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Effect of high-dose fluoride on antioxidant enzyme activities of amniotic

fluid in rats
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Abstract

Objective: To investigate the effect of high-dose fluoride on antioxidant enzyme activities of amniotic fluid and
fluoride of serum in rats.

Methods: The experimental study was conducted from January 8, 2008, to December 14, 2010, at the Suleyman
Demirel University Experimental Animals Laboratory and the Medical Biochemistry Department Research
Laboratory, Isparta, Turkey. Impregnated Wistar albino rats were divided into two equal groups. Group | had controls,
while Group Il rats were exposed to high-dose fluoride. Group | was given drinking water mixed with 0.1
mg/kg/b.w./day of natrium fluoride, while group Il was given drinking water mixed with 10 mg/kg/b.w./day of
natrium fluoride for 18 days. At the end of 18 days, amniotic fluid and blood samples were collected from control
and experimental groups of pregnancy. Superoxide dismutase, glutathione peroxidase, catalase activities and
thiobarbituric acid reactive substances as antioxidant enzymes in amniotic fluid and levels of fluoride in serum
samples were investigated.

Results: There were 14 rats, with 7(50%) in each group. Foetal weight in group Il significantly decreased compared
to the control group (p<0.05). Antioxidant enzyme activities in amniotic fluid were significantly higher in group Il
than group | (p<0.05) although thiobarbituric acid reactive substances in amniotic fluid and serum fluoride levels
were significantly lower in group Il than group | (p<0.05).

Conclusion: Fluoride that created oxidative stress inhibited lipid peroxidation and apparently increased the

antioxidant defence system.
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Introduction

Fluoride is a highly reactive trace element that is never
found in the elemental state in nature. Since fluoride is
absorbable, the majority of the fluoride is absorbed
rapidly and passively from the stomach and intestinal
mucosa into the bloodstream.! About 96% of the fluoride
in the body is found in bones and teeth.?

Fluoridated drinking water is the main source of dietary
fluoride intake for human body3 Keeping the
concentration of fluoride in the range of 0.5to 1.5 mg/L in
water has been recommended by the World Health
Organisation (WHO).4 The optimal level of fluoride intake is
not known with certainty. The tolerable upper intake level
for fluoride ranges from 1.3 mg/d for children 1 to 3 years
to 10 mg/d for children older than 8 years and adults.2

High concentration of fluoride intake over a long period of
time may affect the health of humans and animals. The
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severity of the damage is directly related to the
concentration and duration of exposure. The primary
adverse effects associated with chronic excess fluoride
intake are dental fluorosis (discolouration and mottling of
teeth) and skeletal fluorosis.> The effects of chronic fluoride
exposure have also been linked to effects on other tissues
and systems, such as blood, brain, kidneys, parathyroid
glands, and liver of animals.6 Many studies on laboratory
animals over a range of fluoride (F) concentrations (0-250
mg/L in drinking water) indicate that adverse reproductive
and developmental outcomes occur at high F
concentrations, such as abnormal menstruation, increased
miscarriages and other pregnancy complications.”:8
Epidemiological studies have also shown decreasing total
fertility rate with increasing F levels in drinking water.?

Various studies have investigated whether oxidative stress
(OS) and lipid peroxidation are involved in the pathogenesis
of chronic fluorosis. Inorganisms, fluoride is thought to
inhibit the activity of antioxidant enzymes such as
superoxide dismutase (SOD), glutathione peroxidase (GSH-
Px) and catalase (CAT).'0 The excessive production of
reactive oxygen species (ROS) at the mitochondrial level and
altered antioxidant defence systems are considered to play
an important role in the toxic effects of fluoride.!
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The present study was planned to investigate the effects
of toxic doses of sodium fluoride on serum fluoride,
activity levels of SOD, GSH-Px, and CAT, which are
amniotic fluid antioxidant enzymes, and thiobarbituric
acid reactive substance (TBARS) concentration, which is
an indicator of lipid peroxidation.

