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ABSTRACT
Objective: The objective of the study was to investigate the ameliorative effects of resveratrol against aluminum- and fluoride-altered neurobehavioral
activities.

Methods: Aluminum chloride (100 mg/kg body weight [bw])+sodium fluoride (10 mg/kg bw), aluminum chloride (100 mg/kg bw) + sodium fluoride
(10 mg/kg bw) + resveratrol (30 mg/kg bw), and resveratrol (30 mg/kg bw) alone were given orally to II, III, and IV groups, respectively, and Group-I
was served as control for 8 weeks. The bw, brain weight, grip strength, learning ability, and behavioral activities were assayed.

Results: The results showed significantly (*p<0.05) altered body and brain weights, learning ability, grip strength, and behavioral activities in GroupII, whereas significant (*p<0.05) reversal was observed in Group-III.
Conclusion: Taken together, the above findings conclude that resveratrol ameliorated aluminum and fluoride-altered neurobehavioral activities.
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INTRODUCTION
Aluminum and fluoride are widely used in many industrial fields
due to their commercial value. There is conclusive evidence that
aluminum compounds can reach systemic circulation through several
routes, i.e., intraperitoneal [1], intramuscular [2], and ingestion [3,4]
and accumulates in the body. Excessive accumulation of aluminum
documented in the olfactory bulb, hippocampus, white matter, and
cortex [5]. Aluminum in the presence of fluoride may potentiate
oxidative and inflammatory stress, leading to altered neurobehavioral
functions. Although neurotoxic mechanisms of aluminum and fluoride
become clearer, more complete possible protectants against them can
be anticipated, which promises better outcome in neurobehavioral
disorders.

Resveratrol (3, 5, 4-trihydroxystilbene) is a naturally occurring
polyphenol compound (phytoalexin family) found in grapes, nuts,
various berries, grape wines, pines, legumes as well as in the roots
of Japanese knotweed/Itadori plant, and produced in response
to injury or when the plant is under attack by pathogens such as
bacteria or fungi [6,7]. The intense interest in the use of resveratrol
is due to its pleiotropic action as a molecule that affords protection
against oxidative stress, inflammation, diabetes, obesity, cognitive
dysfunction, and as a caloric restriction mimetic [8-11]. Hence, it is
received notable interest in the scientific and medical community as
possible treatment to combat several human chronic diseases [8]. Over
the past three decades, studies have reported the health benefits of
resveratrol and other stilbenes. These beneficial health effects include
life-span extension, weight loss, protection against cardiovascular
diseases, neurodegenerative diseases, stroke-induce brain damage,
cancer, and cancer metastasis [12,13]. These investigations led us to
look into the protective effects of resveratrol against aluminum- and
fluoride-induced neurodegeneration in rats. Recent past, we have
published protective effects of resveratrol against aluminum- and
fluoride-induced oxidative stress [14], and there are no reports on

protective effects of resveratrol against aluminum along with fluorideinduced neurobehavioral disorders. Thus, the purpose of the present
investigation was to examine the protective efficacy of resveratrol on
learning ability, behavioral activities, and grip strength following Al
and F exposure. In practical terms, a critical analysis of this report on
the resveratrol effects on aluminum and fluoride intoxication can be of
great benefit to ameliorate the neurobehavioral disorders.
METHODS

Chemicals
Resveratrol, aluminum chloride, and sodium fluoride were purchased
from Sigma Aldrich Company. All other chemicals used in the
investigation were of analytical grade.

Healthy SD rats were procured from the National Institute of Nutrition,
Hyderabad, Telangana, India. The animals were 6 weeks old, and their
body weight (bw) was in the range of 180±10 g.

