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Limiting exercise inhibits neuronal 
recovery from neurological disorders
Stefan S. Anthony, Isao Date1, Takao Yasuhara1

Abstract:
Patients who are bedridden often suffer from muscular atrophy due to reduced daily activities and can 
become depressed. However, patients who undergo physical therapy sometimes demonstrate positive 
benefits including a reduction of stressful and depressed behavior. Regenerative medicine has seen 
improvements in two stem cell‑based therapies for central nervous system disorders. One therapy 
is through the transfer of exogenous stem cells. The other therapy is a more natural method and 
focuses on the increasing endogenous neurogenesis and restoring the neurological impairments. This 
study overviews how immobilization‑induced disuse atrophy affects neurogenesis in rats, specifically 
hypothesizing that immobilization diminishes circulating trophic factor levels, like vascular endothelial 
growth factors or brain‑derived neurotrophic factor, which in turn limits neurogenesis. This hypothesis 
requires the classification of the stem cell microenvironment by probing growth factors in addition to 
other stress‑related proteins that correlate with exercise‑induced neurogenesis. There is research 
examining the effects of increased exercise on neurogenesis while limiting exercise, which better 
demonstrates the pathological states of immobile stroke patients, remains relatively unexplored. To 
examine the effects of immobilization on neurogenesis quantitative measurements of movements, 
5‑bromo‑2deoxyuridine labeling of proliferative cells, biochemical assays of serum, cerebrospinal 
fluid and neurological levels of trophic factors, growth factors, and stress‑related proteins will indicate 
levels of neurogenesis. In further research, studies are needed to show how in vivo stimulation, or 
lack thereof, affects stem cell microenvironments to advance treatment procedures for strengthening 
neurogenesis in bedridden patients.  This paper is a review article. Referred literature in this paper 
has been listed in the references section. The datasets supporting the conclusions of this article 
are available online by searching various databases, including PubMed. Some original points in 
this article come from the laboratory practice in our research center and the authors’ experiences.
Keywords:
Central nervous system disorders, exercise, muscular atrophy, neurogenesis, regenerative medicine, 
stem‑cell therapy

Introduction

We hypothesize that limiting exercise 
affects the neurogenic function 

of the brain by altering the stem cell 
microenvironment. Previously, it was 
assumed that the adult brain possessed 
no regenerative abilities. However, 
there is increasing evidence showing 
the regenerative capabilities to produces 
neurons and astrocytes through isolated 
cel ls  of  the adult  central  nervous 

system  (CNS).[1] Numerous studies have 
tested the effectiveness of stem‑cell therapy 
for treating CNS disorders such as stroke, 
traumatic brain injury, Parkinson’s disease, 
and Alzheimer’s disease but only as an 
experimental treatment. Many continue to 
be affected by these neurological diseases, 
especially many bedridden patients 
who suffer from muscular atrophy and 
depression due to significantly reduced daily 
activity. There is evidence supporting that 
patients who receive physical rehabilitation 
sometimes demonstrate surprising progress, 
specifically showing reduced signs of stress 
and depression. Despite this evidence, there 
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is little research available on the effects of immobilization 
on neurogenesis.

The focus of treating brain disorders through 
regenerative medicine has made advancements in 
stem‑cell therapy through transplanting exogenous 
stem cells and strengthening endogenous stem cells 
through neurogenesis.[2‑13] This specific research 
project concentrates on amplifying exogenous stem 
cells to naturally repair injured brain tissue and 
neurological impairments through physical therapy. 
The effect of the lack of exercise on neurogenesis has 
not been explored thoroughly, and we consider how 
exercise‑induced disuse atrophy affects neurogenesis 
in adult rats by utilizing the hindlimb suspension (HS) 
model. Despite this, the opposite paradigm of our 
model has significant evidence showing that increased 
exercise enhances neurogenesis.[14] Specifically, exercise 
enhances neurogenesis in the dentate gyrus  (DG) of 
the hippocampus.[14‑16] In addition, in cases of other 
diseased states like cerebral ischemia, exercise has also 
proven to improve neurogenesis. With consideration 
of these previous studies, our thesis states that 
inhibiting exercise decreases neurogenesis possibly 
by decreasing circulating factors such as vascular 
endothelial growth factor  (VEGF) and brain‑derived 
neurotrophic factor (BDNF). Future laboratory studies 
are needed to investigate the biological mechanisms 
behind neurogenesis. A greater understanding of these 
mechanisms would allow for better treatment strategies 
to increase neurogenesis in immobile patients.