Materials and Methods

The experimental study was conducted from January 8, 2008,
to December 14, 2010, at the Suleyman Demirel University
Experimental Animals Laboratory and the Medical
Biochemistry Department Research Laboratory, Isparta,
Turkey. All experiments were performed on age-matched
impregnated Wistar albino rats weighing 250-270 gr. each at
baseline. The study was performed in accordance with the
Declaration of Helsinki for Human Research. The rats were
housed in well-ventilated cages under a mean controlled
temperature at 21+1°Cand in a 12-hour luminous/dark cycle.

Before putting them into a cage with fertile males, vaginal
smears were taken and oestrus cycles were observed.
Females that were in oestrus and pre-oestrus periods
were kept in the same cage during the night (between
1700 and 1900 hours). Vaginal smear was taken again
from the females that were separated early in the
morning. Whether there was sperm or not was observed.
Female rats that had sperm in their vaginal smear were
accepted as being one half-day pregnant.

Pregnant rats were divided into two equal experimental
groups. Group |, the control group, was fed with normal pellet
feed and water containing0.1 mg/kg/b.w./day natrium
fluoride (NaF), while Group I, the experimental group, was fed
with normal pellet feed and water containing10
mg/kg/b.w./day NaF for 18 days. At the end of 18th day, the
experiment was terminated because it was thought to be
preterm births. The animals were anaesthetised with
ketamine 90 mg/kg + Xylazine 10 mg/kg by intramuscular
(IM) injection prior to the capitation. At the same time,
amniotic fluid (1-2 mL) was collected by syringe from the uteri
for determination of the amniotic antioxidant enzymes (SOD,
GSH-Px, CAT) activities and TBARS level. Before sacrificing the
animals, approximately 6-7mL of blood was drawn from the
abdominal aorta. Blood samples were centrifuged at 3000
rpm for 15 min to remove the plasma and buffycoat.

Chemical substances and kits used were Fluoride (Merck,
Cat No: 6441); NaF standards, a.1 ppm (0.1
mg/kg/b.w./day) NaF Standard (Orion Cat. No: 94 09 06),
b.100 ppm (10 mg/kg/b.w./day ) NaF Standard (Orion Cat.
No: 94 09 07); total ionic strength adjusting buffer (TISAB
I) (Orion Cat. No: 94 09 09); and Hayat Danone SA spring
water (Danone SASabanciGidavelcecek San.ve Tic. A.S.
80745 4.Levent-Istanbul).

M. Akdogan, S. Kaleli, H. Yazar, et al

The chemical analysis was: pH=8, Ca2* = 51 mg/L, F-= 0.07
ppm, Mg2+=9.0 mg/L, HCO3 =179 mg/L, Nat =23 mg/L, SO
=8.2mg/L, NO3 =3.4 mg/L.Total = 272 mg/L was used.

For the preparation of fluoride water, a stock of 5000 mg/L
stock NaF solution was prepared by dissolving 44.204 g of
NaF in 1 L of tap water. This stock solution was kept in a
brown-coloured bottle in a refrigerator at + 4°C for a
week. The stock solution was prepared weekly.

For the control group, 0.83 ml of the NaF stock solution was
prepared weekly and mixed with Hayat Danone Spring Water
to create a one litre solution that had fluoride of 1 mg/L.

For the treatment group, one litre 83.70 ml fluoride
solution was mixed with Hayat Danone Spring Water.

The fluoride ion (F ) in plasma measurement was read on
an Orion Model SA combined with a fluoride electrode as
pH/MV.

The SOD activity was determined by the method of Williams
et al.’2 For SOD activity, xanthine and xanthine oxidase were
used to generate superoxide radicals reacting with 2-(4-
iodophenyl)-3-(4-nitrophenol)-5-phenyl tetrazoliumchloride
(INT) to form a red formazine dye. The SOD activity was then
measured at 505nm on a spectrophotometer by the degree
of inhibition of the reaction of washed tissue. The results
were expressed as U/L amniotic fluid.

