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Abstract— Fluoride is widely distributed in nature in
many forms and its associated compounds have been used
extensively but its limit in water is exceeding the
permissible level. Excess of fluoride (>1.5 mg/l) in
drinking water is harmful to the health. Fluoride toxicity
is increasingly becoming a matter of great concern as
many countries in the world have been declared as
endemic for fluoride. This makes it imperative for
scientists to focus on the precise toxic effects of fluoride
on various soft tissues. Fluoride is toxic to all the system
and causes oxidative stress in various tissues. When
fluoride is ingested, approximately 93% is absorbed into
the bloodstream. Contamination of drinking water due to
fluoride is a severe health hazard problem. A good part
of the material is excreted but the rest is deposited in the
bones and teeth and is capable of causing a crippling
skeletal fluorosis, non-skeletal fluorosis and dental
fluorosis. There are various treatment technologies for
removing fluoride from groundwater but these methods
are very expensive. Besides using the water treatment
techniques, various plants are having therapeutic
properties to reduce the fluoride toxicity which is a cost
effective to cure the fluoride induced toxicity.
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l. INTRODUCTION
Water is the most abundant and essential life supporting
component. But now days, most of the countries in the
world are facing the problem of drinking water. In India,
drinking water is found to be contaminated at many
places by different kinds of pollutants such as fluorides,
iron and nitrates etc. Pure water is scarce and not easily
available to all living beings including human being,
birds, animals as well as plants. Deprived sections of the
society consume contaminated water and become sick
periodically, often results in the outbreak of epidemics.
The water may be contaminated by natural sources or by
the industrial effluents. One such contaminant is fluoride.
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The fluorides belong to the halogen group of minerals and
are natural constituents of the environment. Fluoride is an
essential element for life which is mainly found in ground
water when it is derived by the solvent action of water on
the rocks and the soil of the earth’s crust. It is the most
electronegative of all chemical elements and is never
encountered in nature in the form of element. It is
seventeenth in the order of frequency of occurrence of the
elements and represents about 0.06% to 0.09% of the
earth’s crust (Wedepohl, 1974). World Health
Organization (WHO) and IS: 10500 recommended that
the permissible limit of fluoride content in drinking water
is 1.0 tol5 ppm. At low concentration, fluoride
deficiency can occur but at high concentrations of fluoride
some deleterious effects can arise. In relation to drinking
water it is generally believed that too little (<0.5 mg/l) or
too high (>1.5mg/l) can affect bone and teeth structure
(Edmunds and Smedley, 1996 and 2003). Among the
water quality parameters, fluoride ion exhibits unique
properties as its optimum concentration in drinking water
is advantageous to health and in case of exceeding
concentration above the permissible limit affects the
health (Venkata et al., 1995). High fluoride concentration
in the ground water and surface water in many parts of the
world is of great concern. The main source of fluoride in
ground water is fluoride-bearing rocks such as cryolite,
fluorite, fluorspar, fluorapatite and hydroxylapatite
(Meenakshi et al., 2004). The content in ground water is
a function of many factors such as solubility and
availability of fluoride minerals, pH, temperature and
velocity of flowing water and concentration of calcium
and bicarbonate ions in water. (Agarwal et al., 1977;
Chandra et al., 1981). Fluoride enters the body through
water, drugs, food, industrial exposure, etc. but among the
other souces, drinking water is the major source (75%) of
daily intake. Because of the strong electronegative charge,
fluoride is attracted towards the positively charged
calcium in teeth and bones. It causes many health
problems such as dental fluorosis, skeletal fluorosis, teeth
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mottling and deformation of bones in human beings
(Susheela et al., 1993). Excessive fluoride concentration
affects both plants and animals. It is oftenly considered as
a “two edged sword” because deficiency of fluoride
intake leads to dental caries while excessive consumption
leads to dental and skeletal fluorosis. So the fluoride is
harmful in both the cases i.e., deficiency and excess.
Kharb and Susheela (1994) reported that fluoride has
also affected the soft tissues such as muscles and
ligaments. Fluorosis is an important clinical and public
health problem in several parts of the world. Global
existence of fluorosis is reported to be about 32%
(Varier, 1996).

