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The aim of this study was to investigate the effect of sodium fluoride on 
behavior (anxiety) of mice by open field test, NADPH-d activity and 
antioxidant enzymes. The study also focuses on the possible protective 
effects of resveratrol and curcumin against the neurotoxicity and oxidative 
stress of sodium fluoride (NaF) that adversely affects antioxidant defense 
system especially in brain. Young male mice (weighing 35-45 g and each 
group of ten animals) were given sodium fluoride (120ppm), resveratrol 
(30 mg/Kg bw) and/ or curcumin (30 mg/Kg bw) daily by intraperitoneal 
injections (I.P) for 4 weeks. In the present study, sodium fluoride induced 
oxidative stress by decreasing levels of SOD, CAT and increased MDA in 
the soft tissues, fluoride exposed mice also show increase in anxiety 
behavior and increase in NADPH-d activity, which are ameliorated by 
curcumin extract and/or resveratrol to great extent and thus these 
phytochemicals improve the antioxidant defense system and relieve 
anxiety behavior by their neuroprotective effect on brain. 
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1. Introduction 

 Fluoride toxicity through drinking water is well recognized as a global problem. Prolong consumption of 

fluoride above the permissible limit causes dental fluorosis, skeletal fluorosis, soft tissue damage, impairment in 

functioning of liver, kidney, muscle, brain, heart, thyroid, testis, ovary, etc [1-5]. According to Browne et al. [6] 

excessive ingestion of fluoride can induce either acute or chronic disease. Fluoride has been reported to cause 

cognitive dysfunction, which have been associated with neurotransmitters alteration, change in antioxidant 

homeostasis, oxidative stress, neuro morphological changes and cell death [7]. Many different conditions of cellular 

stress are united by a common observation of oxidative damage interestingly, toxins also stimulated NOS activity, 

which increases intracellular nitric oxide (NO) [8], which plays a major role in all neurodegenerative diseases, 

primarily by damaging mitochondrial energy production, inhibiting glutamate re-uptake, and stimulating lipid 

peroxidation [2]. Overproduction of superoxide and other related reactive oxygen species resulting in oxidative stress 

reduces the biological effects of nitric oxide [9]. This study determines the effect on selected biochemical parameters 

in various soft tissues after chronic exposure of mice administered with fluoride through drinking water. Previous 

study has shown promise for the use of antioxidants and antioxidant rich food as antidotes for fluoride intoxication 

[5], In light of this present study was aimed to discover the neuroprotective and oxidant quenching role of resveratrol 

and curcumin on fluoride toxicity. Resveratrol (3,5,4'-trihydroxy-trans stilbene) is a stilbenoid or a polyphenol. It is 

found in the skin of red grapes and in other fruits. Resveratrol possesses antioxidant and anti-angiogenic properties. 

Resveratrol was reported to be effective against neuronal cell dysfunction and necrosis [10]. The curcumin (1,7-bis 

(4-hydroxy-3 methoxyphenyl) -1E,6E heptadiene-3,5-done) is the principal curcuminoid of the popular Indian spice 

turmeric. Curcumin acts as a free radical scavenger and antioxidant, inhibiting lipid peroxidation, oxidative DNA 

damage, etc [11]. 

2. Material and Methods 

 Drugs and chemicals: Curcumin and resveratrol were purchased from Prolab marketing Ltd (USA). Sodium 

fluoride (NaF) was purchased from HiMedia laboratories Pvt. Ltd. (India). All other chemicals used were purchased 

from commercial suppliers and were of analytical grade. 
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 Animals: Young (one month old), male Swiss albino mice of inbreed strain weighing 30 ±5gm (BW) were 

used. Animals were divided into control and experimental groups (I to V, n=7). All experimental animals were kept and 

maintained under Institutional Animal Ethical Committee norms (IAEC Reg. No. 973/ac/06/CPCSEA). 

Group I-Control animals were given mice chow and RO water ad-libitum for 30 days. 

Group-II - NaF (120ppm) dissolved in RO water, orally. 

Group-III- NaF (120ppm) and resveratrol (NaF dissolved in RO water and resveratrol dissolved in ethanol 

(30mg/kg BW) were given once daily, orally) 

Group IV-NaF (120ppm) and curcumin (NaF dissolved in RO water and curcumin dissolved in olive oil 

(30mg/kg BW) were given once daily, orally) 

Group V- Resveratrol (30mg/kg BW), orally  

Group VI-Curcumin      (30mg/kg BW), orally. 

