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EFFECTS OF FLUORIDE ON ANXIETY AND DEPRESSION IN MICE
Yuksel Kivraka
Kars, Turkey

SUMMARY: The aim of this study was to evaluate the effects of fluoride on anxiety
and depression in mice. Control and study groups were formed with ten 4-month-old
male Swiss mice in each group. For 90 days, mice in the control group were given
drinking water containing 0.3 ppm fluoride while the study group was given water
with 40 ppm fluoride. Tail suspension was not significantly different between the
study and the control groups. In an open field test, however, the number of
defecations was higher in the study group, and transitions, rearing, and grooming
activities were less frequent. Under these conditions, fluoride appeared to have no
antidepressant effect in mice but rather an anxiety stimulating effect.
Keywords: Anxiety effect; Depression effect; Fluoride in mice; Open field test; Tail suspension
test; Locomotor activity.
INTRODUCTION

Although fluorosis is known for its negative effects on teeth and bones,1-3 in
recent years many studies have found that fluoride (F) can cause impairment of
brain function4-6 and other organ systems.7-12 While F has been shown to affect
cognitive skills, its effect on anxiety and depression remains unclear. The aim of
this study was to evaluate the effects of F on anxiety and depression in adult male
mice.
MATERIALS, PROTOCOLS, AND METHODS

The study was conducted with 20 healthy, 4-month-old male Swiss mice
weighing 28.8±1.18 g. The mice were randomly divided into two equal groups and
kept in an environment with constant temperature (20–21ºC) and were exposed to
light and dark on a 12-hr cycle. The first group was given drinking water
containing 0.3 ppm F ad libitum for 90 days. The second group was given 40 ppm
F with the same standard mouse diet. After 3 days of pause, the mice were tested
in a random order in an open field test and a tail suspension test conducted
between 9:00 am and 3:00 pm. Both tests were conducted once for each subject.
Open field test: The open field test for unconditional anxiety, first reported by
Hall in 1936,13 was used for the assessment of locomotor activity and indirect
testing of normal anxiety. As one of the most popular tests of animal physiology, it
has been used for studies on rats, mice, pigs, sheep, rabbits, and hens. Horizontal
transitions (movement from one square to another), vertical transitions (rearing on
hind limbs), grooming frequency, and the number of defecations are recorded over
a certain period of time. There is a linear relationship between the locomotor
activity and the number of transitions, the behaviour of exploring the environment,
and rearing. Grooming and defecation are accepted as the indicators for
autonomous functions.14 Loss in numerical parameters indicates anxiety14 and has
been used in anxiety studies.15-21
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In our study, the open field test consisted of a plexiglass arena of 64 squares
(80×80×40 cm) illuminated by fluorescent lighting. The mice were placed in the
open field in the same corner square. They were observed for 6 min, and the
number of transitions, frequency of rearing, amount of grooming, and number of
defecations were recorded. Transition of 4 limbs from one square to the other was
accepted as one square. Standing on 2 limbs was counted as rearing.22-24 As in the
literature, the arena was cleaned with 70% alcohol after every test, and the amount
of grooming and defecation was recorded.23
Tail suspension test: This immobilization test is often used to assess behaviours
related to depression.25,26 In it the mice were hung from the last cm of their tails,
and, for 6 min, inactivity time was measured in seconds. Results were recorded as
± SEM standard error of the mean. For statistical analysis the t test for two
independent values was used. A value of p<0.05 was accepted as statistically
significant.
RESULTS

As seen in the Table, in the tail suspension test, there was no statistically
significant difference between the two groups regarding the time of
immobilization. In the open field test, although the number of defecations was
higher in the study group, the number of transitions, rearing, and grooming in the
study group were less frequent than in the control group.
Table. Mean number (±SEM) of behavioral measures of 10 mice in each groupa
Drinking
water F
(mg/L)

Rearing

Grooming

No. of
squares

Defecation

Immobilization
(seconds)

Control
(0.3)

35.2±1.98

3.3±0.33

258.3±15.3

2.8±0.44

234.20±15

Study
(40)

26.3±1.48* 2.1±0.23* 184.4±18.85*

4.7±0.47*

236.10±19

a

Rearing, grooming, number of squares and defecation were counted within six
minutes for each mouse. Immobilization test was conducted for each mouse in
a separate six‐minute period. All tests were conducted once.
*Compared with the control p<0.01.
DISCUSSION

