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Abstract: The present study was designed to assess the potential impact of Na-F alone or in conjugation with black 
tea on motor function and coordination performance in laboratory rats. An array of behavioural motor tasks, viz., 
open field, plank walking and rod walking tests were employed in our study in order to evaluate animals’ motor 
heath. Body weight gain as a performance criterion was also monitored. Eighty weanling 32-days old Wistar male 
rats randomly allotted to four groups of 20 animals each, were administered Na-F at 100 ppm and 2% black tea for a 
period of twelve weeks in a factorial pattern to constitute 4 experimental treatments. Black tea significantly 
improved Na-F-induced marked losses in body weight gains of rats. In the open field test, Na-F-treated rats 
displayed no significant changes in the levels of motor activities (horizontal locomotion) compared to control. 
However, fluorotic animals performed poorly in all studied motor-coordination tests. Administration of black tea to 
Na-F-exposed rats also significantly enhanced their motor performance and coordination ability during psychomotor 
testing. Concerning animals’ walking pattern, high incidence of shaky movements with unsteady gait was markedly 
observed in Na-F-intoxicated rats, as compared to control, confirms lacking of muscle tone and coordination. Our 
findings illustrate that black tea affords a profound protection against fluoride intoxication-provoked harmful effects 
on motor health as signified by inhibited motor activities accompanied by poor coordination proficiency in 
laboratory rats, and hearten to recommend for simultaneous supplementation of black tea to Na-F-jeopardized 
individuals in order to help mitigate fluorosis-inflicted hazards.  
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1. Introduction 

Fluoride is omnipresent in our environment 
and has been added to drinking water supplies for 
cariostatic purposes as a prophylactic agent in dental 
caries, with a recommended dose between 0.7 and 1.2 
mg/litre (Leverett et al., 1997). Further fluoride 
sources, other than drinkable water, are drinks, tooth 
pastes, mouth rinses, dietary supplements and foods 
in general.  

Fluorosis caused by excess intake of fluoride 
is a slow, progressive degenerative disorder that 
represents a significant adverse impact on public 
health and well-being in many parts of the world 
(Susheela, 1999). Long term ingestion of high levels 
of fluoride results in various pathological alterations 
in overall organs and tissues predominantly the bones, 
teeth, the structure and function of skeletal muscles, 
brain and spinal cord (Shashi et al., 1992; 1994; 
Mullenix et al., 1995; Vani and Reddy, 2000).  

More than 90% of the total body burden of 
fluoride is retained in bones and teeth, because of its 
profound affinity for calcified tissues, where most of 
the remaining portion is distributed in highly 
vascularized soft tissues and blood (Hardman et al., 

2005; Fawell et al., 2006). Therefore, the most 
obvious early toxic effects of fluoride in humans are 
skeletal fluorosis, leading to a variable degree of 
combined locomotor disability and neurological 
impairment (Reddy, 2009). Individuals affected with 
skeletal fluorosis revealed joints pain in limbs, 
numbing, cramping and tingling of extremities 
accompanied with back pain with difficulties during 
walking, aggravated by activity (Shashi et al., 2008). 
Since animal studies and human clinical trials 
indicated that fluoride can reduce bone strength even 
before skeletal fluorosis is present, a heavy and tired 
feeling in the legs with frequent falling, or “a foot-
slapping gait” is also a commonly noticeable 
manifestation (Mousny et al., 2006).   

In advanced stages, “crippling skeletal 
fluorosis” characterized by damage of 
musculoskeletal and nervous systems is then 
observed. The later disorder results in mal shaping of 
bones, muscles wasting and arthritic pain with 
restricted joints motion. Neurological complications 
of skeletal fluorosis, namely paralysis of limbs, 
vertigo, spasticity in extremities, arise primarily from 
mechanical compression of the spinal cord and nerve 
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roots from sclerosed vertebral column and ossified 
ligaments (Fisher et al., 1989; Reddy, 2009). Alarm 
was then given about an increased fluoride toxicity-
inflicted risk on physical activity and motor health.  

