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ABSTRACT

Excessive fluoride intoxication plays an important role in the development of dental, skeletal and non-skeletal fluorosis. The aim of this
study was to ascertain the toxic effect of excessive fluoride ingestion on the level of hydroxyproline and expression of type 1 collagen
gene in rat bone and its amelioration by supplementation with Tamarindus indica fruit pulp extract. Forty albino rats were randomly
assigned to four groups. The first group served as control and received only tap water. The second group received sodium fluoride
(200 ppm) through drinking water. The third group received T. indica fruit pulp extract (200 mg/kg body weight) alone and the fourth
group received the T. indica fruit pulp extract (200 mg/kg body weight) along with fluorinated drinking water (200 ppm) daily by
gavage for a period of 90 days. The level of hydroxyproline and expression of type 1 collagen gene using quantitative real time PCR
in the tibia bone decreased significantly with continuous exposure to sodium fluoride. Co-administration of T. indica fruit pulp extract
during exposure to fluoride through drinking water restored the level of calcium, phosphorus and alkaline phosphatase in serum and
the concentration of hydroxyproline in urine. It increased the level of hydroxyproline and expression of type 1 collagen gene in the
tibia as compared to untreated fluoride-exposed rats. It is concluded that T. indica fruit pulp extract has an ameliorative potential to
protect the bone from fluoride induced collagen damage.
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Introduction

Fluorosis is a common problem in livestock and human
beings in endemic areas characterized by a crippling
condition. The clinical entity is manifested by signs of
bony exostosis, lameness, dental discoloration, painful
mastication, poor performance, reduced production and
death. Industrial origin of excess fluoride and its presence
in the immediate environment, soil, plant and water is
incriminated as one of the principal sources of continual
low doses of fluorine to livestock through feed, fodder and
water (Patra et al., 2000).
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Collagen is the major structural protein in the extra-
cellular matrix of musculoskeletal tissues. Bone and teeth,
comprising mostly type 1 collagen, are the major target
organs of fluoride (Pu et al., 1996). Fluoride disrupts the
collagen synthesis resulting in production of imperfect
collagen and/or non-collagenous protein in cells. Studies
have shown that fluoride can negatively affect collagen
metabolism and lead to the breakdown of collagen in dif-
ferent tissues of experimental animals (Yan et al., 2007;
Gupta et al., 2013a; Gupta et al., 2014; Gupta et al., 2015a).
In India, medicinal plants have long been used as tradi-
tional medicines for the treatment of various health prob-
lems. Earlier studies reported that medicinal herbs like
tamarind fruit pulp, fruit and seeds of Moringa oleifera,
bark extract of Terminalia arjuna and blackberry juice
played a protective role against fluoride induced toxic
effects (Sinha et al., 2007; Hassan & Yousef, 2009; Ranjan
et al., 2009; Khandare et al., 2010; Gupta et al., 2015b).



Tamarindus indica L. (Leguminosae), commonly known
as tamarind, is a tree native to Africa, also cultivated in
Sudan, Indonesia, Pakistan, Philippines, Java, Spain and
Mexico. In India, it is colloquially known as Imli or Indian
date. Different parts of tamarind, like fruits, fruit pulp,
seeds, leaves, flowers, and barks, have been used for vari-
ous medicinal purposes.

In recent years, a number of reports documented the
beneficial effect of tamarind in fluoride toxicity (Khandare
et al., 2010; Dey et al., 2011; Gupta et al., 2013b; Gupta
et al., 2013c; Gupta et al., 2015c). However, the efficacy
of tamarind on fluoride induced collagen degradation in
bone has not yet been assessed. The present study was
therefore conducted to evaluate the ameliorative effect of
hydro-methanolic extract of T. indica fruit pulp on the
hydroxyproline level and expression of type 1 collagen
gene in rat bone continually exposed to 200 parts per
million (ppm) of sodium fluoride in drinking water.

