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Abstract

Background: This study aimed to investigate the effect of four weeks of selected endurance training on
neurotrophin-3 (NT-3) and tropomyosin receptor kinase C (TrkC) gene expression in hippocampal areas of rats

with spinal cord injury (SCI).

Methods: In this experimental study, the rats were separated into six equal groups. First, the animals were put
under general anesthesia and had their SCI. Then, for four weeks, they were subjected to two kinds of endurance
training programs. However, the control injury group received no intervention or training. Following the
completion of the training regimes, molecular tests were done using the qRT-PCR technique to evaluate changes

in the gene expression of NT-3 and TrkC from the animals' hippocampus.

Results: The expression of NT-3 and TrkC genes were significantly reduced in the SCI model compared to the
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healthy control group, but it was increased in the SCI + exercise 1 and SCI + exercise 2 groups compared to the
SCI group. NT-3 levels did not vary significantly between the SCI + exercise 1 and SCI + exercise 2 groups,

although alterations in TrkC levels altered.

Conclusion: In addition to enhancing locomotion in animals with SCI, the endurance training regimens in this
research were effective on the expression of NT-3 and TrkC genes and may play a role in axonal development and

neuronal survival in SCI recovery.

Introduction

Spinal cord injury is characterized by a complicated combination of pathological
events that develop after the initial damage (1). Secondary damage occurs from
minutes to weeks of the injury. It involves cell death owing to inflammation,
glutamate release, excitatory amino acid release, glial wound development, and
eventually neuronal cell apoptosis. Aside from these situations, chemicals and
other substances are produced at the location of the injury, inhibiting axon
development (2).

As aresult, there is a need for innovative treatment techniques that may limit
secondary damage and apoptosis while increasing axon development. Despite the
efforts of researchers and considerable breakthroughs in post-lesion treatment
and surgery, as well as the introduction of cell therapy approaches using stem
cells in this patient population, no viable and ultimate cure for spinal cord injuries
has been established. In their normal condition, neurons may engage the passive
repair process that they have after producing a lesion by stimulating the
production of a set of repair-related genes carried out by axons (3). Growth
factors are responsible for triggering the activation of repair (4).

Nortrophin-3 is a neuro factor in the NGF (nerve growth factor) family of
nerve cells. It is a protein growth factor that is active in some nerve cells of the
peripheral and central nervous system (5). This factor promotes the survival and
differentiation of existing neurons while also encouraging the development and
differentiation of new neurons and synapses (6). Tropomyosin receptor kinase C
seems to be a physiological receptor since it is the most dependent on
neurotrophin-3 (NT3). This receptor mediates cellular activities by adding
phosphate molecules to specific tyrosines in the cell, activating the cellular signal
(7). Due to damage to the central nervous system, such as spinal cord injury, the
amount of these factors changes (8). If neurotrophins are transferred to the spinal
cord, they can improve sensory and motor function and also prevent the
destruction of neurons. Exercise can change some neurotransmitters and the
expression of neurotrophins (9).

Compounds produced during the secondary phase of injury may play an
important role in spinal cord repair (10) despite the fact that the precise biological
mechanism involved in spinal cord repair is still mainly unknown. Therefore, it
appears necessary to comprehend and acknowledge the positive effects of regular
physical activity and sports training in the secondary phase of spinal cord injury.
(11). There is no consensus on what type of exercise and how much per day can
have a better effect on improving spinal cord injury conditions. The purpose of
this study is to investigate the effect of two types of aerobic exercise programs
(one session per day compared with two sessions a day) on NT-3 and its receptor
in rats with spinal cord injury.
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Methods

This experimental study was conducted on Wistar rats in the animal laboratory
of North Khorasan University of Medical Sciences. Adult and young male rats
weighing 225 to 275 grams and aged 10 to 12 weeks were included in the study.
Animals were randomly divided into six equal groups (healthy control group,
healthy group with the first exercise protocol, healthy group with the second
exercise protocol, control injury group, spinal cord injury group with the first
exercise protocol, and spinal cord injury group with the second exercise
protocol). Based on similar studies, seven rats were tested in each group (12).