In addition to the effect on hard tissues, 
fluoride also manifests its toxicity on soft tissues, 
where it is known to cross the cell membranes and to 
enter soft tissues, impairing its function (Sharma and 
Chinoy, 1998; Vani and Reddy, 2000). Fluoride-
increased generation of free radicals, lipid 
peroxidation and depleted antioxidant defense 
systems shifting the oxidant/antioxidant balance 
towards oxidative stress are proposed to mediate the 
toxic effects of fluoride on soft tissues 
(Shivarajashankara et al., 2001; 2002a; Trivedi et al., 
2008; Kaur et al., 2009).  

Amongst soft tissues, muscles and brain 
have been reported to retain the ingested fluoride 
which may in turn interfere with their physiological 
functions. Despite the fact that muscles were more 
affected than brain, probably due to the protective 
role of the blood brain barrier, there is a paucity of 
studies on the effect of fluoride intoxication on motor 
function and coordination performance in rats (Vani 
and Reddy, 2000).  

Intact cerebellum has been reported 
primarily to be indispensable for successful 
coordination of voluntary motor function and to make 
an important contribution to control of muscle tone, 
equilibrium, gait and posture (Morton and Bastian, 
2004; Thach and Bastian, 2004; Konarski et al., 2005; 
Koros et al., 2007; Baldacara et al., 2008). Cerebellar 
cortex has been evidenced to be particularly 
susceptible to sodium fluoride-induced oxidative 
stress and could contribute to the development of 
neurodegenerative diseases (Saad El-Dien et al., 
2010). Moreover, recent findings from our preceding 
complementary study, where fluoride toxicity-
enhanced oxidative stress and induced 
neurodegenerative lesions in the cerebellum of rats, 
have prompted us to further investigate the toxic 
potential of fluoride to disrupt motor-coordination 
function as an index for the health of musclo-skeletal 
system (Kamel et al., 2010). 

On the positive side, however, the link 
between fluoride and oxidative stress may help 
efforts to mitigate the symptoms among individuals 
suffering from fluoride toxicity. Therefore, 
nutritional intervention with antioxidant-rich 
substances is the ultimate goal as antidotes for 
combating with the health complaints arising from 
fluorosis (Chinoy and Memon, 2001; Chinoy and 
Patel, 2001; Susheela and Bhatnagar, 2002).  

Most of the health benefits of different types 
of tea are attributed to their antioxidant content where 
it is rich in polyphenolic compounds, collectively 

known as the tea flavonoids (du Toit et al., 2001). 
Tea flavanoids are known to exhibit antioxidative 
property being comparable to that of fruits and 
vegetables, thus the high, yet varying levels of anti-
oxidants in teas might mitigate the deleterious toxic 
effects of fluoride.  

Tea is most commonly consumed in its 
black form (Das et al., 2005). Since the fermentation 
process used to make black tea converts the green tea 
catechins into other compounds, theaflavins and 
thearubingins, it has been assumed that the health 
benefits of black tea are lesser than that of green one. 
However, recent studies indicate otherwise, where 
the latter compounds provide the health benefits of 
black tea which were originally attributed solely to 
green tea (Leung et al., 2001; Unno and Hoshino, 
2007).  

Our earlier experiment revealed a profound 
neuroprotective effect of black tea against Na-F-
induced deleterious effects in brain tissues of rats, 
namely in the hippocampus and cerebellum, as 
reflected by learning deficits and confirmed by 
detrimental pathological lesions (Kamel et al., 2010). 
In view of this, the present study was considered 
necessary in order to further explore the toxic 
potency of fluoride intoxication to impair motor-
coordination abilities and also to evaluate the 
possible role of black tea to counteract these 
predictable negative impact triggered by Na-F in 
laboratory rats. In addition, rats’ body performance in 
the form of weight gains was also explored in the 
current study.  
 
2. Material and Methods  
2.1. Animals and housing: 

Animal experimentation was performed in 
accordance with guidelines released by Cairo 
University Policy on Animal Care and Use, with the 
International regulations, as adopted and promulgated 
by Faculty of Veterinary Medicine. According to the 
above guidelines, all efforts were made to minimize 
the number of animals and their suffering. 

Eighty weanling 32-days old Wistar male 
rats, weighing approximately 45g were obtained 
from the Unit for Laboratory Animals at Faculty of 
Veterinary Medicine, Cairo University and used in 
our study. They were housed in standard 
polypropylene cages with stainless steel wire lids, 
bedded with wood shavings. Animals were 
maintained on a 12-h light/dark cycle at a constant 
room temperature of 20-22°c and 60% humidity 
with free access to feed (standard commercially 
available pellets for laboratory rodents) and water 
throughout the course of the present study.  

