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Persistent Regional Premotor Cortex Activation on Functional Magnetic
Resonanse Imaging

Ichiro Miyai, Tsunehiko Suzuki, Akichika Mikami et al
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HABITUAL JOGGING IMPROVES PERFORMANCE OF PREFRONTAL TESTS

T.Harada*; S.0Okagawa; K.Kubota
Management Information Systems, Nihen Fukushi Univ, Handa, Japan

We studied the effect of habitual jogging on frontal lobe functions. We assumed that the prefrontal and
motor cortices are actively functioning during jogging. Seven healthy young subjects performed jogging
for 12 weeks about 30 min per day, 2 or 3 times per week at an intensity of 60-70% of their hate rate
maximums. Each jogging trail, the subjects drew their planning course before, then they drew the
course to completion more detailed. We tested maximal oxygen uptake after 12 weeks of training, using
a breath-by-breath analysis. We also compared the results of three frontal tests which are known to
require normal prefrontal functions: 1) a visuospatial delayed-response task (DR) with 10-s delay
periods, 2) a go/no-go task (GNG), and 3) a branching task (BR), i.e., amain delayed-response task in
which, during the delay period, a subroutine go/no-go task was inserted. In these tests, visual cue
stimuli were shown on a computer display and the subjects responded by releasing their hands from the
mouse. After 12 weeks of jogging training, the correct performance rate of DR, GNG, and BR
significantly increased, while their maximal oxygen uptake values increased by 1.7%. Their reaction
times became shorter in DR, DR on BR, and go trials of GNG on BR. Since the subjects did not practice
these tasks, and performed them only during testing, it is hard to ascribe the improvement solely to
learning. We suggest that the observed improvements were due to changes in the function of the
prefrontal or motor cortices in response to jogging.

Supported by: Meiji Life Insurance Company
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It's common knowledge that physical activity helps keep your body lean and in
prime working order. Now researchers find evidence that treks to the gym also can tone
up the function of your nerve cells and boost learning, memory and neural healing. The
studies may lead to new ways to maintain a healthy brain and new treatments for traumas

or ailments that harm nerve cell function.

In one human study researchers found that joggers performed better than non-
joggers on a series of learning and memory tasks that required the use of the prefrontal
cortex. This brain area, located behind the forehead is known for its ability to carry out

complex functions.

b

“Jogging clearly improved prefrontal functions, involving learning and memory,’
says Kisou Kubota, MD, of Nihon Fukushi University in Japan.

In the study, Kubota and his colleagues compared seven young healthy joggers
with seven young healthy non-joggers. The joggers ran for about 30 minutes, two to
three times per week for 12 weeks at an intensity of 60 to 70 percent of their maximum
heart rate. Before and after the training period, the researchers tested prefrontal function
with three memory tasks using a computer. The first task required the participants to
memorize a goal location. The second task first involved memonzing signs that meant
they should respond and go forward in the program or not respond and stop their activity.

Then they had to complete the program by accurately interpreting the signs they



encountered. In the third task, the participants had to perform the first task while
completing the second task. This mixing of lasks makes it difficult to complete.

“The tests showed that joggers had a clear improvement in prefrontal function
over non-joggers,” says Kubota. “These improvements, however, went down when the
Joggers stopped their training, which suggests that ongoing exercise is required {o
maintain the benefit.”

As a next step, the researchers plan to use brain imagiﬁ g to measure prefrontal
activity activity in both young and aged joggers. “We hope that a better understanding of
the relationship between the brain and nimning may help us find ways to treat those with
mobility problems, such as patients who suffered a stroke,” says Kubota. “We also may
be able to find a way to use exercise and running to help aged people and those with
Alzheimer’s disease who tend to perform worse on some complex prefrontal leaming and
memory tasks.”

Researchers belicve that one likely mediator of exercise's effect on learning and
memory is brain-derived neurotrophic factor or BDNF. ‘This protein, known to have a
critical role in the repair and maintenance of neural circuits, was previously tied to
memory. For example in earlier work, Femando Gomez-Pinilla, PhD, of the University of
California in Los Angeles, and his colleagues found that following voluntary exercise,
levels of BDNF increased in the hippocampus, a brain area involved with learning and
memory.