First, the rats were anesthetized by intraperitoneal injection of ketamine (100
mg/kg) and xylazine (10 mg/kg). After specifying the cutting site (vertebrae T9
to T11), the skin was cut 2.5 cm towards the head and tail of the animal and along
the spine. After cutting the superficial and deep fascia and removing the muscles
adjacent to the spinous appendage of the vertebrae, a dental microphoresis (Bohr
device) was used to cut the lamina. After laminectomy, the vertebrae were fixed
by a stereotaxic device, and a blow was applied to the spinal cord from a height
of 25 mm using a 10-gram weight or a hollow cylinder (13). Then, the muscles
and fascia were immediately sutured using 4-0 absorbable threads. Healthy
groups only underwent laminectomy surgery, and no spinal cord injury was
inflicted on them. It should be noted that the nutritional conditions were the same
as healthy rats, and animals with spinal cord injury had no restrictions on access
to standard food and water.

After ensuring that a spinal cord lesion was obtained and two weeks after
producing the lesion in the rodents, the following aerobic exercise protocols from
prior studies were implemented (14). The first training regimen consisted of
running on a treadmill at a constant pace of 9 meters per minute for four weeks
and six-morning sessions per week. First week: 10 minutes, second week: 15
minutes, third week: 20 minutes, and fourth week: 30 minutes. The second
endurance exercise protocol was 12 sessions per week (6 morning sessions and
six evening sessions) for four weeks. All training sessions were at a speed of 8
meters per minute. The training time in the first week was 5 minutes; in the
second week, 5-10 minutes; in the third week, 10-15 minutes and in the fourth
week, it was 15 minutes.

The BBB score motor test was carried out to assess the motor improvement
of the lower limbs of rodent spinal cord injury models. The BBB test was
conducted 24 hours after surgery, and animals were excluded from the study if
their score was less than 3. Two weeks after the spinal cord injury, the motor
recovery evaluation based on this test was initiated (15).

Forty-eight hours after the last training session and in a 12-hour fasting state,
rats were first anesthetized with ketamine-xylazine injection; then, the rats
underwent surgery to collect tissue samples. In this way, after breaking the skull,
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the brain was completely removed without damage. Then, the two hemispheres
were separated without destruction with the help of a 24-inch scalpel blade.
Finally, the hippocampus was separated from the cerebral hemisphere and
transferred to a 1.5 ml microtube containing RNA-Later buffer. At the end, the
samples were transferred to a -20 freezer for storage. The remains of the animal
were destroyed in the septic tank. Molecular tests were performed using the qRT-
PCR method. Based on the RNA extraction kit (Addbio, made in Korea), RNA
extraction and cDNA synthesis were performed and stored in a -20 freezer. The
primer was designed as an exon junction-exon by PRIMER3 software and IDT
DNA online software and was ordered by Gene Fanavaran company based in
Isfahan for synthesis. Finally, the obtained data were calculated using the formula
2-AAct, and the expression level of the target genes was normalized with the
result of the reference gene B-Actin. According to the instructions mentioned in
the previous section, RNA was extracted. After checking its concentration and
purity (based on NanoDrop and 260 nm and 280 nm ratio of absorbance), an
extracted RNA sample was transferred to a 1.5% agarose gel. Observing the
bands related to 18s rRNA (1.9Kb) and 28s rRNA (5Kb) confirmed the accuracy
of RNA extraction.

The inferential statistics of one-way analysis of variance (ANOVA) were
utilized to compare the variance changes between groups, taking into account the
normality of the data as determined by the Shapiro-Wilk test, the validity of the
research and data analysis hypotheses, and the significance of the mean
difference. In addition, the post hoc Tukey test was utilized to compare the
groups. The SPSS 20.0 and GraphPad Prism programs (GraphPad Prism. ver
8.4.3.686) were used for data analysis and graphing, respectively.