2.2. Experimental design: 
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All males were randomly distributed into 
four groups having 20 animals each, divided on 2 
replicates. The route chosen in this study for 
exposure was via drinking water to mimic human 
exposure. Animals were administered our treatments, 
throughout the study till its completion at 115 days of 
age, in a 2 x 2 factorial design as follows:  
Group (1) control (C), n=20: Weanling pups were 
administered plain water. 
Group (2) Na-F group (F), n=20: Weanling pups 
were exposed to ad libitum supply of Na-F alone 
(Sigma Chemical Company) in drinking distilled 
water at 100 ppm on a mg/kg/day basis of 10.77 Na-F 
(Chioca et al., 2008).  
Group (3) black tea group (T), n=20: Weanling pups 
were exposed to ad libitum supply of 2% black tea 
alone in drinking water (Trivedi et al., 2006). Twenty 
grams of black tea solids (Lipton Yellow label, 
Unilever Limited, India) and 1000 ml boiled drinking 
water were used to produce a 2% tea solution. 
Group (4) ameliorated group (Na-F+T), n=20: 
Weanling pups were exposed to ad libitum supply of 
100 ppm Na-F in combination with 2% black tea 
solution. 

2.3. General observations in rats: 
During experimental period, clinical signs 

and general appearances that included awareness, 
motor activity, and posture were checked daily. 

2.4. Body weight gain: 
Initial weight of all pups were recorded on 

postnatal day 32, and then all rats per group were 
individually weighed weekly afterwards throughout 
the study up to 115 days of age. Body weight gain 
was calculated as the difference between final and 
baseline weight. Mortalities were recorded as it 
occurred. 

2.5. Behavioural tests: 
All behavioural testing were conducted by 

the same personnel throughout the study, started at 90 
days and ended at 115 days of animals’ age.  

2.5.1. Open field test 
The open-field exposure is commonly used 

as a measurement of locomotor activity and can also 
serve as good preliminary test to determine motor 
deficits (Kelly, 1993; Chioca et al., 2008). The test 
was performed in a square wooden arena measured 
(90 x 90 x 25 cm). The wood of the apparatus is 
covered with a plastic laminate (formica), which 
prevents absorption of fluids (urine of rats). The floor 
was divided by black lines into 36 small squares (15 
x 15 cm). All testing was conducted between 09:00 
and 15:00 h. All treatment groups were tested at the 
same day in a random array. Rats were gently placed 

into a corner of the arena and allowed to explore it 
freely for 3 minutes.  

Levels of animals’ locomotory activity were 
determined by measuring changes in ambulation 
(horizontal locomotion). Ambulation is assessed in 
relation to lines drawn on the floor (the number of 
squares crossed). A crossed square was defined as the 
rat placing its two forepaws in the next square and 
moving forward (Chioca et al., 2008). The number of 
units crossed in the open field was used as a primary 
index of locomotor activity. Hand operated counters 
and stop watches were used to score the behaviour of 
animals. 

After the 3 minutes test session, the rat was 
returned to its home cage and the open field was 
cleaned with 70% ethyl alcohol, to remove olfactory 
cues and permitted to dry between tests.  

2.5.2. Psychomotor testing 
Animals of the four treatments were 

examined with two different motor tests; plank 
walking and rod walking. All tests were conducted 
between 09:00 and 11:00 h for all treatment groups 
and only once on each animal. 

2.5.2.1. Plank walking: 
 Balance and coordination were measured by 
exposing the rats to one trial on each of two 
horizontal planks (narrow = 1.5 cm and wide = 4.0 
cm), each of 100 cm long and placed 34 cm high 
above a table-top. Distances traveled as well as 
number of turns on the planks were recorded 
(Shukitt-Hale et al., 1998).  

2.5.2.2. Rod walking: 
 The ability of rats to balance on a stationary 
horizontal rod measures psychomotor coordination. 
Animals were placed in the center of a rod (100 cm 
long, 2.6 cm in diameter and positioned 23 cm high 
above a table-top), parallel to it, and their latency to 
fall off the rod onto a cushion placed below , with a 
time ceiling of 60 s, was recorded (Shukitt-Hale et al., 
1998).  

