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Abstract 

High fluoride exposure affects human beings and animals health through oxidative 

stress, immune suppression, apoptosis, and affecting nutrient utilization. Hence, ameliorative 

measures are important to prevent their endemicity and disease progress. The present study 

was aimed to investigate the toxic effect of sodium fluoride (NaF) on selected serum 

biochemical factors (protein, glucose, cholesterol, biliubin, SGOT and SGPT) and tooth and 

its possible ameliorative effect by Tamarind fruit pulp.  Twelve weeks old albino rats (Rattus 

norvegicus) of average weight of 100 g were randomly distributed into three groups of five 

animals each. The first group was kept as control. The second group was given 5ml drinking 

water with 0.1514mg NaF /kg- bw/day and the third group was fed the same dose of NaF and 

5ml water with 100mg/kg-bw/day tamarind pulp. After 45 days of experimental period 

protein, glucose and cholesterol was significantly (P<0.05) decreased and Bilirubin, SGOT 

and SGPT were significantly (P<0.05) increased in the NaF treated rat than the control group. 

However rats treated with Tamarind pulp showed significant improvement in all these 

parameters. Dental fluorosis was developed in group I and Group II showed less dental 

fluorosis than Group I. From the study, it could be concluded that 1/10
th

 LC50 dose of 

fluoride caused alterations in serum biochemical factors and tooth and these effects could be 

ameliorated by Tamarind pulp.  
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Introduction 

Fluoride is ubiquitously present in soil, water, plants and air. In the animal body, F 

makes its presence through water and food. But, some of the recent studies indicate that, most 

of the F comes from pharmaceutical drugs (20%) and through agrochemicals (30-40%) 

(WHO, 2006). According to World Health Organization F exposure to animals above the 1.5 

ppm, set at chronic fluoride toxicity. Through water exposure, this type of toxicity is endemic 

in most of the countries across the world (WHO, 2003). 

Fluoride crosses the blood brain barrier (BBB) easily and induces neural cell 

degeneration. Several studies indicated that hippocampus of rat brain can lead to the 

degenerate due to the imbalance between oxidant– antioxidant balance when rat is exposed to 

fluoride. (Bharti and Srivastava, 2009). Skeletal fluorosis and impairment of soft tissue 

function are the earliest toxic effects of fluoride as it could cross cell membranes, and enter 

soft tissues.      The long term high fluoride intake disturbs the antioxidant defense, 

suggesting increased oxidative stress as one of the mediating factors in the pathogenesis 

caused by fluoride (Trivedi  et al., 2008).  

     Excess fluoride ingestion results in dental fluorosis. The mechanisms affected by 

long term chronic exposure to low levels of fluoride are likely to differ from those affected by 

acute exposures to high levels of fluoride (Giambro et al, 1995). Some mechanisms affected 

by lower chronic fluoride levels, resulting in enamel fluorosis, are likely to be specific to this 

uniquely mineralizing tissue, while others may also affect other cells and tissues. Enamel 

fluorosis refers to fluoride-related alterations in enamel, which occur during enamel 
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development. These alterations become more severe with increasing fluoride intake, and time 

of exposure. The severity of fluorosis is related to the concentration of fluoride in the plasma, 

considered to be in equilibrium with the tissue fluid that bathes the enamel organ (Angmar-

Mansson and Whitford, 1984. 

Tamarindus indica  is a tree native to Africa, but also widely cultivated throughout 

India, Sudan, Indonesia, Pakistan, Philippines, Java, Spain and Mexico (Matinello, et al., 

2006).  Its fresh and dried fruits are used as sour flavoring agent in various Indian cuisines. 

Anti-inflamatory and antioxidant activity of tamarind fruit pulp have been reported (Rimbau 

et al., 1999). Khandare, et al., 2004 reported that tamarind (Tamarindus indica) fruit intake 

reduces its burden in dog and human, by increasing F excretion. Maruthamuthu et al., (1987) 

reported the binding of fluoride by tamarind in vitro.   

Hence the aim of this study is to investigate the changes in the Serum Biochemical 

factors and tooth of the albino rat Rattus norvegicus intoxicated by fluoride and the role of 

tamarind pulp as a mitigation agent. 

Materials and methods 

Chemicals 

 Analytical grade Sodium fluoride was purchased from Fischer inorganics and 

aromatics Ltd, Madras.  

Dosage of fluoride 

 LC50 value of fluoride for albino rat was 51.45mg/Kg Bw (Vijaybaskara Rao, 1994). 

The experimental rat was orally administered with 1/10
th

 LC50 dose (0.514mg/100g B.W) of 

fluoride. Oral administration was preferred in view of water being the main source of fluoride 

among the human population in endemic areas. 

