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ABSTRACT
Lead is known as the major environmental pollutant with intense toxic effects. The lead toxicity may lead to
neurological and psychological illness including anxiety, depression and cognition deficits. Therefore, present study is
designed to observe the behavioral outcomes of neuroprotective effects of quercetin on lead acetate induced
neurotoxicity. The result presented significant neuroprotective effects of quercetin on anxiety and cognition
impairment. Conclusively, the present study reveals the neuroprotective role of Quercetin against neurotoxicity induced
by lead acetate in male rats
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INTRODUCTION
Lead is considered as a major cause of environmental pollution which has potent toxicological profile. Due to
its highly resistive property and low melting, it is now commonly used in various industries and in paints. This
extensive use of lead has made it immensely reactive in biological system (Fergusson 1990).The lead exposure
possesses many irreversible hazardous manifestations. The exposure of lead to the biological system of animals
occurs mainly by inhalation of aerosol by respiratory system and ingestion in soluble form by gastrointestinal tract
where it can absorbed as soluble salt (acetate) causing high concentration of lead in blood. It gets transported from
blood to different organs, Begins accumulating and causing broad range of biochemical, physiological and
behavioral anomalies (Patra et al., 2011).

Fig.1.Influence of Reactive Oxygen Species on Brain.
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Nervous system is one of the most sensitive system which is irreversibly affected by lead exposure. Lead acts as
neuro-toxicant and disrupts the blood brain barrier and neurotransmission underlying the complex neuronal network
(Surkan et al., 2007). Exposure of lead in the brain can elicits altered metabolic cascade which initiates from
oxidative stress induced ROS generation and terminates in the neurodegeneration (Fig. 1). It affects the brain
functioning and tends to prone neurological disorders which is associated with many psychological abnormalities
including behavioral impairments. The most common are psychiatric illness e.g. anxiety, depressive symptoms,
memory and cognitive impairment. Many studies in animals have demonstrated the effect of toxins in the metabolic
activities of brain and their impacts on animal behavior (Azab, 2014; Azoz et al., 2012).
Quercetin is a natural constituent and metabolite of plant. It is a polyphenol compound with authentic
pharmacological activities. It presentsin vegetables and fruits like onion and apple (Manach et al., 2004). Many
studies reported its impact on biological system including anti-microbial (María José et al., 2013) anti-inflammatory
(Cho et al., 2006), antioxidant (D'Andrea, 2015) and anticancer (Kumar et al., 2003). The most described property
of quercetin is its anti-oxidant, radical scavenging property appearsduring the oxidative stress. There are many ROS
generation and inflammatory processes which lead to neurodegeneration. Quercetin has potential to mitigate the
toxin induced as well as age dependent inflammatory neurodegeneration, as can easily cross the blood brain barrier
and exert its protective effects on neuronal network. It can reduce the ROS induced lipid peroxidation which is a
consequence of lead toxicity. Many studies demonstrate its pharmacological effects in the manifestation of oxidative
stress (Hu et al., 2015).
Therefore, present study was designed to observe the pharmacological effects of quercetin on anxiety and
memory of lead acetate inducedneurotoxicity.
METHODOLOGY
Male albino wistar rats randomly divided into two groups as Control and Test animals. Test animals were
treated with lead acetate and after the induction of neurotoxicity they were further divided into 4 subgroups i.e. 1.
Control Saline 2. Control Quercetin 3. Test Saline 4. Test Quercetin. All animals were treated according to their
respective groups. Quercetin was given orally 100mg/kg/day. This phase was continued for two weeks. During this
experimental phase behavioral assessments were done. Food intake, ambulatory activity, anxiolytic activity (Open
Field) and cognitive activity (Novel object recognition and Morris water test) were monitored as described in
diagram (Fig. 2).

Fig. 2. Sketch of Experimental Protocol.
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Behavioral Monitoring
1. Food intake
To study the effects of quercetin on food intake, a measured amount of food was placed in individual cages and the
amount of food left in the Hooper of cage was measured after 24 hours of 1 st 7th and 14th treatment.

2. Activity Box
The effects of quercetin on locomotor activity in familiar environment were monitored in activity box as
described in previous study (Rafiq and Farhan 2015). All animals were individually placed in the center of
activity box for 15 minutes before testing, after habituation the number of cage crossing was recorded for 10
minutes.

