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Abstract
The present study investigates the effect of thdiuso Fluoride (NaF) on Wistar Albino mice. The aais have
been divided into three batches each containing ifirdividuals among which®1batch served as control while,
remaining two batches were treated with 5 and 10mspectively. After completion of exposure, thévals were
subjected to behavioural studies. Then the animadse sacrificed and the brain regions were usedtHer
biochemical analysis. Significant behavioral changere observed in the NaF treated animals wherpamd to
the control animals. Among the two doses the arsreaposed to high dose showed significant changepared
to low dose exposed animals. Among the biochenmiaedmeters studied AChE activity was decreasehlerbtain
region of the animals exposed to NaF comparedaadmtrol. Besides decrease in AChE activity, AGhtent was
found to be increased in the brain regions of tla¢ ldxposed animals. Among the different brain megistudied
Cerebral Cortex was found to be more vulnerablhéoNaF toxicity. However 10pm NaF showed morehittan
both in terms of behavioral and biochemical alieret in the Mice compared to the 5ppm exposed dsima
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Introduction

The toxic effects of Sodium fluoride (NaF) on mare ~ Evidence that fluoride (F) crosses the blood brain
well documentet The toxicity of Fluoride on female barriers raises the possibility that F can affdut t
mice has been shown to depend not only on thestructure and functions of the central or periphera
concentration of fluoride but also on the pH, hash  nervous system. Significantly impaired learning and
and temperature of the water, and the presencenof i memory, shown in mice, reduced motor coordination
exchange mineralsNaF toxicity on mice depends very and behavior symptoms like nervousness, depression,
much on increasing F concentration, exposure tase, tingling sensations in fingers and toes, excestivst,

well as water temperature and uptake of F diredly ~ and tendency to urinate frequently in human keing
food®®. NaF causes adverse biological effects such asfter excess intake of fluorinated water sugghat t
changes in carbohydrate, lipid, and protein metabpl  not only the structure but functions of the cahtr
reproduction, impairment, reduced embryonic andnervous system are also affected. The present
development of life stages, and alteration of sind investigation was under taken to study the effedt
growtl? and is therefore a potent hazardous pollftant two different F concentrations in drinking watem

In the present study, an attempt has been madedg s cholinergic system and behavior studies.

the chronic toxicity and behavioral responses ieduc Material and Methods

by NaF 'in female mice. Indeed, levels of procurement and maintenance of animals
acetylcholinesterase ~ (AChE) and  choline  Female adult Wistar mice weighing 355 grams were
acetyltransferase (ChAT)both presynaptic markers of ysed as the experimental animals in the present
cholinergic neurons, significantly decrease in the jhyestigation. The mice were purchased from the
cortex and hippocampus of mice. Consistent witlséhe |ndian Institute of Science (11Sc), Bangalore,
observations, memory deficits are improved by maintained in the animal house in polypropyleneesag
stimulation of the cholinergic systér. under laboratory conditions of 28%2 temperature

with photoperiod of 12 hours light and 12 hourskdar
Email: kirao1954 il ’ and 75% relat|ve. hum|_d|ty. The mice were fed W|th

mal Jri(;ndeeggzgcl)lgg;n@gmail com standard pellet diet (Hindustan Lever Ltd., Mumbai)
Mob.: +91-9603182666 +91-98481é1033 and water ad libitum. The mice were maintained
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according to the ethical guidelines for animal Total Locomotor Activity

protection and welfare bearing the CPCSEA. Total locomotor activity of the mice was studiedwi
The mice were randomly divided into 3 groups having Opto-Varimex mini (Columbus Instruments, USA).
5 in each group and were treated as follows: The data was taken as total duration 30minutesith e
Group I: received saline (control). animal during the 5 minutes session interval.

Group II: 5ppm NaF. Biochemical Analysis

Group lll: 10 ppm NaF. Isolation of synaptosomal fraction

NaF was dissolved in distilled water and givenlie t Synaptosomal fractions from brain homogenates were
animals for three months, through drinking water. separated using ficoll-sucrose gradi&htsThe tissues
Isolation of tissues were weighed and homogenized in 10 ml of ice-cold

