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Introduction 
 

Endemic fluorosis is now known to be 

global in scope, occurring on all continents 

and affecting many millions of people. It is 

characterized by dental mottling and skeletal 

manifestations such as crippling deformities, 

osteoporosis and osteosclerosis. However, in 

the last decade, interest in its undesirable 

effects has resurfaced due to the awareness 

that this element interacts with cellular 

systems even at low doses. 

 

In recents years, several investigations 

demonstrated that fluoride can induce 

 

 

 

 

 
oxidative stress and modulate intracellular 

redox homeostasis, lipid peroxidation and 

protein carbonyl content, as well as alter 

gene expression and cause apoptosis. Gene 

modulated by fluoride include those related 

to stress response, metabolic enzymes, the 

cell cycle, cell communicatons and signal 

transductions (Barbier et al., 2010). 

 

Adrenal gland is multifunctional 

steriodogenic organ. Adrenal gland have 

many features which renders from 

susceptible to toxicological insult including 
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Fluorosis is known to cause several metabolic and degenerative disorders and has 

alarming upsurge in the recent years which is a matter of deep concern and need 

intense research. The gene expression of the anti-oxidant enzyme glutathione 

peroxidase was studied in adrenal gland of Wistar albino rats treated with sodium 

fluoride at the dose of 100, 200, 300 ppm/kg b.w. orally for 40 days. The levels of 

DNA, RNA and proteins in adrenal gland were lower and showed negative co-

relation with fluoride. RT-PCR analysis showed a decrease in glutathione 

peroxidase gene expression in response to fluoride intoxication, suggesting a role 

for post translational modification in altering the activities of this enzyme. 

Western-blot analysis showed that due to oxidative stress protein was expressed at 

24-kDa in all fluoride treated groups. Random Amplification of Polymorphic DNA 

marker were generated via the polymerase chain reaction using shorter primers of 

an arbitrary sequence. With high concentration of fluoride rapid gel images showed 

greater variation then at low dose which was due to certain mutation which change 

the primer binding site. 
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free radical generation during steroid 

biosynthesis (Verma and Rana, 2009). The 

enzymes of steroid biosynthesis are targets 

for various toxicants, the effects of 

endocrine disrupting chemicals on adrenal 

function have been studied (Hinson and 

Raven, 2006). 

 

The purpose of this study was to examine 

molecular aspects of fluoride exposure on 

cellular processes with respect to 

physiological and toxicological implications. 

 

Materials and Methods 

 

Experimental design 

 

Male and female Wistar albino rats, 

weighing between 100-150g were housed in 

polypropylene cages with stainless still grill 

tops and fed with standard rat pellet diet 

(Hindustan Lever Limited, India) and water 

was given ad libitum. The animals were 

acclimatized for two weeks before starting 

the experiment. After the acclimatization 

period, they were randomly divided into 

eight groups containing six rats in each. The 

animals of control group received 1ppm 

deionized water/kg b.w./day and the 

remaining groups were given sodium 

fluoride at the dose of 100, 200, 300 ppm/kg 

b.w. for 40 days. The animals were 

sacrificed under ether anaesthesia. Aliquots 

of adrenal samples were kept in RNA 

later™ (Ambion, USA) and assayed for the 

quantitative estimation of DNA, RNA and 

proteins. 

 

Ethical Aspects 

 

The experiments were performed under the 

approval of animal ethical committee of 

Punjabi University, Patiala, India. (Animal 

maintenance and Registration No. 

107/99/CPCSEA-2013-42). 

 

Isolation of DNA  

 

DNA isolation protocol was performed by 

the method of Hoarau et al., (2007). 

 

 Total RNA isolation and RT-PCR 

 

Total RNA isolation and RT-PCR was 

performed by method described by Strong et 

al. (1984) and Poinar and Jansson (1986). 

 

Total mRNA extraction 
 

Total mRNA extraction was done by the 

method of Chomczynski and Mackey 

(1995). 