3. Open Field Test
To monitor the effects of quercetin on lead neurotoxicity in novel environment the Open Field apparatus was
used as described earlier (Rafiq and Farhan, 2015). Test and control group were separately placed in center of
the field and monitored with the cut off time 5 minutes. The number of square crossed with four paw was
recorded.
4. Novel object recognition test
This test is used for the assessment of cognitive ability of animals; it can also be used for the assessment of
anxiety and attention in animals. The rodent exposed to unfamiliar environment with unfamiliar object to access
their natural tendency to make evaluation of stimulus. The apparatus consist of a wooden box (40 x 40 x 40 cm)
with sawdust covered floor. The test comprises on three stages i.e. habituation, training and test stages. In first
stage, each animal allowed to explore the area of NOR for 15 minutes. In second stage, two identical objects
were placed and each animal allowed to explore the objects. In third stage, a new object was replaced by one of
the two identical objects. The sniffing time and number were observed with the cutoff time 5 minutes.
5. Morris water maze test
Morris water maze test is widely used for memory testing. The apparatus is consisted of a white circular pool
containing diameter 90 cm and depth 60. The apparatus was filled with water at the depth of 30 cm. The pool
was made opaque by adding non-fat powder milk and divided into four quadrants. A hidden platform with 15 cm
x 15 cm was placed in one quadrant 1cm below the water surface. For the spatial memory testing, spatial cues
about the rooms were placed with water filled Morris maze in a room with quite environment. The apparatus was
located in the way that animal can’t see the experimenter. The test was based on two phases: trial and test phase.
In trial phase, each animal was placed in center of pool. They were allowed to explore the quadrants and hidden
platform. When an animal explored the hidden platform the trial was stopped but, if the animals failed to explore
the platform within 2 minutes they were gently guided toward it and allowed to stay for 20 seconds so that they
observe the position and room cues about the position of platform. In test phase, animals were placed in the
center and allowed to find the hidden platform with the cut off time 2 minutes.
Statistical Analysis
Results are presented as mean ± SD. Variation between individual mean values of different groups were
analyzed by three way ANOVA (analysis of variance) of SPSS (Version 17). Comparison between mean value of
different groups were analyzed by Newman-Kuel test p<0.05 were considered as significant.
RESULTS
Figure 1 shows the effects of quercetin on food intake of normal and lead acetate treated rats. Analyzed data by
three-way ANOVA showed that the effect of days (F=12.216; df= 2, 21; p<0.05), lead acetate (F= 77.217; df= 1, 21;
p<0.05) and interaction between these factors (F= 24.414; df=2, 21; p<0.05) were significant whereas, the effects of
quercetin was shown (F= 14.901; df= 1, 21) non-significant. Post-hoc analysis by Newman-Keuls showed test
showed that administration of quercetin modulates food intake in both normal and lead treated rats after one week
administration as compared to saline treated animals. However, more significant results were shown in lead treated
rats than normal rats, where the increased food intake was measured from 1st day to 14th day administration.
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Figure 2 shows the effects of quercetin in both normal and lead treated rat on Locomotor Activity. Data
analyzed by three-way ANOVA presents the significant effect of days (F= 185.190; df= 2, 21; p<0.01), lead acetate
(F= 235.689; df= 1, 21; p<0.05), quercetin (F= 334.026; df= 1, 21; p<0.01) and interaction between these factor (F=
116.641, df= 2, 21; p<0.01). Post-hoc analysis by Newman-Keuls test showed that administration of quercetin
significantly improved the locomotor activity not only in normal rat but lead treated rats as well after one week of
administration as compared to their saline controls. The effects quercetin doses on locomotor are also significant
when compared to 1st day of administration in both normal and lead treated rats. However normal rats with quercetin
doses always showed higher activity than lead treated respective test groups.
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Fig. 1. Effects of Quercetin on Food Intake.
Values are means + SD (n=6) as monitored on next day of 1st 7th and 14thadministration. Significant differences by NewmanKeuls test: *p<0.05, **p<0.01 from respective saline injected controls, +p<0.05, ++p<0.01 from respective similarly
administrated animals of 1st day, ## p<0.01 from water treated animals following three-way ANOVA (repeated measures design)
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Fig. 2. Effects of Quercetin on Locomotor Activity.