After a stipulated duration of exposure, behavioral homogenizing buffer and the volume was broughtoup t
studies were performed for a period of three daygs a 25 ml with homogenizing buffer. The homogenates
then the animals were sacrificed by cervical distimn were centrifuged at 750g for 10 minutes. The pellet
and different brain regions (cerebral cortex [CC], were discarded and the supernatants were centtifuge
cerebellum [CB], pons medulla [PM] and hippocampus at 17,000g for 20 minutes. The pellets were
[HC]) were immediately isolated, frozen in liquid suspended in 10ml of 0.32M sucrose and were

nitrogen and stored at -AD until analysis. layered on a two step discontinuous Ficoll-sucrose
Behavioral studies gradient consisting 13% and 7.5% Ficoll and
Open-Field Behavior centrifuged at 65,0009 for 45 minutes. A millyér

The open field test has been widely used to asseswias formed at the interface of 13% and 7.5% Ficoll.
emotional reactivity/anxiety. It provides measuds  The pellet consisting of mitochondrial fraction rfzed
locomotor activity. The horizontally directed adtyw at the bottom of the centrifuge tube was taken and
(or locomotion) is measured by the number of line suspended in homogenizing buffer. The milky layer
crossings, and vertically directed activity (or fraction was diluted with 9 volumes of 0.32M su@os
exploration) is measured by the frequency of regtn and centrifuged again at 17,000g for 30 minutee Th
The open-field behaviour of one month age mice weresupernatant was discarded and the pellet (synaptdso
assessed in a wooden box measuring 90 x 90 x 30 crfraction) was suspended in 0.32M sucrose.

high. The floor of the arena is divided into 36ualy  Estimation of Acetylcholine (ACh)

squares by black lines. Immediately after a mouas w The acetylcholine content was estimated by the oukth
placed in the centre of the open field, the moveroén  of Metcalf ** as given by Augustinsoh The

the animal was scored. The number of squaresemoss synaptosomal fractions  of cerebral  cortex,
with all paws (crossings), the standings on thed hin hippocampus, cerebellum and medulla oblongata were
legs (rearings), placing the nose against wallloorf  placed in boiling water for 5 minutes to terminéte
(sniffing), wiping, licking, combing or scratchingf AChE activity and also to release the bound ACh. To
any part of the body (grooming) are counted in all the synaptosomal fractions 1 ml of alkaline
sessions. All the activities measured were combinedhydroxylamine hydrochloride followed by 1 ml of 50%
together to assess the mean total behaviour in eachydrochloric acid were added. The contents were
session. Testing was carried out on three consecuti mixed thoroughly and centrifuged. To the superratan
days in five minute sessions in control, NaF-expgose 0.5 ml 0.37M ferric chloride solution was added and
(both 5ppm and 10ppm NaF exposed) animals. Thethe brown colour developed was read at 540nm ajgains
number of crossings indicates locomotor activity a reagent blank in a spectrophotometer

Exploratory Behavior Estimation of Acetyl cholinesterase Activity (AChE)
Exploratory behavior was evaluated in the hole toar AChE specific activity was determined following the
The apparatus was an open-field arena with fourmethod of Ellmanet al. *®. The reaction mixture
equally spaced holes (3 cm in diameter) in therfloo contained 3.0ml of phosphate buffer (pH 8.0), 2@ful
Each mice was placed individually in the centrethaf 0.075M acetylthiocholine iodide (substrate) and (1l00
arena for 5 min, during which we recorded head-dip of 0.01M DTNB (5, 5-Dithiobis-2-Nitrobenzoic acid).
count and head-dipping duration, in seconds. A headThe reaction was initiated with the addition of L00f

dip was scored if both eyes disappeared into the. ho synaptosomal fraction. The contents were incubfated
Head-dipping duration data are expressed as totaBO min at room temperature and the color absorbance
duration during the 5-min session. The resultshiead was measured at 412 nm in spectrophotometer
dip are expressed as number of counts, and for-headHitachi, Model U-2000). The enzyme activity was
dipping duration in seconds.
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expressed as n moles of ACh hydrolyzed/mg the 10ppm concentation at Hippocampal region (Table
protein/hr. 2). When neuronal damage is taken into consideratio
Statistical analysis as reported earlier, it is clear that the ACh aaglates