2.6. Statistical analysis 
Statistical analysis was performed on all 

parameters by means of analyses of variance 
(ANOVA) to judge the influence of supplementation 
of Na-F and black tea to rats using the general linear 
models procedure in SPSS® statistical software (SPSS, 
2006). After confirmation of significant effects in the 
overall ANOVA, data for different treatment groups 
was compared using post hoc Tukey HSD test. For 
all tests, significance was set at p<0.05. Data are 
presented as mean ± SEM. 
 
3. Results  
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3.1. Body weight gain: 
As seen in Table 1, oral administration of 

Na-F as compared with control group caused a 

significant reduction in body weight gains (F(1, 36 ) = 
18.56; p = 0.00). Likewise, rats administered black 
tea solution alone showed lowered weight gains than 

their counterparts in control group. Nevertheless, the 
intensity of diminution in gains was significantly 
different between animals in Na-F and those in T 
group. Moreover, administration of black tea along 
with Na-F significantly improved Na-F-induced 
losses in weight gains. Comparable averages of gains 
were recorded in the ameliorated and tea groups.  

3.2. Open field test: 
 There were no significant differences in 
horizontal activity (numbers of line crossings) 
between the animals treated and control group as 
shown in table 2. 

3.3. Psychomotor testing: 
Performance in psychmotor tests was 

demonstrated in Table 3. In the plank walking test, 
total distance traveled on the narrow plank as well as 
numbers of turns were significantly lower in Na-F-

treated rats compared to control rats (F(1, 36 ) = 11.27; 
p = 0.00) and (F(1, 36 ) = 13.94; p = 0.00), respectively. 
For the wide plank walk, rats administered Na-F 
showed no improvement, where their measurements 
were still significantly lower compared to 
counterparts administered no Na-F (F(1, 36 ) = 8.31; p = 
0.01) and (F(1, 36 ) = 46.25; p = 0.00), respectively. 
Administration of black tea solution to Na-F-treated 
rats significantly improved performance in the motor 
task to a similar level observed in the control and tea 
groups.   

On the rod walk, less latencies to fall were 
significantly detected in Na-F group compared to all 
other treatments (F(1, 36 ) = 28.60; p = 0.00). Black tea 
significantly extended time required to fall when 
administered to Na-F-exposed rats, to the extent 
shown in the control and tea groups.    

 
 
Table 1. Effect of Na-F and its amelioration by black tea on body weight gain (BWG) of rats.    

 
                    Experimental Groups 

                                  (C) Group                  (Na-F) Group           (T) Group              (Na-F+T) Group           

 
BWG (g)                      
Day 32-115                    180±4.36a                   91.6±3.82b                    137.4±3.41c              134.2±3.09c                  
Day 32-115                          0                                  -49.11                          -23.67                        -25.44                           
(change from control%) 

 
(C) Group: Animals received plain water without any treatment and served as a control.  
(Na-F) Group: Animals received 100 ppm Na-F. 
(Na-F+T) Group: Animals received 100 ppm Na-F + 2% black tea solution. 
(T) Group: Animals received 2% black tea solution alone. 
a-cValues within row with unlike superscripts differ significantly (p<0.05), according to ANOVA. Values represent 
mean±SEM of 10 animals per treatment. 
 
Table 2. Effect of Na-F and its amelioration by black tea on locomotor  activities in open field test in rats.    

 
                      Experimental Groups 

                                            (C) Group            (Na-F) Group               (T) Group                (Na-F+T) Group          

 
Ambulation                          50.3±3.93a             55.8±1.26a                   46.9±4.44a                       51.8±3.14a     
(Horizontal locomotion)                                            

 
(C) Group: Animals received plain water without any treatment and served as a control.  
(Na-F) Group: Animals received 100 ppm Na–F. 
(Na-F+T) Group: Animals received 100 ppm Na-F + 2% black tea solution. 
(T) Group: Animals received 2% black tea solution alone. 
a-cValues within row with unlike superscripts differ significantly (p<0.05), according to ANOVA. Values represent 
mean±SEM of 10 animals per treatment. 
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Table 3. Effect of Na-F and its amelioration by black tea on performance in psychomotor tests in rats.    

