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Abstract

Alzheimer’s disease is the most common form of dementia. Despite the lack of definitive treatment
for this disease, exercise and flavonoid use have been suggested as possible non-pharmacological
approaches to reduce the risk of Alzheimer’s disease. Therefore, the purpose of this study was to
evaluate the effect of four weeks of aerobic exercise with Naringenin supplementation on hippocampal
adiponectin levels and memory impairment in rats with Alzheimer’s disease, induced by Af1-42
injection. For this purpose, 32 eight-week-old male rats (weight 232+26 gr) were randomly divided
into four groups: Alzheimer’s disease (AD), AD + aerobic exercise group (ADET), AD + Naringenin
supplementation group (AND), and AD + aerobic exercise + Naringenin supplementation group
(ADETN). AD was induced by injection of AB1-42 into the hippocampus. 10 days after surgery,
aerobic exercise interventions (five times a week for four weeks) and / or Naringenin supplementation
(80 mg.kg-1.day-1) were started. Then, the animals were subjected to behavioral tests. 48 hours
after last session of exercise training, animals were anesthetized and hippocampus were removed.
Western Blotting analysis was used to measure Adiponectin protein levels. The results showed that
learning and spatial memory performance in ADET, ADN and ADETN groups improved significantly
compared to AD group (p < 0.001). Also hippocampal adiponectin levels in ADET, ADN and ADETN
groups increased significantly compared to AD group (p < 0.001). In addition, rats in the ADETN
group showed better spatial memory function and higher hippocampal adiponectin levels compared to
the ADET and ADN groups (p < 0.05). In general, our data suggested that both aerobic exercise and
Naringenin supplementation improved learning and spatial memory in rats with Alzheimer’s disease,
possibly by modulating hippocampal adiponectin levels. In addition, the combination of these factors
had more effect on improving memory.
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Extended Abstract

Background and purpose

Evidence suggests that metabolic disorders and inflammation may play an important role
in pathogenesis of Alzheimer’s disease (1) due to the fact thatadiponectin indirectly affects
Alzheimer’s pathogenesis by increasing insulin sensitivity, anti-inflammatory, anti-
apoptotic and antibacterial effects, as well as increasing neurogenesis in the hippocampus
and boosting metabolism of A3 and Tau Proteins, can be an important subject for study.
On the other hand, both physical activity and Naringenin supplementation in the absence
of conclusive remedy, seems to be reasonably available treatment for Alzheimer’s
disease (2). As we mentioned above and lack of the information about concurrent
effect of Naringenin supplementation and aerobic training, the present study intends to
investigate the effect of four weeks aerobic training and Naringenin supplementation
on hippocampal adiponectin levels and memory performance in amyloid beta-induced
Alzheimer’s disease in rats.

Materials and Methods

The 32 experimental subjects in our study were eight weeks old “Wistar” rats. After
adaptation to the laboratory environment, rats conditioning with treadmill exercises for
one week. Then, Alzheimer’s disease was induced by intra-hippocampal injection of
AP42inrats. The rats were randomly divided into four groups : Alzheimer’s disease group
(n = 8; AD), Alzheimer’s disease + acrobic exercise group (n = 8; ADET), Alzheimer’s
disease + Naringenin Supplementation group (n = 8; ADN) and Alzheimer’s disease +
aerobic exercise + Naringenin Supplementation group (n= 8; ADETN). After 10 days of
Alzheimer’s induction, exercise intervention and Naringenin supplementation began. All
of them were exercised on the treadmill at 0° elevation, 5 d.wk-1 for four weeks. In the
first and second weeks, the treadmill speed was 10 m.min-1, which was performed in two
15-minute trials with a five-minute rest between them. In the third week, the speed was
increased to 15 m.min-1, which was done in three 15-minute trials with two five-minute
restbetween them. In the fourth week, the rats exercised at 15 m.min-1 in four 15-minute
trials with three five-minute rest between them (3). The animals underwent the Morris
Water Maze Behavioral Test 24 hours after the last training session and supplementation
with Naringenin. 24 hours after the behavioral test, all rats were anesthetized, Brains
were rapidly dissected out, then, The hippocampus was isolated from the rest of the
brain tissue and frozen in liquid nitrogen. Adiponectin levels were analyzed by western
blot method. A one-way analysis of variance (ANOVA) and post hoc test (Tukey) in
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significance set at the level p < 0.05 was performed to determine differences among the
groups.

Findings

To evaluate the success of induction in Alzheimer’s disease model, 14 (out-of-study) rats
(seven rats with intra-hippocampal injection of AB42 and seven rats as healthy controls)
accomplished behavioral tests, ten days after injection and findings indicate that there
was a significant decrease in learning and spatial memory of experimental animals
compared to the control group (P < 0.001) and confirmed the Alzheimer’s disease model.
There wasn'’t significant difference between all groups in visible platform test (P < 0.05).
The results of analysis of variance with repeated measures showed the significance of
day (P < 0.001, F = 233.616), group (P < 0.001, F = 68.333) and also the interaction of
two independent variables of day and group (P > 0.001, F = 8.414) was the time spent to
find the platform. The results of one-way analysis of variance test showed that between
the time elapsed to find the platform in different groups on the second day (P < 0.001, F =
65.601), third day (P < 0.001, F = 37.424) and fourth day (P < 0.001), F = 61.054), there
is statistically significant difference. The time spent to find the platform in the AD group
on the second to fourth days was significantly longer than the other groups (P <0.001).
No significant difference was observed between ADET, ADN and ADETN groups (P
< 0.05). The results of the probe test to evaluate the spatial memory of rats showed that
the time which spent in the quadrant of the target circle was significantly different in
all groups (P<0.001, F = 95.773). The time spent in the quadrant of the target circle in
the AD group was significantly shorter than the other groups (p<0.001). Also, ADETN
group had significantly better performance in memory test compared to ADET and ADN
groups (P<0.001). The results of one-way analysis of variance showed that there was a
statistically significant difference between hippocampal adiponectin levels in different
groups (P<0.001, F = 158.626). Hippocampal adiponectin levels were significantly
higher in ADN, ADET and ADETN groups compared to AD group (P<0.001). Also,
ADETN group showed higher adiponectin levels compared to ADET (P<0.05) and ADN
(P<0.001) groups. In addition, hippocampal adiponectin levels in the ADET group were
significantly higher than the DNA group (P<<0.001).

Conclusion

The present study showed that exercise was associated with increased adiponectin
protein levels in the hippocampus of rats with Alzheimer’s disease. Regulation of brain
adiponectin levels seems to be one of the most important mechanisms of exercise to
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exert its beneficial effects on the brain. However, the relevance between adiponectin and
Alzheimer’s disease is not yet fully understood and more studies are needed to carry out for
better comprehensions. The results of the present study suggest that both aerobic exercise
and Naringenin supplementation may improve spatial learning and memory in rats with
Alzheimer’s disease by modulating hippocampal adiponectin levels. Furthermore, the
combination of these two factors has a double effect on improving memory, which can be
considered as an effective solution to Alzheimer’s disease.

Article Message

Due to aging and elderly in the community and the prevalence of Alzheimer’s disease,
exercise and the use of antioxidant supplements such as Naringenin can increase the
amount of adiponectin as a protein that plays an important role in cognitive factors and
Alzheimer’s disease to prevent the disease and control its destructive effects partially.
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Figure 1- a. The average time required to find the platform in the explicit platform test, b. The average speed in the
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P<0.001 Significant difference with AD group, P <0.001 Significant difference with ADN and ADET groups
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ADN group, P < 0.05 Significant difference with ADET group
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