The GSH-Px activity was determined using the method of
Paglia and Valentine.’3 This method is based on GSH-
Pxcatalysing the oxidation of glutathione by cumene
hydroperoxide in the presence of glutathione reductase and
nicotinamide adenine dinucleotide phosphate (NADPH).
The oxidised glutathione is immediately converted to the
reduced form, with a concomitant oxidation of NADPH to
NADP+. The decrease in absorbance at 340nm was
measured. Results were given as U/L amniotic fluid.

CAT activity was measured as described by Aebi.’® The
decomposition of hydrogen peroxide was monitored by
measuring the decrease in absorbance at 240nm. The CAT
activity was determined as k/mL extracts by taking
appropriate absorbance readings based on regression
analysis and finally expressed as kU/L amniotic fluid.

Lipidperoxidation (LPO) product was estimated by
measurement of TBARS using the method of Andersonand
Chen.' A 3mL aliquot of 1% phosphoric acid (H3PO4) and
0.6% thiobarbituric acid (TBA) solution was mixed with
homogenates and the mixture was kept in a hot water bath
(100°C) for 45 minutes. It was cooled to normal temperature;
4 mL n-butanol was added and vortexed; and absorbance
was measured at 532 nm (e =/1.56/105 M 1 cm 1). The results
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were expressed as umol/L amniotic fluid. Spectrophotometric
measurements were measured using aspectrophotometer
(SchimadzuUV-VIS 1601, Kyoto, Japan).

Statistical analyses were performed using SPSS 20.
Comparison of the two groups was done with non-
parametric Mann-Whitney U test. The significance level
was set at p<0.05. The results were reported as mean +
standard deviation (SD) values.

Results

There were 14 rats, with 7(50%) in each group. Changes in
the weight of the foetus in the control group was 9.51 0.64
gm, and two of the 61 (3.2%) foetuses were seen to be
dead. Changes in the weight of the foetus in the
experimental group was 8.02 0.62 gm, and 4 of the 57 (7%)
foetuses were found to be dead at the end of the
experiment. Oral administration of NaF showed a
significant decrease in the average foetus bodyweight at
the end of study compared to the control group (p<0.001).

The fluoride content in maternal serum increased
significantly in the experimental group when compared
to the control group (p<0.001) (Table).

TBARS levels in the amniotic fluid in experimental group
were significantly increased compared to the control

Table: The levels of serum fluoride, SOD, GSH-Px, CAT and TBARS in Control and
Experimental Groups.

Parameters Control Group Patient Group P

Fluoride (ppm) 0.072 0.031 0.488 0.073 p<0.01
SOD (U/L) 117.2 183 95.8 8.8 p<0.01
GSH-Px (U/L) 21.85 2.17 19.22 1.79 p<0.05
CAT (kU/L) 10.41 1.90 7.35 2.10 p<0.05
TBARS (umol/L) 132 0.Mm 2.05 0.21 p<0.01

SOD: Superoxide dismutase

GSH-Px: Glutathione peroxidase

CAT: Catalase

TBARS: Thiobarbeturic acid reactive substances

group (p<0.01).

In amniotic fluid, the activities of SOD, GSH-Px and CAT
were significantly lower in all fluoride-treated groups than
in the control group (p<0.01, p<0.05, p<0.05).

Discussion

Excessive intake of fluoride for a prolonged period can
produce injurious effects on the teeth, skeleton and soft
tissues such as the brain, thyroid, liver, kidney and
reproductive organs. In recent years, various authors have
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investingated the relationship between fluoride toxicities
and fluoride-induced OS in people’s and animals.45.16-21

A study?? compared foetal growth of rats that were given
40ppm fluoride with potable water on the 20th day of
pregnancy with a control group and it was seen that there
was a significant decrease in body weight and length. In our
study, the decreased body weight of foetuses observed in the
experimental group compared to the controls also indicated
loss of weight due to excessive breakdown of tissue proteins.

In the current study, the serum fluoride level was found to
have increased significantly in the study group compared to
the control group. These results also show compatibility with
an earlier study'® that showed that high levels of fluoride
caused increases in serum amniotic fluid fluoride levels.

