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ABSTRACT 

India is one of the worst fluorosis affected countries, with large number of people suffering. This is 

because a large number of Indians rely on ground water for drinking purposes and water at many places is 
rich in fluoride. Pathological effects of fluoride intake have been reported for various organs including the 

brain, kidney, liver and thyroid of humans living in areas with areas with endemic fluorosis in several 

developing countries, including China and India. In experimental animals subjected to chronic fluorosis, 
including swelling of mitochondria, dilation of the endoplasmic reticulum and frequent apoptosis. 

Interestingly, the apoptosis induced by fluorosis has been recently focused on as a possible toxicological 

mechanism for the disease. Integrating mitochondrial fragmentation, the procedure of apoptosis 

associated with chronic fluorosis might be involved in the mitochondria-mediated pathway regulated by 
anti-apoptotic Bcl-2 families. The mitochondrial pathway is initiated y the release of cytochrome c from 

the mitochondria into the cytosol, which is controlled by Bcl-2 family. The study was conducted to find 

the effect of fluorosis on apoptosis and the expression of Bcl-2 in liver of Swiss Albino mice in an 
attempt to elucidate molecular mechanisms. 
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INTRODUCTION 

Fluorosis is an important public health problem in 24 countries, including India, which lies in the 

geographical fluoride belt that extends from Turkey to China and Japan through Iraq, Iran and 
Afghanistan (Saravanan et al., 2008). Of the 85 million tons of fluoride deposits on the earth’s crust, 12 

million are found in India (Teotia et al., 1984) Hence it is natural that fluoride contamination is 

widespread, intensive and alarming in India. Endemic fluorosis is prevalent in India since 1937 (Shortt et 
al., 1937). It has been estimated that the total population consuming drinking water containing elevated 

levels of fluoride is over 66 million (FRRDF, 1999). Endemic fluorosis resulting from high fluoride 

concentration in groundwater is a public health problem in India (Kotecha et al., 2012).  

The available data suggest that 15 States in India are endemic for fluorosis (fluoride level in drinking 
water >1.5 mg/l), and about bout 62 million people in India suffer from dental, skeletal and non-skeletal 

fluorosis. Out of these; 6 million are children below the age of 14 years (Susheela, 2001). Groundwater is 

considered as the major source of drinking water in most places on earth (Brindha et al., 2011). 
It has long been known that excessive fluoride intake carries serious toxic effects on skeletal muscle, 

brain and spinal cord. Recent studies have shown accumulation of fluoride decreases aerobic metabolism 

and altered free-radical metabolism in the liver, kidney and heart (Sondhi et al., 1995). It has been 
accepted that fluorides chromosomal aberrations and gene mutations in cultured mammalian cells 

(Charles et al., 1998). Sodium fluoride, the first and still-recommended fluoride compound used for 

fluoridation of drinking water, induces morphological and neoplastic transformation of Syrian hamster 

embryo cells (Jones et al., 1988a; Lasne et al., 1988). Sodium fluoride has also been observed to have 
tumour-promoting activity in these cells (Jones et al., 1988b). Cells undergoing apoptosis shows distinct 

morphological and biochemical changes such as cell shrinkage, membrane blabbing, chromatin 

condensation and DNA fragmentation (Kerr et al., 1972; Wyllie et al., 1980). The apoptotic events are 
thought to be mediated by the caspase family of proteases which cleave death substrates (Enari et al., 

1996; Liu et al., 1997; Rudel and Bokoch, 1997). Interestingly, the apoptosis induced by fluorosis has 

been recently focused on as a possible toxicological mechanism for the disease. Integrating mitochondrial 
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fragmentation, the procedure of apoptosis associated with chronic fluorosis might be involved in the 

mitochondria-mediated pathway regulated by anti-apoptotic Bcl-2 families. The mitochondrial pathway is 

initiated y the release of cytochrome c from the mitochondria into the cytosol, which is controlled by Bcl-
2 family (Ankarcrona et al., 1995).  

Consistently, researchers from numerous different disciplines (physiology, toxicology, medicine, 

dentistry, public health, nutrition) have lines of evidence and analysis. Scientists are now debating 
whether fluoride confers any benefit at all. The study was conducted to find the effect of fluorosis on 

apoptosis and the expression of Bcl-2 in liver of Swiss Albino mice in an attempt to elucidate molecular 

mechanisms. The sequencing of PCR products of the gene Bcl-2 of the normal and treated mice would 

contribute to a better understanding of the mechanism of fluoride effect in the cellular system. 