Materials and methods

Experimental animals

Female albino Wistar rats of eight weeks of age, weigh-
ing 150-170 g, bred in the Laboratory Animal Resource
Section of IVRI, were used. The animals received normal
laboratory pellet diet (composition: wheat bran — 12%,
maize — 87%, salt — 1%, F — 4.20 ppm) and water (F —
0.23 ppm) ad libitum. The animals used in the present
study were maintained in polypropylene cages at 12h
dark/12h light cycles, with temperature of the laboratory
animal house ranging from 18 to 25°C and humidity
between 55 and 60%. The study was approved by the
Institute Animal Ethics Committee (Approval number:
1-53/2004-JD Research, Dated: 09.04.2010).

Plant material and preparation of extract

Tamarind fruits were purchased from the local market
in Bareilly, Uttar Pradesh, India. The plant material was
duly authenticated from the Central National Herbarium,
Botanical Survey of India, Government of India (Botanical
Garden, Howrah-103) and voucher specimen no. CNH/1-
1/2007/Tech-11 was assigned to it. The extract was pre-
pared as described previously (Gupta et al., 2013c).

Experimental procedure

Forty rats were randomly divided into four groups of
ten rats each. Group I served as control and received
only tap water; group II received 200 ppm sodium fluo-
ride (NaF, MW 41.99, 99% pure, Qualigens Chemicals,
Mumbai, India) through drinking water. Group III
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received hydro-methanolic extract of T. indica fruit pulp
(200mg/kg body weight) alone and group 1V, T. indica
fruit extract (200 mg/kg body weight) along with fluori-
nated drinking water (200 ppm NaF), daily by gavage for a
period of 90 days. The dose of sodium fluoride to induce
toxicity was selected according to the published literature
and earlier studies conducted in our laboratory (Yan et al.,
2007; Gupta et al., 2013a; Gupta et al., 2015a). The dose of
T. indica (200 mg/kg body weight) was based on previous
studies in our laboratory (Dey et al., 2011; Gupta et al.,
2013b; Gupta et al., 2013c) in which a dose-dependent
effect of T. indica on reducing serum and bone fluoride
concentration with concomitant increase in excretion of
fluoride in urine was obtained.

Sample collection and evaluation of biochemical parameters

Blood, urine and tibia bone were collected and stored
as described in a previous report (Gupta et al., 2013a).
Fluoride concentration in bone, level of hydroxyproline in
bone and urine, along with serum biochemical parameters
were assessed as described earlier (Gupta et al., 2015a).

Reverse transcriptase (RT) and quantification

of Col1al gene expression

Tibia bone stored at —80°C was transferred to liquid
nitrogen and crushed to powder. The powdered mate-
rial was transferred to 1.0 ml of TRIzol® reagent (Life
Technologies, USA) and homogenized to isolate the
total RNA according to the protocol of Yan et al. (2007).
Reverse transcriptase (RT) was performed using the first
strand ¢cDNA synthesis kit (Fermentas, Life Sciences)
as described in a previous report (Gupta et al., 2013a).
Quantitative real-time PCR conditions and analysis of the
Collal gene expression level were the same as described
earlier (Gupta et al., 2013a). The results of real time PCR
were depicted as fold change of Collal mRNA level in the
tibia bone of experimental rats compared to normal rats.

Statistical analysis

Each sample was run in duplicate. Data were analyzed
by one-way analysis of variance (ANOVA), with post hoc
analysis using Duncan’s multiple comparison tests using
SPSS 16 software, and expressed as mean + SE (n=10) with
<0.05 considered statistically significant.

Results

At the end of the experiment, the accumulation of
fluoride in the tibia bone was significantly high (p<0.05)
in fluoride-exposed rats as compared to controls. The

Table 1. Primer sequences with their corresponding PCR product size and position.

Gene Primers

Collal 5-CTTCGTGTAAACTCCCTCCATCC-3' (sense)
5'-AAGTCCATGTGAAATTGTCTCCCA-3' (antisense)
5'-ACATCATCCCTGCATCCACT-3’ (sense)

Gapdh

5-TTTCTCCAGGCGGCATGTCA-3' (antisense)

Primer locations Product (bp) Genebank accession No.
4454-4599 136 NM_053304
684-823 140 NM_017008.3
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concomitant use of 7. indica fruit pulp extract along
with fluoride significantly (p<0.05) reduced the fluoride
accumulation in the tibia bone and the fluoride concen-
tration was 17.66% lower than in the fluoride-exposed
non-treated group. The rats that received T. indica fruit
pulp extract alone were not significantly different from
healthy controls (Table 2).