Open field test for anxiety: Effects of treatment were studied on fear and anxiety, in control and treated 

mice of different experimental groups according to the method of Carrey et al. [12]. The equipment was calibrated 

using smart junior v3.0. 

3. Histochemical localization NADPH-d in brain (Amygdala) 

Tissue preparation: Histochemical staining for NADPH-d was performed using adjacent sections to 

examine the enzymatic activity of NADPH-d by an indirect method [13]. Six animals from each group were used for 

NADPH-d histochemistry. Animals were anesthetized with pentobarbital [35 mg/kg], and perfused transcardially with 

ice chilled saline followed by fixative [4% paraformaldehyde and 0.1% glutaraldehyde in 0.1 M phosphate buffer, pH-

7.4]. Brain was dissected out and post fixed in same fixative for 1 h. Following fixation, brain was washed in 

phosphate buffer for 1 h and passed in 10% to 30% sucrose series at 4ºC for cryoprotection. 45μm thick coronal 

sections passing through amygdala were cut on a cryostat at -20ºC and washed in phosphate buffer. 

NADPH-d staining and counting: After washing, sections were incubated for 30–60 min in a medium 

containing: 5mg monosodium malate in 4ml of 0.1 M phosphate buffer (pH-7.4) then add 32µl Triton X-100 followed 

by 1.0 mg/ml nitro blue tetrazolium. Then add 2.0 mg/ml β-NADPH. For negative control, sections were incubated in 

a medium prepared without β-NADPH. At the end of incubation, sections were washed in PBS for 3 h at 8ºC, placed 

on glass slides, air dried and mounted with glycerin jelly. No NADPH-d staining was observed when NADPH or NBT 

was eliminated from incubation media. Nitric oxide-synthesizing neurons, stained for reduced nicotinamide adenine 

dinucleotide phosphate-diaphorase (NADPH-d), are present in several regions of brain but this study is restricted to 

amygdala only. Histochemical identification and quantification of the neuronal cell bodies in the above mentioned 

region of the brain of control and all the experimental mice were done with the help of stereotaxic atlas of rat brain 

[14] by using Image pro (Media Cybernetics) Software using Olympus microscope. 

4. Bsiochemical estimation 

Tissue preparation: Animals were sacrificed by decapitation and brain were dissected and placed in ice 

cold phosphate buffer saline (PBS) and washed to remove the blood, and weighed. Tissue was maintained at 4˚C 

throughout the preparation. After cooling down for at least 5 minutes the tissue was crushed on an ice chilled glass 

plate. Then chilled PBS, pH= 7.2 was added to the crushed tissue and was diluted 10 times the volume of tissue. The 

mixture was grinded in a teflon mechanic homogenizer. The homogenate was centrifuged at 10000 rpm for 15 

minutes and the supernatant was used for assays. 

Estimation of malondialdehyde (MDA): MDA content in brain tissue was measured by using the protocol of 

Buege and Aust [15]. To 0.8 ml of supernatant, 1.2 ml of TCA-TBA-HCI reagent was added and kept in boiling water 

bath for 10 minutes. After cooling 2.0 ml of freshly prepared 1 N NaOH was added. The absorbance of pink colour 

obtained was measured at 535 nm against blank which contained distilled water. 

Estimation of superoxide dismutase (SOD): The assay of superoxide dismutase is performed by the 

method of Winterbourne [16], and is based upon its ability to inhibit reduction of nitro blue tetrazolium (NBT) by 

reaction of photo reduced riboflavin and oxygen. Take 500μl of supernatant in test tube each sample to be assayed 

and add 0.2ml of EDTA-NaCN (0.1M EDTA and 0.3 mM of NaCN was dissolved in D.W) in each test tube. Add 0.1 

ml of NBT (1.5 mM solution was prepared in D.W and kept in brown bottle) and then 0.05ml of riboflavin (0.12-mM 

solution was prepared in D.W) to the above reaction mixture. Make the total volume up to 3ml by adding phosphate 

buffer (0.67M, pH 7.0). Take another test tube containing only distilled water. Thoroughly mix the solution of both the 

test tubes. Illuminate the reaction mixture with uniform light intensity for 15 minutes, by keeping the test tube in a 
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slant position for maximum exposure of reaction mixture to the light. For Blanking reaction tube containing distilled 

water instead of tissue homogenate was used. The optical density was measured at 560 nm. The results are 

exposed in terms of percent inhibition of NBT. 