 

MATERIAL AND METHODS  

Animal source: Adult female Swiss albino mice, Mus musculus. 
Reagents: 0.9% saline solution, Aqueous NaF Solution.  

Six healthy, adult female albino mice, Mus musculus of Swiss strain, each weighing about 30 ± 2 g, were 

obtained from the Animal house. They were caged with allowed to acclimatize to the laboratory 
conditions for four days before experiments began. Meanwhile animals were fed a standard pellet diet and 

given distilled water. The body weight of each animal was noted before treatment and also on day 15. 

They will be offered fluoride diet for 14 days by administering the dose of aqueous NaF (20 mg/kg/body 

weight/day) to monitor their genetic effects. At the end of the 14 day treatment, the animals were 
sacrificed by cervical dislocation, and the liver is dissected out, blotted weighed and transferred to 0.9% 

saline solution. Samples were maintained at ice-cold conditions and used for isolation of genomic DNA.  

Material for DNA Extraction 

Source: Liver tissue. 

Reagents: 0.9% saline solution, TNES buffer, 35 μl of Proteinase-K (20 mg/ml), PCI (phenol: 

chloroform: IAA), 3M NaCl, 70 % and 100% Ethanol, Tris-EDTA Buffer. 

Instruments & Equipments: Micro-Centrifuge. 

Other requirement: Sterile Scalpel, Petri dishes, Eppendorff, Micropipettes, Sterile Micro-tips, Freezer, 

Cello tape, Gloves, Apron, Filter paper, Cotton, etc. 

Material for PCR  

Source: Extracted DNA. 

Reagents  

Taq DNA polymerase Buffer, dNTP's (dATP, dGTP, dCTP, dTTP), Forward primer, Reverse primer, Taq 
DNA polymerase, Ethidium bromide. Agarose, Gel loading Buffer, DNA ladder, Autoclaved distilled 

water, Alcohol, etc. 

Instruments & Equipments  

Laminar flow, Thermo cycler (Make-Applied Biosystems), Electrophoresis unit, UV-trans-illuminator, 
Microwave, Weighing balance, power pack etc. 

Other Requirement  

PCR tubes, Micropipettes, Sterile Micro-tips, Cello tape, Gloves, Apron, Filter paper, Cotton, etc. 

Material for DNA Quantification 

Source: Extracted genomic DNA sample. 

Reagents  

TE buffer, Autoclaved distilled water 

Instruments & Equipments  

Laminar flow, UV spectrophotometer Microwave, Weighing balance, power pack etc.  
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Other Requirement  

Quartz cuvettes, Micropipettes, Sterile Micro-tips, Cello tape, Gloves, Apron, Filter paper, Cotton, etc. 

Procedure 

I. DNA Extraction  

Procedure  
1. Finally chopped liver tissue with a sterile scalpel blade.  
2. Homogenized in 0.9% saline solution. 

3. Taken Approximately 200 μl chopped sample tissue in a 2 ml eppendorf tube.  

4. Added 600 μl of TNES buffer and 35 μl of Proteinase-K (20 mg/ml) and Mixed the sample by 

inverting the tubes several times.  
5. Tubes were incubated at 55°C overnight.  

6. Remove tubes from oven and carefully add 800 μl PCI (phenol: chloroform: IAA).  

7.  Carefully removed aqueous layer for each sample into new, clean microfuge tube.  
8. Add 45 μl of 3M NaCl pH 5.3 to each tube. Closed tubes and Mixed properly and then added approx. 

100 μl Ethanol (100%).  

9. Invert to mix and precipitate DNA and kept in -20c freezer for 30 minutes. 
10. Spin at 12,000rpm for 10 min at 4ºC.  

11. Removed supernatant to a new, labeled 2 ml micro centrifuge tube. 

12. Added an equal volume of cold 100 % ethanol and gently mix by inverting the tubes. 

13. Centrifuged the samples at 12,000 rpm for 15 minutes at 4ºC.  
14. Remove the supernatant and wash the DNA pellet in 500 μl of 100 % ethanol (add ethanol, close cap 

of tube and invert gently).  

15. Pour (or pipette) off the ethanol and briefly spin the samples to keep the pellet at the bottom of the 
tube.  

16. Washed DNA pellet with 70 % ethanol as above. After removing the 70 % ethanol, briefly. 

17. Centrifuge the samples to get the last of the ethanol to the bottom of the tube; pipette off the 

remaining ethanol. 
18. The sample was to air dried for 1-3 hr depending upon the temperature.  