 
                      Experimental Groups 

                                            (C) Group                (Na-F) Group               (T) Group             (Na-F+T) Group      

1) Plank walking: 
a. Narrow plank 
Distance traveled             64.00±3.79a                 33.00±5.49b                   67.50±8.93a              57.50±5.02a            
(cm) 
No. of turns                       2.40±0.27a                   0.60±0.22b                      2.60±0.50a              2.00±0.21a              
b. Wide plank 
Distance traveled            102.50±17.67a              37.00±6.88b                  125.00±19.99a         99.00±15.80a           
(cm) 
No. of turns                        3.50±0.17a                   1.10±0.18b                     3.60±0.22a               2.90±0.31a            
2) Rod walking: 
Latency to fall                          40.40±2.74a                 14.80±1.36b                   45.80±4.34a            32.80±4.90a             
(s)            

 
(C) Group: Animals received plain water without any treatment and served as a control.  
(Na-F) Group: Animals received 100 ppm Na–F. 
(Na-F+T) Group: Animals received 100 ppm Na-F + 2% black tea solution. 
(T) Group: Animals received 2% black tea solution alone. 
a-cValues within row with unlike superscripts differ significantly (p<0.05), according to ANOVA. Values represent 
mean±SEM of 10 animals per treatment. 
 
4. Discussions  

Unlike previous studies that showed no 
effects of fluoride on body weight (Chioca et al. 2008; 
Pereira et al., 2009), the current impairment in weight 
gains of rats affected by fluoride is consistent with 
our earlier findings (El-lethey et al., 2010). 
Correspondingly, numerous studies have reported a 
drop in body growth of Na-F-intoxicated rats and 
mice (Vani and Reddy, 2000; Ekambaram and Paul, 
2001; Trabelsi et al., 2001; Wang et al., 2004; 
Pushpalatha et al., 2005; Basha et al., 2010; 
Madhusudhan et al., 2010). Although feed and water 
consumption was not recorded here, the earlier 
reduction in feed intake as a result of Na-F-induced 
atrophic gastritis and poor gastrointestinal absorption 
(Das et al., 1994), with decreased water intake (Ross 
and Daston, 1995), might justify the current 
retardation in weight gains. Furthermore, the dental 
lesions observed in former studies in Na-F-treated 
rats (Shupe et al., 1984; Ekambaram and Paul, 2003), 
where the incisors became white and chalk-like with 
broken tips might impair the ability of animals to 
masticate food prior to swallowing, and therefore 
contribute to a reduced feed intake with a consequent 
decrease in body weight gain. Suppressed appetite 
and disturbed nutrient digestibility that can 
eventually lead to excessive breakdown of cellular 
macromolecules might also cause weight loss 
(Madhusudhan et al., 2010).  

In agreement with our results, several 
studies revealed a positive effect of tea on body 

weight reduction (Chantre and Lairon, 2002; Nagao 
et al., 2005; Chan et al., 2006). Investigations have 
proved the potential capacity of tea to inhibit 
lipogenic enzymes; gastric lipase and in a lower 
extent also the pancreatic lipase (Juhel et al., 2000). 
Moreover, tea extracts interfere with fat 
emulsification process, which occurs before enzymes 
act, and is indispensable for lipid intestinal 
absorption (Chantre and Lairon, 2002). The efficacy 
of tea extract to help with weight loss by speeding up 
fat oxidation process has been also evidenced (Dulloo 
et al., 1999). Other studies indicated the role of tea 
polyphenols to stimulate thermogenesis of brown fat; 
a thermogenic or heat-producing type of adipose 
tissue, resulting in increased energy expenditure (Han, 
et al., l999; Nagao, et al., 2005; St-Onge, 2005). This 
thermogenic property of tea could reside primarily in 
a synergistic interaction between polyphenols and 
caffeine (Dullo, et al., 1999; Dullo, et al., 2000). 
Caffeine and theanine have been reported to 
strengthen the polyphenols effects on body weight 
control and fat accumulation (Zheng et al., 2004). In 
addition, black tea contains theaflavins, which 
compare equally to green tea catechins as 
antioxidants, and was evidenced to have a unique 
lipid-lowering function via inhibiting a key enzyme 
in the pathway of cholesterol synthesis (Ishikawa et 
al., 1997; Leung et al., 2001). Lastly, administration 
of tea might support weight loss by relatively 
sustaining satiety and suppressing appetite (Reinbach 
et al., 2009).  
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 Here, the Na-F-induced suppressive effect 
on animals’ weight gains was significantly stronger 
than that resulted from black tea. Simultaneous 
administration of black tea with Na-F successfully 
alleviated the marked drop in weights observed with 
fluoride alone to the same extent noticed with tea 
group. This observation could be of value to signify 
the potential impact of tea to counteract Na-F-
induced harmful effects, generating a state like that 
provoked by tea alone.  