Estimation of catalase (CAT): Catalase was assayed in the tissue colorimetrically by the method of Sinha 

[17]. This method is based on the fact that dichromate in acetic acid is reduced to chromic acetate when heated in 

the presence of H2O2 with the formation of perchromic acid as an unstable intermediate. The catalase preparation is 

allowed to split H2O2 for different time interval by the addition of dichromic acetic acid mixture and the remaining H2O2 

is determined colorimetrically. Take 100μl of supernatant was added to 100μl of the phosphate buffer (pH 7.0, 

0.01M), taken in two test tubes. Then add 100μl of 0.2M H2O2 (2.04 ml of H2O2 was dissolved in 100 ml of D.W, 

prepared freshly and kept in dark bottle) to both the test tubes. The reaction was stopped at 0 second in one test tube 

and 60 seconds in another test tube by the addition of 2.0 ml of dichromatic acetic acid reagent (5% solution of 

potassium dichromate (K2Cr2O7) with glacial acetic acid in the ration of 1:3. The tubes were heated for 10 minutes in 

a water bath. The chromic acetate is measured calorimetrically at 620 nm. For standard different concentrations of 

H2O2 ranging 40-160μ moles were taken in test tubes and reaction mixture was prepared as discussed above. 

Activity of catalase was expressed as μ moles of H2O2 utilized/ minute/mg of protein.  

Statistical analysis: The data of all the above experiments were expressed as mean ± SEM. Data 

comparisons of all groups were carried out using (one-way analysis of variance) One Way ANOVA followed by 

Bonfferoni posttest. Data were analyzed by the prism software program (Graph pad Software Inc.). 

5. Result 

Open field test (Figs. 1,2): Open-field is an indication of general anxiety. Sodium Fluoride treated animals 

(group II) showed an increase in locomotor activity as demonstrated by an increase in the number of entries in all 

zones (Fig.1A) (P <0.01), or in center and periphery, but the time spent in border periphery (P<0.001) is more and 

the time spent in center (P<0.01) is more than control (Fig. 2C). Moreover, F exposed animals also showed an 

abnormal pattern of movement across the open field with a greater velocity (P<0.01) on comparing with control 

animals (Fig.1B). Group II animals showed significantly (P< 0.001) increased rearing and grooming, (Fig.2D) and 

increased (P < 0.1) defecation and frequency of urination (Fig.2E). whereas groups treated with resveratrol + fluoride 

or curcumin + fluoride show significantly decrease in number of entries in center (P<0.01) and boarder periphery 

(p<0.001), but increase (P<0.01) in time spent in all zones except center with lesser velocity (P<0.01) on comparing 

with group II. A decrease in rearing and grooming (P<0.01), defecation was observed and urination was almost same 

in all the animals of various groups other than F. Administration of only polyphenols resveratrol and curcumin shows 

control pattern with more stable pattern of locomotion, with less velocity, rearing, grooming and elimination of wastes. 

  

Fig.1: Represents graphs of (A) Number of entries made in different zones, (B) Maximum travel velocity (cm/sec by 

animals of various group in Open field test Values depicted as Mean±SEM, * denotes P< 0.01 or P<0.05, ** denotes 

p<0.001 (highly significant) and (a) when compared to control and (b) when compared to fluoride. 
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Fig. 2: Represents graphs of (C) Time spent in various zones (Sec), (D) No. of times rearing and grooming 

performed (E) No. of time excreted by animals of various group in Open field test Values depicted as Mean±SEM, * 

denotes P< 0.01 or P<0.05, ** denotes p<0.001 (highly significant) and (a) when compared to control and (b) when 

compared to fluoride. 

