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ABSTRACT: Background: Sodium fluoride (NaF) is an inorganic fluoride salt used 

for the treatment of dental caries topically. It is also used in water fluoridation to 

prevent tooth decay. It has been reported to be associated with a lot of harmful 

effects, including neurotoxic effects. The aim of our study was to evaluate the 

chronic effects of NaF on the models of cognition in adult mice. Methods: Forty 

mice were randomly divided into four equal groups. NaF was administered dissolved 

in drinking water. The control group was Group I and received distilled water. Oral 

NaF at doses of 10mg/L, 20mg/L and 30mg/L respectively was given to Group II, 

Group III, Group IV. The influence of fluoride exposure on cognition was assessed 

using forced alternation test and spontaneous alternation test using Y-Maze. 

Evaluation was done at baseline, at the end of one month, two months and three 

months of NaF administration. Statistical analysis was done with the help of the 

Wilcoxon Signed Rank Test (within the group), Kruskal Wallis Test (between-

group) and Mann-Whitney U Test. For all statistical analysis, p value<0.05 was 

taken as the threshold for statistical significance. Results: Animals receiving NaF at 

a dose of 10mg/L, 20mg/L and 30mg/L showed a significant decrease in the 

percentage of alternations in forced alternation test as compared to the control group 

with a p<0.01. Animals receiving NaF at a dose of 10mg/L, 20mg/L and 30mg/L 

showed a significant decrease in the percentage of alternations in spontaneous 

alternation test as compared to the control group with a p<0.01. Conclusion: 

Chronic use of oral NaF in adult mice may lead to cognitive impairment. 

INTRODUCTION: Fluoride is the 13
th

 most 

plentiful element present in the earth’s crust 
1
. It is 

a halogen. It is naturally present in water, soil, 

animals and plants 
2
. Trace amounts are found in 

teeth and bone. Flouride has role in several 

enzymatic reactions
2
. Water is an essential medium 

that delivers fluoride. Fluoride toxicity occurs 

during water fluoridation, either naturally or added. 
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In drinking water, the suggested optimal fluoride 

level is 0.7 mg/l 
3
. Based on geographical regions, 

fluoride concentration in water varies. “The BIS 

standard for fluoride content is 1-1.5 mg /l” 
4
. 

Sodium fluoride is an inorganic fluoride salt used 

for the treatment of dental caries or in municipal 

water fluoridization systems 
5
.  

In the hydroxyapatite of tooth enamel, fluoride 

tends to bind to calcium ions, preventing acid 

corrosion of the tooth enamel. Despite its beneficial 

effects, prolonged exposure to higher concentration 

of fluoride can cause dental fluorosis, skeletal 

fluorosis, arthritis, muscle damage, osteoporosis, 

fatigue and can damage heart, arteries, kidney, 

liver, endocrine system and nervous system 
6, 7, 8

. 
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Carcinogenic potential of fluoride is not established 
9
. 

Relevance of the Study: The role of 

environmental toxicity in the etiopathogenesis of 

cognitive disorders is not very well studied. Low 

level of exposures to toxins can cause cumulative 

effects over time. This can cause degeneration of 

brain and nervous system resulting in ill health. 

Apoptotic events 
10

 can occur in brain and nervous 

system after exposure of long duration. Hence this 

study was undertaken to evaluate the effects of 3-

month oral administration of NaF in experimental 

models of cognition. 

Aims and objectives: 

Aims: To evaluate the effects of oral 

administration of NaF in experimental models of 

cognition for three months. 

Primary Objective: To evaluate the effects of oral 

administration of NaF at doses of 10, 20 and 30 

mg/L daily for 3 months in experimental models of 

cognition in adult mice Calculation of Sample size. 

done using G* POWER ® version 3.1.9.2, using 

repeated measures ANOVA as the test of 

significance assuming an α of 0.05, power of 95%. 

Assuming a 10% attrition rate, the corrected sample 

size was calculated using the formula [sample size 

/1- (attrition/100) 10
 11

. 10 animals in each group 

were the minimum number of animals required to 

detect statistically significant difference between 

groups and within the group in behavioral models. 