Depending on what it is associated with (e.g., aluminium), F can pass through
the brain-blood barrier and accumulate in the brain and cause damage in neuronal
development and function by decreasing neural synapses, neurotransmitter
synthesis, and the number of receptors.27-29 It also impairs the central neural
system, leading to fatigue, malaise, insomnia, headache, lethargy, daze, mental
impairment, and memory dysfunction,30 It has been suggested that F has a
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negative effect on cognition and memory by affecting protein and enzyme
systems.31 In some villages in India with high fluoride water, the number of
people suffering from headache, insomnia, and lethargy was higher than in low F
water villages.32 Psychological interactions occur in these patients due to
biochemical changes in their enzyme systems.30 According to Emsley et al., F can
disrupt N-H bonds in proteins by causing N-H-F bonds to form.33 F also disrupts
the structure of cytochrome P peroxidase,34 thereby affecting basic cell energy and
the structure of G proteins and causing behavioral changes.
As seen here, the study group of mice showed a significant decrease in
horizontal and vertical activity and grooming in agreement with increased anxiety.
The number of defecations was also higher in the study group. In female Wistar
rats, Paul et al. found a decrease in locomotor activity from F intake.35 Similarly,
Mullenix et al. observed diminished locomotor activity in their study of rats on
high F intake and found that the decrease was proportional to increased F
concentrations in the brain.36 In agreement with our findings, Ekambaram et al.
also reported decreased motor activity in rats with high F intake.37,38 Likewise,
Niu et al. reported finding a decrease in locomotor activity in rats receiving 150
mg NaF/L in their drinking water.39
On the other hand, in the study by El-lethey et al., although the number of
transitions, defecations, and rearings was higher in the rat group with exposure to
100 ppm NaF, the results were not statistically significant.40 Bera et al. reported no
change in locomotor activity in rats exposed to F perinataly.41 Likewise, Chioca et
al. concluded that locomotor impairment was not observed in rats given 50–100
ppm NaF in their drinking water.42 The conflicting results of these studies may be
due to methodological differences such as the difference in open field arena, the
conduction time of the test, and the F dosage.
Depression is an important disorder that affects individuals and groups.43,44 As
seen in a recent editorial review, there are clearly neurotoxic effects of fluoride.45
Even so, although the literature does not appear to report any animal studies
revealing a F-depression relationship, the findings recorded here are important in
showing that F has no antidepressant effects. In view of its restriction to only two
experimental conditions, the present study has obvious limitations. Before these
results can be generalized, further studies on anxiety and depression models are
needed.
ACKNOWLEDGEMENTS

This study was performed without financial or other contractual agreements. The
able assistance of Yusuf Ersan is greatly appreciated.
REFERENCES
1
2
3

Wang JD, Guo YH, Liang ZX, Hao JH. Amino acid composition and histopathology of goat
teeth in an industrial fluoride polluted area. Fluoride 2003;36(3):177-84.
Wang JD, Hong JH, Li JP, Guo YH, Zhang JF, Hao JH. Effect of high fluoride and low
protein on tooth matrix development in goats. Fluoride 2002;35(1):51-5.
He Y, Niu RY, Wang JM, Liu HT, Wang JD. Effects of protein versus calcium
supplementation on bone metabolism and development in fluoride-exposed offspring rats
fed protein- and calcium-deficient diets. Fluoride 2008;41(3):192-8.