NADPH-d positive neurons (Figs. 3,4): NADPH-d positive (nicotinamide adenine dinucleotide phosphate 

diaphorase) fibers and many medium-sized darkly stained monopolar fusiform, bipolar oval shaped, and tripolar 

pyramidal shaped cell bodies were observed in amygdala regions (Fig, 3A). In control brain very few NADPH-d 

positive cell bodies with low reactive intensity were observed, but significant increase in number (P<0.001, Fig.4) of 

intensely stained neuron cell bodies and fibers were observed in fluoride treated brain. In only curcumin and 

resveratrol treated brain, enzyme intensity was comparatively week than fluoride group and found comparable with 

control. The groups treated with curcumin + fluoride (P<0.01, Fig.3E and Fig. 4) or resveratrol + fluoride (P<0.001, 

Fig.3F and Fig. 4) shows significantly less NADPH-d positive neurons and less intensely stained neurons than 

fluoride group. 
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Fig.3: Representative photomicrographs of NADPH-d neurons in amygdala region of mice brain 

 

Fig.4: Quantitative analysis of NADPH-d positive neurons in amygdala region of mice brain. Values depicted 

as Mean±SEM, * denotes P< 0.01 or P<0.05, ** denotes p<0.001 (highly significant) and (a) when compared to 

control and (b) when compared to fluoride. 

Superoxide dismutase fluctuations (SOD, Fig. 5): A significant decline in level of SOD in amygdala was 

observed in fluoride treated animals (P<0.001, Fig. 5A) as compared to control group. Whereas significant increase 

in SOD level was observed in curcumin + fluoride (brain, P<0.001) or resveratrol + fluoride (brain P<0.001) on 

comparing fluoride group animals and in only curcumin and resveratrol treated animals (P>0.05) the results were 

comparable to control. 

Catalase fluctuations (CAT, Fig, 5): When compared to control a significant reduction in catalase activity in 

Brain (P<0.001, Fig.5B) of fluoride treated group was observed. Whereas resveratrol + fluoride (P<0.01) or curcumin 

+ fluoride (P<0.01) treatment shows a significant increase in catalase activity compared to group II. No significant 

differences (P>0.05) were found in the brain of animal treated with curcumin or resveratrol in contrast with control. 

Malondialdehyde fluctuations (MDA, Fig, 5): The mean value of MDA content in brain homogenate show 

significant increase in lipid peroxidation in Brain (P<0.001), of fluoride treated animals when compared to control 

(Fig.5C). The treatment of curcumin or resveratrol with fluoride significantly abolished the inductive effect of fluoride 

on brain (P<0.001, resveratrol + fluoride) (P<0.001, curcumin + fluoride), level of lipid peroxidation. Only curcumin 

and Resv treated group shows no significant (P>0.05) difference in MDA concentration when compared to control 

group. 
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Fig 5: Graphs showing effects of antioxidants in the brain of various groups animals (A) Changes in SOD 

level (B) Changes in CAT level (C) Changes in MDA. Data are shown as Mean±SEM, * denotes P< 0.01 or P<0.05, 

** denotes p<0.001 (highly significant) and (a) when compared to control and (b) when compared to fluoride. 

6. Discussion 

Fluorosis is a serious public health problem in many parts of the world. As in the case of many chronic 

degenerative diseases, increased production of reactive oxygen species has been considered to play an important 

role, even in the pathogenesis of chronic fluoride toxicity. Intake of high levels of fluoride causes structural changes, 

altered activities of enzymes, and neurotransmitters in the soft tissues of experimental animals [18]. According to the 

previous studies, resveratrol and curcumin are closely linked to their protective properties against free radical attack. 

Therefore, the aim and importance of this study was to demonstrate the role of both the phytochemicals in combating 

oxidative stress of fluoride in brain of mice and decreasing the neuronal nitric oxide synthase activity in amygdala 

region as this region of brain is responsible for emotions, survival instincts, and memory. The results of our 

experiment on emotionality, demonstrated marked effects on behavior which could be correlated to physiological as 

well as cellular changes. In OFT significant enhancement in EMA (exploratory motor activity, measured as the 

number of squares crossed) was noted in NaF treated animal as shown by the increase in number of entries made in 

different zones i.e. center, periphery and border periphery with a maximum velocity and more time spent in center as 

compared to control animals, while animals stay for less time in periphery and border periphery. More entries and 

time spent in center shows more anxiogenic behavior. An increase in emotionality and fear was observed in fluoride 

group which can also be interpreted by increase in rearing, grooming and increased number of faecal boli and 