Preparation of Tamarind pulp 

 Tamarindus indica fruit pulp (100g) was mixed with 200ml distilled water in a round 

bottom flask and left overnight at room temperature.  The mixture was shaken vigorously 

several times in between next day, the mixture was filtered with Whatman filter paper no 1.  

The filtrate was evaporated in vacuum using a rotary film evaporator.  About 10g of semi-

solid paste was diluted with 100 ml of distilled water and used for the experiment. 

Experimental animals 

 Albino Lab rat (Rattus norvegicus) of 100±10gm weight was obtained from an inbred 

colony maintained in the animal house of Sankaralingam Bhuvaneshwari College of 

Pharmacy, Sivakasi. 

  Rats were maintained according to the guidelines set by Institutional Animal Ethical 

committee (IAEC, India), maintained under controlled conditions of temperature (23±2ºC), 

humidity (50±5%) and a 12-hours light- dark cycle. Animals were given standard mice feed 

and water ad libitum. The present study was approved by the Institutional Animal Ethics 

Committee (Ref. No. SBCP/ 2012-2013/IAEC/CPCSEA/05) and conducted as per the 

guidelines of the Committee for the Purpose of Control and Supervision of Experiments on 

Animals (CPCSEA), Ministry of Environment and Forests, Government of India, New Delhi, 

India. Blood was collected from the tail vein of the rats after 45 days of experimental period. 

Blood samples were immediately brought to the laboratory for analysis.  
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Experimental design 

 Rats were divided into 3 groups. Stock solution of NaF was prepared by 

dissolving 5.14 mg NaF in 100 ml distilled water. The experimental design of the study is 

shown in Table-1. 

Methods of estimation 

Serum protein of control and all treated animals was estimated by the method of 

Lowry et al (1951) at 540 nm on a Spectronic-88 Bausch and Bomb Spectrophotometer. 

Protein was expressed as mg/dl blood. Cholesterol was estimated by enzymatic colorimetric 

test as described by (Tietz, 1979) and expressed as mg/dl blood. Glucose was estimated by 

Glucose Oxidase/Peroxidase method as described by Trinder, (1969) and expressed as mg/dl 

blood. Bilirubin was estimated by modified Jendrassik and Grof’s (1938) method and 

expressed as µg/dl blood. 

SGOT and SGPT      were estimated by method recommended by German Society 

for Clinical Chemistry using the  Enzopak Diagnostic Kit (Reckon Diagnostics, India). 

Statistica analysis  

Experimental data were expressed as mean ± SD. Differences between groups were evaluated 

by one way analysis of variance using Sigma Plot Software build version 2014.0. Post 

ANOVA analysis was carried out by Duncan’s test and Values of P<0.05 were considered 

statistically significant. 

List of tables, figures and plates 

Table.1 Experimental Design 

S.No Sample Treatment 
No. of 

Rat 
Days 

1 Control Standard diet + Water ad libitum 5 45 

2. 
Fluoride 

treatment 

1/10
th

 LC50 dose of F + Standard diet 

and Distilled water ad libitum 
5 45 

3. 

Fluoride & 

Tamarind 

treatment 

1/10
th

  LC50 dose of F and 100mg/kg-

bw/day Tamarind pulp, standard diet + 

Distilled water water ad libitum 

5 45 

 

Table-2 Serum biochemical factors of rat 

S.No Sample 
Protein 

mg/dl 

Cholesterol 

mg/dl 

Glucose 

mg/dl 

Bilirubin 

µg/dl 

SGOT 

µg/dl 
SGPT µ/dl 

1 Control 5.65±0.3 112.00±1.5 86.7±10.2 0.16±0.6 53±3.56 77.67 ±11.7 

2. Group I 4.45±0.3
a
 62.3± 1.3

a
 59.3±7.5

a
 0.87 ±0.4

a
 87.67±11.2

a
 104.34 ±1.7

 a
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3. 
Group 

II 
5.43±0.4

a
 97.6±1.6

b
 72.0±9.0

b
 

 

0.38 ±0.6
a
 

 

76.66±4.6
 a
 85.34 ±12.9

a
 

4 
F-

Values 
9.864 92.3 26.79 46.32 66.52 54.11 

Comparison of Group I and Group II with control, a shows significant at (P<0.005) and 

b shows significant at (P<0.001). 

 

   
Plate-1 Control rat tooth with 

non fluorotic tooth 

Plate-2 Group I rat with 

yellow pigmentation in the 

tooth 

Plate-3 Group II rat with less 

yellow pigmentation in the tooth 

Results and Discussion 

The present investigation was carried out to explore the effects of potential toxicity of 

fluoride on the serum biochemical factors and tooth of albino rats and its possible mitigation 

upon treatment of Tamarindus indica pulp extract. 