The level of hydroxyproline in tibia bone of normal and
experimental rats is presented in Table 2. The hydroxy-
proline level in tibia bone of the control group and the
group that received T. indica fruit pulp extract alone was
found to be comparable. Hydroxyproline concentration in
tibia bone of fluoride-exposed untreated rats was signifi-
cantly (p<0.05) reduced as compared to healthy control
rats. Administration of 7. indica fruit pulp extract along
with fluoride significantly increased the level of hydroxy-
proline in tibia bone of experimental rats.

Calcium and phosphorus concentrations in serum of
healthy control rats and rats that received T. indica fruit
pulp extract alone remained statistically comparable
at different intervals of the experiment (Table 3). The
concentration of calcium decreased significantly (p<0.05)
between day 30 and 90 as compared to the healthy control
group and there were also significant progressive declines
in serum calcium concentrations from day 30 onwards till
day 90 in the fluoride-exposed group. However, there was
a significant (p<0.05) increase in the values of phosphorus
concentration of fluoride-exposed rats between day 30 and
day 90 compared to healthy control values. Concomitant
use of T. indica fruit pulp extract restored the calcium
and phosphorus concentration and the mean levels were
comparable to the respective values in control rats.

Serum alkaline phosphatase activity at different obser-
vation periods in healthy and experimental rats is pre-
sented in Table 3. The all-day serum alkaline phosphatase
activity was significantly higher in the fluoride-exposed
rats than in the healthy control rats (p<0.05) and there
were also significant progressive rises in serum alkaline
phosphatase activity on day 30, 60 and 90 in the fluoride-
exposed group (p<0.05). Administration of the T. indica
fruit pulp extract significantly reduced serum alkaline
phosphatase activity compared to the fluoride-exposed
group at different observation periods.

The rats that received sodium fluoride in their drink-
ing water revealed a significantly (»p<0.05) higher concen-
tration of hydroxyproline in urine throughout the experi-
ment as compared to healthy control rats. Concentrations

Table 2. Concentration of fluoride and hydroxyproline level in tibia
bone of rats.

Fluoride concentration Hydroxyproline

Group (ng/gm) (mg/gm)
| 1099.8+45.87 25.9+0.35
Il 9952.6+87.48" 20.1+0.49"
1l 1088.3+35.65 25.6+0.68
\% 8194.9+381.53" 23.1+1.05"

The values are expressed as mean + S.E. (n = 10).
*p<0.05 compared with respective control rats; **p<0.05 compared with
fluoride treated rats.

Table 3. Calcium and phosphorus concentration, activity of alkaline
phosphatase in serum, and level of hydroxyproline in urine of rats.

Parameter Group DEVED Day 60 Day 90
I 7.0+0.28 6.9+0.26 6.9+0.13
el [ 6.7+0.23" 5.6+0.10"t 4.7+0.26"
(mg/di) 1 7.0+0.21 6.9+0.23 6.9+0.18
\Y 6.9+0.298* 6.5+0.18" 6.8+0.39™
I 5.5+0.34 5.6+0.31 5.5+0.05
Phosphorus I 6.5+0.21" 7.140.25" 7.8+0.19"
(mg/di) i 5.6+0.28 5.5+0.26 5.5+0.16
\Y 5.8+0.59 6.1+0.38 5.9+0.41%
[ 23.3+0.67 24.5+0.75 23.840.56
Alkaline I 35.740.68" 455+069"t  76.3+0.82
phosphatase
(units/ml) I 23.540.52 23.9+0.38 25.1+0.44
\Y 2674057 3414040t 451+1.73%%
[ 164.1+14.75 180.146.59 200.0415.12
Urinary [ 2289+17.22"  262.9+8.80t  301.6+11.71%
hydroxyproline
(ug/ml) I 165.2412.56 181.245.68 201.1+13.26
\Y 173.6213.55 197941703t  226.4+31.64™+

The values are expressed as mean + S.E. (n=10).