urination. These changes indicate disturbed or “non-emotional” state of the fluoride treated animal [19,20]. Whereas 

in OTF polyphenols treatment with fluoride shows less entry in center zone compared to periphery and border 

periphery with decrease in velocity and time spent in center. Even the treated groups other than group II performs 

less number of rearing and grooming with less fecal boli. The emotional animals of group treated with only resveratrol 

or curcumin shows similar pattern of behavior compared to control. May be the improvement in fear and anxiety in 
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phytochemicals treated animals was due to their efficiency in combating hazardous effect of fluoride by providing 

prevention on multiple sites like on natural antioxidant system of body and enzymes like nitric oxide synthase. In 

regard of our hypothesis, we have quantified nNOS (NO producing enzyme) positive cell bodies in brain sections by 

using an indirect method NADPH-d histochemistry [21]. Many studies have shown that NADPH-d corresponds to 

nNOS [22,23]. nNOS activity in fluoride treated group were observed in amygdala region, where significantly more 

number of cells with high reactive intensity is an evidence of enhanced production of NO in comparison to control 

group. Thus increased production of NO, which is inherently reactive as a free radical can mediates cellular toxicity 

by damaging critical metabolic enzymes and by reacting with superoxide to form an even more potent oxidant, 

peroxynitrite and generating reactive oxygen species. This causes enhance lipid peroxidation, which is implicated in 

fluoride induced neuron cell death whereas treatment with resveratrol or curcumin along with fluoride significantly 

decreases the number of NADPH-d positive cell bodies in amygdala. In group treated with only curcumin and 

resveratrol the staining pattern found is similar to control. In account of this earlier studies from our laboratory 

indicates that excessive fluoride intake caused morphological changes in NADPH-d/NOS (nitric oxide synthase) 

positive neurons in the brain, thus increasing nitric oxide (NO) synthesis, in hippocampus and cerebral cortex [8,24].  

Additionally, to find out whether antioxidant status is also compromised due to exposure of fluoride, we 

performed biochemical assays of antioxidants system, the results of which indicate a significant change in response 

to fluoride exposure. We found that activity of SOD level decreases in fluoride treated brain as compared to controls. 

Such decrease could correspond to accumulation of superoxide radicals in the cells of the organ, which were not 

converted by SOD to H2O2 due to its low concentration. It could also mean that excessive amount of H2O2 was 

produced which led to overuse of the enzyme and hence a decrease in its concentration. Similarly, CAT activity also 

decreased in the brain of fluoride animals [2]. It suggests an over consumption of enzyme related to increased 

production of H2O2 in vivo by SOD, and hence oxidative damage.  

In the cell, membrane lipids are assumed to be the most reactive out of all other biomolecules. They possess 

a hydrocarbon chain that could undergo free radical reactions in presence of reactive oxygen species produced at 

the time of oxidative stress. It also leads to oxidation of polyunsaturated fatty acids, thus contributing to apoptosis 

and serves as a reliable marker of oxidative stress mediated lipid peroxidation in mice organs [25]. Our results show 

brain damage as MDA concentration is increasing in brain of fluoride group as compared to control. Our data display 

diminished levels of LPO and significant rise in SOD and CAT level in the brain samples of resveratrol + fluoride 

group and group IV curcumin + fluoride as compared to only F treated group. Hence both the antioxidants are playing 

a critical regulatory role in maintaining the homeostasis between free radicals and antioxidant defense system, 

therefore can be used as safe remedy for combating the ill effect of sodium fluoride on body’s natural antioxidant 

defense system. Several reports have been documented the protective actions of resveratrol and curcumin in 

reducing neurodegeneration in the brain.   

7. Conclusions 

In conclusion, our results along with earlier reports strongly indicate that both of the two polyphenolic 

compounds exert their antioxidant effects on the neurotoxicity induced by fluoride and show their therapeutic role in 

neurological manifestations like anxiety by quenching oxygen species and impeding cellular degeneration. Where the 

use of resveratrol is found to be more promising for the treatment of anxiety and other neurodegenerative effects. 

The combined results of our study are highly significant and exhibit a clear dose–response relation. We have also 

preferred young mice as these could simulate current teenagers and their developing brain. The adverse effects of 

Fluoride in drinking water on the growing brain should deserve special concern from researchers because biological 

processes are particularly vulnerable during the growth process. 
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