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Therapeutic effect of taurine on sodium fluoride toxicity in chicks
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The study aimed to investigate if taurine could help reduce sodium fluoride-induced
toxicity in chicks. The chicks in this study were divided into four equal groups, each with
eight chicks: the control group, sodium fluoride 20 mg/kg group, taurine 3 g/kg group, the
fourth group was dosed with each of the sodium fluoride 20 mg/kg and taurine 3 g/kg
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groups all groups were dosed orally. The dosing was set at 5 days/week for 4 weeks. After
2 and 4 weeks of treatment, the group treated with taurine alone or with sodium fluoride
showed an improvement in neurobehavioral and motor activity, as evidenced by a

Chicks reduction in the duration of chick immobility in the immobility test and an increase in the

number of squares cross in the open field test compared to the group treated with sodium

c - fluoride alone. The level of ALT enzyme and calcium in the group treated with sodium
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Y.Z. Al-Abdaly fluoride increased significantly compared to the control and taurine group alone, and with

sodium fluoride, AST and creatinine levels increased significantly after 4 weeks of sodium
fluoride treatment compared to the other groups. When it came to measuring
malondialdehyde and glutathione, the sodium fluoride group alone showed a significant
increase in malondialdehyde and significant decrease in glutathione after 2 and 4 weeks of
treatment when compared to the control and the other groups. The histopathological
examination confirmed the previous findings, with the histological sections of the liver,
kidney, and brain showing a significant improvement in the group treated with sodium
fluoride and taurine after four weeks of treatment. We conclude from this study that
taurine has a clear therapeutic effect against oxidative stress, as evidenced by behavioral
and motor behavioral effects, as well as levels of glutathione, malondialdehyde, and liver
function enzymes, and serum creatinine, as well as histopathological examination of the
brain, kidneys, and liver.
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Introduction

In most mammalian tissues, taurine is the primary
sulfur-containing amino acid found within cells (1).
Taurine's antioxidant properties have been attributed to its
ability to influence biomembrane stability, scavenge ROS-
free radicals, and reduce oxidative stress damage (2).

A study on pigeons found that the amount of taurine
provided during the growth period had an impact on
puberty behavior in the longer term. It has been discovered
that offspring improve their spatial learning abilities and
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their willingness to take risks (3). A zebrafish study found
that taurine inhibits risk assessment behavior, which is a
defense mechanism (4).

Excessive fluoride exposure causes neurotoxicity in
both humans and animals, according to epidemiological and
experimental studies, and one study found that taurine's
antidepressant effect is mediated by increased mRNA
expression in the hippocampus (5).

Through the oxidation of fats and proteins, as well as
DNA damage, oxidative stress causes nerve cell damage
and death (6). The liver is the main site for microorganism
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detoxification, and toxins can easily alter the metabolism
process, the toxic effect of the liver is usually manifested by
disturbances in cellular respiration that interfere with redox
mechanisms (7).

Other studies on the catfish Heteropneustis fossils found
that exposure to 35 mg/L and 70 mg/L fluorides in water
for 45 and 90 days caused Kkidney degeneration,
enlargement of renal tubule epithelial cells, and glomeruli
dilation (8). glutathione is one of the most important
cellular antioxidants in the liver, and its depletion decreases
the cell's ability to fight free radicals and has been linked to
liver injury. Cysteine can decrease oxidative stress and cell
injury in alcohol-treated rats by inhibiting lipid
peroxidation, according to one study. Standardize
antioxidant levels as well (9).

Fluorine is a highly poisonous substance that is found in
a wide range of foods and beverages. While fluorine is not
naturally free, it can combine with almost all minerals and
nonmetals, except oxygen and inert gases (10). Fluorine can
be found in water, soil, air, nutrients, and plants, and it
poses a health risk to humans and animals (11).