*p<0.05 compared with respective control rats at different observation peri-
ods; **p<0.05 compared with F treated rats at different observation periods;
1p<0.05 compared with day 30 value; ¥p<0.05 compared with day 30 and
60 values.

of hydroxyproline in the treatment group receiving 7.
indica fruit pulp extract were comparable with those of
respective healthy control values (Table 3).

The expression level of Collal gene calculated by
the AACt method in rats of different groups is given
in Table 4. The result showed decreased expression of

Table 4. Fold change of col1al gene expression level in rats of different groups relative to healthy control.

ACt AAC; Fold difference in Col1a1 rela-
(Avg Col1a1 C;- Avg Gapdh C; (AC; Grll-AC; Grl) tive to Group | (2-2ACT)
| 3.38+0.08 0+0.08 1.00
Il 4.58+0.13 1.21+0.13 043"
Il 3.34+0.07 -0.03+0.07 1.02
\% 3.81x0.11 0.49£0.11 071"

Data are reported as mean + S.E. for 10 rats in each group.

*p<0.05 compared with respective control rats; **p<0.05 compared with fluoride treated rats.
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Collal gene in tibia bone of fluoride-exposed rats, which
increased significantly with concomitant use of 7. indica
fruit pulp extract.

Discussion

Tamarind has long been used as traditional medicine for
the treatment of a wide variety of ailments and diseases.
Pods (fruits) are rich in ascorbic acid and sugar and have
been used as spices in syrup, juice, drinks and many food
preparations. Medicinally, the fruit pulp is valued as
cathartic, astringent, febrifuge, antiseptic and refrigerant
(Komutarin et al., 2004). The extract of tamarind fruit is
reported to contain a high concentration of zinc, a nutri-
tional antioxidant (Glew et al., 2005), fat, carbohydrates,
fiber, ash, calcium, phosphorus, iron, magnesium, sodium,
thiamine, riboflavin, niacin, vitamin C and tannin
(Coronel, 1999). It also contains pectin, 2,3,5, tri-o-methyl
arabinose, 2,3,4,tri-o-methyl D xylose, 2,3,4,6,tetra-o-
methylgalactose, 2,3,6,tri-o-methyl D-glucose, organic
acids, mainly potassium-hydrogen tartarates, further
free acids such as tartaric, malic and citric acids, as well
as phenolic compounds catechin, epicatichin, taxifolin,
apigenin, eriodictyol, luteolin, and naringenin (Sudjaroen
et al., 2005).

Hydroxyprolinuria, a candidate biomarker for
increased collagen degradation, is a common finding
in fluorotic animals (Khandare et al., 2005; Gupta et
al., 2012). Enhanced hydroxyproline in urine is due to
increased collagen breakdown as a result of disturbances
in the formation of collagen cross-links. In the present
study, co-administration of 7. indica fruit pulp extract
during oral exposure to fluoride reduced the hydroxypro-
line concentration in urine. The decreased hydroxyproline
concentration in urine of the 7. indica fruit pulp extract
treated group, as compared to fluoride-exposed untreated
rats, indicated lower collagen breakdown.

The hydroxyproline concentration of the tibia bone of
rats that received T. indica fruit pulp extract along with
fluoride was comparable with that of healthy control rats,
suggesting its ameliorative effects on fluoride induced
collagen degradation. Decreased hydroxyproline in the
tibia bone could be due to decrease in the biosynthesis
of collagen or increase in the degradation of collagen
(Shanthakumari & Subramanian, 2007; Gupta et al.,
2013a; Gupta et al., 2015a). The plasma and tissue level
of ascorbic acid were reported to be decreased in experi-
mental fluorosis (Chinoy et al., 2005; Jhala et al., 2008).
Ascorbic acid is a cofactor for the enzyme prolyl hydroxy-
lase, required for the hydroxylation of proline forming
hydroxyproline. The protective effect of tamarind extract
on tissue collagen by maintaining the activity of prolyl
hydroxylase and the decrease in the rate of collagen deg-
radation might be due to the presence of ascorbic acid in
the extract (Coronel, 1999).