 

cDNA synthesis 
 

First strand cDNA synthesis was performed 

by the method given by Berger et al., 

(1988), Frohmam et al., (1988). 

 

Primer Designing and Selection 

 

A set of specific forward and reverse 

primers for the amplification of the cDNA 

of adrenal gland was selected. The cDNA of 

tissue synthesized were used as the template 

for specific primers. 

 

PCR amplification 

 

PCR program consisted of initial 

denaturation at 96°C for 5 minutes, followed 

by 45 cycles of denaturation at 94°C for 1 

minute, annealing at 36°C for 90 seconds 

and extension at 72°C for 2 minutes and 

final extension of 7 minutes at 72°C in 

MWG Biotech Thermo Cycler. 

 

Electrophoresis 

 

Amplified products were run in 1.8% 

agarsoe gel with 100bp ladder and 

visualized in Gel Documentaion system. 
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RAPD (Random Amplification of 

Polymorphic DNA)  

 

RAPD was performed by the method of 

Botstein et al., (1980) and Williams et al., 

(1990). 

 

Amplification reaction was performed in a 

25μl volume mastermix containing (6.78 μl 

distilled water ,and 2.5μl of 10X buffer, 3ul 

of primer each (30 pM /ml), 2.5μl stock 

solution of MgCl2 (25 mM), 4μl DNTP 

mix(25mM), 0.22μl Taq polymerase enzyme 

(5units/μl). 3ul of DNA (47ng/ul) was used 

 

Primer used 

 

Primer 1 : 5´-GATTCACTG C-3’ 

 

Primer 2 : 5'-TGTCTGGGT G-3' 

 

Primer 3 : 5'-GGTCCCTGA C-3' 

 

Protein isolation and quantification 

 

Estimation of protein was done by the 

method of Lowry et al., (1951). 

 

Western blotting for proteins 

 

Western blotting was performed by the 

method given by Vinh Pham (2003). 

 

Statistical Analysis 

 

The data was analyzed using statistical 

package SPSS version 17 for windows Inc. 

Chicago, II. Statistical analysis was 

performed using the Pearson’s correlation 

test. One-way analysis of variance 

(ANOVA) was used to compare the means. 

The Tukey-Kramer post-hoc test was 

applied to identify significance among 

groups. Multiple pair-wise comparisons 

among all treatment groups were performed 

by Bonferroni post-hoc. The value of p<0.05 

was considered to be statistically significant.  

Results and Discussion 

 

Quantification estimation of DNA and 

RNA 

 

DNA 

 

 The level of DNA in the adrenal gland of 

test rats showed significantly 

(F=96.364,p<0.001) decline after 40 days of 

fluoride toxicity (Fig. 1). The highest dose 

group (300 ppm fluoride/kg b.w./day) 

exhibited decline of 5.08%. 

 

Bonferroni multiple comparison test after 

ANOVA (F=96.364, p<0.001) showed a 

significant decrease in the level of DNA in 

adrenal gland (95%CI=0.005 to 0.071) with 

mean difference of 0.021 to 0.055 among 

fluoride treated groups as well as compared 

to control.  

 

Pearson’s bivariate correlation analysis 

revealed a significant (r=-0.955,p<0.001) 

negative relationship between levels of 

fluoride and DNA in adrenal gland of test rat 

after 40 days of fluoride treatment. Further 

regression analysis (Y =1.774-0.127X, R
2
= 

0.912) showed that as the level of fluoride 

decreases in adrenal gland of rats, the DNA 

content also declined (Fig. 2). 

 

RNA 

 

The level of RNA in adrenal gland of rats 

treated with sodium fluoride for 40 days was 

significantly (F=641.853,p<0.001) declined. 

More prominent decrease was registered in 

highest dose group (300 ppm fluoride/kg 

b.w./day) (Fig. 3). 

 

Bonferroni multiple comparison test after 

ANOVA (F=641.853, p<0.001) showed a 

significant decrease in the level of RNA in 

adrenal gland (95%CI=0.013to 0.115) with 
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mean difference of 0.032 to 0.097 among all 

fluoride treated groups as well as compared 

to control.  