All observations were carried out with six separate as a result of the inhibition of AChE and subsedjyen
replicates from each group. The mean, standard errocauses specific neurobehavioral symptoms. It has be
(SE) and Analysis of Variance (ANOVA) were done reported that several cholinergically mediated biha
using SPSS statistical software (11.5 ver.) fofedént would be disrupted if AChE activity in brain falelow
behavioral parameters. Difference between conmdl a 40% of the normal lev&l The alterations in ACh
experimental were considered as significant at#x0. content and AChE activity observed in NaF-induced
Results and Discussion mice, however, would tend to indicate that a direct
The behavioral changes were monitored and Wererelations?ip exists between activities of the amalgic
given in Table 1. pathway”. : _
Records of the behavioural responses including!t Nas been suggested that changes in the expmeskio
Crossings, Rearings, Sniffings, Groomings and key chol!nerg|c proteins and t.he assocw_lted ch[gln(_e
Locomotor Activity. dysfunc_tlon are key factors in the basic mechanisms
During the three months study period, the NaF exgos U”der')gpg central nervous system-related NaF
mice (10ppm and 5ppm) were more active and restlesdOXiCity™. Although a direct role of cholinergic
compared to the control group. With regard to Pathways induced NaF has not been demonstrated,
Crossings, Rearings, Sniffings, Groomings of Open_these_results |nd|_cate that _there exists a meqm\a'nls
field behavior in the NaF exposed group have Shov\m!nvolvmg summation of excitatory neurotransmission
significant decrease. These observations are welin the central nervous system during NaF toxicity.
supported by earlier findings from other toxicity the Present study, the changes in ACh content and
studied”. The variation in toxicity of a toxic substance AChE activity were maximal with 10ppm NaF
to attributable to specific characteristics of miech ~ induced. Hence, it may be concluded that these two
as variations in size and weight, sex, and maturity concentrations 5ppm and 10ppm of NaF have nerotoxic

species biological behaviour, and physico-chemical@ctivity and cause perceptible changes in the

conditions of ambient water. It is clear that Na&hc
exert adverse effects on female mice.

cholinergic system.
Conclusion

The underlying mechanisms of NaF and cognition The present study suggests that chronic F intdricat

defects are still elusive, but several possibldways

markedly affects cholinergic system, which may hesu

have been described. Possible mechanisms of actiof? dysfunctions of neurotransmission in brain, ainel
for NaF based on the proposed underlying signalingF induced neurotoxicity is highly region specific,
pathway%®. Both cAMP and cGMP have been strongly finally leading to the perturbations in the behavio

implicated in hippocampal LTR A very recent study

responses.
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Table 1: Behavioral changes in Control and NaF Expged Female Albino Mice

S. No Parameters Control NaF (5ppm) NaF (10ppm)
1 Open Field Behavior

a. Crossings 127.61£22.67 94'552?215?"39)5 59'22352;'58;3

b. Rearings 25.33+7.39 18'775 izg'_%%) 10'0*1((?6?).752)

. Sniffings 22.55+6.372 18'0*2{‘;'5217) 8'0°*i(f163?§2)

d. Groomings 24.772+7.152 20'555?7%%‘;’8 9'5*i‘t'_2‘;_365)
Wl Ptk
B g zisgs || Do | saoenis
4 Total Locomotor Activity 660.77+92.27 529'3(?’13?551 2613?_?& :9379)2

All the mean values Significant at P < 0.05 comgawxith saline control in Bartlett's test.
+ Standard deviation on values. (SD); Values ireptreses are percentages of change over control
Table 2: Changes in acetylcholine (ACh) content (pole of acetylcholine/g wet wt of tissue) and
acetylcholinesterase (AChE) activity (umole of acglthiocholine iodide hydrolyzed/mg protein/h) of diferent
brain regions of control and NaF treated albino ferale mice

Brain region/ Cerebral cortex Cerebellum Hippocampus Medulla oblagata
Experimental I “ach | ache | ach | ache | Ach | Ache | Ach | Ache
3.053 4.903 2.989 4.314 3.094 4.944 2972 4.197
Control +0.148 +0.214 +0.104 +0.289 +0.08¢ +0.15p +0.26  .210
3.28 3.875* 3.21b 3.692* 3.306 3.9481 3.113 3.483*
5ppm +0.051 +0.079 +0.135 +0.097 +0.053 +0.24p +0.124 140
(7.76) (-20.97) (7.56) (-14.42 (6.85) (-20.19) (%) (-16.41)
3.5 3.043* 3.331 2.997* SH 3.125% 3.31 2.9747
10ppm +0.118 +0.597 +0.071 +0.362 +0.204 +0.56p +0.081  .22G
(6.38) (-21.47) (3.61) (-18.82 (13.46 (-20.8%) .3 (-14.61)

Note: All values are means * SD of six individubkervations; Values in parentheses are percengetarer

Abbreviations
NaF

F

ACh

AChE

CcC

CB

PM

HC

control; *Significant at P < 0.05 compared withisalcontrol in Bartlett's test.

Sodium Fluoride
Fluoride

Acetyl Choline

Acetyl Choline esterase
Cerebral Cortex
Cerebellum

Pons Medulla

Hippo campus
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