Values are means + SD (n=6) as monitored on next day of 1st 7th and 14thadministration. Significant differences by NewmanKeuls test: **p<0.01 from respective saline injected controls, ++p<0.01 from respective similarly administrated animals of 1 st
day, ##p<0.01 from water treated animals following three-way ANOVA (repeated measures design)
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Fig, 3. Effects of Quercetin in Open Field.
Values are means + SD (n=6) as monitored on next day of 1st 7th and 14thadministration. Significant differences by NewmanKeuls test: **p<0.01 from respective saline injected controls, ++p<0.01 from respective similarly administrated animals of 1st
day, ##p<0.01 from water treated animals following three-way ANOVA (repeated measures design)
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Fig. 4. Effects of Quercetin in NOR.
Values are means + SD (n=6) as monitored on next day of 1st 7th and 14thadministration. Significant differences by NewmanKeuls test: *p<0.05, **p<0.01 from respective saline injected controls, +p<0.05, ++p<0.01 from respective similarly
administrated animals of 1st day, ##p<0.05 #p<0.01 from water treated animals following three-way ANOVA (repeated measures
design)

Figure 3 shows the effects of quercetin on lead acetate neurotoxicity in novel environment of open Filed
(Square crossed). Data analyzed by three-way ANOVA showed the significant effects of days (F= 128.656; df= 2,
21; p<0.05), lead (F= 348.284; df= 1, 21; p<0.01), quercetin (F= 471.647; df= 1, 21; p<0.01) and interaction
between all factors (F= 86.467, df= 2, 21; p<0.05). Post-hoc analysis by Newman-Keuls test showed that
administration of quercetin increased the number of square crossed in open field arena after one week as compared
to their saline treated animals, there was significant increase in number of square crossing from 1 st to 14th
administration in the same group. However this increased activity was more prominent in normal rats with quercetin
doses as compared to their lead treated rats.
Figure 4 shows the effects of quercetin in normal and lead treated rats on Novel Object Recognition test
(Sniffing time). Data analyzed by three-way ANOVA showed the significant effect of days (F= 1614.873; df= 1, 21;
p<0.01), lead (F= 1466.379; df= 1, 21; p<0.01), quercetin (F= 887.069; df= 1, 21; p<0.01) and interaction between
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these factors (F=677.848, df= 1, 21; p<0.01). Post-hoc analysis by Newman-Keuls test showed that quercetin doses
significantly increased the recognition, as the sniffing time of novel object was increased in both normal and lead
treated quercetin administered rats as compared to their saline treated animals. Quercetin doses in both normal and
lead treated rats increased sniffing from 5th to 6th administration. However normal rats with quercetin have more
recognition improvement than their respective lead treated controls.
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Fig. 5. Effects of Quercetin in Morris Water Maze (Latency).
Values are means + SD (n=6) as monitored on next day of 1st 7th and 14thadministration. Significant differences by NewmanKeuls test: *p<0.05, from respective saline injected controls, +p<0.05 from respective similarly administrated animals of 1 st day,
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Fig. 6. Effects of Quercetin in Morris Water Maze (Entries).
Values are means + SD (n=6) as monitored on next day of 1st 7th and 14thadministration. Significant differences by NewmanKeuls test: **p<0.01 from respective saline injected controls, ++p<0.01 from respective similarly administrated animals of 1 st
day, ##p<0.01 from water treated animals following three-way ANOVA (repeated measures design)

Figure 5 shows the effects of quercetin on normal and Lead Acetate treated rats in Morris Water Maze (latency
to find platform post 1 hour of training). Data analyzed by three-way ANOVA showed the effect of days (F= 1.792;
df= 1, 21), Lead Acetate (F= 5.313; df= 1, 21), quercetin (F= 21.362; df= 1, 21) and interaction between all of these
(F=3.745, df= 1, 21) were non-significant. Post-hoc analysis by Newman-Keuls test showed that quercetin
administration decreased the latency time to find platform as compared to saline group of normal and lead treated
animals.