Reduced glutathione (GSH) is known to protect the cellular
system against the toxic effects of lipid peroxidation as a co-
substrate for glutathione peroxidase (GPx) activity.'® The
depletion in the activity of GPx may result in the involvement
of deleterious oxidative changes due to the accumulation of
oxidative toxic products. SOD is an important defence
enzyme, which  converts superoxideradicals to
hydrogenperoxide.20 CAT decomposes hydrogen peroxide
and protects the tissues from highly reactive hydroxyl
radicals.2 The reduction in the activity of these enzymes may
be due to OS exerted by fluoride in toxication.

Many studies also indicate that fluoride toxicity can induce
free radical toxicity in humans and animals.22-24 Fluoride has
been demonstrated in vivo and in vitro to cause increased
lipid peroxidation in erythrocytes of humans and in blood
and tissues of experimental animals.25

In 2004, a study in which experimental rats were orally treated
with 25ppm of fluoride/rat/day for 8 and 16 weeks,
respectively, revealed an increase in the level of lipid
peroxides along with a concomitant decrease in the activities
of SOD, CAT, GSH-Px, and reduced glutathione content was
observed in high-dose fluorinated groups of rats.3

In our study, a marked increase in the levels of TBARS was
observed in amniotic fluid of high-dose fluorinated rats.
Increased lipid peroxidation in the amniotic fluid can be due
to increased OS in the cells as a result of depletion of the
antioxidants cavenger system.

A recent study'? determined that in rats that were given
50ppm fluoride with potable water for a week, SOD and
GSH-Px, which are from plasma antioxidant enzyme
system, activity levels decreased and TBARS levels
increased significantly.

In our study, the amniotic fluid of rats were used instead of 10
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mg/kg/b.w./day. NaF exposed the serum of rats. To the best of
our knowledge, ours is the first experimental study on the
effects of high-dose NaF on antioxidant enzyme activities and
TBARS levels in amniotic fluid of rats. Since high-dose NaF has
passed to the placenta, excess amounts of superoxide radical
(02%) formed in the environment, SOD, GSH-Px and CAT
antioxidant enzymes that catalysed superoxide radicals (02%)
in amniotic fluid were inhibited, and TBARS levels, which
show lipid peroxidation increase, rose.

Our study has a limitation. Fluoride crosses the placenta of
humans and animals and is absorbed by the foetus.26 Thus,
maternal supplementation during pregnancy results in
increased fluoride concentrations not only in maternal blood,
but also in cord blood and offspring tissues, especially bones
and teeth.2” We didn't investigate fluoride levels in amniotic
fluid and infant blood because of inadequate equipment.

Conclusion

Oxidative stress induced by fluoride played an important role
in the pathogenesis of fluorosis that may result in tissue
damage and other secondary complications.

References

1. Whitford GM. Thephysiologicalandtoxicologicalcharacteristics of
fluoride. J DentRes. 1990;69:539-49.

2. Institute of Medicine (US) Standing Committee on the Scientific
Evaluation of Dietary Reference Intakes. Dietary reference intakes for
calcium, phosphorus, magnesium, vitamin D andfluoride. Washington
(DQ): National Academies Press (US); 1997.

3. Shailaja K, Johnson ME. Fluorides in groundwateranditsimpact on
health.J Environ Biol. 2007; 28:331-2.

4. World HealthOrganization. WHO Guidelines for Drinking-
waterQuality: Health Criteria and other Supporting Information. 2nd
ed. Geneva: WHO; 1996,pp 22.

5. World HealthOrganization (WHO).In: Bailey K, Chilton J, Dahi E, Lennon
M, Jackson P, Fawell J eds. Fluoride in Drinking-water,Switzerland:
WHO Press; 2006.

6. Shanthakumari D, Srinivasalu S, Subramanian S. Effect of
fluorideintoxication on lipidperoxidationandantioxidantstatus in
experimentalrats. Toxicology. 2004; 204:219-28.

7. Doull J, Boekelheide K, Farishian BG, Isaacson RL, Klotz JB, Kumar JV,
etal. Committee on Fluoride in Drinking Water, Board on
Environmental Studies and Toxicology, Division on Earth and Life
Studies, National Research Council of the National Academies.
Fluoride in drinking water: a scientific review of EPA's standards.
Washington DC; 2006.