The conventional method of defluorination includes:
adsorption, ion-exchange and reverse osmosis (Amor et
al., 1998; Hichour et al., 1999, 2000). The ion-exchange
and reverse osmosis process are relatively expensive than
adsorption. Therefore, still adsorption is considered to be
the most viable method to defluoridate the water. In this
process, contaminated water is passed through an
adsorbent bed, where fluoride can be removed by ion-
exchange, physical or surface chemical reaction with
adsorbent. As this method is easy to operate and cost-
effective, adsorption is still widely accepted as an
efficient  pollution  removal technique. Various
publications are available on effective fluoride removal
methods using low cost materials. Several tested materials
include activated carbon, activated alumina, amorphous
alumina, bleaching earth, calcite, charcoal, zeolite clay
and red mud etc (Rubel, 1983; Yang et al., 1999; Li et
al., 2001; Wang and Reardon, 2001; Christopher et al.,
2004). The materials like bentonite, lignite, charfines,
kaolinite, and nirmali seeds were also investigated for the
removal of fluoride (Srimurali et al., 1998). Plant
materials are also reported to accumulate fluoride and
hence act as defluoridating agents and also Vitamin C is
an efficient source to reduce fluoride.

1. PERMISSIBLE LIMITS FOR FLUORIDE
CONCENTRATION IN DRINKING
WATER (VARADAJAN AND
PURANDARA, 2008)

e Bureau of Indian Standards (BIS)-0.6 to 1.2 mg/I

e World health Organization (WHO-1984 ) for
drinking water-1 to 1.5 mg/I

e Indian Council of Medical Research (ICMR-
1975)-1 mg/l

e World Health Organization (WHO) European
Standards- 0.7 to 1.7 mg/l related to temperature.

1. SCENARIO OF FLUOROSIS AT GLOBAL
LEVEL
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Fluoride content is high in various parts of the world and
it causes adverse effects to the living beings. Fluorosis is
a health problem of global community as 23 nations
across the world are facing this problem (Basha et al.,
2010). Especially, it is prevalent in the third- world
countries where most of the people are dependent on
drinking water containing fluoride (Madhusudhan et al.,
2009). The problem of dental fluorosis is a major issue in
many countries like China, India and Mexico (Pendrys
and Katz, 2001). Apart from these nations, Argentina,
Algeria, Egypt, Iran, Australia, Irag, Japan, Jordan,
Kenya, Libya, Morocco, New Zealand, Pakistan, South
Africa, Syria, Tanzania, Thailand, Turkey and United
States of America are under the threat of fluorosis.
Approximately 6% of the total population of Mexico is
affected by fluorosis (Valdez et al, 2011). The
epidemiological studies that have been conducted in
China have shown that about 330 million people are
exposed to high fluoride content and among them about
42 million people are suffering from fluorosis (Wang et
al., 2004). High fluoride concentrations in groundwater
are found in the Africa, Australia, China, Ghana, India,
Kenya, Sri Lanka, Tanzania and USA besides other
countries in different continents (Jagtap et al., 2012).

v. FLUORIDE LEVEL IN INDIAN WATER
Fluoride content is above the permissible levels of
1.5ppm occur in 14 Indian states, namely, Andhra
Pradesh, Bihar, Rajasthan, Gujarat, Haryana, Karnataka,
Uttar Pradesh, Kerala, Madhya Pradesh, Maharashtra,
Orissa, Punjab, Tamil Nadu and West Bengal affecting
about 69 districts. It has been found that 65 per cent of
India’s villages are at fluoride risk (Kumar and Shabh,
2006).
In India, about 25 million people are affected by fluorosis,
especially in the states of Andhra Pradesh, Bihar, Delhi,
Gujarat, Haryana, Jammu Kashmir, Kerala, Madhya
Pradesh, Maharashtra, Punjab, Rajasthan and Tamil Nadu.
In India, about 66.62 million people are at the risk of
fluorosis (Susheela, 2007). According to the recent
survey by International Water Management Institute
(IWMI) in north Gujarat, the results showed that 42 per
cent of the people covered in the sample survey (28,425)
were affected; while 25.7 per cent and 6.2 per cent were
affected by dental fluorosis and muscular skeletal
fluorosis respectively. 10 per cent were affected by both
the types of fluorosis.