19. Re-suspended the dried DNA sample into 100-200 μl of sterile distilled water or Tris-EDTA Buffer.  

II. PCR Setup 
DNA samples: DNA extracted from test samples using standard protocol. 

Primers: The details of primers obtained from axygen: 
 

Table 1: Primer sequences with product sizes 

Sr. No. Genes Primers sequence Amplicon size 

1. BCL-2 Forward primer: 

5′-TAC CGT CGT GAC TTC GCA GAG -3′ 

Reverse primer: 

5′-GGC AGG CTG AGC AGG GTC TT -3′ 

350 base pair (bp) 

 

1. Before starting with the reaction set-up, the sample DNA was diluted with HPLC water to make it 

10µg/µl. Primers, both forward and reverse were diluted in the ratio 1:10. Prepared the reaction mixture 

for PCR by adding the reagents given in the kit as given in table: 
 

Table 2: ????? 

Sr. No. Materials Amount (μl) Dilution 

1. AampliTaq Gold PCR Master Mix 10 - 
2. HPLC water 3.0 - 

3. DNA (10 ng / μl 6.0 - 

4. Forward primers 0.5 1:10 
5. Reverse primers 0.5 1:10 
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2. Carried out the amplification using the above mentioned conditions and performed at least 302cycles 

for amplification of the DNA fragment. 

PCR Cycling Conditions for BCL-2 Gene 
The cycle conditions were standardized before starting with amplification of test samples. The 

amplification was studied at different annealing temperatures and suitable annealing temperature was 

selected for final reaction setup. The amplification was observed for the entire test DNA samples. 
 

Steps Temperature Time No of Cycles 

Step I Initial Denaturation 

Denaturation 

94°C 

94°C 

 5 Sec 

60 Sec 

1 cycle 

 

Step II Annealing 59°C 

 

30 Sec 

 

30 cycles 

Step III Extension 

Final Extension 

72°C 

72°C 

30 Sec 

5 min 

1 cycle 

Hold at 4°C 

 

III. Agarose Gel Electrophoresis 

With sample, std. 100bp ladder was loaded in different lane and run was done on 1.5% agarose gel 
(prepared by adding 5μl of 1mg/ml Ethidium Bromide) with 1X TAE buffer. The gel is run at constant 

voltage 90-95V. The resultant gel was observed under UV-trans-illuminator and compared for the PCR 

result. 

IV. Quantification and Quality Check of DNA  

After isolation of DNA, its quantification and analysis of quality are necessary to ascertain the 

approximate quantity of DNA obtained and the suitability of DNA sample for further analysis. This is 

important for many applications including digestion of DNA by restriction enzymes or PCR amplification 
of target DNA.  

 Quantification of DNA Sample  

1. The UV spectrophotometer was switched on and the deuterium lamp was allowed to warm-up.  

2. A blank was set with TE buffer (or distilled water) in quartz cuvettes.  

3. A 1:50 dilution was prepared with isolated genomic DNA sample in distilled water and then transferred 

in quartz cuvettes.  

4. The reading at 260 nm gives the concentration of nucleic acid in the sample while reading at 280 nm 
specifies the concentration of aromatic amines.  

Formula OD 260nm/ OD 280nm = Ratio to determine the concentration of DNA in the sample. DNA 

concentration in mg/ml = OD260 x 50 mg DNA/ml x Dilution Factor/1000 The 260/280 ratio should 
range from 1.6-1.9 for preparations of DNA that are to be used for PCR amplification. If there is 

contamination with protein or phenol, the ratio will be significantly less than 1.8 and if ratio is greater 

than 2.0, there can be possible contamination of RNA. Accurate quantification of amount of nucleic acid 

will not be possible in such a sample and it cannot be used for further processes. 

http://en.wiktionary.org/wiki/micromolar
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Observations 

 

LEGEND 

2% Agarose Gel stained with EtBr (10mg/ml) 

Lane M: 100 bp DNA Ladder 

Lane 2: PCR product. 

 

RESULTS AND DISCUSSION  
PCR was run for the template DNA sample/test sample and a relatively intense band was seen around 

100bp when compared with std. 100bp ladder.   

The results obtained for the Bcl-2 gene under study did not vary for the normal and test mice; we get the 
same size of amplified products for both the cases. The PCR products obtained were further sequenced 

and matched but there was not any difference in their sequences. In conclusion, our findings revealed that 

we need to elaborate our study with more genes that can be influenced and damaged by different forms of 

fluorine compounds. With our results and studies we assume may be substantially more evident effect 
was caused by other fluoride compounds compared to simple fluoride ion released by sodium fluoride.  
 

