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Extensive contamination of ground water by
fluoride has been reported in China (1) and India (2).
Fluorosis, caused by long-term intake of high level
of fluoride, is characterized by clinical manifesta-
tion in bones and teeth (3). However, detrimental
effects of high fluoride intake are also observed in
soft tissues (4, 5). In advanced stages of fluorosis,
neurological manifestation such as paralysis of
limbs, vertigo, spasticity in extremities, and
impaired mental activity are observed in human
beings (6). However, there are disagreements about
the toxic effect of fluoride on internal organs. The
kidney is known to be a target organ of fluoride
among internal organs (7) but the effect of fluoride
on liver and brain is not clear.

Manocha et al. (8) administered fluoridated
water to the squirrel monkeys for 18 months at the
concentration of 0, 1 and 5 ppm of fluoride.
Significant cytochemical changes were observed in
the kidneys of monkeys treated with 5 ppm fluoride
in drinking water. For the liver, the activities of
Krebs cycle enzymes were slightly enhanced in the
groups administered fluoride. The nervous system
appeared to be unaffected. On the other hand,
Mullenix et al. (9) demonstrated that the exposure to
fluoride via drinking water significantly altered the
behavior of female rats compared to the controls. It
is of interest, therefore, to know whether neurologi-

cal effects can be induced in mice by oral exposure
to fluoride.

Various epidemiological investigations in
China have reported a relationship between fluoride
and intelligence showing an intelligence quotient
(IQ) lowering by 8 to 10 points in children living in
villages with high fluoride in food or drinking water
(10-12). However, for such evaluation adequate
index is required, e.g. alteration in protein content of
brain due to fluoride intoxication.

In many parts of the world, tea is one of the
most widely consumed beverages, second only to
water. Tea flavanoids exhibit antioxidant activity
(13), and while tea is not a replacement for fruits and
vegetables, its antioxidant acitivity has been found
in several studies to be comparable to that of fruits
and vegetables. One or two cups of tea have the
same ìradical scavenging capacityî as five portions
of fruits and vegetables or 400 mg vit. C equivalent
(14). Our previous experiments revealed that black
tea have significant amelioration on NaF induced
toxicity on red blood cells (in vitro) (15) and protein
content of liver and kidney in mice (16). 

The purpose of this study was to determine the
changes in protein content (acidic, basic, neutral and
total protein) in different regions of brain (cerebral
hemisphere, cerebellum and medulla oblongata) of
Swiss strain male albino mice (Mus musculus) after
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exposure to NaF via oral route for thirty days.
Moreover, it is important to study antioxidant brain
defense and effect of antioxidants like catechine, gal-
locatechine etc. present in black tea extract to evalu-
ate its ameliorative effect against NaF intoxication.

EXPERIMENTAL

Eighty young adult inbred Swiss strain male
albino mice (Mus musculus) weighing approximate-
ly 30 to 35 g were obtained from Zydus Research
Centre, Ahmedabad, India. They were provided
with laboratory animal feed and water ad libitum
and maintained in a 12-h light/dark cycle at 26 ±
2OC. The animal feed was prepared as per the for-
mulation given by the National Institute of
Occupational Health, Ahmedabad, India. ìGuide-
lines for Care and Use of Animals in Scientific
Research, 1991î published by the Indian National
Science Academy, New Delhi, India, were followed.

As shown in Table 1, the mice were divided
into eight equal groups and caged separately. In
Group I (control) animals were maintained without
any treatment. Group II received black tea (2% in
drinking water) for 30 days and served as antidote
control group. Groups III and IV were orally admin-
istered 0.2 and 0.4 mg NaF in 0.2 mL of deionized
water/animal/day (= 6 mg and 12 mg NaF/kg body
weight, respectively) for 30 days. Groups V and VI
were administered NaF as in groups III and IV;
thereafter the treatment was withdrawn for another
30 days. Groups VII and VIII were administered
NaF as in groups III and IV and also given 2% black
tea infusion instead of drinking water for 30 days. 

Twenty grams of black tea solids (Lipton
Yellow Label of Hindustan Lever Limited, Mumbai,
India) and 1000 mL of deionized water were used to

produce a 2% tea infusion (16, 17). Stock solutions
of analytical grade NaF (Sisco Research Laboratory
Pvt. Ltd., Mumbai, India) were prepared by dissolv-
ing 1 and 2 mg NaF/mL in deionized water and used
as low dose and high dose, respectively (16). The
effective dose of black tea was based on earlier work
in male mice (16, 17). All treatments were given
orally for 30 days using a feeding tube attached to a
hypodermic syringe.

On completion of the treatment periods, the
animals were sacrificed by cervical dislocation. The
cerebral hemisphere, cerebellum and medulla oblon-
gata regions of brain were dissected carefully, blot-
ted free of blood, weighed to the nearest mg and uti-
lized for study. The protein fraction and measure-
ment were done as follows.