V. GENERAL MECHANISM OF TOXICITY

A review by Barbier et al. (2010) has sketched a humber
of cellular processes in which fluoride can have negative
effects. Effects that have been identified through different
experimental studies include alteration of gene
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expression, disruption of enzyme activity (mostly
inhibition), inhibition of protein synthesis and secretion
and generation of reactive oxygen species (ROS).
Fluoride disrupts the activity of enzyme by binding it to
the functional amino acid groups that encircles the
enzyme’s active centre. This consists of the enzyme
inhibition of the glycolytic pathway and the Krebs cycle
(Barbier et al., 2010). At micromolar and millimolar
concentrations, fluoride can act as an anabolic agent and
promote the cell proliferation and an enzyme inhibitor
respectively. This is illustrated from the study of
Mendoza-Shulz et al. (2009). There is an example of
phosphatases, which play an important role in the ATP
(cellular energy) production cycle and cellular respiration.
Fluoride interrupts the signalling pathways which are
involved in cell proliferation and apoptosis and then cause
the inhibition of protein synthesis and secretion (Barbier
et al., 2010). It has been found that fluoride has
association with oxidative stress which can lead to the
reduction of mitochondrial fitness and also degrades the
cellular membranes. The increase of oxidative stress leads
to an increase in the expression of genes responsible for
stress response (Barbier et al., 2010).

VI. TOXICOLOGICAL EFFECTS OF
FLUORIDE ON FISH
Fluoride is present in the environment as the stable form
of the super reactive element fluorine. Fluorine is the
seventeenth most plentiful element in the earth's crust,
with fluoride detectable in almost all minerals. The main
minerals are Cryolite (NasAlFg), Fluorspar (CaF;) and
Fluorapatite (CaioF2(POa4)e). Naturally, through the
weathering of alkalic and silicic igneous and sedimentary
rocks, primarily shales, as well as from emissions of
volcanic eruption, fluoride enters the aquatic system. It
has been found that in freshwater there is a concentration
less than 1.0 mg/l and in natural water, its concentrations
may exceed even 50.0mg/l (McNeely et al., 1979). To
judge on the potential environmental impacts of fluoride,
it is important to firstly gather the current available
information about its impact on the homeostasis within
organisms. However, the evidences from the studies
conducted till now are not conclusive whether fluoride is
essential for any other biological function or not
(Government of British Columbia, 1990). The most
common disorder associated with the excessive fluoride
level is fluorosis. This condition is related to the retention
of excess fluoride content within the body and its harmful
integration into biochemical pathways, often as a
replacement for calcium (Barbier et al., 2010).
6.1 Effect on behaviour

Behavioural alterations can be considered as sensitive
indicators of environmental stress. Many studies have
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been done to observe the behavioural changes in aquatic
organisms due to exposure of pollutants (Shaikh, 1999).
Fluoride induced changes in the behaviour of fresh water
fishes have been reported from different experiments
(Aziz et al., 2014). Delay in trout migration has been
reported by Neuhold and Sigler (1960) at measurable
level of fluoride. Manna et al., 2007 observed the adverse
effect due to fluoride toxicity includes enzyme inhibition,
collagen breaks down, gastric damage and disruption of
the immune system. Bajpai et al., (2009) have also
reported the behavioural abnormalities on the exposure of
sodium fluoride to the experimental fishes include erratic
swimming, fast breathing, loss of schooling behaviour
and secretion of large amount of mucus on body of
Heteropneustis fossilis. Narwaria and Saksena (2012)
reported that the behavioural responses due to sodium
fluoride toxicity include body position, habit, food
sensitivity, rate of operculum opening and swimming
movements. However the accumulation and increased
mucus secretion in the fluoride exposed fish may be an
adaptive and protective response to avoid the absorption
of the applied toxicant by the overall body surface (Das
and Mukherjee, 2003; Yilmaz et al., 2004). Due to
fluoridicated toothpaste, changes in the behaviour of
Clarias batrachus and Catla catla were reported by Sahu
et al. (2014) and Verma et al. (2015) respectively. The
behavioural changes in feeding, swimming movement,
body orientation, opercular activity, gulping activity,
mucus secretion and body coloration were observed.
6.2 Effect on growth and development