10 animals were required in the negative control 

group to detect changes between the groups to 

avoid bias due to individual variation. So total 

number of 40 animals were required.  

MATERIAL AND METHODS: The study was 

reviewed and approved by the institutional animal 

ethics committee, Sree Gokulam Medical College, 

Venjaramoodu, Trivandrum and the reference 

number of approval was SGMC-IAEC 

No.003/08aM/M2/2018 

Experimental Design: The study was done as a 

prospective interventional study to explore the 

chronic effects of NaF. It was done in the animal 

house of Sree Gokulam Medical College, 

Venjaramoodu, Trivandrum. After the mice were 

quarantined and acclimatized for the initial 2 weeks 

period, they were randomly allocated into 4 groups. 

All the animals were kept in standard cages in 

groups of 10 and received access to chow diet and 

RO water ad-libitum. NaF was administered 

dissolved in drinking water at different doses. 

The Groups Studied were: 

Group A (n=10): Animals were receiving RO 

water and standard laboratory diet ad libitum and 

served as negative controls. 

Group B (n=10): NaF was dissolved in RO water 

at 10 mg/L dose.  

Group C (n=10): NaF was dissolved in RO water 

at 20 mg/L dose.  

Group D (n=10): NaF was dissolved in RO water 

at 30 mg/L dose 
11

. 

Assessment of cognitive function was done at 

baseline, one month, two months and three months 

of NaF administration. Animals in this 

experimental study consisted of 40 three-month-old 

male swiss albino mice of weight 20 to 30 g. They 

were obtained from Sree Chitra Thirunal Institute 

of Medical Sciences & Technology, Biomedical 

Technology Wing, Satelmond Palace, Poojappura, 

Trivandrum, Kerala - 695 012. Reg No: 98/GO/R-

SL/BiS/99/CPCSEA. The experiment was done 

after a stabilisation period in the animal house at 

Sree Gokulam Medical College, Venjaramoodu, 

Trivandrum for fourteen days. Polycarbonate cages 

were used to keep the mice. In the room, humidity 

level was maintained between (50 ± 5%) and 

temperature between (22 ± 2 °C). The mouse had a 

12-hour light and dark cycle. The mouse received 

laboratory pellet chow and water ad libitum and 

divided into four groups consisting of 10 mice per 

group. 

The influence of fluoride exposure on cognition 

was assessed using forced alternation test and 

spontaneous alternation test. 

Forced Alternation Test using Y-maze: A 

symmetrical Y-maze was used to perform this test. 

The dimensions of each arm of Y-maze were as 

follows; length 35cm, width 5cm and height 10 cm. 

The wall at the end of each arm had a distinct black 

and white pattern. The testing area was dimly lit to 

decrease apprehension in the mice.  
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The animals were handled for three days prior to 

testing. A sample trial (T1) was done for 5-minutes 

followed by retrieval trial (T2) for 5 minutes. In 

T1, the mouse was placed into the end of the start 

arm, in front of the wall, away from the centre.  

The mouse was allowed to explore both arms of the 

Y-maze, while the third arm was blocked. After the 

sample run, the mouse was returned to its cage for 

30-minutes before the next trial. In T2, the third 

arm was unblocked, the mouse was placed into the 

start arm, and then allowed to access all 3 arms of 

the maze. If a mouse ascended on the maze wall, it 

was immediately placed back into the abandoned 

arm.  

After each trial, the maze was cleaned with 75% 

alcohol with a 75% alcohol to avoid odour 

indications. One arm entry was recorded only when 

85% of a mouse’s body entered the arm. Time in 

Novel Arm [%] was defined as the total time spent 

in the novel arm divided by the time spent in all 

arms during the first minute of the retrieval trial. 

Forced alternation [%] was calculated as the 

percentage of mice entering first the new arm 

during retrieval trial 
12, 13

. 