Results

Out of 42 rats used in this study, 33 survived until the end of the study and were
studied. The evaluation of the motor test 24 hours after surgery and the creation
of a spinal cord lesion showed that the score was less than 3 for the animals. The
average motor test scores of the two groups were evaluated in the weeks after the
injury. According to the obtained results, the average motor test scores in the
group receiving the second exercise in the second week after the injury and the
first exercise group in the third week after the spinal cord injury had a significant
increase compared to the motor test scores of the injury group (p<0.05). Also, the
scores of the healthy group were significantly different in all weeks compared to
other groups (p<0.001).

The expression of the NT3 gene (Figure 1) in the spinal cord injury model
had a significant decrease compared to the control group (P < 0.0001). Also,
NT3 had a significant increase in expression in the group of spinal cord injury +
exercise 1 and the group of spinal cord injury + exercise 2 compared to the group
of spinal cord injury. Still, this increase in expression was not significantly
different between the two groups of spinal cord injury + exercise. On the other
hand, in exercise groups 1 (exercise 1 without spinal cord injury) and 2 (exercise
2 without spinal cord injury) compared to the control group, an increase in NT3
gene expression was observed. However, the expression of NT3 in the 1st
exercise group was not significantly different from the 2nd exercise group. TrkC
(Figure 2) in the spinal cord injury model had a significant decrease in expression
compared to the control group (P < 0.0001), and it also increased significantly
in the spinal cord injury + exercise 1 group and the spinal cord injury + exercise
2 group compared to the spinal cord injury group. No significant increase in
expression was observed between the spinal cord injury + exercise 2 group
compared to the spinal cord injury + exercise 1 group. On the other hand, in
exercise 1 (exercise 1 without spinal cord injury) and exercise 2 (exercise 2
without spinal cord injury) compared to the control group, a significant increase
in expression was observed. Exercise group 2 showed a significant increase
compared to exercise group 1.
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Figure 1. Neutrophin 3 gene expression results in the studied groups from animal
hippocampal tissue. *p<0.05, **p<0.01, ***p<0.001, data are presented as mean +
standard deviation.
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Figure 2. The results of TrkC gene expression in the studied groups from animal
hippocampus tissue. *p<0.05, **p<0.01, ***p<0.001, data are presented as mean +
standard deviation.

Discussion

This study aimed to investigate the effect of two types of endurance training (4
weeks) on NT3 and tropomyosin receptor kinase C gene expression in
hippocampal rats with spinal cord injury. The results of the present study showed
that the expression of NT3 and TrkC in the hippocampal tissue showed a
significant increase in both exercises on the treadmill (one session per day and
two sessions per day) compared to the control group and the spinal cord injury
group.

In the adult brain, NT3 expression is largely restricted to the dentate gyrus
of the hippocampus, a region that exhibits significant neurogenesis. NT3
facilitates hippocampal plasticity, learning, and memory by regulating
neurogenesis (16). In a 2021 study, Ge Li et al. showed that in a rat model of
spinal cord injury treated with a neurotrophin-3-releasing bio-scaffold, the host
nerve fibers regenerated in the transplant and established synaptic connections
with donor neurons, supporting spinal cord injury repair. Based on this, the
recovery of locomotor performance in mice with spinal cord injury, which
received NSC-derived neural network tissue grafts with modified TrkC, was
significantly improved (17). The results of the present study also show
improvement in animal movement and changes in the expression of NT3 and
tropomyosin receptor kinase C. In a 2017 study, Hua Fang et al. showed that
neurotrophic factors (NF) and Trk signaling mechanisms underlie the promotion
of motor recovery after acute spinal cord injury. In the NF/Trk group, the
expression of NF/Trk pathway components increased significantly (18). The
results of the present study also showed changes in NT3 and TrkC gene
expression, which can directly induce the neurotrophin signaling pathway and
stimulate the growth and differentiation of nerve cells.

Several previous research studies have shown that high-level competitive
weight lifters are capable of performing two training sessions on the same day
with no injuries or decrements in performance (4-8,10,16). In fact, given the
clients’ recovery after TDT, an increase in performance was also observed (7,10).