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Figure 6 shows the effects of quercetin on both normal and lead Acetate treated rats in Morris Water Maze on
number of entries in west quadrant post 1 hour of training. Data analyzed by three-way ANOVA showed the
significant effect of days (F= 252; df= 1, 21; p<0.01) lead (F= 232.377; df= 1, 21; p<0.05), quercetin (F= 239.069;
df= 1, 21; p<0.05) and interaction between all of these (F=126; df= 1, 21; p<0.05). Post-hoc analysis by NewmanKeuls test showed that quercetin administration quercetin doses significantly increased the spatial memory, as the
number of entries in west quadrant were increased in both normal and lead treated groups as compared to their
respective saline groups. The doses of quercetin were also shown to increase activity from 1st to 8th day of
administration of same group. However normal rats with quercetin have more improvement in memory than their
respective lead treated controls.
DISCUSSION
Lead is considered as neurotoxic substance, as it is major constituent of environmental pollutant nowadays, the
prevalence of its toxicity is increasing day by day. The most possible mechanism of toxicity is the stimulation of
oxidative stress and initiates the process of lipid peroxidation which tends to start cellular damages and
neurodegeneration. The increasing levels of lead can induce the psychiatric syndromes i.e. anxiety, depression and
cognitive deficits etc. Quercetin is a natural polyphenolic compound with the range of pharmaceutical properties,
one of the most dominant is antioxidative property which traps the free radical that can produce by oxidative stress
during the normal metabolism of cells. Therefore, the present study intended to observe the role of quercetin on
behavioral level in normal rats and lead acetate treated rats. The results from this study present the neuroprotective
profile of quercetin.
Our results shows the effects quercetin on behavioral level. Result from Figure 1 and 2 shows the effects of
quercetin on normal and lead acetate treated rats on food intake and ambulatory activity, respectively. The graphical
diagram presents that the quercetin modulates the food intake as well as increased the ambulatory activity in both
normal and lead acetate treated rats as compared to their respective saline treated control animal, it shows that
quercetin increase the energy expenditure and regulates the metabolic activities, that might be due to the positive
effects of quercetin on adipose tissue and leptin secretion which increase the energy expenditure (Beckmann et al.,
2014; Haleagrahara et al., 2013).
Figure 3 present the quercetin effects on anxiety and its anxiolytic effects on normal and lead treated rats as
compared to their respective control. The possible mechanism of action behind this anxiolytic activity might be the
regulation of catecholaminergic and serotonergic neurotransmission which is involved in emotional and behavioral
regulations (Alyu et al., 2015: Kanwaljit and Kaur, 2003). Figure 4 presents the NOR results in which the quercetin
is shown to increase the recognition of novel object in NOR after one and 24 h of training period, as the quercetin
administered to both normal and lead treated animals shows more time spent in sniffing novel object than familiar
one therefore, quercetin is shown to increase the cognition in animals after 5 th and 6th administration. Figure 5 and
6also present the results of the effects of quercetin on memory and cognition on Morris water maze (Latency to find
platform and number of entries in west). The graphical figures are the evidences of cognitive improvements after the
administration of quercetin, as it decrease the time of finding platform after one hour training, it also shows the
number of entries in west compartment than normal rats as well as their lead treated control animals. The overall
result of NOR and Morris water maze tests shows the cognitive enhancement effects of quercetin that might be due
to its neuroprotective effects as it reduces the process of oxidative stress and lipid peroxidation(Boots et al., 2003:
Nabavi et al., 2012: Preedy et al., 2014)and regulates the neurotransmission in limbic system (Pu et al., 2007.
Nassiri-Asl et al., 2013) involved memory processing.
CONCLUSION
Lead toxicity is more common among all of the metal poisoning due to its indiscriminate uses. It infers many
metabolic pathways but the most sensitive system is neurological system. As the lead can expose to the brain via
blood brain barrier, it can immensely disrupt the normal cellular mechanisms. The consequences of these
neurological disruption can appear in behavioral deficits. Our study demonstrates the amelioration of lead toxicity
by quercetin. There are many research reports which support the present study and the pharmaceutical effects of
quercetin. Our results suggest the positive impact of quercetin on lead toxicity as well as normal individuals.
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