Spontaneous Alternation Test (Y-Maze): The Y-

maze apparatus was turned by 45° in this test. The 

test was done as a single 5-minute trial. The mouse 

was permitted to freely explore all the arms of the 

Y-maze.  

If a mouse ascended on the maze walls, it was 

placed back into the arm. Each animal was placed 

into a different arm at the beginning of the trial. 

This was done to prevent any placement bias. 

Spontaneous Alternation [%] was calculated as 

successive entries in 3 different arms (ABC), 

divided by total number of possible alternations. 

The number of possible alternations is estimated by 

total count of entries minus two 
12, 14, 15

.  

At the end of the experiment, the mice were 

euthanised by CO2 inhalation. All experiments 

were done in agreement with the CCSEA 

(Committee for Control and Supervision of 

Experiments on Animals) guidelines for the use of 

small animals in biomedical research. 

Statistical Analysis: Categorical variables were 

expressed as frequency and quantitative variables 

were expressed as mean ± SD. Wilcoxon signed 

Rank test 
16

 was used to assess the within-group 

effect of different doses of oral sodium fluoride on 

cognitive function in adult mice.  

Kruskal-Wallis Test 
17

 and Mann-Whitney U Test 
18

 were used to compare the between-group effect 

of different doses of oral sodium fluoride on 

cognitive function in adult mice. For all statistical 

analysis, p value<0.05 was considered as 

statistically significant. Statistical software package 

SPSS, version 20.0 was used to complete the 

statistical analyses. 

RESULTS: 

Forced Alternation Test using Y-Maze: The 

effects of three-month oral administration of NaF at 

doses of 10mg/L,20mg/L and 30mg/L on % 

alternations in forced alternation test compared to 

control is shown in Table 1. 

TABLE 1 EFFECTS OF 3-MONTH ORAL ADMINISTRATION OF NAF AT DOSES OF 10MG/L, 20 MG/L AND 30 

MG/L ON % ALTERNATIONS IN FORCED ALTERNATION TEST COMPARED TO CONTROL  

 Control 10mg/L 20mg/L 30mg/L 

Forced 

alternation 

test 

Mean ± SD 

(% alternations) 

Z$ Mean ± SD 

(% 

alternatio ns) 

Z$ Mean ± SD 

(% 

alternations) 

Z$ Mean ± SD 

(% alternations) 

Z$ 

Baseline 39.6 ± 4.2 - 39.6 ± 4.3 - 41.2 ± 3.5 2.21* 39.3 ± 3.7 - 

1 month 35.5 ± 3.8 1.97* 34.1 ± 4.7 2.41* 35.3 ± 2.2 2.23* 33.1 ± 3.9 2.54* 

2 month 36.6 ± 7.6 1.06 28 ± 4.5 2.37* 27.7 ± 3.3 2.2* 26.6 ± 1.7 2.52* 

3 month 36.1 ± 4.9 1.54 23 ± 3 2.37* 21.8 ± 3.8 - 20.1 ± 1.7 2.53* 

$ wilcoxon signed rank test *: - significant at 0.05 level Group A (control) did not show any significant difference in percentage 

of alternations while group B (10mg/L NaF), group C (20mg/L NaF) and group D (30mg/L NaF) showed marked decrease in 

percentage of alternations compared to their baseline values, maximum with group D. 

The comparison of % alternations in forced 

alternation test after oral administration of NaF at 

doses of 10, 20 and 30 mg/L daily for 3 months in 

experimental models is shown in Table 2. 
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TABLE 2: COMPARISON OF % ALTERNATIONS IN FORCED ALTERNATION TEST AFTER ORAL ADMINISTRATION OF 

NAF AT DOSES OF 10, 20 AND 30 MG/L DAILY FOR 3 MONTHS IN EXPERIMENTAL MODELS 

Group Mean ± SD (% 

alternations) 