 

Pearson’s bivariate correlation analysis 

revealed a significant (r =-0.972,p<0.01) 

negative relationship between level of 

fluoride and RNA in adrenal gland of test rat 

after 40 days of fluoride treatment. Further 

regression analysis (Y =2.918-0.366X, R
2
= 

0.945) showed that as the level of fluoride 

increases, the level of RNA was declined 

(Fig. 4).  

 

RT-PCR 

 

The adrenal gland mRNA used for cDNA 

synthesis produced a 338-bp PCR products 

using GPx specific PCR primer. Controls 

lacking reverse transcriptase resulted in the 

production of no detectable PCR products. 

RT-PCR using GPx PCR primers resulted in 

visible amplified products with adrenal 

gland mRNA (Table-I, Fig. 5) 

  

A single band of predicted size (338bp) was 

obtained using specific primers for adrenal 

gland. RT-PCR result showed oxidation 

stress through specific primer GPx (specific 

for amplified gene for glutathione 

peroxidase enzyme. S-1 (100mg NaF) and 

S-2 samples (200mg NaF) showed the band 

at approx. 338bp. And S-3 (300mg NaF) 

samples showed the band at specific 338bp 

(Fig. 6). 

 

RAPD (Random Amplification of 

Polymorphic DNA) 
 

The gene expression of glutathione 

proxidase was measured by RT-PCR using 

gene specific primer. The fluoride 

intoxication for 40 days resulted in reduced 

GPx activity of adrenal in group S-1 

(exposure to 100 ppm concentration), S-2 

(exposure to 200 ppm concentration) and S-

3 (exposue to 300 ppm concentration) of all 

experimental groups as compared to control 

(Figs. 7, 8, 9, 10). 

 

At first primer 

 

S-I is more similar to control due to low 

dose of fluoride. S-2 and S-3 showed more 

variation due to high dose of fluoride. 

 

At second primer 

 

 S-5 showed similarity with control. 

 

At third primer 

 

S-7 is more similar to control due to low 

dose of fluoride. S-8 and S-9 showed more 

variation due to high dose. 

 

Total Proteins 

 

The level of proteins in adrenal gland of test 

rats showed significant (F=9068.00, 

p<0.001) decline after 40 days of fluoride 

toxicity (Fig.11). Most prominent decrease 

was registered in 200 and 300 ppm fluoride 

groups. 

 

Bonferroni multiple comparison test after 

ANOVA (F=9068.00, p<0.001) revealed 

significant decrease in the level of proteins 

in adrenal gland (95% CI=0.349 to 0.765) 

with mean difference of 0.419 to 0.695 

among all fluoride treated groups as well as 

compared to control.  
 

Pearson’s bivariate correlation analysis 

revealed a significant (r =-0.925,p<0.01) 

negative relationship between level of 

fluoride and levels of total proteins in 

adrenal gland of test rat after 40 days of 

fluoride treatment. Further regression 

analysis (Y=7.213+4.99X-

56.03X*2+58.85X**3, R
2
= 0.971) showed 

that as the level of fluoride increases in 

adrenal gland of rats, total proteins were 

declined (Fig. 12). 



Int.J.Curr.Microbiol.App.Sci (2016) 5(12): 437-451 

441 

 

SDS PAGE analysis of proteins 

 

Polypeptide profile of total proteins of 

adrenal gland treated with different 

concentration of fluoride at 40 days was 

revealed by SDS-PAGE.  

 

In adrenal gland of male rat, Lane-1 showed 

14 dectable protein bands at 100ppm 

fluoride concentration. Lane-2, 11 bands at 

300 ppm concentration and Lane-3, 13 

bands at 200 ppm concentration as 

compared to control. In Lane-4 15 protein 

bands over a wide range of molecular 

weight (14.4 to 116 kda) were recognized 

(Fig. 13). 