ACKNOWLEDGEMENT  

The author is gratefully acknowledged to UGC & University of Mumbai for providing financial 

assistance. The authors would also like to be thankful to the G.N.Khalsa College for their support. 
 

REFERENCES 
Adali MK, Varol E, Aksoy F, Icli A, Ersoy IH and Ozaydin M (2013). Impaired heart rate recovery in 

patients with endemic fluorosis. Biological Trace Element Research 152(3) 310-5. 

Anarudha CD, Kanno S and Hirano S (2000). Fluoride induces apoptosis by caspase-3 activation in 

human leukemia HL-60 cells. Archives of Toxicology 74(4-5) 226-30. 

Ankarcrona M, Dypbukt JM, Bonfoco E, Zhivotovsky B, Orrenius S, Lipton SA and Nicotera P 

(1995). Glutamate-induced neuronal death: a succession of necrosis or apoptosis depending on 

mitochondrial function. Neuron 15(4) 961-73.  
Anuradha CD, Kanno S and Hirano S (2000). Fluoride induces apoptosis by caspase-3 activation in 

human leukemia HL-60 cells. Archives of Toxicology 74(4-5) 226-30. 

Ariappa N, Qureshi AI and Srinivas R (2013). Fluorosis in India: An overview. International Journal 
of Research and Development of Health 1(2) 97-102. 

Brindha K and Elango L (2011). Fluoride in Groundwater: Causes, Implications and Mitigation 

Measures. In: Fluoride Properties, Applications and Environmental Management, edited by Monroy SD 

111-136. 
Charles JF, Jaspersen SL, Tinker-Kulberg RL, Hwang L, Szidon A and Morgan DO (1998). The 

Polo-related kinase Cdc5 activates and is destroyed by the mitotic cyclin destruction machinery in S. 

cerevisiae. Current Biology 8 497-507. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Anuradha%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=10959797
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kanno%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10959797
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hirano%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10959797


Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm 

2015 Vol. 5 (1) January-March, pp. 209-215/Sahai 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  214 

 

Coffel Steve (1992). The Great Fluoride Fight. Garbage 32-37. 

Cohen GM (1997). Caspases: the executioners of apoptosis. Biochemical Journal 326 1–16. 

Enari M, Talanian R, Wong W and Nagata S (1996). Sequential activation of ICE-like and CPP32-like 
proteases during Fas-mediated apoptosis. Nature (London) 380 723–726, Available: 

http://fluorideinfo.org/FAQ.html. 

FRRDF (1999). State of art report on the extent of fluoride in drinking water and the resulting endemicity 
in India. Fluorosis Research and Rural Development Foundation, New Delhi, India, Available: 

http://articles.timesofindia.indiatimes.com/2012-07- 26/nagpur/32868877_1_fluoride-dental-

fluorosisgroundwater), 

https://www.novapublishers.com/catalog/product_inf o.php?products_id=15895. 
Ingram C (2006). The Drinking Water Book 15-16. 

Jones CA, Huberman E, Callaham MF, Tu A, Hallowell W, Pallota S, Sivak A, Lubet RA, Avery 

MD and Kouri RE (1988). An inter laboratory evaluation of the Syrian hamster embryo cell 
transformation assay using eighteen coded chemicals. Toxicology in Vitro 2 103-116. 

Kerr JFR, Wyllie AH and Currie AR (1972). Apoptosis: a basic biological phenomenon with wide-

ranging implications in tissue kinetics. British Journal of Cancer 26 239–257, pmid: 4561027. 
Kotecha PV, Patel SV, Bhalani KD, Shah D, Shah VS and Mehta KG (2012). Prevalence of dental 

fluorosis & dental caries in association with high levels of drinking water fluoride content in a district of 

Gujarat, India. Indian Council of Medical Research 135(6) 873– 877. 

Kumar S (1995). ICE-like proteases in apoptosis. Trends in Biochemical Sciences 20 198–202. 
Lasne C, Lu YP and Chouroulinkov I (1988). Transforming activities of sodium fluoride in cultured 

Syrian hamster embryo and BALB/c 3T3 cells. Cell Biology and Toxicology 4 311-324. 