 The amount of protein in the serum of rat decreased significantly (P<0.005) after 45 

days of fluoride administration; however the protein value was significantly (P<0.005) 

normalized in the rat treated with tamarind pulp. Fluoride decreased the cell number (23%), 

total protein content (30%) and increased LDH (+236%) release in human and rabbit 

collecting duct and Henle’s loop (Cittanova et al., 2002). These evidences support the 

decrease of protein in the serum of fluoride intoxicated rats in present study. 

The cholesterol and glucose value of the rat significantly (P<0.005) decreased in the 

fluoride administered rat and it was elevated nearly (P<0.001) to the control group of rat in 

the tamarind pulp administered rat. Fluoride decreases the absorption of cholesterol and bile 

salts from plasma and intestine which could result in an increased conversion of bile acids in 

the liver and bile acids are known to inhibit cholesterol synthesis. This may be an indicative 

of hepato biliary disturbances in fluoride intoxication (Bennis et al., 1993). The improvement 

in carbohydrate, lipid and antioxidant metabolisms was observed in the fluoride intoxicated 

rats by Rupal Vasant and Narasimhacharya, (2012) after administration of tamarind leaves 

extract. They explained that it could be due to the multi-factorial effects of secondary 

metabolites present in tamarind leaves. On the other hand, these metabolites could also have 

acted individually or synergistically to reduce the oxidative stress caused by consumption of 

fluoride.  

In the experimental rats bilirubin, serum glutamate pyruvate  transaminase (SGPT) 

and glutamate oxalate transaminase (SGOT)  are increased significantly (P<0.005) in group I 

and  decreased significantly (P<0.005) in group II from the control group of rat. The 

https://link.springer.com/article/10.1007/s12199-012-0277-7#auth-1
https://link.springer.com/article/10.1007/s12199-012-0277-7#auth-2
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increased level of bilirubin also confirms the increased level of red blood cell destruction 

associated with fluoride administration, while the increase in the total bilirubin can be 

accounted for by the haem degradation that follows red blood cell destruction (Krucken et al., 

2005). Significant elevation in enzyme activity of SGOT and SGPT following sodium 

fluoride treatment was also observed by (Bandyopathyay et al., 2012). Nahid Tabasum and 

Agrawal., (2003) in their study reported that elevated SGOT and SGPT levels in mice were 

significantly reduced after administration of Embelia ribes fruit extract. In the present study 

also decreasing concentration of SGOT and SGPT were observed after administration of 

tamarindus fruit pulp in the fluoride treated rats.  

Dental fluorosis was observed in the experimental rat after 45 days. The control rats 

showed normal tooth (Plate-1). Yellow pigmentation on mandibular incisor teeth was visible 

in the rat treated with fluoride (Plate-2). Less deposit of yellow pigmentation was observed in 

the rat treated with tamarind pulp (Plate-3). Edible parts, leaves, pods and small fruits of the 

plants Ziziphus jujube, Z. mauritiana, Z. nummularia,  Prosopis cinearia, Acacia nilotica, 

Acacia senegal, Pithecellobium dulce, Ficus carica, F. bengalensis, F. religiosa, Euphorbia 

cadusifolia,  Tamarindus indicus, are very rich in calcium (Ca) and ascorbic acid (vitamin C) 

nutrients (Rathore, 2009). These nutrients interfere with the fluoride metabolism and 

ultimately reduce the fluoride toxicity (Swarup and Dwivedi, 2002). Similarly, in camel 

fluoride toxicity is also less due to high content of Ca and vitamin C nutrients in their natural 

foods or food chains (Choubisa, 2010). This evidence support the ameliorative effect of 

tamarind fruit pulp in reducing dental fluorosis in the present study. 

Conclusion  

 From the results of the present study it is concluded that short term administration of 

fluoride induced toxicity in the blood biochemical parameters and tooth.  Furthermore, these 

effects were mitigated by administration of tamarind pulp as it is a rich source of vitamin C.  

So, it is recommended to use dietary supplements of vitamin C for amelioration of toxic 

manifestations in fluoride exposed populations. Also, presence of fluoride in the environment 

and drinking water should be monitored regularly to prevent fatal consequences. 

References 

1. Angmar-Mansson B, G.M.Whitford (1984). Enamel fluorosis related to plasma F 

levels in the rat. Caries Res. 1984; 18:25–32. (PubMed: 6580951). 

2. Bandyopadhyay.,  Bidyut  and Samanta Arpita, (2012). Effect of Fluoride Toxicity on 

Some Clinical, Biochemical and Physiological Aspects of Albino Rats. International 

Journal of Research in Chemistry and Environment. Vol. 2 Issue 1, (160-165). 

3. Bennis. A., M. Kessabi., A. Hamlin., F. De La Farge and J.P.Braun, (1993). Plasma 

biochemistry of adult goats with chronic fluoride poisoning in Morocco. Fluoride, 26 

(4) 241-246.  