   Mann-Whitney U Test 

Median (IQR) x
2
$ P 

    Pair Z# p 

Control (A) -3.5 ± 5.5 -3.5 (-5.75 - -2) 18.14 p<0.01 A &B 3.13** 0.002 

NaF 10 mg/L (B)    A & C   

-16.6 ± 3.3 -16 (-17 - -15)  3.1** 0.002 

NaF 20 mg/L (C)   A & D   

-19.3 ± 3.8 -19 (-22.75 - -15.75)  3.37** p<0.01 

NaF 30 mg/L (D)   B & C   

-19.1 ± 2.9 -18.5 (-22.5 - -16.25)  1.22 0.221 

 B & D 1.65 0.100 

C & D 0.06 0.948 

$ Kruskal Wallis Test, # Mann-Whitney U Test **: - Significant at 0.01 level. 

The difference in the percentage of alternations 

between each study group was analysed using the 

Mann-Whitney U test. Animals receiving NaF at a 

dose of 10mg/L, 20mg/L and 30mg/L showed a 

significant decrease in the percentage of 

alternations as compared to the control group with 

a p<0.01. But there is no significant change in the 

percentage of alternations between Group B, Group 

C, and Group D. Fig. 1 shows the comparison of % 

alternations in Forced alternation test after oral 

administration of NaF at doses of 10, 20 and 30 

mg/L daily for 3 months in experimental models of 

cognition. 

 
FIG. 1: COMPARISON OF % ALTERNATIONS IN FORCED ALTERNATION TEST AFTER ORAL 

ADMINISTRATION OF NAF AT DOSES OF 10, 20 AND 30 MG/L DAILY FOR 3 MONTHS 

Spontaneous Alternation Test using Y-Maze: 

Table 3 shows the effects of 3-month oral 

administration of NaF at doses of 10mg/L,20 mg/L 

and 30mg/L on % alternations in spontaneous 

alternation test compared to control.  

Table 4 shows the comparison of % alternations in 

spontaneous alternation test after 3- month oral 

administration of NaF at doses of 10, 20 and 30 

mg/L daily in experimental models. 

TABLE 3: EFFECTS OF 3-MONTH ORAL ADMINISTRATION OF NAF AT DOSES OF 10MG/L,20 MG/L AND 

30MG/L ON % ALTERNATIONS IN SPONTANEOUS ALTERNATION TEST COMPARED TO CONTROL 

 Control 10mg/L 20mg/L 30mg/L 

Spontaneou

s alternation 

Mean ± SD 

(% alternations) 

Z$ Mean ± SD 

(% 

alternatio ns) 

Z$ Mean ± SD 

(% 

alternations ) 

Z$ Mean ± SD 

(% alternations) 

Z$ 

Baseline 61.8 ± 7.6 - 71.7 ± 4.6 - 69.5 ± 4.8 - 67.8 ± 7 - 

1 month 66.1 ± 5.8 1.34 60.6 ± 3.8 2.37* 59.5 ± 5.6 2.2* 55.9 ± 7.8 2.53* 

2 months 64.1 ± 9.3 0.77 52.7 ± 5 2.37* 50.2 ± 2.5 2.2* 47 ± 4.2 2.52* 

3 months 56.6 ± 9.1 1.4 44.1 ± 4.3 2.38* 41.5 ± 2.7 2.21* 36.6 ± 5.2 2.52* 

Group A(control) did not show any significant difference while group B (10mg/L NaF), group C (20mg/L NaF) and group D 

(30mg/L NaF) showed marked decrease in percentage of alternations to their baseline values. The decrease in percentage of 

alternations was maximum in group D. 
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TABLE 4: COMPARISON OF % ALTERNATIONS IN SPONTANEOUS ALTERNATION TEST AFTER 3- MONTH 

ORAL ADMINISTRATION OF NAF AT DOSES OF 10, 20 AND 30 MG/L DAILY IN EXPERIMENTAL MODELS 

 Mean ± SD (% 

alternations) 