Despite numerous hypotheses, the exact mechanism of
fluoride toxicity remains unknown. Fluoride accumulation
in the body causes blood, liver, renal, and nerve diseases,
according to numerous animal studies. Fluoride can also
harm cells by causing protein damage and causing the
formation of free radicals (12). Investigate the effects of
therapeutic taurine on fluorine-induced toxicity at the level
of nervous behavior and motor activity, as well as its effects
on some internal organs through histopathological tissue
sections, and the relationship between all of these effects
and changes in the levels of some enzymes and minerals, as
well as measuring glutathione and malondialdehyde levels.

Materials and methods

Experiments were carried out on the 32 chicks body
weight 300-850 gram. After they had reached the age of
one week and had been raised in the animal house of the
University of Mosul's College of Veterinary Medicine. The
tests used regular oral doses of sodium fluorid powder from
BDH Small Pool in England, dilute formalin for sample
preservation, and Biolabo, Biomerieux, France company
kits for measuring enzymes and minerals. Taurine powder
from France company dissolved in distilled water at a
volume of administration is 5 mL/kg body weight. ALT,

AST, Creatinine, Ca, and P were measured using a
diagnostic kit from the French company BIO LABO,
glutathione was measured using the modified Allman
method (13) malondialdehyde was measured using the
Beuge and Aust method (14).

Statistical analysis

Mann-Whitney test was used to investigate the non-
parametric findings. SPSS was used to interpret the
parameterized results. Tow-way analysis, ANOVA. The
findings were then put through an LSD test. All of the
results had a probability level less than 0.05.

Results

After 2 and 4 weeks of daily treatment, the group of
taurine and sodium fluoride alone or together showed an
improvement in neurobehavioral and motor activity, as
evidenced by a reduction in the period of immobilization in
chicks in the tonic immobility test compared to the group of
sodium fluoride alone (Table 1). After 2 and 4 weeks of
daily treatment, the group of taurine and sodium fluoride
alone or together showed an increase in the number of cross
squares in the open field test compared to the group of
sodium fluoride alone (Table 2).

After 2 and 4 weeks of treatment, the level of the
enzyme ALT increased significantly in the group of sodium
fluoride compared to the control and taurine groups alone
and with sodium fluoride. AST and creatinine levels
increased significantly after 4 weeks of sodium fluoride
treatment when compared to the other groups, the group of
sodium fluoride alone showed a significant increase in
calcium after 2 and 4 weeks of treatment, while phosphorus
did not show a significant difference in any of the groups
(Table 3).

There was a significant increase in the level of
malondialdehyde after 2 and 4 weeks of treatment with
sodium fluoride alone compared to the control, and after 4
weeks, there was a significant increase in the level of
malondialdehyde compared to the control and the rest of the
groups (Table 4). After two and four weeks, the glutathione
level in the group of sodium fluoride alone decreased
significantly compared to the control and the rest of the
groups (Table 5).

Table 1: Tonic immobility test after 2 and 4 weeks of treatment with taurine and sodium fluoride alone or together

Groups Tonic immobility test after 2 weeks/s  Tonic immobility test after 4 weeks/s
Control 35+10 40£12

Sodium fluoride 20 mg/kg 300+60* 300£77*

Taurine 3 g/kg 40.8*112 354102

Sodium fluoride 20 mg/kg+ Taurine 3 g/kg 38142 30+12°2

Each group consists of 8 animals. *Represents the significant difference from the control group when P<0.05. a, represented a
significant difference from the sodium fluoride group after 2 and 4 weeks of treatment. Mean + standard error.
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Table 2: The open field activity after 2 and 4 weeks of taurine and sodium fluoride treatment alone or together

Groups Number of squares cross Number of squares cross
after 2 weeks of treatment after 4 weeks of treatment

Control 6+1 5+2

Sodium fluoride 20 mg / kg 2+5* 1.5+1*

Taurine 3 g/ kg 7128 6+1°

Sodium fluoride 20 mg/kg + Taurine 3 g/kg 4432 4422

Each group consists of 8 animals. *Represents the significant difference from the control group when P<0.05. a, represented a
significant difference from the sodium fluoride group after 2 and 4 weeks of treatment. Mean + standard error.