In this study, an increase in motor efficiency was observed in rats with spinal
cord injury by using exercise protocols. The results of movement evaluations also
showed improvement in the movement of animals with spinal cord injury
compared to the spinal cord injury group and healthy groups. A number of authors
have suggested that engaging in two training sessions per day could potentially
have a more significant biological impact than just one session per day (19,20).
The results of this study showed that the movement score has a significant
difference between performing the movement in two training sessions per day. In
contrast, molecular tests did not show significant changes. Treadmill exercise is
widely considered an effective strategy to restore motor function after spinal cord
injury. However, the specific training intensity that optimizes recovery and the
underlying mechanical basis of this recovery is unclear; therefore, in this study,
we investigated the effect of two types of training with different intensities on the
treadmill in rats with spinal cord injury through the molecular evaluation of
hippocampal tissue. Accompanying the treadmill exercise protocol with
receiving common drugs in the treatment of spinal cord injury, measuring the
amount of spinal neurogenesis in the studied groups and measuring neutralizing
RNAs and miRNAs of the PI3K/AKT pathway can also be investigated in future
research.

Conclusion

The results of this study showed that the NT3 and tropomyosin receptor kinase
C gene expression was significantly decreased in the spinal cord injury model
compared to the control group, as well as the expression of these genes in the
spinal cord injury group + exercise 1 and the spinal cord injury group + exercise
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2 increased compared to the spinal cord injury group. NT3 did not show a
significant difference between the two groups of spinal cord injury + exercise,
but the changes in tropomyosin receptor kinase C between the two groups were
significant. Therefore, the exercise protocols in this study, in addition to
improving movement in animals with spinal cord injury, are effective on
tropomyosin receptor kinase C and can be a factor for axonal growth and
neuronal survival in the recovery of spinal cord injury.

Acknowledgement

The authors thank all the managers and staff of the Animal Laboratory of North
Khorasan University of Medical Sciences, Bojnurd, Iran.

Funding sources

This research received no specific grant from any funding agency in the public,
commercial, or not-for-profit sectors.

Ethical statement

All the steps of maintaining and performing the necessary experiments on
animals were carried out in full compliance with the ethical principles of working
with laboratory animals based on the Helsinki protocol. The tissues of this study
were taken from another study on spinal cord rats by the same groups (The
approval of the Ethics Committee of the Research and Technology Vice-
Chancellor of North Khorasan University of Medical Sciences;
IR.NKUMS.REC.1402.036).

Conflicts of interest

The authors declare that they have no conflict of interest.

Author contributions

Sadegh-Cheragh-Birjandi: concept development. Mohamad Amin Younessi
Heravi: data analysis, manuscript writing. Sina Jalili Rasti: Data collection and
manuscript writing. Ali Yaghubi: concept and manuscript writing.

References

1. Maier IC, Schwab ME. Sprouting, regeneration and circuit formation in the
injured spinal cord: factors and activity. Philosophical Transactions of the
Royal Society B: Biological Sciences. 2006;361(1473):1611-34. [View at
Publisher] [DOI] [PMID] [Google Scholar]

2. Lim PA, Tow AM. Recovery and regeneration after spinal cord injury: a
review and summary of recent literature. Annals-Academy of Medicine
Singapore. 2007;36(1):49. [View at Publisher] [DOI] [PMID] [Google
Scholar]

3. Schiro G, lacono S, Ragonese P, Aridon P, Salemi G, Balistreri CR. A brief
overview on BDNF-Trk pathway in the nervous system: a potential
biomarker or possible target in treatment of multiple sclerosis? Front
Neurol. 2022,13:917527. [View at Publisher] [DOI] [PMID] [Google
Scholar]

4. Ying Z, Roy RR, Zhong H, Zdunowski S, Edgerton VR, Gomez-Pinilla F.
BDNF-exercise interactions in the recovery of symmetrical stepping after a
cervical hemisection in rats. Neuroscience. 2008;155(4):1070-8. [View at
Publisher] [DOI] [PMID] [Google Scholar]

5. Bao SS, Zhao C, Chen HW, Feng T, Guo XJ, Xu M, et al. NT3 treatment
alters spinal cord injury-induced changes in the gray matter volume of
rhesus monkey cortex. Sci Rep. 2022;12(1):5919. [View at Publisher]
[DOI] [PMID] [Google Scholar]