The Hindlimb Suspension Model

The HS model to limit exercise was first used to explore 
the spaceflight‑associated phenomena, focusing mostly 
on the data which showed inhibition of bone formation 
during spaceflight.[17] In addition to the bone formation 
studies,[18] several variations of this model have been 
used for research on muscles[19] and the vascular network 
of hindlimbs.[20] The primary focus so far has been on the 
peripheral effects of HS.[21‑23] However, there is limited 
research on the effect of the HS model on the CNS, 
with most previous studies focusing on depression.[24,25] 
In 2005, Dupont et  al. established that nerve growth 
factor  (NGF), BDNF messenger RNA  (mRNA), and 
NGF protein were upregulated in the somatosensory 
cortex in HS model animals.[26] This evidence supports 
our hypothesis that the lack of exercise would affect 
neurotrophic factor expressions. While there are 
no current studies of the HS model relating to CNS 
disorders, there are forelimb disuse and overuse models 
for stroke and Parkinson’s studies.[27‑30] Schallert’s group 
demonstrated that forelimb disuse (using one‑sleeved 
casts), but not overuse, during the early phase of stroke 
recovery rats negatively affected limb functionality.[31] 

However, in somatosensory cortical lesions, overuse of 
the impaired forelimb during early stage recovery also 
worsened the functional outcome.[32] These contradictory 
results of forelimb disuse and overuse were deemed 
situational due to site‑specific anatomical changes 
(e.g., subcortical in stroke vs. cortical in somatosensory 
lesion model).[33] From this, subcortical damage likely 
benefits from the forced use of the impaired forelimb. 
Notably, usage of the affected forelimb after unilateral 
6‑hydroxydopamine (6‑OHDA) lesions in rats reduced 
behavior deficiencies.[34] In addition, forced forelimb 
usage before the 6‑OHDA lesion reduced behavioral 
deficits led to an upregulation of glial cell‑derived 
neurotrophic factor levels.[35] The improvement of 
behavioral deficits in stroke and Parkinson’s disease 
animal models were associated with sparing of ischemia 
and lesion‑induced neuroanatomical and neurochemical 
deficits.[27‑30,36‑38] From this research, the benefit of use or 
disuse therapy in CNS disorders and the justification for 
studying physical therapy’s effects on the CNS using the 
HS model is clearly established.

Neurogenesis and Growth Factors

Gage et  al’s. studies focused on exercised‑induced 
neurogenesis[14,39] linked free access to exercise 
(running wheel) for 3  h during the nocturnal 
period (active phase of rats) greatly increased 
5‑bromo‑2deoxyuridine  (BrdU)‑labeled novel cells in 
the subgranular zone.[40] Enhanced memory function 
correlated with the voluntary exercise by reducing the 
threshold for long‑term potentiation in the DG.[39,41] 
Further, exercise‑induced neurogenesis was associated 
with the upregulation of VEGF[15,42] and BDNF[41,43‑45] 
levels. These results show more evidence of the 
importance of these growth factors in exercise‑induced 
neurogenesis and that neurotrophic factors are linked to 
and control the microenvironments of specific neurogenic 
sites such as the subventricular zone  (SVZ) and DG. 
Further, because the beforementioned growth factors 
are diffusible molecules, exercise‑induced neurogenesis 
may affect other nonneurogenic brain areas. A  recent 
study[46] showed that exercise did affect neuronal activity 
in the posterior hypothalamic area (PHA), in such a way 
that the in vitro and in vivo spontaneous firing rates of 
PHA neurons in exercised rats decreased significantly 
in relation to the nonexercised rats. From this study, 
exercise‑induced neurogenesis has been documented in 
the neurogenic areas and may also generate neurogenetic 
effects on other nonneurogenic brain areas. The positive 
relationship between exercise and neurogenesis suggests 
that amount of exercise would correlate to the presence 
of neurotrophic factors which lead to neurogenesis. 
Despite this information, most CNS diseased states 
severely limit mobility which demonstrates the need to 
examine the effect of a lack of exercise on neurogenesis 
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and the correlating neurotrophic growth factors. 
The negative health issues associated with a lack of 
physical therapy are well documented and can lead to 
osteoporosis, obesity, and cardiovascular disease[47‑50] 
but not in their relation to neurotrophic factors and 
neurogenesis. It is vital to perform further research to 
identify critical growth factors in exercise, especially in 
neurogenic areas, as therapeutic targets to combat the 
negative effects of immobility. Studies have shown a 
lack of exercise worsens behavioral deficiencies in brain 
diseased conditions.[51,52] Through this, one can develop 
procedural situations to avoid further brain degradation 
and help to improve the recovery from a brain injury by 
identifying specific parameters surrounding physical 
inactivity.

Neurogenesis and Stress

To outline the effect of a lack of exercise we can set two 
specific parameters: neurotrophic factors and stress 
proteins. Our hypothesis is two‑fold and states that the 
lack of exercise causes a downregulation of neurotrophic 
factors and an upregulation of stress proteins which 
both lead to suppressed neurogenesis. The HS model 
does limit exercise and leads to chronic stress.[25] 
Chronic stress is shown to decrease serotonin levels 
and increase glucocorticoids.[53‑55] In addition, aging 
also increases glucocorticoids and reduces insulin‑like 
growth factor‑1 (IGF‑1) levels. Together, stress and aging 
reduce levels of neurogenesis which shows that IGF‑1 
might play a vital role in neurogenesis.[56] In addition to 
IGF‑1, BDNF, and serotonin affect neuronal plasticity in 
chronic depression and stress studies.[57‑60] Through this 
information, investigating chronic stress which plays a 
significant role in the HS model will provide valuable 
information about how stress affects neurogenesis.