Table 3: Enzyme and mineral concentrations after 2 and 4 weeks of treatment with NaF and taurine alone or together

Groups ALT AST Creatinine Calcium  Phosphor
U/L U/L Mg/dl mmol/L mmol/L
Control 11+0.4 162+32 0.07+0.01 11.943 6.95+3
Sodium fluoride 20 mg/kg after2 week 13+2* 164+43 0.08+£0.03*  10.92+2* 6.57+2
Sodium fluoride 20 mg/kg after4 week 1442*2  596+50**A (0.1+0.08**A  9.92+2%*a 5.98+2
Taurine 3 g/kg, after 2week 11.7#2%  160+28"  0.08+0.08® 10.8+8%® 6.9+1
Taurine 3 g/kg, after 4week 11.2+1.1% 161+52°  0.08+0.01°  10.5+4%® 6.83t1

Sodium fluoride 20 mg/kg+Taurine 3g/kg after 2 week  11.5+22%  160+22P  0.07+0.01° 11.0+2%® 6.7+1

Sodium fluoride 20 mg/kg+Taurine 3g/kg after 4 week 13+5.0 159+74°  0.07+0.03°  10.8+4%® 6.6+3
Each group consists of 6 animals. *Represents the significant difference from the control group when P<0.05. a represents the
presence of a significant difference from the sodium fluoride group after 2 weeks of treatment. b represented a significant
difference from the sodium fluoride group after 4 weeks of treatment. A, there was a significant difference from the group of
sodium fluoride after 2 weeks of treatment. Mean + standard error.

Table 4: Malondialdehyde concentrations after 2 and 4 weeks of treatment with NaF and taurine alone or in combination

Groups MDA nmol/L, after 2week MDA nomol/L, after 4week
Control 11.142 11+3

Sodium fluoride 20 mg / kg 12.9+3* 13.4+2*

Taurine 3g/kg 11.02+3 11.8+22

Sodium fluoride 20 mg /kg and Taurine 3 g/ kg 11.3+2 11.9+32

Each group consists of 8 animals. *Represents the significant difference from the control group when P<0.05. a, represented a
significant difference from the sodium fluoride group after 2 and 4 weeks of treatment. Mean + standard error.

Table 5: Glutathione concentrations after two and four weeks of treatment with NaF and taurine alone or together

Groups GSH nmol/L, after 2week GSH nmol/L, after 4week
Control 0.024+0.01 0.026+0.009
Sodium fluoride 20 mg / kg 0.012+0.005* 0.010+0.002*
Taurine 3g/kg 0.03+0.01 2 0.03+0.012
Sodium fluoride 20 mg /kg and Taurine 3 g/ kg 0.025+0.01 2 0.035+0.02 2

Each group consists of 6 animals and the data is in the form of a mean and standard error. The group consists of 6 chicks.
*Represents the significant difference from the control group when P<0.05. a, represented a significant difference from the
sodium fluoride group after 2 and 4 weeks of treatment.

Histopathological results of chicken liver of NaF group congestion of central vein and sinusoids (Figure 2).
shows loss of architecture of hepatic tissue characterized by photomicrograph of chicken brain of NaF group shows
coagulative necrosis of hepatocytes, dilation of sinusoids, severe vacuolation, congestion of blood vessels and gliosis
congestion of sinusoids (Figure 1) shows loss of (Figure 3), also shows severe vacuolation, vasogenic
architecture of hepatic tissue characterized by coagulative edema, congestion of blood vessels and gliosis (Figure 4).
necrosis of hepatocytes, dilation of sinusoids, and Kidney of NaF group shows nephritis representing by
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infiltration of inflammatory cells, necrosis of epithelial cells
lining renal tubules, atrophy of glomeruli and dilation of
Bowman’s space, congestion of blood vessels and

hemorrhage (Figure 5).