During the study of growth parameters, physical variables
are taken into consideration such as length, weight,
volume etc. Exposures to trace elements and fluoride
affect the developmental stages of aquatic organism
(Thurberg et al., 1975). Ellis et al., (1948) reported delay
in hatching time when the fish eggs were subjected to
1.5ppm fluoride level. Shi et al., (2009 a, b) have
reported the significant increase in fluoride concentration
in bone, gill, cartilage and skin of Siberian sturgeon when
exposed to lethal dose of fluoride. Tripathi et al. (2005)
found that the higher concentrations of Fluoride inhibit
the growth of fishes such as weight, length and of
fingerlings of Heteropneustis fossilis. According to
Bajpai and Tripathi (2010) lipid and protein act as
growth bioindicator against fluoride pollutant in
Heteropneustis fossilis. These biomolecules gets reduced
in the body tissues after the chronic exposure of fluoride.
Hence, resulted in the depletion of the appropriate growth
and development of fish. Agniwanshi et al., (2014)
studied the effect of sodium fluoride on body weight gain
and gonadosomatic index in freshwater catfishes and
revealed a statistically significant effect of different doses
of sodium fluoride on gonadosomatic index (GSI) and
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body weight gain in both species, i.e., Clarias batrachus
and Heteropneustes fossilis which is irrespective of phase
of annual reproductive cycle. It has also been noticed the
concentration of sodium fluoride is having inverse
relationship with the body weight as the increase in the
fluoride content results in decrease in body weight gain.
Further, in both the sexes i.e., male and female of Clarias
batrachus and Heteropneustes fossilis GSI were found to
decrease in most of the groups maintained in different
concentrations of sodium fluoride as compared to control
group.

6.3 Effect on Chromatophores

The various studies have been conducted indicating the
negative effect of pollutants in fishes but very little
information is available about their effect on
pigmentation. Chromatophores are reponsible for the
change of colour in fishes at the time of courtship,
protection, mating and reproduction (Fujii, 2000). The
study on effect of fluoride on coloration in Heteropneustis
fossilis and Channa punctatus respectively found that
continuous exposure of sodium fluoride resulted in altered
size, shape and dispersion quality of chromatephores in
the skin of Heteropneustis fossilis. Chromatophore
numbers were increased while their size was reduced and
shape of chromatophores become stellate in comparisons
to reticulate chromatophore of control group (Tripathi et
al., 2005; Bajpai et al., 2012).

6.4 Effect on Reproductive System

Fluoride adversely affects the structure and mobility of
sperm causes alteration in the level of reproductive
hormones. Shingadia and Agharia (2001) observed
histoarchitectural changes in the testis and ovary of
larvivorous fish because of fluoride exposure. In testis, it
caused degeneration of seminiferous tubules and their
epithelium due to denudation and vacuolization of cells,
atrophy of spermatocyte and hyperplasia of sertoli cells
where as in ovary, it caused hyperplasia of germinal
epithelial and involution of ova, decreased frequency of
oocyte maturatin  and  cytoplasmic  vaculolation.
Kasirsagar et al (2011) reported damaged oocyte,
disorganization of ooplasm, inhibition of ovarian
development and empty space of follicle in fresh water
fish Rita rita due to the fluoride induced toxicity.