305 Research report

Fluoride 45(3 Pt 2)302–306
July-September 2012

4
5

6

7
8

9
10

11

12
13
14
15
16
17
18
19

20

21

22
23

24
25
26

Effects of fluoride on anxiety and depression in mice
Kivrak

305

Ge YM, Ning HM, Wang SL, Wang JD. Effects of high fluoride and low iodine on brain
histopathology in offspring rats. Fluoride 2005;38(2):127-32.
Bhatnagar M, Rao P, Saxena A, Bhatnagar R, Meena P, Barbar S, et al. Biochemical
changes in brain and other tissues of young adult female mice from fluoride in their drinking
water. Fluoride 2006;39(4):280-4.
Niu RY, Sun ZL, Cheng ZT, Liu HT, Chen HC, Wang JD. Effects of fluoride and lead on Nmethyl-D-aspartate receptor 1 expression in the hippocampus of offspring rat pups.
Fluoride 2008;41(2):101-10.
Susheela AK, Bhatnagar M, Vig K, Mondal NK. Excess fluoride ingestion and thyroid
hormone derangements in children living in Delhi, India. Fluoride 2005;38(2):98-108.
Zhou BH, Wang HW, Wang JM, Zhang JH, Yan XY, Wang JD. Effects of malnutrition and
supplemented nutrition on nonspecific immune function changes induced by fluoride in
rabbits. Fluoride 2007;40(3):169-77.
Ge YM, Ning HM, Wang SL, Wang JD. DNA damage in thyroid gland cells of rats exposed
to long-term intake of high fluoride and low iodine. Fluoride 2005;38(4):318–23.
Liu HT, Niu RY, Wanga JM, He Y, Wang JD. Changes caused by fluoride and lead in energy
metabolic enzyme activities in the reproductive system of male offspring rats. Fluoride
2008;41(3):184-91.
Zhang JH, Liang C, Ma JJ, Zhou BH, Wang JD. Changes in testis protein and metabolic
enzyme activities in rats induced by sodium fluoride and sulfur dioxide. Fluoride
2006;39(3):179-84.
Zhang JH, Liang C, Ma JJ, Zhou BH, Wang JD. Effects of sodium fluoride and sulfur dioxide
on oxidative stress and antioxidant defenses in rat testes. Fluoride 2006;39(3):185-90.
Hall CS. Emotional behavior in the rat. III. The relationship between emotionality and
ambulatory activity. J Comp Psychol 1936;22(3):345-52.
Prut L, Belzung C. The open field as a paradigm to measure the effects of drugs on anxietylike behaviors: a review. Eur J Pharmacol 2003;463:3–33.
Tang X, Sanford LD. Home cage activity and activity-based measures of anxiety in 129P3/J,
129X1/SvJ and C57BL/6J mice. Physiol Behav 2005;84(1):105-15.
Lalonde R, Strazielle C. Relations between open-field, elevated plus-maze, and emergence
tests as displayed by C57/BL6J and BALB/c mice. J Neurosci Methods 2008;171(1):48-52.
Kim S, Lee S, Ryu S, Suk J, Park C. Comparative analysis of the anxiety-related behaviors
in four inbred mice. Behav Processes 2002;60(2):181-90.
Kalueff AV, Keisala T, Minasyan A, Kuuslahti M, Tuohimaa P. Temporal stability of novelty
exploration in mice exposed to different open field tests. Behav Processes 2006;(1):104-12.
Ennaceur A, Michalikova S, Bradford A, Ahmed S. Detailed analysis of the behavior of
Lister and Wistar rats in anxiety, object recognition and object location tasks. Behav Brain
Res 2005;159(2):247-66.
Carola V, D’Olimpio F, Brunamonti E, Mangia F, Renzi P. Evaluation of the elevated plusmaze and open-field tests for the assessment of anxiety-related behaviour in inbred mice.
Behav Brain Res 2002;134(1-2):49-57.
Ennaceur A, Michalikova S, Chazot PL. Do rats really express neophobia towards novel
objects? Experimental evidence from exposure to novelty and to an object recognition task
in an open space and an enclosed space. Behav Brain Res 2009;197(2):417-34.
Binder E, Droste SK, Ohl F, Reul JM. Regular voluntary exercise reduces anxiety-related
behaviour and impulsiveness in mice. Behav Brain Res 2004;155(2):197-206.
Chioca LR, Raupp IM, Da Cunha C, Losso EM, Andreatini R. Subchronic fluoride intake
induces impairment in habituation and active avoidance tasks in rats. Eur J Pharmacol
2008;579(1-3):196-201.
El-lethey HS, Kamel MM, Shaheed IB. Neurobehavioral toxicity produced by sodium
fluoride in drinking water of laboratory rats. J Am Sci 2010;6(5):54-63.
McArthur R, Borsini F. Animal models of depression in drug discovery: a historical
perspective. Pharmacol Biochem Behav 2006;84(3):436-52.
Hinojosa FR, Spricigo L Jr, Izídio GS, Brüske GR, Lopes DM, Ramos A. Evaluation of two
genetic animal models in behavioral tests of anxiety and depression. Behav Brain Res
2006;168(1):127-36.