Figure 1: photomicrograph of chicken liver of NaF group
(for 4 weeks) shows loss of architecture of hepatic tissue
characterized by coagulative necrosis of hepatocytes (A),
dilation of sinusoids (B), congestion of sinusoids (C),
central (D) and portal vein (E). H&E stain, 100X.

Figure 2: photomicrograph of chicken liver of NaF group
(for 4 weeks) shows loss of architecture of hepatic tissue
characterized by coagulative necrosis of hepatocytes (A),
dilation of sinusoids (B) and congestion of central vein (C)
and sinusoids (D). H&E stain, 400X.

After two weeks of treatment, a histological section of
the chick’s liver of the group treated with sodium fluoride
with taurine revealed normal histological parameters
represented by hepatocytes, sinuses, and central vein
(Figure 6). Histological section of the brain of the group,
treated with sodium fluoride with taurine, a normal cerebral
cortex represented by neurons, glial follicles, and a normal
cerebral cortex represented by neurons, glial cell (Figure 7).
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Renal glomerulus, proximal renal tubules, and distal renal
tubules of chicks treated with sodium fluoride with taurine
showed normal histopathology of the kidneys, represented
by the renal glomerulus, proximal renal tubules, and distal
renal tubules (Figure 8). The cerebral cortex, constituted by
neurons, glial cells, and blood vessels, appeared normal in
the group treated with taurine alone after four weeks
(Figure 9). The histological section of the kidney in the
group treated with sodium fluoride with taurine after 4
weeks of treatment reveals slight expansion of Bowman's
capsule in the renal glomerulus and slight cellular swelling
of the proximal renal tubules and distal renal tubules
(Figure 10), brain of sodium fluoride with Taurine treated
group shows normal architecture of brain tissue (Figure 11)
and the histological section of the kidney in the group
treated with sodium fluoride with taurine after 4 weeks of
treatment shows the slight expansion of Bowman's capsule
in the renal glomerulus (Figure 12).

Figure 3: photomicrograph of chicken brain of NaF group
(for 4 weeks) shows severe vacuolation (A), congestion of
blood vessels (B) and gliosis (C). H&E stain, 100X.

Figure 4: photomicrograph of chicken brain of NaF group
(for 4 weeks) shows severe vacuolation (A), vasogenic
edema (B), congestion of blood vessels (C) and gliosis (D).
H&E stain, 400X.



Iragi Journal of Veterinary Sciences, Vol. 36, No. 1, 2022 (223-231)

Figure 5: photomicrograph of chicken kidney of NaF group
(for 4 weeks) shows nephritis representing by infiltration of
inflammatory cells (A), necrosis of epithelial cells lining
renal tubules (B), atrophy of glomeruli and dilation of
Bowman’s space (C), congestion of blood vessels (D) and
hemorrhage (D). H&E stain, 100X.

Figure 6: photomicrograph of liver of sodium fluoride with
Taurine treated group (2 weeks) shows normal architecture
of liver tissue characterized by hepatocytes (A), sinusoids
(B) and central vein (C). H&E stain, 400X.

Figure 8: photomicrograph of kidney of sodium fluoride
with Taurine treated group (2 weeks) shows presene of the
normal architecture of renal tissue of kidney characterized
by renal glomeruli (A), proximal renal tubules (B) in
addition to presence in the distal renal tubules (C). H&E
stain, 400X.

k

Figure 9: photomicrograph of brain of Taurine treated
group (4 weeks) shows normal architecture of brain tissue
characterized by nerve cells (A), glial cells (B) and blood
vessels (C). H&E stain, 100X.

Figure 7: photomicrograph of brain of sodium fluoride with
Taurine treated group (2 weeks) shows normal architecture
of brain tissue characterized by nerve cells (A), glial cells
(B) and blood vessels (C). H&E stain, 100X.

Figure 10: photomicrograph of liver of sodium fluoride
with Taurine treated group (4 weeks) shows normal
architecture of liver tissue characterized by hepatocytes (A)
with mild congestion if sinusoids (B) and central vein (C).
H&E stain, 400X.
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Figure 11: photomicrograph of brain of sodium fluoride
with Taurine treated group (4 weeks) shows normal
architecture of brain tissue characterized by nerve cells (A)
with mild gliosis (B) and mild congestion of blood vessels
(C). H&E stain, 400X.