6.5 Effect on Haematology

Saxena et al. (2001) reported significant decrease in TEC,
Hb, PCV, MCV, MCH and MCHC with increase in the
concentration of fluoride in Channa punctatus. Gupta et
al. (2002) also found that fluoride caused decrease in
TEC, Hb, PCV, ESR while TLC was increased in Channa
punctatus and Labeo rohita. Kumar et al., (2007)
reported significant decrease in the content of RBC, Hb,
PCV and carrying capacity of oxygen by blood in Clarias
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batrachus. Time and dose dependent decrease in RBC,
WBC count and Hb was observed by Kamble and Velhal
(2010) at different concentrations of fluoride i.e.,
100ppm, 200pm and 300ppm. The results indicated
immunological suppression. Study on fluoride toxicity in
Clarias batrachus by Guru et al.,, 2014 has shown
clumping of RBCs and clumping becomes prominent at
higher fluoride concentrations. The TEC, Hb, PCV,
MCV, MCH and MCHC level was progressively
decreased with an increase in the concentration of
fluoride.

6.6 Effect on serum and tissue biomolecules

Studies by Chitra et al., 1983 and Kumar et al., 2007
have shown that fluoride affects the certain biomolecules
and enzymes in different tissue of fresh water fishes.
Fluoride mainly affects the cholesterol, glucose, protein,
lipid and glycogen level as all these biomolecules play a
pivotal role in survival, growth and reproduction of fishes.
Dousset et al., (1987) and Gikunju et. al. (1992) have
reported an increase in the cholesterol level in liver,
muscle and testis of fishes due to fluoride doze. Alteration
in the level of these biomolecules can results in reduction
of fish growth and population. Calcium (Ca) and
magnesium (Mg) act as second messenger for replication,
transcription and translation. Fluoride reduces the
absorption of both Ca and Mg from fish gut (Machoy,
1995). Kumar et al., 2007 conducted an experiment to
study the fluoride-induced biochemical changes in
different tissues such as muscle, liver, and testis of fresh
water catfish. There was significant decrease in the
glycogen content in muscle and testis at the lower
concentration but at the same time it was increased in all
the three tissues at the higher concentration. Aziz et al.,
2013 have found that fluoride increased the alkaline
phosphatase (ALP), alanine aminotransferase (ALT),
aspartate aminotransferase (AST) level in gills of fresh
water fish Oreochromis mossambicus. The exposure of
sodium fluoride (NaF) to the larvivorous fish (Poecilia
reticulate) revealed stress on respiratory metabolism and
led to decrease in Succinic dehydrogenase and Lactate
dehydrogenase (LDH) enzymes which are involved in
carbohydrate metabolism and this decrease might have
led to metabolic shift from aerobic to anaerobic mode of
respiration during the toxic phase of fluoride induced
stress (Shingadia and Agharia, 2013).

6.7 Genotoxicity and Cytotoxicity in fish

It has been reported that on exposure to high content of
fluoride, it inhibits the cell proliferation, growth and
induced apoptosis. Jha (2004) has seen DNA and
cytogenetic alterations in aquatic organisms impaired
enzyme function or general metabolism, abnormal
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development, immunotoxicity, cytotoxicity, reduced
growth, survival and reproduction potency. According to
some reports, fluoride caused chromosomal aberration
and DNA damage in mammalian cells. (Joseph et al.,
2000; Podder et al., 2008). Tripathi et al. (2009)
reported that the chromosomal aberrations increased with
the increase in fluoride dose in Clarias batrachus. Results
of the research experiments have shown that fluoride
influences the different singling pathways which are
involved in cell proliferation and apoptosis (Barbier et
al., 2010). Cytotoxic and genotoxic studies in fish are
demonstrating the sensitivity of these organisms.
Micronuclei test (MNT), Comet assay and Chromosomal
aberration test (CAT) are the most commonly and widely
used methods to prove genotoxicity in fish (Garg and
Sharma, 2012).