306 Research report

Fluoride 45(3 Pt 2)302–306
July-September 2012

Effects of fluoride on anxiety and depression in mice
Kivrak

306

27 Yu YN, Yang WX, Dong Z, Wan CW, Zhang JT, Liu JL, et al. Neurotransmitter and receptor
changes in the brains of fetuses from areas of endemic fluorosis. Chinese Journal of
Endemiology [Zhongguo Difangbingxue Zazhi] 1996; 15(5):257-9. [in Chinese]. Translated
in English by Julian Brooke and republished, with the concurrence of the original publisher,
in Fluoride 2008;41(2):134-8.
28 Zhang ZG, Xu XL, Shen XY, Xu XH. Effect of fluoride exposure on synaptic structure of
brain areas related to learning-memory in mice. Journal of Hygiene Research
1999:28(4):10-2. Translated in English by Julian Brooke and republished, with the
concurrence of the original publisher, in Fluoride 2008;41(2):139-43.
29 Burgstahler A, Colquhoun J. Neurotoxicity of fluoride. Fluoride 1996;29(2):57-8.
30 Spittle B. Psychopharmacology of fluoride: a review. Int Clin Psychopharmacol
1994;9(2):79-82.
31 Varol E. Çevresel bir Hastalık Olarak Florozis ve İnsan Sağlığı Üzerine Etkisi. TAF
Preventive Medicine Bulletin 2010;9(3):233-8. [in Turkish].
32 Sharma JD, Sohu D, Jain P. Prevalence of neurological manifestations in a human
population exposed to fluoride in drinking water. Fluoride 2009;42(2):127-32.
33 Emsley J, Jones DJ, Miller JM, Overill RE, Waddilove RA. An unexpectedly strong
hydrogen bond: ab initio calculations and spectroscopic studies of amide-fluoride systems.
J Am Chem Soc 1981;103(1):24-8.
34Edwards S, Poulos TL, Kraut J. The crystal structure of fluoride-inhibited cytochrome c
peroxidase. J Biol Chem. 1984;259(21):12984-8.
35 Paul V, Ekambaram P, Jayakumar A. Effects of sodium fluoride on locomotor behavior and
a few biochemical parameters in rats. Environ Toxicol Pharmacol 1998;6(3):187-91.
36 Mullenix PJ, Denbesten PK, Schunior A, Kernan WJ. Neurotoxicity of sodium fluoride in
rats. Neurotoxicol Teratol 1995;17(2):169-77.
37 Ekambaram P, Paul V. Effect of vitamin D on chronic behavioral and dental toxicities of
sodium fluoride in rats. Fluoride 2003;36(3):189-97.
38 Ekambaram P, Paul V. Modulation of fluoride toxicity in rats by calcium carbonate and by
withdrawal of fluoride exposure. Pharmacol Toxicol 2002;90(2):53-8.
39 Niu RY, Sun ZL, Wang JM, Cheng ZT, Wang JP. Effects of fluoride and lead on locomotor
behavior and expression of Nissl body in brain of adult rats. Fluoride 2008;41(4):276-82.
40 El-lethey HS, Kamel MM. Effects of black tea in mitigation of sodium fluoride potency to
suppress motor activity and coordination in laboratory rats. J Am Sci 2011;7(4):243-54.
41 Bera I, Sabatini R, Auteri P, Flace P, Sisto G, Montagnani M, et al. Neurofunctional effects
of developmental sodium fluoride exposure in rats. Eur Rev Med Pharmacol Sci.
2007;11(4):211-24.
42 Chioca LR, Raupp IM, Da Cunha C, Losso EM, Andreatini R. Subchronic fluoride intake
induces impairment in habituation and active avoidance tasks in rats. Eur J Pharmacol
2008;579(1-3):196-201.
43 Kıvrak Y, Özen Ş, Yücel Y. Migren ve gerilim başağrısı olan hastalarda anksiyete ve
umutsuzluk düzeyleri Anxiety and hopelessness levels in patients with migraine and tension
headache. Dicle Med J 2009;36(3):173-7. [in Turkish].
44 Ceylan A, Özen Ş, Palancı Y, Kıvrak Y. Lise son sınıf öğrencilerinde anksiyete-depresyon
düzeyleri ve zararlı alışkanlıklar: Mardin çalışması. Anadolu Psikiyatr Derg 2003;4:144-50.
[in Turkish].
45 Spittle B. Neurotoxic effects of fluoride [editorial]. Fluoride 2011;44(3):117-24.

Copyright © 2012 The International Society for Fluoride Research Inc.
www.fluorideresearch.org
www.fluorideresearch.com
www.fluorideresearch.net
Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9035, New Zealand.