In his latest work, Gomez-Pinilla reports that BDNF carries out its effect on
cognition as well as cell repair and maintenance by increasing the amount of synapsin I, a

protein involved with the transmission of information between cells, known as the



synapse.

“The results open the possibility that exercise has a more fundamental role in neural

function than previously believed,” says Gomez-Pinilla.

In the study, the scientisls found that animals that learned a memory task faster had
more BDNF and synapsin I in the hippocampus than poor learners. They also examined
the hippocampus brain area of rats that voluntarily exercised on a running wheel. They
found increases in BDNF and synapsin I as well as evidenice of an increase i the
molecule through which BDNF exerts its action, known as the TrkB receptor.
Furthermore, synapsin I did not increase when they blocked the action of BDNF through
the TrkB receptor with a special agent.

“Our results indicate that exercise activates the BDNF system via the TrkB
receplor to increase levels of synapsin I in the hippocampus,” says Gomez-Pinilla.

Ina second part of the study, the rescarchers show how exercise can increase
activity of this pathway to help rats overcome poor cognitive function caused by
nutritional factors.

- “A typical diet of most industrialized western societies, high in saturated fat and
refined carbohydrates (HFS), can contribute to cognitive decline,” says Gomez-Pinilla.
“We found that the diet carries out this decline through the BDNF and synapsin |
pathway.”

Rats fed the HFS diet performed poorly on a memory task and had reduced BDNF
and synapsin 1 in the hippocampus. Furthermore, the HFS diet reduced growth-
associated protein 43 and cyclic AMP response element-binding protein, which aid

learning and memory. “We demonstrated, however, that voluntary physical activity for



as short as two months reverts the effects of the HES diet,” says Gomez-Pinilla. Also
exercised rats that were maintained on the HFS dict did not experience the cognitive
decline and BDNF deficiency seen in sedentary HES diet rats. “This suggests that
exercise can be used as compensalory strategy to ameliorate the effects of an unhealthy
diet on both cognition and neural function,” he adds.

Other new work from: Gomez-Pinilla's group indicates that the benefits of exercise
also reach to the spinal cord. Like in the brain, researchers found that rats that voluntarily
exercised on a running wheel had increases in their spinal cord of BDNF, synapsin |,
TrkB receptor, growth-associated protein 43 and cyclic AMP response element-binding
protein.

“The increase in mojecule activity, which links to leaming, memory and neural
healing, suggest that the spinal cord is equipped with mechanisms to help it recover from
damage,” says Gomez-Pinilla. “Our research shows that physical activity may help
launch these mechanisms into action and may be useful in treating spinal cord injuries.”

Other researchers at the University of Colorado in Denver found that even a light
exercise routine can create the beneficial BDNF effect in rats.

“Our study found, for the first time, that mild physical exercise, in the form of
low-intensity treadmill running, was sufficient to increase the level of BDNF in the
hippocampus brain area,” says David Albeck, PhD.

Previous reports by other researchers showed that high-intensity physical exercise
stimulated BDNF expression in the brain. But high-intensity forced treadmill running

sometimes is also a stress{ul experience, creating an increase of stress hormones. These

— 100 —



hormones can suppress BDNF production, canceling out the BDNF rise (rom the
exercise, according to Albeck.

In the new report, rescarchers studied mineteen rats for seven wecks under various
exercise conditions. They found that the rats that were forced to conduct a mild exercise
regimen of treadmill running for eight to 20 minutes, five days a week, had a significant
mcrease of BDNF.

“The finding may lead to new non-invasive ways io help people who have
abnormally high levels of stress hormones and don’t produce enough BDNF on their
own, such as depressed patients and the elderly,” says Albeck. “An exercise-induced
elevation of BDNF may restore proper regulation of stress hormones and sufficiently
raise low levels of BDNF.”

As a next step, the researchers plan to test whether mild exercise can boost BDNF
in aged rats with low BDNF levels. *“Aged rats often develop problems with short-term
memory processing, similar to symptoms often reported in older people,” says Albeck.,

“Enhancing BDNF expression in the brains of older rats may enhance their memory.”
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Studies confirm benefit of exercise on aspects of brain function

Paula Moyer
Neurology Today 2(2) February 2002
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