Figure 12: photomicrograph of kidney of sodium fluoride
with Taurine treated group (4 weeks) shows mild dilation of
Bowman’s space in renal glomeruli (A), mild cell swelling
of epithelial cells lining proximal renal tubules (B) and
distal renal tubules (C). H&E stain, 400X.

Discussion

Taurine is the primary sulfur-containing amino acid
found intracellularly in most mammalian tissues, and it has
antioxidant properties that regulate exudative calcium and
intracellular calcium flow, as well as some cellular
protective properties (1,4).

The ability of taurine as an antioxidant to affect the
stability of the cellular membrane and scavenge free
radicals ROS, as well as reduce the damage caused by
oxidation is attributed to its ability to affect the stability of
the cellular membrane and scavenge free radicals ROS, and
reduce the damage caused by oxidation (2), our study
confirmed these effects through the results recorded when
treated with taurine after two and four weeks of its use as a
sodium fluoride toxicity treatment.
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Sodium fluoride caused motor inhibition in the open
field test and increased rest time in the tonic immobility
test. Taurine is very important in brain development and is
distributed in the cerebellum, cortex, and hippocampus,
according to studies performed on mice and zebrafish.
Taurine is also effective against the mechanisms associated
with stress. The hypothalamic-pituitary-adrenal axis (HPA)
is inhibited, which may be resulting in these effects (1).

Taurine also inhibits the overproduction of glutamate by
preventing the reduction of serotonin, dopamine,
noradrenaline, and acetylcholine levels in mice subjected to
chronic stress (4).

Excessive fluoride exposure causes neurotoxicity in
both humans and animals, according to epidemiological and
experimental studies one of these study found that taurine's
antidepressant effect is mediated by increased mRNA
expression in the hippocampus (5).

Through the oxidation of fats and proteins, as well as
DNA damage, oxidative stress causes nerve cell damage
and death (15). glutathione is an essential cellular defense
against activated oxygen free radicals, and it is one of the
most significant antioxidants that form the first line of
defense against oxidative stress in cells (12).

It led to a better understanding of the underlying
mechanisms of taurine's neuroprotective role in the brain, as
taurine increased glutathione levels after sodium fluoride
decreased them in the serum, which in turn reduced
malondialdehyde peroxidation in chicken serum treated
with sodium fluoride and treated with taurine after 2 and 4
weeks. As a result, this finding was in line with another rat
study that found taurine to be an antioxidant that protects
rat liver cells from sodium fluoride-induced cytotoxicity
(16).

These findings led us to believe that taurine's neurotoxic
mechanism against sodium  fluoride-induced brain
neurotoxicity is partially due to its ability to enhance the
antioxidant defense system and thus prevent the formation
and accumulation of lipid peroxidation in taurine-treated
chicks.

A histological examination of the brain confirmed this
conclusion, with histological sections revealing that chicks
treated with taurine had relative healing in brain tissue
when compared to chicks treated with sodium fluoride
alone.

Because the liver is the primary organ responsible for
metabolism and participates in the metabolism of toxic
compounds produced during operations, measuring liver
function enzymes ALT and AST provides a clear indication
of the effect of liver function and the extent of
improvement in its levels, suggesting a role for taurine in
repairing liver damage. Toxins enter living organisms from
the environment, both systemic and exogenous (17).

Toxins can easily interrupt the metabolism process
because the liver is the main site for microorganism
detoxification. The liver's toxic effect is typically
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manifested by disruptions in cellular respiration that
interfere with oxidation and reduction mechanisms, either
through impairment in protein, carbohydrate, and fat
metabolism or by disruptions in liver transport (18).
Because sodium fluoride causes hepatotoxicity, the effect
of liver cells in animals treated with it in our study could be
explained by this.