6.8 Effect on Histology

Tripathi et al. (2006) reported the effect of fluoride on
vertebral coloumn of Channa punctatus and its results
revealed that fluoride caused decrease in diameter of
neural canal and increase of bone density. Bhatnagar et
al., 2007 visualized the fluoride-induced histopathological
changes in gill, intestine and kidney of fresh water fish,
Labeo rohita. In the fluoride exposed group, with
increasing severity with the time, the gill tissue developed
clubbed lamellae, lamellar hyperplasia and mucoid
metaplasiad. The kidney showed renal architectural
damage in the form of shrunken glomeruli, shrunken
lumen of renal tubules, increased capsular space and
vacuolated cytoplasm. The intestine exhibited flattening
and fusion of villi and a cracked clay appearance. All
these changes were not seen in the control group.

Haque et al., 2012 observed severe vacuolation in the
gastric epithelium and disruption in the tubular gastric
glands of the stomach occurred. In the stomach, there was
loss of microridges with vigorous mucus secretion,
degeneration of epithelial cells and disarrangement of
mucosal folds. Changes in the intestine include
degeneration of villi with severe necrosis in absorptive
columnar epithelial cells and also the fusion of cells at the
basal region was visible. The disruption of primary and
secondary mucosal folds resulted in reducing the
absorptive luminal surface area. The centrolobular area of
the liver exhibited focal necrosis. The zymogen granules
gets scattered in the hepatopancreatic acinar cells and
these changes resulted into the cell’s degranulation and
vacuolation. Kidney showed disruption of Bowman’s
capsule and degradation in the epithelial cell lining of
renal tubules, particularly in the proximal tubules.

Bajpai et al. (2012) found that on exposure to fluoride,
primary and secondary lammelar epithelium become
swelled and clubbing on the tip of secondary lamellae of
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gills, shortening, and fusion of secondary lamellae,
hyperplasia and hypertrophy in chloride cells of gills.
Kahirsagar et al. (2011) and Shingadia and Agharia
(2013) observed the fluoride induced histopathological
alteration in ovary and testis of freshwater fish Rita rita.
Shingadia (2014) observed the loss of structural integrity
of mucosal folds, degeneration of mucosal epithelium,
vacuolation and decrease in number and rupture of goblet
cells. The flask shaped goblet cells became spherical with
decrease in their number & ruptured epithelial cell lining.
Columnar cells of villi formed homogenous mass due
necrosis of intestinal tissue. Serosa of intestine was also
ruptured. Thinness of circular muscle increased causing
obliteration of sub-mucosa, which showed disruption with
atrophy. Yadav et al. (2014) conducted a study to observe
the alterations on fluoride exposure and its results showed
that fluoride caused vacuolization, pyknotic nuclei,
disruption and rupture as well as hypertrophy and
hyperplasia of hepatocyte in Hetropneustes fossilis.

6.9 Effect on Genobiotics

National Cancer Institute Toxicological Program
categorizes fluoride to be a suspicious carcinogen. On the
basis of studies done, it was suggested that fluoride is one
of the most damaging environmental pollutant and is
deliberated as mutagenic agent, genotoxic and neurotoxic.
It may induce mutagenic, genotoxic and neurotoxic
effects in aquatic organisms (Bhatnagar and Regar,
2005; Azmat et al., 2007; Tripathi et al., 2009).

VII. REMEDIAL MEASURES

Chronic fluoride intake in absence/non-availability of
pure drinking water is the prime cause of fluorosis. Long
term intake of fluoride is also known to cause
physiological disturbances in carbohydrate and lipid
metabolism and cause oxidative stress. There are no
remedial measures for fluorosis other than using water
purification techniques. Following are the reviews of role
of medicinal plants in reducing/ ameliorating the
oxidative stress caused due to fluoride intake.