How to Cite:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

OPEN, ACCESS 31

Wang Z, Duan H, Hao F, Hao P, Zhao W, Gao Y, et al. Circuit reconstruction
of newborn neurons after spinal cord injury in adult rats via an NT3-
chitosan scaffold. Prog Neurobiol. 2023;220:102375. [View at Publisher]
[DOI] [PMID] [Google Scholar]

Liebl DJ, Huang W, Young W, Parada LF. Regulation of Trk receptors
following contusion of the rat spinal cord. Exp Neurol. 2001;167(1):15-26.
[View at Publisher] [DOI] [PMID] [Google Scholar]

Chao T, Askari S, De Leon R, Won D. A system to integrate electrical
stimulation with robotically controlled treadmill training to rehabilitate
stepping after spinal cord injury. IEEE Transactions on Neural Systems and
Rehabilitation Engineering. 2012;20(5):730-7. [View at Publisher] [DOI]
[PMID] [Google Scholar]

Silva NA, Sousa N, Reis RL, Salgado AJ. SILVA, Nuno A. From basics to
clinical: a comprehensive review on spinal cord injury. Prog Neurobiol.
2014;114:25-57. [View at Publisher] [DOI] [PMID] [Google Scholar]
Ying Z, Roy RR, Edgerton VR, Gémez-Pinilla F. Exercise restores levels
of neurotrophins and synaptic plasticity following spinal cord injury. Exp
Neurol. 2005;193(2):411-9. [View at Publisher] [DOI] [PMID] [Google
Scholar]

Hutchinson KJ, Gomez-Pinilla F, Crowe MJ, Ying Z, Basso M. Three
exercise paradigms differentially improve sensory recovery after spinal
cord contusion in rats. Brain. 2004;127(6):1403-14. [View at Publisher]
[DOI] [PMID] [Google Scholar]

Salarinia R, Sadeghnia HR, Alamdari DH, Hoseini SJ, Mafinezhad A,
Hosseini M. Platelet rich plasma: Effective treatment for repairing of spinal
cord injury in rat. Acta orthopaedica et traumatologica turcica.
2017;51(3):254-7. [View at Publisher] [DOI] [PMID] [Google Scholar]
Rodrigues NR, Letaif OB, Cristante AF, Marcon RM, Oliveira RP, Barros
Filho TEPd. Standardization of spinal cord injury in Wistar rats. Acta
Ortopédica Brasileira. 2010;18(4):182-6. [View at Publisher] [DOI]
[Google Scholar]

Chae CH, Jung SL, An SH, Jung CK, Nam SN, Kim HT. Treadmill exercise
suppresses muscle cell apoptosis by increasing nerve growth factor levels
and stimulating p-phosphatidylinositol 3-kinase activation in the soleus of
diabetic rats. Journal of Physiology and Biochemistry 2011;67(2):235-41.
[View at Publisher] [DOI] [PMID] [Google Scholar]

Barros Filho TEPd, Molina AEIS. Analysis of the sensitivity and
reproducibility of the Basso, Beattie, Bresnahan (BBB) scale in Wistar rats.
Clinics. 2008;63(1):103-8. [View at Publisher] [DOI] [PMID] [Google
Scholar]

Shimazu K, Zhao M, Sakata K, Akbarian S, Bates B, Jaenisch R, et al. NT-
3 facilitates hippocampal plasticity and learning and memory by regulating
neurogenesis. Learn Mem. 2006;13(3):307-15. [View at Publisher] [DOI]
[PMID] [Google Scholar]

Li G, Zhang B, Sun JH, Shi LY, Huang MY, Huang LJ, et al. An NT-3-
releasing bioscaffold supports the formation of TrkC-modified neural stem
cell-derived neural network tissue with efficacy in repairing spinal cord
injury. Bioact Mater. 2021;6(11):3766-81. [View at Publisher] [DOI]
[PMID] [Google Scholar]