Neurological Effects of Deficient Exercise

Bedridden patients who receive physical rehabilitation 
show surprising neurological improvements and recent 
research indicates that this stems from exercise enhancing 
endogenous neurogenesis. Previously, we examined 
how limiting exercise affects neurogenesis in standard 
rat 2‑week HS model. The HS model lifts the rats’ tail, 
shifting their weight to the front of the rat. In addition, 
exercise and recovery time was examined in rats that were 
placed in normal caging post‑HS. To examine the levels 
of proliferation, BrdU (50 mg/kg, IP) was administered 
every 8  h during the last 4  days of each model. 
Immunohistochemistry analysis resulted in significantly 
less BrdU/doublecortin (Dcx) double‑positive cells in the 
SVZ and DG for the HS model. While exercise during 
the recovery period did improve muscular atrophy of 
the soleus muscle, the recovery periods did not help 
the HS‑induced reduction of BrdU/Dcx‑positive cells. 

Another experiment identical to the previous HS model 
was performed with an enzyme‑linked immunosorbent 
assay  (ELISA) of neurotrophic factors was completed 
on the brain tissue and collected. Further, ELISA 
assays of neurotrophic factors were also completed on 
plasma sample from all animals. The results showed 
that HS model significantly decreased BDNF levels in 
the hippocampus and the VEGF plasma levels. The 
diminished levels of neurogenesis can be linked to the 
reduction of neurotrophic factors due to the inhibition 
of exercise. Through the HS model in relation to CNS 
disorders, the effects of exercise on neurogenesis and its 
correlating growth factors is more clearly understood.

Rehabilitation and Neurogenesis

Research has clearly indicated that the lack of physical 
exercise and therapy leads to many health problems such 
as osteoporosis, obesity, and cardiovascular diseases[47‑49] 
and the effect of neurotrophic factors and neurogenesis 
has yet to be studied in this aspect. Any limitations 
administered on a recovering individuals’ environment 
can cause abnormal motor and cognitive functions even 
under healthy nonpathological situations. Further, if 
the recovering patient is diseased, the lack of exercise 
exacerbates the behavioral outcome.[51,52] Despite many 
studies siting the beneficial outcomes of physical 
rehabilitation, a specific therapeutic procedure has not 
been identified and occasionally, it can have negative 
effects in some diseased animal models. For instance, 
18 days of treadmill exercise presented no developments 
to motor and memory functions specifically involved 
in the increased levels of BDNF mRNA in the CA1 and 
CA3 but not in the DG.[61] In addition to this evidence, 
when using a cast to rehabilitate the damaged limb 
after damage to the sensorimotor cortex exacerbated 
the animals condition and the coordinated movements 
between limbs.[33] Despite this, other evidence proves 
that exercise enhances neuronal function in rodent 
brain disorder conditions, such as ischemia.[62,63] 
Depending on several rehabilitation methods, such as 
the difficulty, length, and regularity, in addition to the 
severity of the injury or disorder of the animal, might 
cause the disparity in data and can lead to varying 
evidence in future research. The current typical exercise 
and recovery period spanning 2–4  weeks post‑HS 
lead to the mass of the soleus muscle developing 
toward standard levels. Still, when HS‑suppressed 
neurogenesis was eliminated the SVZ and DG did 
not show any advancement by the recovery period. 
These results suggest that more precise and efficient 
rehabilitation methods are needed. When addressing 
therapeutic methods for bedridden or physically 
inactive patients, our study offers important insights on 
specific neurotrophic factors, such as BDNF and VEGF, 
which directly affect neurogenesis.
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Conclusions

The reversed paradigm of increasing exercise to improve 
neurogenesis was tested to determine the negative effects 
of inhibiting exercise. For the first time, by utilizing 
HS for a CNS model and explicitly investigating the 
neurotrophic factors and stress protein levels, we can 
identify a possible source of diminished neurogenesis 
due to the lack of exercise. In addition, this proposed 
study will lead toward a greater understanding of 
neurological disorders and injuries and their relation 
to physical inactivity [Figure 1] and will provide new 
research about neurogenetic function that is not well 
represented in enhanced environment or increased 
exercise models. Overall, preclinical research is needed to 
evaluate neurogenetic treatment in immobilized animals. 
Furthermore, more advanced biomarkers of stem cell 
development need to be established for growth factors 
and stress‑related proteins to better analyze the expected 
effects of inhibiting exercise on neurogenesis.
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