8. Zhan XA, Xu ZR, Li JX, Wang M. Effects of fluorosis on lipid peroxidation

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

M. Akdogan, S. Kaleli, H. Yazar, et al

and antioxidant systems in young pigs. Fluoride. 2005; 38: 157-61.
Freni SC. Exposure to high fluoride concentrations in drinking water is
associated with decreased birthrates. J ToxicolEnvironHealth.
1994;42:109-21.

lzquierdo-Vega JA, Sanchez-Gutiérrez M, Del Razo LM. Decreased in
vitrofertility in male rat sex posed to fluoride-induce doxidative stress
damage and mitochondrial transmembrane potential loss.Toxicol
Appl Pharmacol. 2008; 230:352-7.

Barbier O, Arreola-Mendoza L, Del Razo LM. Molecularmechanisms of
fluoridetoxicity. Chem Biol Interact. 2010; 188:319-33.

Williams JA, Wiener G, Anderson PH, McMurray CH. Variation in the
activities of glutathione peroxidase and superoxide dismutase and in
the concentration of copper in the blood in various breed crosses of
sheep.Res in Vetry Sci. 1983; 34: 253-6.

Paglia PE, Valentine WN. Studies on the quantitative and qualitative
characterization of erythrocyte glutathioneperoxidase.Jof Lab Clin
Med. 1967; 70: 158-69.

Andersen HJ, Chen H, Pellett LJ, Tappel AL. Ferousiron- induced
oxidation in chicken liver slices as measured by hemichrome
formation and thiobarbituric acid reactive substances: effect of dietary
vitamin E and beta-carotene. Free Radic Biol Med. 1993; 15:37-48.

Li J, Cao S. Recent studies on endemic fluorosis in China. Fluoride.
1994; 27:125-8.

Guo XY, Sun GF, Sun YC. Oxidative stress from fluoride-induced
hepatotoxicity in rats. Fluoride. 2003; 36: 25-9.

Vani ML, Reddy KP. Effects of fluoride accumulation on some enzymes
of brain and gastrocnemius muscle of mice. Fluoride. 2000; 33: 17-26.
Chinoy NJ, Patel TN.The influence of fluoride, and/or aluminum on free
radical toxicity in the brain of female mice and beneficial effects of
some antidotes. Fluoride. 2000; 33: 8.

Barbier O, Arreola-Mendoza L. DelRazo LM. Molecular mechanisms of
fluoride toxicity.Chem Biol Interact. 2010; 188:319-33.

Feng P, Wei JR, Zhang ZG. Influence of selenium and fluoride on blood
antioxidant capacity of rats. Exp Toxicol Pathol. 2012; 64:565-8.

He LF, Chen JGDNA damage, apoptosis and cell cycle changes
induced by fluoride in rat oral mucosal cells and hepatocytes. World J
Gastroenterol. 2006; 12:1144-8.

Fluoride-inducedtoxicity in liver and kidney of miceanditsreversal.
Fluoride 1998;31:526.

Patel PD, Chinoy NJ. Influence of fluoride on
biologicalfreeradicalreactions in ovary of miceanditsreversal. Fluoride.
1998;31:527.

Sun G, Qiu L, Ding G, Qian C, Zhang Q. Effects of B-caroteneand SOD
on lipid peroxidation induced by fluoride: an experimental study.
Fluoride. 1998;31:529.

Guan ZZ. An experimentalstudy of blood biochemical diagnostic
indices for chronic fluorosis. Zhonghua Yu Fang Yi Xue Za Zhi. 1991;
25:33-5.

World Health Organization. Environmental Health Criteria 36, Fluorine
and fluorides. WHO; 1984.

Chan JT, Qiu CC, Whitford GM, Weatherred JG, Clardy RK.
Thedistribution of fluoride of prenatal origin in the rat--a pilot study.
Arch Oral Biol. 1989; 34:885-8.

J Pak Med Assoc