Fang H, Liu C, Yang M, Li H, Zhang F, Zhang W, et al. Neurotrophic factor
and Trk signaling mechanisms underlying the promotion of motor recovery
after acute spinal cord injury in rats. Exp Ther Med. 2017;14(1):652-6.
[View at Publisher] [DOI] [PMID] [Google Scholar]

Boakes RA, Wu J. Time-of-day affects the amount rats run during daily
sessions in activity wheels. Learn Behav. 2021;49:196-203. [View at
Publisher] [DOI] [PMID] [Google Scholar]

Machado FSM, Foscolo DRC, Poletini MO, Coimbra CC. Influence of
time-of-day on maximal exercise capacity is related to daily thermal
balance but not to induced neuronal activity in rats. Front Physiol.
2016;7:464. [View at Publisher] [DOI] [PMID] [Google Scholar]

Jalili Rasti S, Cheragh Birjandi S, Younessi Heravi MA, Yaghubi A. Investigating the changes of hippocampal m-RNA gene
expression of neurotrophin-3 and its receptor (Tropomyosin Receptor Kinase C) in the recovery of movements of rats with spinal
cord injury during two types of endurance exercises. Med Lab J. 2024;18(2):29-31.


https://royalsocietypublishing.org/doi/full/10.1098/rstb.2006.1890
https://royalsocietypublishing.org/doi/full/10.1098/rstb.2006.1890
https://doi.org/10.1098/rstb.2006.1890
https://www.ncbi.nlm.nih.gov/pubmed/16939978
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Maier+IC%2C+Schwab+ME.+Sprouting%2C+regeneration+and+circuit+formation+in+the+injured+spinal+cord%3A+factors+and+activity.+Philosophical+Transactions+of+the+Royal+Society+B%3A+Biological+Sciences.&bt
http://wprim.whocc.org.cn/admin/article/articleDetail?WPRIMID=275234&articleId=275234
https://doi.org/10.47102/annals-acadmedsg.V36N1p49
http://1.7.192.66/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lim+PA%2C+Tow+AM.+Recovery+and+regeneration+after+spinal+cord+injury%3A+a+review+and+summary+of+recent+literature.+Annals-Academy+of+Medicine+Singapore.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lim+PA%2C+Tow+AM.+Recovery+and+regeneration+after+spinal+cord+injury%3A+a+review+and+summary+of+recent+literature.+Annals-Academy+of+Medicine+Singapore.&btnG=
https://www.frontiersin.org/articles/10.3389/fneur.2022.917527/full
https://doi.org/10.3389/fneur.2022.917527
https://www.ncbi.nlm.nih.gov/pubmed/35911894
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=SCHIR%C3%92%2C+Giuseppe%2C+et+al.+A+brief+overview+on+BDNF-Trk+pathway+in+the+nervous+system%3A+a+potential+biomarker+or+possible+target+in+treatment+of+multiple+sclerosis%3F.+Frontiers+in+Neurology.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=SCHIR%C3%92%2C+Giuseppe%2C+et+al.+A+brief+overview+on+BDNF-Trk+pathway+in+the+nervous+system%3A+a+potential+biomarker+or+possible+target+in+treatment+of+multiple+sclerosis%3F.+Frontiers+in+Neurology.
https://www.sciencedirect.com/science/article/pii/S0306452208009846
https://www.sciencedirect.com/science/article/pii/S0306452208009846
https://doi.org/10.1016/j.neuroscience.2008.06.057
https://www.ncbi.nlm.nih.gov/pubmed/18672032
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8FYing+Z%2C+Roy+RR%2C+Zhong+H%2C+Zdunowski+S%2C+Edgerton+VR%2C+Gomez-Pinilla+F.+BDNF-exercise+interactions+in+the+recovery+of+symmetrical+stepping+after+a+cervical+hemisection+in+rats.+Neurosc
https://www.nature.com/articles/s41598-022-09981-5
https://doi.org/10.1038/s41598-022-09981-5