All experiments were performed in accordance with ethical guidelines
(CPCSEA No: 383/01/a/CPCSEA). The rats were housed in cages at
hygienic conditions and maintained room temperature at 25–27°C
with 12 h light/dark cycle for a week before the experimentation to
acclimatize to the laboratory conditions. They were provided with water
ad libitium and standard rat chow procured from the National Institute
of Nutrition, Hyderabad, Telangana, India. The animals were alienated
into 4 groups of 5 animals each. Control group (Group-1) was given free
access to diet and water. Experimental groups, i.e., Group-II (AlCl3+NaF)
received a dosage of 100 mg/kg bw of aluminum chloride and 10 mg/kg
bw of sodium fluoride, Group III (AlCl3+NaF+Res) received a dosage of
100 mg/kg bw of aluminum chloride + 10 mg/kg bw of sodium fluoride
and 30 mg/kg bw of resveratrol, and Group IV (Res) received resveratrol
alone with a dosage of 30 mg/kg bw. All the treatments were given
orally with the orogastric tube. The doses were administered between
08:00 and 09:00 h daily for 8 weeks.
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Physical parameters

Body and brain weight
The bw changes of all groups were carefully recorded throughout the
study. The animals were weighed using the standard weighing machine
at the beginning of the experiment, and finally before sacrificing for the
experimentation and the brains of four animal groups were weighed
immediately after removal of them for further studies. The results were
noted and analyzed.

Behavioral parameters

All behavioral tests were performed after acclimatization, adaptation
(2–3 days) of animals before the experiment.

Rotarod test

The time of the instrument adjusted to 0 s and the rotational speed to
20 rpm before the experimentation. Animals of all groups were kept
on a rotating rod and pressed the start button. Animals were them
self-coordinated the body on rotating rod (innate antagonistic reflex
activity), but when they were unable to cope up, fallen on the base of
instrument consisting a sensor, the stopwatch was stopped [15]. The
time was noted, and the results were analyzed.
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to the control group, whereas the brain weight was significantly
(*p<0.05) reversed (22.22%) in the group treated with resveratrol
along with aluminum chloride+sodium fluoride treatment. The group
administered with resveratrol alone showed the insignificant difference
as compared to the control group (Fig. 2).

Behavioral tests

Rotarod test
The control group rats were showed normal locomotor activities.
Aluminum chloride + sodium fluoride-treated group showed
significantly (*p<0.05) decreased (59.09%) locomotor activity
when compared to control group animal’s activity. The resveratrol
administered along with aluminum chloride+sodium fluoride group
showed significantly (*p<0.05) improved (35.53%) locomotor
activity, and the values obtained were closer to the control group. The
resveratrol alone treated group showed insignificant alterations as
compared to the control group (Fig. 3).
Maze learning test
The control group rats were showed normal learning activity in exposure
duration, but the aluminum chloride + sodium fluoride-treated group

Open field test

The open field test is designed to measure behavioral activities such as
locomotor activity, hyperactivity, and exploratory behaviors (emotional
reactivity/anxiety). In this experiment, the open field behavior of rat
was assayed in a wooden box measuring 90 cm×90 cm×30 cm. The
floor of the area was divided into 36 equal squares. The animals were
allowed into open field for 5 min. Each rat was placed in the corner of
the field. The number of squares crossed with all paws (crossing), the
standings on the hind legs (rearing), standing on hind legs and placing
forelimbs on the wall of arena (wall rearing), placing the nose against
wall or floor (sniffing), wiping, liking, combining, or scorching of any
part of the body (grooming) were counted as the sum of all open-field
tasks (total behavior) [16], and the obtained results were analyzed.

Maze learning test

A maze is a puzzle in the form of a complex branching passage through which
the solver (animal) must find a route. Maze learning is the process of learning
a route (typically by rats or mice) through a maze to obtain reinforcement.
This process is a popular experiment in behavioral laboratory and is the
main method of studying spatial learning. Before starting the experiment,
the animals were kept fasting for 12 h and used for maze learning
experimentation. The animals were allowed into maze learning board and
noted the goal (food) reached time [17]. The results were analyzed.