Supplementation of protein, calcium and ascorbic
acid in diet has been suggested to increase the expression
level of Collal gene in fluoride-exposed rabbits (Yan et
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al., 2007). Proanthocyanidines stabilize and increase the
cross-linkage of type 1 collagen fibrils by hydroxylation
of proline, which is an essential step of collagen bio-
synthesis (Manimaran et al., 2011). In fluoride-exposed
rats, the present study revealed down-regulation of the
expression level of the Collal gene by 57% on day 90.
Co-administration of the tamarind fruit pulp extract
prevented the down-regulation of the expression of type 1
collagen gene as compared to fluoride-exposed rats, indi-
cating the beneficial effect of T. indica fruit pulp extract
against fluoride toxicity. The ameliorative potential for
up-regulation of expression of type 1 collagen gene might
be due to the presence of high concentration of protein,
calcium, ascorbic acid and proanthocyanidines in the
extract of the tamarind fruit pulp (Coronel, 1999).

The extract of the tamarind fruit pulp sig-
nificantly reduced the bone fluoride concentration.
Co-administration of an extract of tamarind pulp with
fluoride resulted in an overall 17.66% reduction in tibia
bone fluoride concentration at the end of the experiment.
Copper has been reported to prevent fluoride accu-
mulation in bone (Khandare et al., 2005). The highest
concentration of copper was found in the tamarind fruit
pulp extract which might have contributed towards
reduced bone fluoride deposition in the rats receiving the
tamarind extract. Iron and zinc form insoluble complexes
with fluorine at gut level and interrupt its absorption. The
presence of these trace elements in the tamarind extracts
might be additionally responsible for reduction of the
body fluoride burden.

There was significant reduction in the concentration
of calcium and increase in the concentration of phospho-
rus in plasma of fluoride exposed rats. The hypocalcemia
observed in the present study might be due to decreased
calcium absorption from the gut, increased calcium accu-
mulation in tissues and/or parathyroid gland stimulation
(Verma and Guna Sherlin, 2002). Increase in plasma
phosphorus has been noticed in fluoride intoxicated
animals (Ranjan et al., 2009; Gupta et al., 2013b; Gupta
et al., 2015a). The change in serum ALP activity follow-
ing fluoride administration reflected toxicity of fluorine
to osteoblasts (bone forming cells) as well as resorbing
osteocytes (Krook & Minor, 1998). It is suggested that the
failure in repair response involving an initial increase in
formation and resorption of bone is responsible for the
increase in serum ALP activity. As the repair process
fails, there is toxic death of resorbing osteocytes and
decrease in bone resorption, which leads to high ALP
activity in serum (Krook & Minor, 1998). Increase in
ALP activity is almost a consistent finding in natural as
well as experimental fluorosis in animals irrespective of
the species involved (Patra et al., 2000; Shanthakumari
et al., 2004; Gupta et al., 2015a). Fluoride induced
hypocalcemia, hyperphosphatemia and increased serum
alkaline phosphatase activity were reversed variably by
co-administration of tamarind fruit pulp extract. This
beneficial role could be either due to their body fluoride
reducing ability or combined effects exerted by various
phyto-constituents present in the extract.

Copyright © 2016 SETOX & Institute of Experimental Pharmacology and Toxicology, SASc.

15



16

Amelioration by tamarind on fluoride exposed rats
Amit Raj Gupta, Sahadeb Dey, Mohini Saini, Devendra Swarup

The present experiment provides preliminary infor-
mation on the potential of tamarind fruit pulp extract in
alleviating fluoride induced collagen degradation in rats.
Therefore, incorporation of tamarind fruit pulp as feed
supplement for animals living in fluoride endemic areas is
advocated to provide protection from the toxic effects of
fluoride, supplying some additional nutrients for improv-
ing health.
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