7.1 Defluoridation using water purification

techniques

The high fluoride levels in drinking water and its impacts
on human and animal health have increased the
importance of defluoridation studies (Chidambaram et
al., 2003). Defluoridation was reported by adsorption
(Raichur and Basu, 2001), chemical treatment (Reardon
and Wang, 2000), ion exchange (Singh et al., 1999),
membrane separation (Dieye et al., 1998), electrolytic
defluoridation (Mameri et al., 2001) and electro dialysis
(Hichour et al., 2000) etc. Among various processes,
adsorption was reported to be an effective,
environmentally friendly and economical one (Mohan et
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al., 2007). The advantages of biosorption are very well
known, the contaminants in water are removed by getting
concentrated onto a disposed of (Volesky, 2007).
Biosorption offers advantages of high efficiency in dilute
effluents and no requirements of nutrient. Recently
substantial interest was seen on the biosorbent material’s
applications for the removal of various pollutants and it
also provides a cost-effective solution for the water
management (Volesky and Holan, 1995). “Adsorption is
a mass transfer process in which a constituent in the liquid
or gas phase is accumulated on solid or liquid phase and
separated from its original environment” (Crittenden et
al., 2005). The adsorption process has more advantages
than other methods to remove pollutants from the water
and wastewater, as it is having more simplified design of
adsorption unit, negligible amount of sludge production
and low investment costs (Malakootian et al., 2008). The
uptake of anions has become a growing concern in the
field of biosorption (Kratochvil and Volesky, 1998).
Investigators reported various types of adsorbents namely
activated alumina (Ghorai and Pant, 2004), tita-nium-
rich bauxite (Das et al., 2005), synthetic resins
(Meenakshi and Vishwanathan, 2006), manganese
oxide-coated alumina (Maliyekkal et al., 2006), carbon
nanotubes (Li et al., 2003), fish bone charcoal (Killedar
and Bhargave, 1993).

Mariappan et al. (2003) studied defluoridation technique
using poly aluminum hydroxy sulphate (PAHS). The
results of the study showed that the floc formation and
settling are quick and volume of resulting sludge is very
less. Sanjaykumar (2002) used various indigenous
chemicals and minerals to study the defluoridation
methods. The study concluded that alum can be used as
an effective defluoridation agent if alum dose, alkalinity
of water, water pH and colloidal concentration are
optimized. Muthuganesh et al., (2003) used poly
aluminum chloride (PAC) to study fluoride removal
techniques and compared it with the most commonly
existing ‘Nalgonda technique’. The results from the study
indicated that PAC can be an effective coagulant for
fluoride removal with higher removal efficiency of about
65% -75% with less detention time. Bhargava and
Killedar (2006) used fishbone charcoal prepared from
fishbone in coastal areas and condluded that the removal
of fluoride was found to be function of contact time, pH,
initial fluoride ion concentration and adsorbent (fishbone
charcoal) dose. Ganguly (2006) used boiler bottom ash as
an adsorbent material to separate fluoride content from
the water.

7.2 Therapeutic effects of medicinal plants in reducing
fluoride toxicity in water

Fluoride is toxic to all the system and cause oxidative
stress in various tissues. All over the world, research is
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going on different plant species to study their principles
and potential. Plant-based dietary therapies are considered
to have higher potential for therapeutic applications as
there can be minimum or no side effects with their use.
Research in the area of nutrition is now being mainly
focused on formulating ‘healing diets’ which can improve
the overall health efficiently. There are various plants and
plant based products having higher efficacy in reducing
the oxidative stress due to fluoride, as fluorosis is
considered as both endemic and global spanning in
several continents. Medicinal plants play important role in
amelioration of fluoride toxicity. Nutritional interventions
like high intake of vitamin C, vitamin D and calcium
helps to reduce the problem of fluorosis. Emblica
officinalis (G), Mangifera indica (L), Limonia acidissima
(L), Averrhoa carambola (L) and leaves of Tamarindus
indicus are effective to used against the fluoride toxicity
The fruits and leaves of these plants are well known for
their medicinal use as it contained phytosterols, saponins,
polyphenols, flavonoids, ascorbic acid and fibers
(Narasimhacharya and Vasant, 2012).