Fig. 1: Effect of resveratrol treatment on body weight (bw)
in rats subjected to aluminum chloride along with sodium
fluoride treatment. The bw is expressed in grams (g). *p<0.05 as
compared to control group and #p<0.05 as compared to AlCl3- and
NaF-treated group. Each value is mean±standard error

Statistical analysis
The results tested for significance using one-way analysis of variance
(ANOVA). Post hoc tests also performed at 5% level of significance and
are depicted in the form of bar charts, which are equivalently represents
the data of mean±standard error of the mean.
RESULTS

Physical parameters

Body weight
The bw was significantly (*p<0.05) decreased (10.45%) in aluminum
chloride + sodium fluoride-treated group as compared to the control
group, whereas the bw was significantly (*p<0.05) reversed (8.73%) in
the group treated with resveratrol along with aluminum chloride+sodium
fluoride treatment. The resveratrol alone administered group showed
insignificant change as compared to the control group (Fig. 1).

Brain weight

The brain weight was significantly (*p<0.05) decreased (32.09%)
in aluminum chloride + sodium fluoride-treated group as compared

Fig. 2: Effect of resveratrol treatment on brain weight in rats
subjected to aluminum chloride along with sodium fluoride
treatment. Brain weight is expressed in grams (g) *p<0.05 as
compared to control group and #p<0.05 as compared to AlCl3- and
NaF-treated group. Each value is mean±standard error
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showed significantly (*p<0.05) decreased (131.71%) learning, memory,
and cognition activities. The resveratrol along with aluminum chloride
+ sodium fluoride-administered group showed significant (*p<0.05)
improvement (87.71%) in the behavioral activities. The resveratrol
alone administered group showed insignificant change as compared to
the control group (Fig. 4).
Open field test
The control group rats showed normal activities, while the experimental
(aluminum chloride + sodium fluoride treated) animal group showed
significantly (*p<0.05) decreased (34.50%) emotional and normal
activities, whereas resveratrol along with aluminum chloride +
sodium fluoride-administered group showed significantly (*p<0.05)
improved (13.16%) behavioral activities. The group administered with
resveratrol alone showed insignificant alterations as compared to the
control group (Fig. 5).
DISCUSSION

Monitoring of the bw provides the preliminary information of the
study and account on this, and researchers further evaluate the toxic
manifestations and protective functions of different agents which they
want to investigate for the scientific betterment. In the present study,
a marked decrease in bw and brain weight in aluminum and fluoride
exposed animals was observed as compared to the control group
animals. These findings are also in line with the previous studies done
in other laboratories [18-20], and these changes were significantly
reversed when resveratrol administered concomitantly with aluminum
and fluoride. On the other hand, resveratrol alone given animal’s body
and brain weights were very nearer to the control group animal’s
weight. This shows that resveratrol has significant protective effect
against aluminum and fluoride and has not shown any kind of toxic
effect as compared to the control group.
The importance of neurobehavioral studies in risk assessment lies
in the fact that behavior can be regarded as the net output of the
sensory, motor, and cognitive functions occurring in the nervous
system and can serve as potentially sensitive endpoints of chemically
induced neurotoxicity [21]. Brain tissues, especially hippocampus,
are the major mediators of spatial learning and memory and have
previously been shown to be impaired in aging subjects experiencing
cognitive declines [22].

Al as an important neurotoxin has been investigated extensively
both in vitro and in vivo and is associated with cognitive dysfunction
and various mental diseases. Neuropathological, biochemical, and
epidemiological studies suggest that Al contributes to the progression of
several neurodegenerative diseases, including Alzheimer’s disease and
Parkinson’s disease [23,24]. It is also showed that the SLM function was
significantly impaired and significant karyopyknosis of hippocampal
neurons. This phenomenon could be attributed to the ability of
aluminum to interfere with downstream effector molecules, such as
cyclic GMP, involved in long-term potentiation [25]. This disruption
could then explain the memory impairment and neurobehavioral
deficits observed. In the present study, the results showed that the
spatial learning and memory (SLM) function was significantly impaired
in the aluminum- and fluoride-intoxicated group as compared with
the control group. This result is in accordance with the previous
studies [26-30], whereas the SLM function was significantly reversed
in the resveratrol treated against aluminum along with fluoride-treated
group as compared to the aluminum along with fluoride-treated group,
showing the protective effect of resveratrol. This observation is in
agreement with the earlier findings showing protection of resveratrol
against neurodegeneration and preserves cognitive function [31-33].
Resveratrol alone treated group did not show any changes as compared
to the control group.

