar changes were reported
by Cicek et al.”) who observed significant histological
alterations, including myocardial cell  necrosis,
cytoplasmic vacuole development, dissolution of
nucleus, inflated and clumped myocardial fibers,
fibrillolysis, interstitial oedema, tiny hemorrhagic
regions as well as hyperaemic blood vessels in cardiac
tissues of rat treated with 50 and 100 mg/L NaF.

The present investigation supports the findings of
Stawiarska-Picta et al.”}, who found that long-term
exposure to fluorine compounds causes morphological
changes and impaired function. They also reported
pathological changes in the heart of the rabbits
supplemented with 3 mg NaF/kg b.w./day in their
drinking water. Varol et al.”® postulated that the
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production of reactive oxygen species in chronic
fluorosis could cause myocardial cell damage and death.

Kaithwas et al.” documented focal areas of myocardial
degeneration with sparse infiltration and vacuolation in
rats treated with doxorubicin. Cardiac myofibers were
found to be in disarrayed pattern in the present study.
This concurs with the work of Thent et al.®” who
presumed that this is due to the degeneration of the
structural protein in mitochondria of the cytoplasm in
diabetic rats.

During the present study, the myocytes were separated
from each other by wide intracellular spaces and some
myocardial fibers exhibited vacuolated sarcoplasm,
along with localized areas of hemorrhage and congested
blood capillaries. These observations align with the
findings of Basha and Sujitha™®, who reported similar
histopathological changes, including edema, plasmic
vacuolization, small hemorrhages, and fibrous necrosis
in the cardiac tissue of fluoridated rats. Other
experimental studies also showed similar results in the
cardiac tissue of rats.F2**3! |n the present study, the
cardiac tissue of fluoridated rats exhibited mild
mononuclear cell infiltration between cardiac muscle
fibers, focal sarcolytic changes, fibroblast proliferation,
small pockets of hemorrhages, and thickened blood
vessels. These alterations could be due to reduced
antioxidant enzyme activity or membrane lipid
peroxidation induced by fluoride.™

During present investigation, there was loss of cross-
striations, fragmentation and Zenker’s necrosis in the
cardiac tissue of fluoride treated rats. Some studies have
documented myocardial cell damage following fluoride
intoxication in both in vivo and in vitro experiments.6%"]

Dyslipidemia is one of the major risk factors of coronary
artery disease.”®® Fluoride alters the lipid profile, which
is an important risk factor for the occurrence of
cardiovascular disease. In the present investigation, the
fluoride-exposed treated group exhibited significantly
(P< 0.0001) elevated levels of total cholesterol,
triglycerides, low-density lipoprotein cholesterol, very
low-density lipoprotein cholesterol and phospholipids,
meanwhile, the level of high-density lipoproteins was
significantly (P< 0.0001) declined.

Shashi®! observed elevated levels of triglycerides (TG)
in rats administered at doses of 5, 10, 20 and 50 mg
NaF/kg b.w./day, these findings are in agreement with
the current study. Triglycerides underwent hydrolysis by
a hormone-sensitive lipase to form free fatty acids and
glycerol. Fluorides are known as strong inhibitors of
various enzyme systems like lipase, bone phosphatase,
esterases. Lipase, a hydrolyzing enzyme is particularly
susceptible to the inhibitory action of fluoride in amounts
as low as 1 part in 5 million. This type of inhibition of
lipase may result in an increased level of triglycerides
during chronic fluoride intoxication.**" Afolabi et
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al.* observed that male rats treated with 100 mg/L of
fluoride in drinking water for seven weeks had
significant hypertriglyceridemia. This was due to
enhanced fatty acid supply and impaired removal of very
low-density lipoprotein from the plasma resulting to high
levels of triglycerides.[*?)

In the current study, the fluoridated rats exhibited a
highly significant (P< 0.0001) increase in the levels of
total cholesterol (TC). These findings are in concordance
with the study done by Rupal and Narasimhacharya
(2010) who reported hypercholesterolemia in fluoride
exposed animals, indicating significant (P< 0. 001)
increases in cholesterol biosynthesis. Fluoride-induced
hypercholesterolemia is thought to involve the disruption
of lipid metabolism in the liver. This disruption results in
accumulation of cholesterol and other lipids, which in
turn raises the levels of serum cholesterol. These findings
are further supported by Abdel-Wahab!**! who noted that
sodium fluoride administration raised the levels of total
lipids and cholesterol. Shashi and Bhardwaj*®! have
reported rise in serum cholesterol levels among fluorotic
patients.

The present study revealed a highly significant (P< 0.
0001) increase in the level of low-density lipoprotein
(LDL) in the cardiac tissue of fluoridated rats. This is in
concordance with the study of Abdel-Baky and Abdel-
Rahmant®!, who reported a significant increase in the
level of serum LDL in sodium fluoride treated animals
compared to control. The increase in LDL is particularly
concerning as it leads to the development of
atherosclerosis and cardiovascular  diseases. The
observed rise in myocardial cholesterol levels in the
fluorotic rats is attributed to increased uptake of LDL by
myocardial membranes from the bloodstream.

The current investigation revealed a highly significant
(P< 0. 0001) reduction in the level of high-density
lipoprotein (HDL) in the fluoridated animals. HDL is
known for its protective role in cardiovascular health by
facilitating the removal of cholesterol from tissues and
efflux of cholesterol from tissues to liver fro excretion.
The decrease in the level of HDL is in line with the study
conducted by Afolabi et al.*, who observed decreased
levels of HDL in male rats administered with 50 mg/L
and 100 mg/L of fluoride in drinking water. This decline
in HDL further emphasizes the potential of fluoride to
contribute to atherogenesis and cardiovascular diseases.

The study also reported a significant elevation (P<
0.0001) in the levels of very low density lipoprotein
(VLDL) in the fluorotic rats. VLDL is a precursor to
LDL and is involved in the transport of triglycerides and
cholesterol to the peripheral tissues. The effect of
fluoride on VLDL may be linked to its effect on lipid
metabolism. Machoy and Wieczorek™” proposed that
fluoride administration leads to alterations in the activity
of enzymes involved in lipid transformation, including
triglyceride lipase and nonspecific esterase. These

www.ejbps.com | Vol 11, Issue 8, 2024.

European Journal of Biomedical and Pharmaceutical Sciences

changes lead to raised VLDL levels and other lipid
abnormalities.

Present experiments showed a significant (P<0.0001)
elevation of phospholipids during chronic fluoride
intoxication in cardiac tissue which might result from a
defect in the lipoprotein metabolism involving either the
failure of the lipid to couple the protein moiety or the
release of the lipoprotein from the liver into the
plasma.l*! Arpita and Bidyut™®® reported incline in the
level of phospholipids after the treatment of fluoride at
doses of 5, 10, 15, 20 ppm for 60 days. In contrary, some
studies documented decreased levels of phospholipids
after the fluoride exposure.%!

CONCLUSION

The present study aims to explore the impact of chronic
fluoride exposure on lipid profile and cardiac tissue
integrity in Wistar rats. These findings depict the
potential of fluoride to induce dyslipidemia and provoke
adverse histopathological changes in cardiac tissues,
highlighting the importance of assessing fluoride toxicity
in relation to cardiovascular health.
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