Murugan and Subramanyam (2002) studied the use of
Aloe Vera (Indian aloe) a medicinal plant and concluded
that at neutral pH the defluoridation was maximum.
Prabavathi (2003) studied defluoridation techniques by
using lignite rice husk and rice husk powder as adsorbent
by varying pH, concentration of fluoride, weight of
adsorbent and contact time. Jamode et al. (2004) used
fresh leaves chosen based on their crude fiber content and
tress were obtained from Pipal (Ficus religliusa), neem
(Azadirachta indica) and khair (Acacia catechu Willd) for
the uptake of fluoride ion from the fluoridated water.
During the study by using adsorption method, it was
found that various parameters such as contact time, pH,
adsorbent dose, size and type of adsorbents and initial
fluoride ion concentrations affect the fluoride removal
efficiency at optimum conditions. Gopal and Elango
(2007) used activated carbon developed from leaves of
Agave sisalana by batch process. Maximum adsorption of
fluoride ion was observed in the pH level of 6.76,
optimum dosage of 5g/l and optimum contact time was
observed to be 40 minutes. Up to 86% level, the
defluoridation can be achieved using this process.
Biological materials such as leaves of neem (Azadirachta
indica), peepal (Ficus religiosa) and khair (Acacia
catechu) and tamarind gel and seeds have been used to
defluoridate water. Various herbal or natural products are
being increasingly investigated for their role in
minimising the effects of fluoride toxicity for e.g.,
supplementation of tamarind fruit pulp increased urinary
excretion of fluoride while decreasing the retention of
fluoride in bone. The bark and seed extracts of Moringa
oleifera and Terminalia arjuna have also been shown to
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decrease the fluoride induced toxicity. Additionally, plant
metabolites such as a 43 kD protein isolated from
Cajanus indicus, quercetin and curcumin have been
shown to ameliorate the fluoride induced oxidative stress
and also improve the functions of kidney, liver and
erythrocytes. Additionally, administration of black berry
juice and black tea were found to be useful in reducing
the effects of fluoride (Narasimhacharya and Vasant,
2012). Pandey et al. (2012) used biomass of Tinospora
cordifolia for the sequestration of fluoride from drinking
water. Ramanjaneyulu et al. (2013) used tamarind shell
and papal leaf powder to remove fluoride from the
drinking water. The effect of controlling parameters of
adsorption like dose and pH of adsorbent, contact time
and initial sorbate concentration for fluoride removal
efficiency was studied and also found the optimum values
for maximum uptake. At pH 2, tamarind fruit shell and
papal leaf powder exhibited highest fluorine removal
efficiency about 85% and 79% respectively. The
medicinal plants like Amla (Emblica officinalis), lemon
(Citrus lemon) and Tomato (Lycopersicon esculentum)
are good source of antioxidants and played an important
role in ameliorating the harmful effects of fluoride water
(Sharma et al., 2014).

7.3 Role of Vitamin C in ameliorating fluoride toxicity
Vitamin C can be used as an effective fluoride
ameliorating agentt as it is an excellent source of
electrons, therefore, it forms free radicals by donating
electron and then it can quench the fluoride ion reactivity
and mitigate the harmful effects of fluoride water by
increasing its urinary excretion and decreasing its
retention in the body.

Shanmugam and Reddy (2015, 2016) evaluated the protective ef
toxicity in fishes and the results showed that Hb, RBC, PCV, I
intoxicated fishes where as WBC level was increased. Howevel

ingestion can causes a lot of severe problems to all the
living organisms not only the aquatic organisms
(including both plants and animals) but also the terrestrial
organisms, birds as well as human beings who are using
this fluoride contaminated water for drinking purpose.
Fluoride toxicity causes fluorosis of various types such as
skeletal, dental and non-skeletal fluorosis. To prevent this
toxicity, best method is “water defluoridation” but most
of the defluoridation techniques are expensive and not
within reach of millions of people across the globe. So we
can use focus on using various plants and plant products
to ameliorate the effect of fluoride, as the medicinal plants
are easily available or one can grow it in nearby areas
which is available for plantation.

IX. FUTURE PERSPECTIVE

Further research is required to discover some cost
effective and eco-friendly methods of defluoridation. So
that such methods can reach up to common people.
Various plants are known to have therapeutic effect in
fluoride toxicity but many more are yet to discover. There
is need to understand the molecular mechanisms of plant
and plant products in reversing the adverse effects of
fluoride intoxicated tissues which will help in
understanding their beneficial effects in a better way and
also bridging the gap between the existing researches.
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