 

In female, adrenal gland revealed 10 clearly 

detectable protein bands in sample S-4 (100 

ppm fluoride concentration), 8 protein bands 

in S-5(300 ppm concentration) as compared 

to control in which 14 protein bands.  

 

Furthermore, the gradual decline in the 

quantity of polypeptide groups in the 

profiles of adrenal gland were observed with 

the increasing dose of fluoride. 

 

Table.1 Primer Sequences for GPx 
 

Gene                           primers                                                                      Product 

                                                                                                                         (bp) 
 

 

                                        5’- 

                  CTTGGATCCGAATTCATGACCCCCAG 

                             GCTGGAAAAGAT-3’             338 

                                     (sense) 

   GPx                 

                                   5’- 

                   CTGCAGGATCTTATATGGTTTTGAATT  

                                        GATT-3’ 

                                      (antisense) 

 

 
Primer 1: 5’-GATTCACTGC-3’ 

C-Control , 

S-1- Sample on exposure to 100 ppm concentration of fluoride. 

S-2- Sample on exposure to 200 ppm concentration of fluoride. 

S-3- Sample on exposure to 300 ppm concentration of fluoride. 

 

Primer 2: 5’-TGTCTGGGTG-3’ 

C2-Control , 

S-4- Sample on exposure to 100 ppm concentration of fluoride. 

S-5- Sample on exposure to 200 ppm concentration of fluoride. 

S-6- Sample on exposure to 300 ppm concentration of fluoride. 

 

Primer 3: 5’-GGTCCCTGAC-3’ 

C3-Control  

S-7- Sample on exposure to 100 ppm concentration of fluoride. 

S-8- Sample on exposure to 200 ppm concentration of fluoride. 

S-9- Sample on exposure to 300 ppm concentration of fluoride. 
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Fig.1 Changes in the level of DNA in adrenal gland of experimental rats 

 

 
 

Fig.2 Scatter plot showing correlation between fluoride and level of DNA in                           

test rats after 40 days of fluoride treatment 
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Fig.3 Changes in the level of RNA in adrenal gland of experimental rats. 

 

 
 

Fig.4 Scatter plot showing correlation between fluoride and level of RNA    in test rats after 40 

days of fluoride treatment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Int.J.Curr.Microbiol.App.Sci (2016) 5(12): 437-451 

444 

 

Fig.5 Agarose gel electrophoresis of total mRNA extracted from adrenal gland. 

 

 
 C- Control 

S-1-Tissue sample on exposure to 100ppm concentration of fluoride 

 S-2-Tissue sample on exposure to 200ppm concentration of fluoride 

 S-3-Tissue sample on exposure to 300ppm concentration of fluoride 

 

Fig.6 Agarose gel electrophoresis RT-PCR products from total RNA isolated using Trizol. 

 The gel were stained with ethidium bromide and photographed using Polaroid 

 camera. LaneM:100bp DNA Ladder. 

 
Lane C-Control 

LaneS-1: Glutathione peroxidase (on exposure to 100ppm concentration of fluoride. 

LaneS-2: Glutathione peroxidase (on exposure to 200ppm concentration of fluoride. 

LaneS-3: Glutathione peroxides (on exposure to 300ppm concentration of fluoride 
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Fig.7 RAPD gel image for fluoride treated adrenal tissue of rat at various concentrations. 

 

 
 

Fig.8 ,9,10 
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Fig.11 Changes in the level of total proteins in adrenal gland of experimental rats. 

 

 
 

Fig.12 Scatterplot showing correlation between fluoride and level of proteins in test  rats     

after 40 days of fluoride treatment. 
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Fig.13 SDS- PAGE Polypeptide profiles of total protein in adrenal of rat under control   and on 

exposure to different concentration of fluoride (100 ppm, 200 ppm and 300 ppm) at 40 days. 
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Fig.14 Western Blotting in the adrenal gland of rats on exposure to different  

concentration of fluoride (100 ppm, 200 ppm and 300 ppm) at 40 days. 

