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Abstract

Lead (Pb) is a toxic metal that causes clinical disorders in the nervous system. This
study was conducted with the aim of evaluating the effect of intermittent exercise and
curcumin dietary suPPlement on cognitive, motor and oxidation indices caused by lead
nitrate. In this way, 30 male mice of the Balb C breed (25 + 5 g) were randomly divided
into five grouPs: negative control (healthy), Positive control (lead nitrate), curcumin
suPPlement, High intensity interval training (HIIT) and grouP High intensity interval
training (HIIT) with curcumin. were; High intensity interval training Protocol (five
sessions Per week) was Performed for six weeks. After the last training session, the
cognitive and motor Performance of the animals was evaluated with the Y-maze
behavioral test, and 24 hours later, the oxidation indices (SOD, CAT, MDA) and the
level of lead in the brain tissue were evaluated. Statistical analysis was done by
GraPhPad Prism software. The findings showed that after exPosure to lead, the motor
activity in the Positive control grouP (lead nitrate) decreased comPared to the negative
control grouP (healthy) (P=0.01) and the curcumin grouP (0.01), cognitive
Performance in All the exPerimental grouPs had an increase comPared to the lead
nitrate grouP. Taking curcumin along with HIIT decreased the lead level comPared to
the Positive control grouP (P=0.03). Taking curcumin along with HIIT increased the
amount of CAT and SOD in the brain. The amount of MDA in the brain was
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significantly reduced in the HIIT grouP with curcumin (P=0.03). In general, it was
found that the combination of curcumin and HIIT reduce the neurotoxicity caused by
lead through the inhibition of oxidative stress.

Key words: Cognitive Impairment, Behavioral Test, High Intensity Interval
Training (HIT), Lead, Curcumin.

Extended Abstract

Background and Purpose

With the expansion of urban culture and the increase of industrial activities, lead has
been widely distributed in the environment, it enters the body through the digestive
tract and respiratory system, it passes through the blood-brain barrier and causes
damage to the central nervous system in different areas of the brain. Lead has a
neurotoxic effect on the central nervous system and causes many disorders, including
cognitive disorders (1-4). Physical exercises can improve brain health and function by
protecting neurons and improving neural formation (5-7), and it was recognized as one
of the most promising methods of preventing cognitive disorders. Due to its anti-
inflammatory, antioxidant and chelating properties, the consumption of curcumin
reduces oxidative damage and neurological disorders (8-11). The purpose of this study
was to determine the effect of high-intensity interval training and curcumin dietary
supplement on cognitive, motor and oxidation indices in the brain of male Balb/C mice
exposed to lead nitrate.

Materials and methods

30 Balb/c female mice weighing 25-30 grams were purchased from the Pasteur
Institute of Iran, and one week before the start of the study, in order to get used to the
treadmill, five sessions of low-intensity aerobic exercise were performed. After one
week, they were randomly divided into five groups (n=6 in each group): healthy
control group, lead nitrate control group, lead nitrate + intermittent exercise group,
lead nitrate + curcumin supplement group, lead nitrate + intermittent exercise +
curcumin group. After grouping, all experimental groups received lead nitrate (2%)
through drinking water for six weeks. Simultaneously with the start of oral lead intake,
curcumin supplement with a dose of 200 g/ml was injected intraperitoneally for five
days a week to the group receiving curcumin and combined supplements (12-14), at
the same time, the high-intensity interval training group and the intermittent exercise
+ curcumin group participated in the exercise program based on the maximum speed
achieved for six weeks (five sessions per week), each interval included two minutes of
activity with two minutes of active rest intervals. The intensity of activity in slow
intervals between 50-60% of the maximum speed of the restorative test was
considered. After the end of the study, Y-maze behavioral test was used to check the
cognitive and motor performance, 24 hours later, the rats were killed and the oxidation
indicators included brain superoxide desmutase activity (SOD), brain catalase activity
(CAT) and malon dialdehyde concentration (MDA) in the brain tissue was measured
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through biochemical methods and then the level of lead in the brain of the animals was
measured. Statistical analysis was done by Graph Pad Prism software using Multiple
t-test, the significance level was considered 0.05 in the tests.