Since the behavior of both humans and 
animals is the product of what occurs in the nervous 
system, behavioral analysis is an essential assay of 
neural function (Whishaw et al., 1999). The present 
study included monitoring motor activities as an 
example for motivated behaviour; the most common 
predictor of CNS dysfunction (Mullenix and Kernan, 
1989).  

Open field activity monitoring provides a 
non-invasive method for an accurate and 
comprehensive assessment of the motor activities of 
rats. Therefore, it is an ideal method for assessing the 
degree of locomotor impairment as well as to 
evaluate the efficacy of elements affecting muscle 
function and locomotion (Raben et al., 1998; 
Nagaraju et al., 2000). The number of line crossing is 
usually used as a measure of locomotor activity, 
ataxia and other gait disturbances, with high 
frequencies of this behaviour indicating increased 
locomotion activities (Eisenhaver and Murphy, 1998). 
In this study and as a trial to dissociate between 
“general activity” and “exploration”, ambulation was 
only related to horizontal locomotion (amount of 
distance traveled) than vertical activity which is more 
sensitive to anxiety state of the individual (Lapin et 
al., 1995; Brown et al., 1999). 

Although some investigations revealed 
altered locomotor behaviour after treatment with Na-
F in rats (Mullenix et al., 1995; Paul et al., 1998; 
Ekambaram and Paul, 2001; Niu et al., 2008), a 
failure of Na-F to impair locomotor activities in open 
field test was noted in the present study.  These 
results were in line with animal data reported earlier 
(Bera et al., 2007; Chioca et al., 2008). The Na-F-
induced inconsistent effects on motor activity across 
different studies could be imputed to a variety of 
factors, including the somewhat larger group sizes in 
the positive studies and its use of mixed sex groups 
(vs. only males) in the present research as well as the 
variation in Na-F dose, duration of supplementation 
and the behavioural motor testing implemented . 
However, this major disparity in the literature 
highlights the need for further investigation and urges 
to replicate observational studies to evaluate the 
reproducibility of the effect. 

A considerable amount of caffeine is 
consumed daily among individuals who drink tea. 
Caffeine content is higher in fermented than non-
fermented teas, showing values of 3.86% in black tea 
versus 2.04% in green one (Komes et al., 2009). 
Administration of caffeine has been evidenced to 
have favorable effects on locomotion in rats (Haleem, 
1994). In addition, theophylline; another alkaloid 
present in tea, is also accountable for enhanced 
locomotor ability (Haider et al., 1998). In the current 
study, supplementation with black tea had no 
influence on rats’ locomotor activity in the open field 
test. Similarly, Haider et al. (1998) reported no 
changes in open field activities in tea-treated rats as 
measured by numbers of crossed squares, however 
home cage activity was reported to be increased. 
Lack of consistency of the effect of tea on home cage 
and open field activities might be attributable to 
stress effect of novelty on exposure to open field to 
an extent that suppress locomotor enhancing effects 
of tea stimulants. Data reported in our previous 
article (Kamel et al., 2010), confirmed this 
justification, where tea-treated rats exhibited higher 
levels of anxiety upon exposure to open field test as 
revealed in enhanced rearing activity. Also, tolerance 
development to caffeine-induced locomotion 
promoting effect might be experienced in the current 
study, where partial tolerence has been reported to 
occur following administration of high doses of 
caffeine for about a week (Haleem, 1994). 

