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Abstract

Aim:  Cognitive decline is a common complication of diabetes that is inadequately addressed
by existing treatments. This study investigated the synergistic effects of selenium nanoparticles
(SeNPs) and high-intensity interval training (HIIT) on cognitive function and neuroprotection
in a diabetic rat model. Methods: Male rats (n=31) were induced with diabetes and divided into
five groups: control, placebo, treatment with SeNPs (supplement), HIIT (exercise), and
combined treatment of SeNPs and HIIT (supplement + excersie). Cognitive function was
assessed using the Morris water maze test, and irisin receptor expression and brain-derived
neurotrophic factor (BDNF) protein levels were assessed to assess neuroprotective effects.
Results: The results showed that both SeNPs and HIIT significantly enhanced learning and Scan this QR code to see the
memory and also provided neuroprotective benefits. Notably, treatment groups showed accompanying video, or visit
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Extended abstract
Background

Cognitive decline is a common and often underestimated complication of type 2 diabetes that impairs learning,
memory, and daily functioning, and increases the risk of dementia. Conventional treatments mainly target glycemic
control and do not adequately address the neurocognitive consequences of diabetes, which highlights the need for
adjunctive approaches that directly modulate brain structure and function. High-intensity interval training (HIIT) is a
promising non-pharmacological strategy that improves cognitive performance and enhances hippocampal plasticity,
partly by increasing neurotrophic factors such as brain-derived neurotrophic factor (BDNF) and regulating oxidative
stress and inflammation. Selenium nanoparticles (SeNPs) also show strong antioxidant, anti-inflammatory, and
neuroprotective effects and may support neuronal survival and plasticity in diabetic conditions by influencing
neurotrophin-related signaling pathways. Both HIIT and SeNPs are linked to modulation of the exercise-induced
myokine irisin, which crosses the blood-brain barrier, is expressed in the hippocampus, and is associated with BDNF
release and cognitive function. However, the potential synergistic effect of combining HIT with SeNP
supplementation on cognition and hippocampal molecular markers in diabetes has been unclear. This study therefore
investigated whether concurrent SeNP administration and HIIT would produce superior improvements in spatial
learning and memory, hippocampal irisin receptor expression, and BDNF gene expression in streptozotocin-induced
diabetic Wistar rats compared with either intervention alone.

Materials and Methods

Thirty-one male Wistar rats (8 weeks old, 250 + 38 g) were obtained from the Pasteur Institute and housed under
standard conditions (22-23 °C, 12:12 h light-dark cycle) with free access to food and water. After one week of
acclimatization, diabetes was induced by a single intraperitoneal injection of streptozotocin (65 mg/kg in 0.05 M
citrate buffer). Fasting blood glucose was measured seven days later, and rats with levels above 280 mg/dL were
considered diabetic. All procedures were approved by the Ethics Committee of the University of Guilan
(IR.GUILAN.REC.1401.063) and complied with relevant animal care guidelines. Following confirmation of diabetes,
animals were randomly assigned to five groups: healthy control, diabetic placebo, SeNP supplement, HIIT training,
and combined SeNP plus HIT (supplement-training). The intervention period lasted eight weeks, preceded by
familiarization with treadmill running and baseline measurements.

Experimental design

Rats were divided into five groups (n = 5 per group, with two reserve rats in each treatment condition): 1) healthy
control (non-diabetic, no intervention), 2) diabetic placebo receiving vehicle, 3) SeNP supplement (diabetic + SeNPs),
4) HIT training (diabetic + exercise), and 5) supplement—training (diabetic + SeNPs + HIIT). This design allowed
comparison of the independent and combined effects of SeNPs and HIIT against non-diabetic controls and untreated
diabetic animals. After diabetes induction, the respective interventions were applied for eight weeks. Spatial learning
and memory were evaluated using the Morris water maze (MWM) 24 hours after the final training session, and
hippocampal tissue was collected to measure irisin receptor and BDNF gene expression. Body weight and fasting
blood glucose were assessed before and after the intervention to characterize metabolic changes.