The open field test is a classic behavioral experiment to assess an
anxiety state and exploratory behavior of the animals in a novel
environment. Rotarod is the test designed to assess the motor

Fig. 3: Effect of resveratrol treatment on locomotor activity in
rats subjected to aluminum chloride along with sodium fluoride
treatment. Locomotor activity is expressed in seconds. *p<0.05 as
compared to control group and#p<0.05 as compared to AlCl3- and
NaF-treated group. Each value is mean±standard error

Fig. 4: Effect of resveratrol treatment on learning in rats subjected
to aluminum chloride along with sodium fluoride treatment.
Maze learning latency time is expressed in minutes. *p<0.05 as
compared to control group and #p<0.05 as compared to AlCl3- and
NaF-treated group. Each value is mean±standard error

Fig. 5: Effect of resveratrol treatment on behavioral activity in
rats subjected to aluminum chloride along with sodium fluoride
treatment. Behavioral activity is expressed in minutes. *p<0.05 as
compared to control group and #p<0.05 as compared to AlCl3- and
NaF-treated group. Each value is mean±standard erro
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coordination activity. Behavioral changes as indicators of neurotoxicity
may be more sensitive than neurochemical alterations, and these
changes may be observed during Al and F exposure. The present
study reports that aluminum and fluoride intoxication induced a
significant reduction in locomotor activity of rats as well as grip
strength. These results are in accordance with the results reported in
Sprague-Dawley rats using the same test [34], the diminished motor
activities and grip strength reported after Al exposure in mice [35],
and also with decreased total level of locomotor activity after Al
treatment in adult mice Swiss-Webster [36]. These findings are also
in line with the previous studies [37-40]. Therefore, high levels of Al
and F not only interfere with the memory but also affect the motor
functions and lead to decreased motor activities. Furthermore, the
locomotor activity and grip strengths are nearer to control group in
resveratrol administered against aluminum- and fluoride-intoxicated
group. The obtained result is in accordance with the earlier reports
suggesting that resveratrol showed significant improvement in spatial
memory through the reduction in lipid peroxidation and iNOS levels
and increased production of the enzyme hemeoxygenase 1 [41]. The
replenished grip strength is in accordance with the earlier findings
showing that resveratrol administration was shown to protect mice
from MPTP-induced motor coordination impairment [42]. This shows
that resveratrol is potent in the amelioration of Al- and F-induced
toxicity. On the other hand, resveratrol alone given animals locomotor
activity and grip strengths were very nearer to the control group
animals. This indicates that resveratrol has significant protective
effects against aluminum and fluoride intoxication and it did not show
any kind of toxic effect.
Thus, the behavioral activities such as the general innate reflex motor
coordination activity, emotional activity, cognitive behavior, anxiety
state and exploratory behavior, grip strength, and learning ability
were significantly decreased in aluminum chloride + sodium fluoridetreated group as compared to the control group of animals. This
may be possible by the aluminum- and fluoride-induced oxidative
stress initiated inflammation and injury produced metabolic deficits,
excitotoxicity induced synaptic damage, neural network failure,
microglia activation leading to apoptosis, necrosis of neural cell as
well as neurochemical alterations leading to the pathological changes
such as behavioral alterations in aluminum + fluoride-treated group
and the above all pathological changes in behavioral activity were
significantly reversed when resveratrol administered along with
aluminum + fluoride. Furthermore, resveratrol alone treated group
showed insignificant behavioral changes as compared to the control
group.
CONCLUSION

This study reports the changes in the behavioral activities due to
the aluminum along with fluoride intoxication. These changes were
ameliorated by administration of resveratrol, playing a vital role
in providing protection from neuronal damage. Thus, resveratrol
is reported to be a persuasive neuroprotectant in preventing
aluminum- and fluoride-induced alterations in behavioral activities.
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