Motor performance deficits include slowing 
of movement, decreases in balance and muscle 
strength as well as coordination difficulty (Joseph et 
al., 1983; Diggles-Buckles, 1993; Kluger et al., 1997; 
Seidler et al., 2002). Tasks requiring coordinated 
control of motor and reflexive responses, such as the 
length of time an animal can traverse/balance on a 
wooden rod or plank are among tests which attempt 
to assess motor incapacities (Dean et al., 1981; 
Joseph and Lippa, 1986; Ingram et al., 1994). Our 
study revealed a poor performance of fluoride-
intoxicated rats in motor-coordination tests that rely 
on balance and coordination. The present results are 
comparable to those from other study with mice, 
where inability to perform in motor-coordination 
tests increased with higher fluoride concentration in 
drinking water (Bhatnagar et al., 2002). Previous 
study has shown a shortening of rotarod endurance 
time in Na-F-treated rats (Ekambaram and Paul, 
2001). However, Paul et al. (1998) indicated no 
change in the motor-coordination of rats after treating 
with Na-F. Since a defect in motivated locomotor 
behavior may lead to suppression of eating, this 
behavioral impairment may in part account for the 
current depression in weight gains reported earlier as 
a consequence for decreased feed intake. 
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A large body of evidences might explain the 
motor deficits currently observed with Na-F. Decline 
in antioxidant defense mechanisms have been 
postulated as a causative factor in decrements of 
motor function (Shukitt-Hale, 1999). So, increased 
vulnerability to effects of oxidative stress with 
inability to cope is thought to be contributing factor 
to the motor deficits experienced here with fluoride 
exposure; a prooxidant element. Free radicals-
induced oxidative stress causing damage to muscular 
tissue is thought to be involved in the process of 
fatigue; or the inability to generate power as well as 
muscle soreness (Dekkers et al., 1996).  

Motor impairment can be also attributed to 
disruptions in neuronal functioning. The current 
lessening in motor performance was concomitant 
with marked neuronal dysfunction reported in the 
earlier complementary part of our study, as a result of 
increased levels of oxidative stress (Kamel et al., 
2010). Such increase in free radicals in neuronal cell 
bodies could be correlated with loss of neurons in 
synaptic structures in neuromuscular junctions. The 
disturbed gait observed here in fluorotic rats confirms 
the dysfunction of neurotransmission caused by 
fluoride intake (Bhatnagar et al., 2006). Further proof 
derived from a fluoride study with rabbits, where the 
observed neurotoxic changes in brain suggested a 
direct action of fluoride upon the nerve tissue which 
was responsible for central nervous system problems 
such as tremors, seizures, and paralysis indicating 
brain dysfunction (Shashi, 2003).  

In conditions with a high level of fluoride 
present, skeletal muscle necrosis might occur as a 
result of impairment of energy metabolism via 
destroyed stability of mitochondrial membrane with 
decreased activities of mitochondrial enzymes (Pang 
et al., 1996). Vani and Reddy (2000) also displayed 
an affection of both brain and muscles with fluorosis 
with inhibition of some enzymes associated with free 
radical metabolism, energy production and transport 
as well as synaptic transmission in mice.  

Moreover, deficits in motor performance are 
thought to be the results of cerebellum disorders, 
where cerebellum is known to be crucial for 
functions related to movement, gait, posture, and 
balance (Ivry et al., 1988; Bickford et al., 1992; 
Bickford, 1993; Joyal et al., 1996; Konarski et al., 
2005). As such, one of the most important signs of 
cerebellar damage is walking ataxia (Morton and 
Bastian, 2004). Our former study (Kamel et al., 2010), 
supported this notion displaying marked neurological 
alterations in cerebellum of Na-F-administered rats. 
Evidence continues to come demonstrating that 
fluoride may disrupt cerebellum, where ingested 
fluoride was retained by the cerebellum, of rats and 
mice, interfering with its physiology and inducing 

neurotoxicity, cell damage, and even cell death 
(Trabelsi et al., 2001; Shivarajashankara, 2002b; 
Trivedi et al., 2007; Bouaziz et al., 2010). 

It is well established that mammalian spinal 
cord contains the neural circuitry required to generate 
a variety of rhythmic behaviors, including 
locomotion (Grillner, 1981). Hence, the indications 
of spinal cord involvement in fluorosis might also 
answer for the motor deficits observed here (Mrabet 
et al., 1995). 