Training protocol

Rats allocated to the training and supplement—training groups first underwent a 5-day familiarization period, running
on a treadmill for 15 minutes per day at 10-15 m/min. On the last familiarization day, an incremental treadmill test
was performed, starting at 10 m/min and increasing by 3 m/min every 2 minutes to exhaustion, to estimate maximal
aerobic capacity and set individual training intensities. The HIIT protocol was then implemented for eight weeks, five
days per week. Each session comprised 5 minutes of warm-up at 30-40% of estimated VO.max, followed by 10
intervals of 2 minutes running at 80-95% VO:max (intensity increased every two weeks) interspersed with 1 minute
of active recovery at 40% VO:max, and 5 minutes of cool-down at 30—40% VO:max. Total duration was
approximately 40 minutes per session.

Selenium Administration
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Commercially prepared SeNPs were administered to the supplement and supplement—training groups at a dose of 0.1
mg/kg body weight by oral gavage every other day for eight weeks. The placebo group received an equivalent volume
of vehicle. The chosen dose was based on previous work showing neuroprotective and metabolic benefits without
toxicity and was intended to provide sustained antioxidant support throughout the training period.

Statistical analysis

Data are expressed as mean + standard error of the mean (SEM). Normality was assessed, and one- and two-way
analyses of variance (ANOVA) were used to compare groups, followed by Tukey’s post hoc tests for pairwise
comparisons. Repeated-measures ANOVA assessed changes in MWM escape latency over the four acquisition days.
Statistical significance was set at P < 0.05. Behavioral variables (escape latency and time spent in the target quadrant)
and molecular markers (relative mRNA expression of irisin receptor and BDNF, normalized to GAPDH) were
analyzed.

Results

Escape latency in the MWM significantly decreased over the 4-day acquisition period in all groups, indicating
learning, but the degree of improvement differed. By day 3, the supplement-training group found the hidden platform
significantly faster than the placebo group, and by day 4 all treatment groups (SeNPs, HIIT, SeNPs + HIIT) showed
significantly shorter escape times than both healthy control and diabetic placebo groups. Among interventions, the
supplement-training group exhibited the shortest escape latencies, while SeNP-only and HIIT-only groups did not
differ significantly from each other. In the 90-second probe trial, all three treatment groups spent significantly more
time in the target quadrant than the two control groups, consistent with better spatial memory retention. The
supplement—training group spent the longest time in the target quadrant and outperformed both SeNP-only and
HIIT-only groups, which again showed similar performance. At the molecular level, hippocampal irisin receptor
expression was significantly higher in all treatment groups relative to control and placebo, with the greatest increase
in the supplement-training group. BDNF expression showed a similar pattern: all three interventions elevated BDNF
compared with controls, and the combined SeNPs + HIIT intervention produced higher expression than either SeNPs
or HIIT alone. Fasting blood glucose decreased more in the supplement—training group than in other diabetic groups,
suggesting parallel metabolic improvement.

Discussion

These findings show that SeNPs and HIIT each improve spatial learning, memory, and hippocampal neurotrophic
signaling in diabetic rats and that their combination yields a clear synergistic benefit. The supplement—training group
consistently displayed superior performance in acquisition and retention of spatial information, along with the highest
levels of hippocampal irisin receptor and BDNF expression. This pattern suggests that HII'T and SeNPs act through
complementary mechanisms—exercise-induced irisin signaling, improved insulin sensitivity, and anti-inflammatory
effects on one hand, and SeNP-mediated antioxidant and anti-inflammatory protection on the other—to amplify
hippocampal neuroplastic adaptations in diabetes. The data align with previous reports on the independent cognitive
and neuroprotective benefits of HIIT and selenium but extend current knowledge by demonstrating that a combined
regimen more effectively supports hippocampal function and cognition in a diabetic context.

Article message

Type 2 diabetes leads to marked deficits in spatial learning, memory, and hippocampal neurotrophic signaling, but
these can be substantially attenuated by combining structured HII'T with SeNP supplementation. Eight weeks of SeNPs
plus HIIT improved cognitive performance, enhanced hippocampal irisin receptor and BDNF expression, and
favorably influenced metabolic indices more than either intervention alone. These results support integrating
high-intensity interval exercise with selenium-based antioxidant supplementation as a complementary strategy to
mitigate diabetes-related cognitive decline and justify further clinical research to define optimal dosing, safety, and
applicability in human populations.
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