https://www.ncbi.nlm.nih.gov/pubmed/35396344
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bao+SS%2C+Zhao+C%2C+Chen+HW%2C+Feng+T%2C+Guo+XJ%2C+Xu+M%2C+et+al.+NT3+treatment+alters+spinal+cord+injury-induced+changes+in+the+gray+matter+volume+of+rhesus+monkey+cortex.+Sci+Rep.+&btnG=
https://www.sciencedirect.com/science/article/pii/S0301008222001617
https://doi.org/10.1016/j.pneurobio.2022.102375
https://www.ncbi.nlm.nih.gov/pubmed/36410665
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wang+Z%2C+Duan+H%2C+Hao+F%2C+Hao+P%2C+Zhao+W%2C+Gao+Y%2C+et+al.+Circuit+reconstruction+of+newborn+neurons+after+spinal+cord+injury+in+adult+rats+via+an+NT3-chitosan+scaffold.+Prog+Neurobiol.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0014488600975484
https://doi.org/10.1006/exnr.2000.7548
https://www.ncbi.nlm.nih.gov/pubmed/11161589
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Liebl+DJ%2C+Huang+W%2C+Young+W%2C+Parada+LF.+Regulation+of+Trk+receptors+following+contusion+of+the+rat+spinal+cord.+Exp+Neurol.&btnG=
https://ieeexplore.ieee.org/abstract/document/6212365
https://doi.org/10.1109/TNSRE.2012.2202292
https://www.ncbi.nlm.nih.gov/pubmed/22692941
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chao+T%2C+Askari+S%2C+De+Leon+R%2C+Won+D.+A+system+to+integrate+electrical+stimulation+with+robotically+controlled+treadmill+training+to+rehabilitate+stepping+after+spinal+cord+injury.+IEEE+Transacti
https://www.sciencedirect.com/science/article/abs/pii/S0301008213001196
https://doi.org/10.1016/j.pneurobio.2013.11.002
https://www.ncbi.nlm.nih.gov/pubmed/24269804
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Silva%2C+N.+A.%2C+Sousa%2C+N.%2C+Reis%2C+R.+L.%2C+%26+Salgado%2C+A.+J.+SILVA%2C+Nuno+A..+From+basics+to+clinical%3A+a+comprehensive+review+on+spinal+cord+injury.+Progress+in+neurobiology.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0014488605000415
https://doi.org/10.1016/j.expneurol.2005.01.015
https://www.ncbi.nlm.nih.gov/pubmed/15869943
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ying+Z%2C+Roy+RR%2C+Edgerton+VR%2C+et+al.+Exercise+restores+levels+of+neurotrophins+and+synaptic+plasticity+following+spinal+cord+injury.+Exp+Neurol.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ying+Z%2C+Roy+RR%2C+Edgerton+VR%2C+et+al.+Exercise+restores+levels+of+neurotrophins+and+synaptic+plasticity+following+spinal+cord+injury.+Exp+Neurol.+&btnG=
https://academic.oup.com/brain/article/127/6/1403/271834
https://doi.org/10.1093/brain/awh160
https://www.ncbi.nlm.nih.gov/pubmed/15069022
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hutchinson+KJ%2C+Gomez-Pinilla+F%2C+Crowe+MJ%2C+et+al.+Three+exercise+paradigms+differentially+improve+sensory+recovery+after+spinal+cord+contusion+in+rats.+Brain.&btnG=
https://www.sciencedirect.com/science/article/pii/S1017995X17301001
https://doi.org/10.1016/j.aott.2017.02.009
https://www.ncbi.nlm.nih.gov/pubmed/28462801
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Salarinia%2C+R.%2C+Sadeghnia%2C+H.+R.%2C+Alamdari%2C+D.+H.%2C+Hoseini%2C+S.+J.%2C+Mafinezhad%2C+A.%2C+%26+Hosseini%2C+M.+Platelet+rich+plasma%3A+Effective+treatment+for+repairing+of+spinal+cord+injur
https://www.scielo.br/j/aob/a/vfYhZv3GqwsQHmMBsvYY6kg/?lang=en&format=html&stop=previous
