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Extended Abstract

Background and Purpose

Exercise is a complex behavior involving interactions between the brain and the periphery (1).
Previous research has shown changes in brain waves and improved cognitive performance following
nasal breathing exercises in yoga (2). This suggests that nasal breathing during exercise may have a
significant impact on brain function. Brain rhythms are closely linked to various cognitive states and
play essential roles in network computations, including learning and memory (3).In addition to
detecting chemical stimuli such as odors, olfactory sensory neurons (OSNs) also respond to
mechanical stimuli generated by airflow (4). This sensory input reaches the olfactory bulb, creating
oscillations that are transmitted to other brain regions (5, 6). Recent research exploring differences
between nasal and oral respiration in various brain regions and their effects on memory (7) highlights
the potential for breathing patterns during exercise to influence cognitive processes. This raises the
possibility of a novel mechanism linking nasal breathing to working memory enhancement.
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Therefore, this study examines the role of OSNs in improving working memory following aerobic
exercise training in rats.

Materials and Methods

Sixteen adults male Wistar rats (aged 12—-14 weeks, weighing 250-300 g) obtained from the Animal
Centre, Pasteur Institute, Tehran, Iran, were used in the study. After a one-week acclimation period
to the new environment, the rats underwent surgery. Stainless steel recording electrodes (127 um in
diameter; A.M. Systems Inc., USA) were unilaterally implanted in the right hemisphere, targeting the
olfactory bulb (OB; AP: 8.5 mm, ML: -1 mm, DV: -1.5 mm) and the dentate gyrus (DG) of the
hippocampus (Hip; AP: 3.5 mm, ML: 2 mm, DV: -3.5 mm). Following a one-week recovery period,
the animals were divided into four groups. Groups I (exercise-methimazole) and Il (exercise-saline)
underwent aerobic exercise on a treadmill. The animals in groups Il (control-methimazole) and IV
(control-saline) did not participate in any exercise during the experiment. Animals in groups I and 11l
received intraperitoneal injections of methimazole (300 mg/kg/week) to destroy olfactory sensory
neurons (OSNs) (8). The endurance training protocol for the exercise groups consisted of seven weeks
of progressive treadmill running, with speeds ranging from 15 to 23 m/min and durations from 15 to
50 minutes per day, five days a week. After completing the seven-week aerobic exercise program, a
head socket was fixed to the animals' heads for recording local field potential (LFP) signals. The
socket was connected to a miniature buffer head stage with high-input impedance (BIODAC-A,
TRITA Health Tec., Tehran, Iran). The signals were amplified with a gain of 1000, digitized at 1 kHz,
and low-pass filtered using a system (BIODAC-ESR18622, TRITA Health Tec., Tehran, Iran). Local
field potentials (LFPs) were then simultaneously recorded from the hippocampus (Hip) and olfactory
bulb (OB) during a Y-maze working memory task. Data analysis was conducted using MATLAB
software, with the pwelch function applied to compute the power spectral density. Statistical analysis
was performed using GraphPad Prism software (GraphPad Software, USA), and a two-way ANOVA
was used to compare the results. Data are presented as mean + SEM, and statistical significance was
considered for *P* < 0.05 in all experiments.

Findings

Y maze behavioral test results showed a significant difference in alternation between the control-
methimazole and control-saline groups. Statistical comparison showed that alternation was
significantly reduced in the control-methimazole group (P = 0.04).

On the other hand, exercise training increased the alternation in exercise groups compared to the
control groups.No differences were observed in the total entries between the four groups.

Power spectral density (PSD) analysis of LFPs revealed a significant decrease in the mean power of
delta (<4 Hz) and theta (4—-12 Hz) frequencies in both the olfactory bulb (OB) and hippocampus (Hip)
of the control-methimazole group compared to the control-saline group. Additionally, exercise
training led to an increase in PSD in both the OB and Hip. These findings suggest that methimazole
injection reduced PSD in the theta and delta frequencies, while exercise training effectively
compensated for this effect.

Conclusion

The findings of the present study indicated that working memory decreased when olfactory sensory
neurons (OSNs) were eliminated, but aerobic exercise was able to compensate for this effect. We
suggest that respiration-entrained brain oscillations increase when the olfactory bulb (OB) is non-
invasively stimulated during nasal breathing in exercise, as breathing through the mouth does not
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stimulate the neurons of the OB afferents. Therefore, we propose that the non-invasive stimulation
of OSNs may serve as a mechanism for enhancing working memory through exercise.

Keywords: Aerobic Exercise Training; Olfactory Sensory Neurons; Working Memory;
Local Field Potentials.

Article Message

Recent studies have highlighted the controversial effects of nasal versus oral breathing on different
brain regions and memory during sports activities. This study demonstrated that aerobic exercise
training improves working memory, even after the destruction of olfactory sensory neurons (OSNS).
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Fig 2. The effect of aerobic exercise training on working memory after the destruction of OSNs.
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