Findings

The results of the Y-maze behavioral test showed that after exposure to lead, the total
number of entries into the arms of the maze (the amount of motor activity) in the lead
nitrate group compared to the healthy control group (P=0.01) and the curcumin
nutritional supplement group decreased (P=0.01), between the high-intensity interval
training group (P=0.62) and the curcumin supplementation + high-intensity interval
training group (P=0.3) with lead nitrate control group, no significant change was
observed. On the other hand, exposure to lead decreased the percentage of interval
(cognitive performance) in the lead nitrate control group (P=0.04), receiving curcumin
supplement (P=0.02), high intensity interval training (P=0.03) and the use of curcumin
along with high-intensity interval training (P=0.01) increased the percentage of
interval (cognitive performance) compared to the lead nitrate control group. The level
of brain lead in the lead nitrate control group compared to the healthy control group
increased significantly (P=0.02), as well as high-intensity intermittent exercise along
with curcumin supplementation decreased lead levels in comparison to the lead nitrate
control group (P=0.03). Between none of the curcumin groups (P=0.08) and high-
intensity interval training (P=0.3) alone, no difference was observed with lead nitrate
control group. Investigating the activity of superoxide dismutase (SOD), catalase
(CAT) and malondialdehyde (MDA) brain tissue enzymes, showed that exposure to
lead decreased the activity level of SOD (P=0.03) and CAT (P=0.03). The results of
lipid peroxidation in the brain showed that the level of malondialdehyde (MDA) in the
group lead nitrate was significantly higher compared to the healthy control group
(P=0.01). Evaluating the results of the antioxidant enzyme superoxide dismutase
(SOD), showed a significant increase in the groups of curcumin supplementation
(P=0.02) and high-intensity interval training with curcumin consumption (P=0.01)
compared to the lead nitrate control group. In addition, the comparison of
malondialdehyde (MDA) levels in brain tissue showed that the level of
malondialdehyde decreased significantly in the group of high-intensity interval
training with curcumin consumption (P=0.03) and the factor of antioxidant enzyme
catalase (CAT) showed a significant increase in the high-intensity interval training
group with curcumin consumption compared to the lead control group (P=0.03), no
significant difference was observed in the rest of the study groups.

Conclusion

In general, according to the results obtained from this study, it can be stated that lead
toxicity leads to decreased motor function, impaired cognitive function, impaired
spatial memory, increased oxidative stress, changes in oxidative stress markers,
decreased antioxidant activity, and lead accumulation in the brain of rats. The results
of this study are consistent with the results of many studies (15-22). Taking curcumin
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supplements due to its antioxidant and chelating properties along with intermittent
exercise can moderate disorders caused by lead toxicity. It is suggested that curcumin
as a natural and low-cost drug due to its therapeutic potential and drug safety, and
intermittent exercise as an important factor in prevention of cognitive disorders be
considered more for the treatment of lead toxicity. Focusing on methods of preventing
damage caused by environmental pollutants and studying the beneficial effects of
physical activities and supplements should be one of the important paths of future
researches.

Key words: Cognitive impairment, Behavioral test, High intensity interval training
(HIT), Lead, Curcumin.
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Figure 1- General schematic of the study
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Figure 2: Comparison of the number of inputs among the experimental groups
inthe Y test

*Indicates the significant difference between the Positive control group and
other groups.
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Figure 3- Comparison of frequency percentage among experimental groups of Y
test

*Indicates the significant difference between the positive control group and other
groups.
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Figure 4- comparison of brain lead level among the experimental groups of the
study by AAS test

*Indicates the significant difference between the positive control group and
other groups.
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Figure 5- Activity of brain antioxidant enzymes (SOD and CAT) and
malondialdehyde (MDA) level among the experimental groups of the study

*Indicates the significant difference between the positive control group and
other groups.
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Table 2- The significance level of the tests in the study groups
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