Locomotion, a cholinergically driven 
mechanism, is the most important acetylcholine-
mediated behavior, where it involves by far the 
greatest number of cholinergic neurons (Day et al., 
1991; Mitsushima et al., 1998; De Parada et al., 
2002). The involvement of acetylcholine (ACh) in 
locomotion includes not only neuromuscular 
transmission, but also nerve-nerve transmission. It 
was shown that functional activity of cholinergic 
system; ACh-acetylcholinestrase (AChE) was lower 
in hypokinetic rats (Abzalov et al., 1997). Moreover, 
AChE deficit has been reported to leads to marked 
neuromuscular alterations in hind limb muscle 
functioning and a prominent symptom was the lack 
of resistance to fatigue (Mouisel et al., 2006). Since, 
a depletion of AChE activities in Na-F-treated rats 
was documented in our previous investigation 
(Kamel et al., 2010), this modulation of the central 
cholinergic mechanism probably accounts for 
inhibited motor activities seen in Na-F-exposed 
animals (Heiland and Greenfield, 1999).  

Last of all, suppression of spontaneous 
motor activity suggests that fluoride has, by a central 
action, inhibited motivation of these animals to 
exhibit locomotor behavior (Paul et al., 1998).  

Previous research showed that, although 
some flavonoids-rich diets were effective in reversing 
neuronal deficits, only a few enhanced motor 
performance (Joseph et al., 1999; Galli et al., 2002; 
Shukitt-Hale et al., 2005; 2006; 2008). Such findings 
point that it might be more difficult to reverse motor 
deficits than decline in cognitive function, where 
enhancement of motor behaviors may require 
recruitment of additional signaling pathway and may 
involve peripheral mediation (Shukitt-Hale et al., 
2006). Although several studies have started to show 
a significant effect of tea in forestalling cognitive 
decline, to date, little is known about the effects of 
black tea on psychomotor function. Day-long 
consumption of black tea has been shown to improve 
aspects of psychomotor performance (Hindmarch et 
al., 2000). Also, prominent improvement in motor 
deficits was shown in rats receiving black tea extract 
(Chaturvedi et al., 2006). Compatible results derived 
from the current research which, as far as we can 
determine, is the first study to demonstrate a 
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profound restorative effect of black tea on Na-F-
induced motor impairment in rats during 
psychomotor testing. 

Research suggests that flavonoids may exert 
their beneficial effects either through their ability to 
lower oxidative stress and inflammation or directly 
by altering the signaling involved in neuronal 
communication, calcium buffering ability, 
neuroprotective stress shock proteins, plasticity, and 
stress signaling pathways. These interventions, in 
turn, may exert protection against motor dysfunction 
(Shukitt-Hale et al., 2008). Furthermore, the potential 
effects of tea consumption on the skeleton were 
reported where tea was associated with benefits on 
bone density (Hegarty et al., 2000; Wu et al., 2002; 
Chen et al., 2003; Devine et al., 2007). This 
beneficial influence was proposed to be mediated via 
a potent stimulatory effect of tea-derived flavonoids 
and lignans on osteoblast function (Cabrera et al., 
2006; Whelan et al., 2006). It appears that the 
rejuvenating effects of tea on psychomotor 
performance was not entirely due to caffeine per se; 
where other intrinsic biologically active ingredients 
appear to be responsible for the beverage's inverse 
association with motor deficits. Black tea has been 
credited with capacity to modulate motor function via 
presence of theaflavins which have a potentiating 
effect on the contractile mechanism of mammalian 
skeletal muscle (Basu et al., 2005). The potential 
application of theaflavins for improving physical 
performance and recovery from high intensity 
exercise has been also evidenced (Arent et al., 2010). 

In conclusion and as a trial to correlate the 
two complementary parts of our study, we find that 
fluoride intoxication-induced marked 
neurodegenerative changes in the brain of rats might 
form the neural basis for impaired motor function of 
the body. In view of the fact that humans incorporate 
fluoride into the skeleton about 18 times more readily 
than rats (Turner et al., 1992), understanding of the 
problem of fluoride conveying an increased risk for 
motor deficits, can further alert to be more vigilant 
and to consider preventive measures more seriously 
as the best approach to tackle this public menace. The 
use of black tea is a promising avenue that could help 
bring about substantial reduction of the fluoride-
induced enormous healthcare costs in individuals. 
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