   Mann-Whitney U Test 

Group Median (IQR) X
2
$ p Pair Z# p 

Control (A) -5.1 ± 9.6 -6.5 (-14.75 - 4.5)   A &B 3.25** 0.001 

NaF 10 mg/L (B)     A & C   

-27.6 ± 3.2 -26 (-31 - -26)    3.1** 0.002 

NaF 20 mg/L (C)   17.33 p<0.01 A & D   

-28 ± 5.5 -28 (-33.5 - -22)    3.36 ** p<0.01 

NaF 30 mg/L (D)     B & C   

-31.1 ± 7.8 -29.5 (-38.75 - -24.5)    0 1.000 

 B & D 0.59 0.555 

C & D 0.78 0.433 

$ Kruskal Wallis Test, # Mann-Whitney U Test **: - Significant at 0.01 level. 

The difference in the percentage of alternations 

between each study group was analysed using the 

Mann-Whitney U test. Animals receiving NaF at a 

dose of 10mg/L, 20mg/L and 30mg/L showed a 

significant decrease in the percentage of 

alternations as compared to the control group with 

a p<0.01. But there is no significant change in the 

percentage of alternations between Group B, Group 

C, and Group D. Fig. 2 Comparison of 

%alternations in Spontaneous alternation test after 

3-month oral administration of NaF at doses of 10, 

20 and 30 mg/L daily. 

 
FIG. 2: COMPARISON OF %ALTERNATIONS IN 

SPONTANEOUS ALTERNATION TEST AFTER 3-

MONTH ORAL ADMINISTRATION OF NaF AT 

DOSES OF 10, 20 AND 30 MG/L DAILY 

DISCUSSION: In this study, varying 

concentrations of NaF were dissolved in the 

drinking water of adult mice and were investigated 

in models of cognition for 3 months. Major 

findings in this study were that sodium fluoride in 

adult mice may lead to cognitive abnormalities. 

Forced alternation and spontaneous alternation tests 

revealed that there may be cognitive abnormalities 

associated with chronic sodium fluoride intake in 

adult mice. In a study done by Liu et al. in young 

mice with lower doses of NaF found that mice 

developed retention memory deficits in Morris 

water maze experiment suggesting cognitive 

impairment 
19

. Other studies that have explored the 

underlying mechanisms found that surplus amounts 

of fluoride can pass through the blood-brain barrier 

and cause a negative impact on the brain. 

McPherson et al. did a study on male rats treated 

with sodium fluoride at different doses. They did 

not find any cognitive abnormalities on forced 

alternation test 
20

.  

Cao et al. did another study on learning and 

memory in fluoride-treated mice using Morris 

water maze and they found that fluoride exposure, 

even at a lower concentration, can aggravate the 

deficit in learning and memory 
21

. Bittencourt et al 
22

 studied the effect of prolonged exposure of low 

level of fluoride (10 mg/L) and high level of 

fluoride (50 mg/L) in cognition in mice. They 

found that low level exposure did not produce 

cognitive impairment whereas high level exposure 

produced memory and learning deficits. Bartos et 

al 
23

 studied the effect of perinatal exposure of 

fluoride in rat and found that there was memory 

impairment in offspring rats. Yuan et al studied the 

effect of fluoride exposure using Y maze and found 

there was impairment in learning ability in mice 
24

.  

The various mechanisms of fluoride induced brain 

injury are oxidative stress, neuronal apoptosis, 

imbalance of neurotransmitters and accumulation 

of pathogenic proteins 
25

. The metaanalysis done by 

Miranda et al found that evidence available as of 

now is inadequate to propose an association 

between fluoride exposure and neurological 

disorder in humans 
26

. 



Harikrishnan et al., IJPSR, 2024; Vol. 15(1): 105-111.                                  E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              110 

CONCLUSION: Chronic oral NaF in adult mice 

may lead to cognitive abnormalities. Therefore, 

attention has to be paid to the adverse neurological 

effects of fluoride used to fight dental caries, and 

interest ought to be paid to the use and dosage of 

fluoride. Our findings endorse that unrestricted 

fluoride consumption is to be prevented to control 

its unfavourable effects. Further long-term studies 

may be necessary to confirm these effects. 
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