Lee JH, Jung JY, Jeong YJ, Park JH, Yang KH and Choi NK (2008). Involvement of both 
mitochondrial- and death receptor-dependent apoptotic pathways regulated by Bcl-2 family in sodium 

fluoride-induced apoptosis of the human gingival fibroblasts. Toxicology 243(3) 340-7. 

Liu X, Zou H, Slaughter C and Wang X (1997). DFF, a heterodimeric protein that functions 

downstream of caspase-3 to trigger DNA fragmentation during apoptosis. Cell 89 175–184. 
Liu YJ, Gao Q, Wu CX and Guan ZZ (2010). Alternations of nAChRs and ERK1/2 in the brains of rats 

with chronic fluorosis and their connections with the decreased capacity of learning and memory. 

Toxicology Letters 192(3) 324-9. 
Lou Di-Dong, Guan Zhi-Zhong and Pei Jin-Jing (2014). Alteration of apoptosis and expressions of 

Bax and Bcl-2 in the cerebral cortices of rats with chronic fluorosis. Fluoride 47(3) 199–207. 

Mullenix PJ, Denbesten PK, Schunior A and Kernan WJ (1995). Neurotoxicity of sodium fluoride in 
rats. Neurotoxicology and Teratology 17(2) 169-77. 

Natalia Ivanovna Agalakova and Gennadii Petrovich Gusev (2012). Molecular Mechanisms of 

Cytotoxicity and Apoptosis Induced by Inorganic Fluoride, ISRN. Cell Biology, Article ID 403835 16. 

Ogata N, Ueda K, Kawaichi M and Hayaishi O (1981). Poly-(ADP-ribose) synthetase, a main acceptor 
of poly (ADP-ribose) in isolated nuclei. Journal of Biological Chemistry 256 4135-4137. 

Pure Health MD (No Date). Pros and Cons of Fluoride Available: 

http://health.howstuffworks.com/wellness/oral-care/procedures/fluoride.htm. 
Rudel and Bokoch (1997). Membrane and morphological changes in apoptotic cells regulated by 

caspase-mediated activation of PAK2. Science 276(5318) 1571-4. 

Saravanan S, Kalyani C, Vijayarani M, Jayakodi P, Felix A, Nagarajan S, Arunmozhi P and 
Krishnan V (2008). Prevalence of dental fluorosis among primary school children in rural areas of 

Chidambaram Taluk, Cuddalore District, Tamil Nadu. India. Indian Journal of Community Medicine 33 

146-50. 

Saxena S, Sahay A, and Goel P (2012). Effect of fluoride exposure on the intelligence of school children 
in Madhya Pradesh, India. Journal of Neurosciences in Rural Practice 3(2) 144-9. 

Shortt HE, Pandit CG and Raghvachari TNS (1937). Endemic fuorosis in Nellore district of South 

India. Indian Medical Gazette 72 396-400. 

http://fluorideinfo.org/FAQ.html
http://articles.timesofindia.indiatimes.com/2012-07-
https://www.novapublishers.com/catalog/product_inf
http://www.hindawi.com/78591692/
http://www.hindawi.com/85275432/


Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm 

2015 Vol. 5 (1) January-March, pp. 209-215/Sahai 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  215 

 

Sondhi H, Gupta ML and Gupta GL (1995). Intestinal effects of sodium fluoride in Swiss albino mice. 

Fluoride 28(1) 21-24. 

Susheela AK (2001). Fluorosis: Indian scienario: A treatise on fluorosis. Fluorosis Research and Rural 
Development Foundation; New Delhi, India.  

Teotia SP and Teotia M (1984). Endemic fluorosis in India: A challenging national health problem. 

Journal of Association of Physicians of India 32(4) 347-52. 
WHO (No Date). Water Sanitation and Health (WSH) and Fluorination and fluorides. Available: 

http://www.who.int/water_sanitation_health/naturalhazards/en/index2.html. 

Wyllie AH, Kerr JFR and Currie AR (1980). Cell death: the significance of apoptosis. International 

Review of Cytology 68 251-306. 
Yan X, Feng C and Chen Q (2009). Effects of sodium fluoride treatment in vitro on cell proliferation, 

apoptosis and caspase-3 and caspase-9 mRNA expression by neonatal rat osteoblasts. Archives of 

Toxicology 83(5) 451–458.  
Zhan XA, Wang M, Xu ZR, Li WF and Li JX (2006). Evaluation of caspase-dependent apoptosis 

during fluoride-induced liver lesion in pigs. Archives of Toxicology 80(2) 74-80. 