4. Bharti, V.K., R.S.Srivastava, (2009). Fluoride-induced oxidative stress in rat’s brain 

and its amelioration by buffalo (Bubalus bubalis) pineal proteins and melatonin. Biol 

Trace Elem Res 130: 131–140. Link: https://goo.gl/BvH6mX 

5. Choubisa. S. L,  (2010). Fluoride, 43, 194–199. 

6. Cittanovoa. M.L., L. Esteba and R. Bourbouz, (2002). Fluoride ion toxicity in rabbit 

kidney thick ascendoin limb cells. Europian journal of anesthesiology, 19, 341-349. 

https://goo.gl/BvH6mX


36                                                                   D.Sakthika 

 

7. Giambro, N.J., P.K.DenBeste, (1995). Characterization of fluorosed human enamel by 

color reflectance, ultrastructure, and elemental composition. Caries Res. 29:251–257. 

(PubMed:7656293). 

8. Jendrassik, L and P.Grof, (1938). Biochemistry, 2. 297-81. 

9. Khandare, A.L., P.U. Kumar., R.J. Shanker., K.Venkaiah and N. Lakshmainah, 

(2004). Additional beneficial effect of tamarind ingestion over defluoridated water 

supply to adolescent boys in a fluorotic area, Nutrition, 20. 

10. Krucken. J., L. Mehnert., A. Dkhil., M. El-Khadragy., M. Benten., H. Mossmann and 

F. Wunderlich, (2005). Massive Destruction of Malaria-Parasitized Red Blood Cells 

despite Spleen Closure. Infect Immun. 73(10): 6390–6398. 

11. Lowry. O.H., N.J. Rosenbrough., A.L. Farr and R.J. Randall, (1951). Protein 

measurement with folin phenol reagent. Journal of Biochemistry 193 265-275. 

12. Martinello. F., S. M. Soares., et al., (2006). Hypolipemic and antioxident activities 

from Tamarindus indica pulp fruit extract in hyper cholesterolemic hasmsters, Food. 

Chem. Toxicol, 44.  

13. Maruthamuthu. M and J. Venkatanarayana Reddy, (1987). Binding of fluoride with 

tamarind gel. Fluoride. 20:1 09-12. 

14. Nahid Tabasum and Shyam. S.Agrawal, (2003). Hepatoprotectivity of Embelia ribes 

against paracetamol induced acute hepato cellular damage in mice. J.K. Practitioner, 

Experimental medicine, 10 (1), 43-44. 

15. Rathore. M, (2009).  J. Hortic. For., 1, 103–108. 

16. Rimbau. V., C. Cerdan., R. Vila and J. Iglesias, (1999).  Anti-inflammatory activity of 

some extracts from plants used in the traditional medicine of North African countries 

(2). Phytotherapy. Res, 13. 128.  

17. Rupal A. Vasant and A. V. R.Narasimhacharya, (2012). Ameliorative effect of 

tamarind leaf on fluoride-induced metabolic alterations. Environmental Health and 

Preventive Medicine volume 17, pages 484–493.  

18. Swarup. D and S.K. Dwivedi, (2002). Report, Indian Council of Agricultural 

Research, New Delhi. 

19. Tietz. N.W, (1979). Fundamentals of clinical chemistry, W. B. 

Saun- ders, Philadelphia, Pa., 1970, p 161. 

20. Trinder. P, (1969). Annual Clinical Biochemistry, 6, 24-25. 

21. Trivedi. M.H., R.J. Verma and N.J. Chinoy, (2008). Amelioration by black tea on 

sodium fluoride induced effects on DNA, RNA and protein contents of liver and 

kidney and on serum transaminases activities in Swiss albino mice, Fluoride, 41, 61. 

22. Vijaya Bhaskara Rao, (1994). Studies on Fluoride induced alterations in the mouse, 

Mus norvegicus and albinos-Impact of Aluminium. Ph. D. Thesis, Sri 

Krishnadevaraya University, Anantapur, India. 

23. WHO (2003). Background Document for Preparation of WHO Guidelines for 

Drinking water Quality. Fluoride in Drinking-water. Geneva: WHO. 

Link: https://goo.gl/4YSqwa. 

24. WHO (2006). World Health Organization, Fluoride in Drinking water, FawelJ, Bailey 

K, Chilton J, Dahi E, Fewtrell L, and Magara Y, Eds., IWA Publishing,Alliance 

House, 12 Caxton Street, London SW1H 0QS, UK, 41–75.  

Link https://goo.gl/aIhF6h. 

https://link.springer.com/article/10.1007/s12199-012-0277-7#auth-1
https://link.springer.com/article/10.1007/s12199-012-0277-7#auth-2
https://link.springer.com/journal/12199
https://link.springer.com/journal/12199
https://goo.gl/4YSqwa
https://goo.gl/aIhF6h