These findings were made using hepatic tissue sections,
which revealed a toxic effect on the liver tissue of chicks
given sodium fluoride, while the pathological effects in
chicks given taurine improved. Taurine may play a role in
reducing inflammation by lowering cytokine levels (19).

Creatinine is one of the indicators of kidney function,
and our research found that taurine increased its level in
serum when compared to chicken serum treated with
sodium fluoride. This finding is consistent with many
studies performed on birds and mice, which found that
when kidney damage occurs, creatinine levels increase, the
level of creatinine was associated with the induced renal
tissue damage (20), where the Kidneys are the target organ
for toxic foreign biomaterials due to their ability to extract
and concentrate toxic substances by highly specialized cells
and also due to the extensive blood flow (about 21% of the
cardiac output) (21).

The histopathological effects improved after treatment
with taurine, where the improvement was visible in the
histological parts of the chicks. With sodium fluoride, renal
excretion of fluoride is considered one of the most
important mechanisms for regulating fluoride levels in the
body, and the histopathological effects improved after
treatment with taurine because renal excretion of fluoride is
considered one of the most important mechanisms for
regulating fluoride levels in the body.

The appearance of pathological tissue changes in the
liver and kidneys may be due to hepatic and renal oxidative
stress and pathological changes caused by the effects of
sodium fluoride treatment. Other studies on catfish,
Heteropneustis fossils, found that exposure to 35 mg/liter
fluoride in water for 45 days and 70 mg/liter fluoride in
water for 90 days caused renal degeneration, enlargement
of the epithelial cells of the renal tubules, and expansion of
the glomeruli (22).

The generation of free radicals by fluoride may be the
cause of these changes in the structure of the kidneys.
Fluoride has also increased capillary permeability by
affecting the connected units between the vascular
endothelium of veins and capillaries (23).

The loss of prostaglandin PGE2's vasodilating effect on
the arteries adjacent to the nucleus, as well as the dilation of
the urinary spaces (24), maybe the result of high pressure
across the capillaries in the glomeruli.

The renal tubules of chicks treated with sodium fluoride
exhibited significant degenerative lesions, which is
acceptable because the renal tubules are especially sensitive
to toxic effects because they require large amounts of
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oxygen and have compatible transport mechanisms that can
transport toxins and may be damaged by this process (16).

Glutathione is one of the most important cellular
antioxidants in the liver, Cysteine can decrease oxidative
stress and cell injury in alcohol-treated rats by inhibiting
lipid peroxidation, according to one study this research
backed up our current findings, which showed that a
decrease in glutathione levels was linked to an increase in
MDA levels in the blood (9).

Taurine supplementation, on the other hand, avoids a
decrease in total thiol content by preventing the free radical
attack in cells that contain proteins and fats taurine is
effective at preserving the -SH (sulfhydryl) groups which
are required for many amino acid structural functions,
particularly cysteine this promotes glutathione synthesis
and may help explain why sodium fluoride treatment
reduces oxidative damage. As a result, some studies have
found a link between taurine administration and GSH
synthesis, with taurine assisting in the development of GSH
synthesis and antioxidant defense in cells (22).

The level of calcium in sodium fluoride poisoning is
critical because it affects its metabolism as well as the
effect on its connections, as evidenced by its high level
when treated with it, which improved significantly when
combined with taurine, which affects the calcium pathways
and their organization, is associated with it, and regulates
its cell flow (20).

According to all of the above, taurine provides its
protective properties through various mechanisms,
including osmotic regulation, antioxidants, stabilization and
stabilization of the cell membrane, removal of biotic toxins,
inhibition of fibrosis, protection of mitochondria, control of
apoptosis, modulation of bile acid conjugation and anti-
inflammatory effect (25).

Conclusion

We conclude from this study that taurine has a clear
therapeutic effect against oxidative stress, as evidenced by
behavioral and motor behavioral effects, as well as levels of
glutathione, malondialdehyde, and liver function enzymes
ALT, AST, and serum creatinine, as well as
histopathological examination of the brain, kidneys, and
liver.
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