 

 
 

Western blotting of proteins 

 

Due to oxidative stress, protein was 

expressed at 24-kDa in all the samples 

treated with fluoride as compared to control. 

The inhibition of glutathione peroxidase by 

oxidative stress has been identified as a key 

factor in the regulation of growth factor 

receptors by environmental stress (Fig.14). 

 

Protein expression of enzymes produced 

during oxidative stress increased in rats that 

were given 100 ppm, 200 ppm and 300 ppm 

fluoride/kg/b.w. respectively. Fluoride 

treatment decreased the total protein 

contents in the adrenal gland of all 

experimental rats. It suggested the 

suppression of protein synthesis and 

utilization of protein for energy purposes. 
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This could be attributed to ability of fluoride 

to modify the ratio of free nucleotide and 

that of RNA, to decrease the rate of RNA 

synthesis and to enhance ribonuclease 

activity. At the subcellular level, nuclear 

DNA is either decreased or either remains 

unchanged, but a decrease was reported in 

intracellular mRNA which was consistent 

with previous investigations (Baudene, 

1975; Chang, 1978; Holland, 1978). 

 

The elevated mRNA levels and 

correspondingly high enzyme activity of 

GPx in the adrenal gland during present 

study indicates post-translational effect of 

oxidative stress in adrenal gland. An 

increase in GPx mRNA in the presence of 

higher concentration of H2O2 has been 

reported (Shull et al., 1991). 

 

GPx has reduced lipid peroxides. GPx plays 

a role in cellular defence against ROS. In the 

present study, the GPx activity increased. 

Which suggest that there could be 

compensatory mechanism between the 

antioxidant enzymes in response to 

oxidative stress. GPx enzymes cope with 

oxidative stress and it is shown in PCR 

result. 

 

The high activity of GPx indicates post- 

translational effects of oxidative damage in 

adrenal gland. The GPx activity in kidney 

has also been found to increase in the most 

studies. The decrease in GPx activity despite 

unaltered mRNA level could be due to 

inactivation by O2
- 

anion (Blum and 

Fridovich, 1985) post-translational 

modification such as non- enzymatic 

glycation of the enzyme protein (Baldwin et 

al., 1995). Oxidative stress, DNA damage 

and modification of membrane lipids can be 

induced in hepatocyte by excess fluoride 

(Wang et al., 2004; He and Chen, 2006; 

Clarke et al., 2008). 

 

With high dose concentration of fluoride, 

rapid gel images showed greater variation 

then at low dose. Probably, because high 

fluoride concentration bring about certain 

mutation which change the primer binding 

site, due to which there were variations in 

the rapid gel images from the control.  

 

Random amplified polymorphic DNA 

marker were generated via the polymerase 

chain reaction using short primers of an 

arbitrary sequence and a lower annealing 

temperature then standard PCR reaction 

(Williams et al., 1990). The total protein 

content declined progressively in adrenal 

gland and was registered in all samples on 

exposure to fluoride. The decrease protein 

content can be explained by decrease in 

protein synthesis and enhanced protein 

degradation. Earlier studies from our 

laboratory revealed a dose-dependent 

decline in protein level in brain (Shashi et 

al., 1994) in experimental fluorosis in rabbit.  

 

The data obtained in the present study show 

clearly that intake of water containing 100, 

200 and 300 ppm sodium fluoride for 40 

days resulted in a marked decrease in the 

level of DNA, RNA and protein in the 

adrenal gland of rat, which was consistent 

with previous investigation (Shashi et al., 

1994; Shashi, 2003). 

 

The significance declined of DNA and RNA 

in adrenal gland of fluoride rabbit in this 

investigation may be due to alteration in 

DNA polymerase activity and change in 

enzymes involved in nucleic acid synthesis 

(Shashi, 2003). 

 

Jacinto-Aleman et al., (2010) suggested that 

excessive fluoride ingestion has been 

identified as a risk factor for fluorosis and 

oxidative stress.  
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