The acidic, basic, neutral, and total proteins
were extracted separately (16, 18). The tissue was
homogenized in ice-cold 10% trichloroacetic acid
(TCA) to precipitate the proteins. The homogenates
were incubated at 70OC for 20 min, cooled, and cen-
trifuged. The supernatant was discarded and the
residue taken as the total protein. Lipids and nucleic
acids were removed by washing with ethanol. The
residue was then treated with known volume of 0.2
M HCl and incubated at 100OC for 30 min and cen-
trifuged. The resulting supernatant was taken as the
extract of basic proteins. The residue was treated
with a known volume of 0.1 M NaOH and kept
overnight at room temperature and centrifuged. The
supernatant served as the extract of acidic proteins.
Neutral proteins were calculated by subtracting the
sum of basic and acidic proteins from total proteins.

Determination of acidic, basic, neutral, and
total proteins was done spectrophotometrically by
the method of Lowry et al. (19) using bovine serum
albumin as standard.

Table 1. Experimental protocol.

Group Treatment No. of animals Duration Duration  Day   
of treatment of withdrawal of autopsy

I Control 10 30 ñ 31st

II Black tea extract (2%) 10 30 ñ 31st

III NaF (6 mg/kg body wt/ day)  10 30 ñ 31st

IV NaF (12 mg/kg body wt/ day) 10 30 ñ 31st

V Low dose withdrawal from day 31 10 30 30 61st

VI High dose withdrawal from day 31 10 30 30 61st

VII Low dose (as in Group III) 10 30 ñ 31st

+ black tea extract (2%) 

VIII High dose (as in Group IV) 10 30 ñ 31st

+ black tea extract (2%)
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Statistical analysis: The results were expressed
as mean ± standard error of the mean (± SEM). The
data were statistically analyzed using one-way
analysis of variance (ANOVA) followed by the
Tukey test. The level of significance was taken as 
p < 0.05. Comparisons of p-values between different
groups were also performed. Percent change
between control and low dose Group III and high
dose Group IV NaF-treated mice were calculated. In
addition, the percent changes between low dose
NaF-treated Group III and Groups V and VII (low
dose + withdrawal and low dose + black tea extract,
respectively) as well as between Group IV (high
dose NaF-treated) and Groups VI and VIII (high
dose + withdrawal and high dose + black tea extract,
respectively) were also calculated. 

RESULTS

As seen in Tables 2 ñ 4, oral administration of
NaF (6 and 12 mg/kg body weight/day) as compared
with control (Group I) for 30 days caused significant
(p < 0.05), dose-dependent reduction in the content
of acidic, basic, neutral, and total protein content in
the cerebral hemisphere, cerebellum and medulla
oblongata regions of mice brain. Withdrawal of NaF
fluoride treatment for 30 days resulted in significant
(p < 0.05) but partial recovery in all proteins, as
compared with respective low (Group III) and high
(Group IV) dose NaF-treated groups.

Administration of 2% black tea extract alone
for 30 days did not cause significant (p < 0.05)
change in cerebral hemisphere, cerebellum and
medulla oblongata regions of brain in mice (Tables
2 ñ 4). However, administration of black tea extract
along with NaF significantly (p < 0.05) ameliorated
NaF-induced changes in cerebral hemisphere, cere-
bellum and medulla oblongata regions of mice
brain. The amelioration was almost complete in the
low dose NaF + antidote-treated (Group VII) but
was only partial in the high dose (Group VIII).

DISCUSSION AND CONCLUSION

The NaF-induced reduction in protein content
of cerebral hemisphere, cerebellum and medulla
oblongata regions of mice brain observed here might
be due to either increased proteolysis or decreased
protein synthesis. Many investigators (16, 18, 20,
21) have reported protein degradation in skeletal
muscles of rabbits during experimental fluorosis.
Also, F is known to affect the rate of cellular protein
synthesis, which is mainly due to impairment of
peptide chain initiation (22, 23). The reduction in T
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protein content of NaF-treated animals supports the
view that F inhibits oxidative decarboxylation of
branched chain amino acids and simultaneously pro-
motes protein breakdown (24). 

The disturbance of protein synthesizing sys-
tems in fluorosis has been attributed to a decrease in
activity of a group of enzymes catalyzing the key
process of cellular metabolism. The enzymes are
glutamine synthetase catalyzing certain stages of
amino acid biosynthesis and methionine activating
enzymes of the liver (25). Kathpalia and Susheela
(26) have observed that administration of large
doses of fluorine to rabbits caused a 10 to 46 percent
reduction in protein content in most body tissues.

The ameliorative effect of black tea extract
against NaF toxicity may be due to the presence of
monomeric catechins that affect plasma antioxidant
biomarkers and energy metabolism (15, 16, 27). It is
reported that quercetin, a unique flavanol present in
black tea extract, can reduce free radicals and delay
in myoglobin release (28), which can be correlated
with the absence of pale colored tissue in control
animals. Polyphenols are well known for their abili-
ty to reduce membrane lipid peroxidation and
increase malondialdehyde levels that can prevent
oxidative damage caused by NaF.

Our findings suggest a profound ameliorative
effect of black tea extract on NaF-induced reduction
in protein content of cerebral hemisphere, cerebel-
lum and medulla oblongata regions of mice brain.
Thirty days after withdrawal of the 30-day NaF treat-
ment, partial recovery occurred. In comparison with
the combined administration of 2% black tea extract
and NaF, however, it was not nearly so significant. 
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