https://doi.org/10.1590/S1413-78522010000400001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rodrigues+NR%2C+Letaif+OB%2C+Cristante+AF%2C+Marcon+RM%2C+Oliveira+RP%2C+Barros+Filho+TEPd.+Standardization+of+spinal+cord+injury+in+Wistar+rats.+Acta+Ortop%C3%A9dica+Brasileira.+&btnG=
https://link.springer.com/article/10.1007/s13105-010-0068-9
https://doi.org/10.1007/s13105-010-0068-9
https://www.ncbi.nlm.nih.gov/pubmed/21207218
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chae+C-H%2C+Jung+S-L%2C+An+S-H%2C+Jung+C-K%2C+Nam+S-N%2C+Kim+H-T.+Treadmill+exercise+suppresses+muscle+cell+apoptosis+by+increasing+nerve+growth+factor+levels+and+stimulating+p-phosphatidylinositol+3
https://www.sciencedirect.com/science/article/pii/S1807593222028514
https://doi.org/10.1590/S1807-59322008000100018
https://www.ncbi.nlm.nih.gov/pubmed/18305873
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Barros+Filho+TEPd%2C+Molina+AEIS.+Analysis+of+the+sensitivity+and+reproducibility+of+the+Basso%2C+Beattie%2C+Bresnahan+%28BBB%29+scale+in+Wistar+rats.+Clinics&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Barros+Filho+TEPd%2C+Molina+AEIS.+Analysis+of+the+sensitivity+and+reproducibility+of+the+Basso%2C+Beattie%2C+Bresnahan+%28BBB%29+scale+in+Wistar+rats.+Clinics&btnG=
https://learnmem.cshlp.org/content/13/3/307.short
https://doi.org/10.1101/lm.76006
https://www.ncbi.nlm.nih.gov/pubmed/16705139
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Shimazu+K%2C+Zhao+M%2C+Sakata+K%2C+Akbarian+S%2C+Bates+B%2C+Jaenisch+R%2C+et+al.+NT-3+facilitates+hippocampal+plasticity+and+learning+and+memory+by+regulating+neurogenesis.+Learn+Mem&btnG=
https://www.sciencedirect.com/science/article/pii/S2452199X2100147X
https://doi.org/10.1016/j.bioactmat.2021.03.036
https://www.ncbi.nlm.nih.gov/pubmed/33898877
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Li+G%2C+Zhang+B%2C+Sun+JH%2C+Shi+LY%2C+Huang+MY%2C+Huang+LJ%2C+et+al.+An+NT-3-releasing+bioscaffold+supports+the+formation+of+TrkC-modified+neural+stem+cell-derived+neural+network+tissue+with+efficac
https://www.spandidos-publications.com/etm/14/1/652
https://doi.org/10.3892/etm.2017.4516
https://www.ncbi.nlm.nih.gov/pubmed/28672981
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fang+H%2C+Liu+C%2C+Yang+M%2C+Li+H%2C+Zhang+F%2C+Zhang+W%2C+et+al.+Neurotrophic+factor+and+Trk+signaling+mechanisms+underlying+the+promotion+of+motor+recovery+after+acute+spinal+cord+injury+in+rats.+E
https://link.springer.com/article/10.3758/s13420-020-00436-3
https://link.springer.com/article/10.3758/s13420-020-00436-3
https://doi.org/10.3758/s13420-020-00436-3
https://www.ncbi.nlm.nih.gov/pubmed/32671662
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=BOAKES%2C+Robert+A.%3B+WU%2C+Jiahao.+Time-of-day+affects+the+amount+rats+run+during+daily+sessions+in+activity+wheels.+Learning+%26+Behavior&btnG=
https://www.frontiersin.org/articles/10.3389/fphys.2016.00464/full
https://doi.org/10.3389/fphys.2016.00464
https://www.ncbi.nlm.nih.gov/pubmed/27790157
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Machado+FS%2C+F%C3%B3scolo+DR%2C+Poletini+MO%2C+Coimbra+CC.+Influence+of+time-of-day+on+maximal+exercise+capacity+is+related+to+daily+thermal+balance+but+not+to+induced+neuronal+activity+in+rats.+Fro

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgement
	Funding sources
	Ethical statement
	Conflicts of interest
	Author contributions
	References

