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Um papel em branco, sem linhas, pode tornar incerta a escrita de uma histéria
qualquer, mas para a origem de historias predestinadas como a nossa néo se faz
necessario sequer papel, que dira linhas.

A minha esposa.



RESUMO

A inatividade fisica tem alcangado enormes proporgdes, 0 que aumenta o risco de
doencas cronicas, sendo o coértex pré-frontal (CPF) no sistema nervoso central (SNC)
€ um dos afetados por este problema. Como o SNC tem uma grande suscetibilidade
ao dano oxidativo, nos questionamos se o exercicio fisico aerdébico (EA) poderia
beneficiar o CPF. Portanto, nosso objetivo foi investigar os impactos do EA sobre o
balanco oxidativo no CPF de roedores. Para tanto, realizamos uma revisao sistematica
utilizando as bases de dados Pubmed/Medline, SCOPUS e BVS (Virtual Health
Library). Utilizando os descritores “physical activity”, “exercise”, “exercise training”,

“aerobic exercise”, “prefrontal cortex” and “oxidative stress”, 129 manuscritos foram
selecionados, dos quais, apos os critérios de inclusdo e exlusdo, 10 manuscritos foram
utilizados nesta revisao. Natagao e, principalmente, corrida em esteira foram utilizados
como protocolo de treinamento. A duragao das sessdes de exercicio variou de 30-120
minutos, a intensidade variou de 50-70% da capacidade maxima de corrida e a
frequéncia semanal de 2-5 vezes. A duracgao total dos programas variou de 1 sesséo a
16 semanas, sendo 8 semanas a mais utilizada. Resultados conflitantes foram
observados para medidas de biomarcadores de estresse oxidativo e para medidas
antioxidantes. Verificamos que a maioria dos estudos nao mostraram prejuizo para o
balangco oxidativo e que protocolos com duragao de 8 semanas ou mais melhoraram
antioxidante no CPF. Adicionalmente, sdo necessarios mais estudos com protocolos
de treinamento mais homogéneos para avaliar os efeitos de diferentes intensidades e

duragdes nos niveis de estresse oxidativo no CPF.

Palavras-chave: Exercicio Fisico; Sistema Nervoso Central; Coértex Pré-frontal;
Metabolismo Oxidativo.



ABSTRACT

Physical inactivity has reached enormous proportions, which increases the risk of
chronic diseases, with the prefrontal cortex (PFC) in the central nervous system (CNS)
being one of those affected by this problem. As the CNS is highly susceptible to
oxidative damage, we wondered whether aerobic physical exercise (AE) could benefit
the PFC. Therefore, our objective was to investigate the impacts of EA on the oxidative
stress in the PFC of rodents. Therefore, we carried out a systematic review using the
Pubmed/Medline, SCOPUS and VHL (Virtual Health Library) databases. Using the
descriptors “physical activity”, “exercise”, “exercise training”, “aerobic exercise”,
“‘prefrontal cortex” and “oxidative stress”, 129 manuscripts were selected, of which,
after the inclusion and exclusion criteria, 10 manuscripts were used in this review.
Swimming and, mainly, treadmill running were used as training protocols. The duration
of the exercise sessions ranged from 30-120 minutes, the intensity ranged from 50-
70% of maximum running capacity and the weekly frequency ranged from 2-5 times.
The total duration of the programs varied from 1 session to 16 weeks, with 8 weeks
being the most used. Conflicting results were observed for measures of oxidative
stress biomarkers and for antioxidant measures. We found that most studies showed
no harm to oxidative balance and that protocols lasting 8 weeks or more improved
antioxidant activity in the PFC. Additionally, more studies are needed with more
homogeneous training protocols, to evaluate the effects of different intensities and

durations on the levels of oxidative stress on PFC.

Keywords: Physical Exercise; Central Nervous System; Prefrontal cortex; Oxidative
Metabolism.
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Running Head: Exercise and oxidative stress on PFC

Abstract

Physical inactivity has reached enormous proportions, which increases the risk of
chronic diseases, with the prefrontal cortex (PFC) in the central nervous system (CNS)
being one of those affected by this problem. As the CNS is highly susceptible to
oxidative damage, we wondered whether aerobic physical exercise (AE) could benefit
the PFC. Therefore, our objective was to investigate the impacts of EA on the oxidative
stress in the PFC of rodents. Therefore, we carried out a systematic review using the
Pubmed/Medline, SCOPUS and VHL (Virtual Health Library) databases. Using the
descriptors “physical activity”, ‘“exercise”, “exercise training”, “aerobic exercise”,
“prefrontal cortex” and “oxidative stress”, 129 manuscripts were selected, of which,
after the inclusion and exclusion criteria, 10 manuscripts were used in this review.
Swimming and, mainly, treadmill running were used as training protocols. The duration
of the exercise sessions ranged from 30-120 minutes, the intensity ranged from 50-70%
of maximum running capacity and the weekly frequency ranged from 2-5 times. The
total duration of the programs varied from 1 session to 16 weeks, with 8 weeks being
the most used. Conflicting results were observed for measures of oxidative stress
biomarkers and for antioxidant measures. We found that most studies showed no harm
to oxidative balance and that protocols lasting 8 weeks or more improved antioxidant
activity in the PFC. Additionally, more studies are needed with more homogeneous
training protocols, to evaluate the effects of different intensities and durations on the

levels of oxidative stress on PFC.

Key words: Physical Exercise; Central Nervous System; Prefrontal cortex; Oxidative

Stress
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Introduction

According to data from the Global Physical Activity Status Report (2022), by
2030 approximately 500 million people will be affected by chronic diseases. This
document predicts an annual cost of 27 billion dollars for the treatment of chronic
diseases if there are no changes in the prevalence of inactivity (1). In this sense, a
prospective cohort study for 12.4 years with a sample of 334.161 participants identified
that physically inactive people had an increased risk for early mortality, mainly due to
cardiovascular diseases (2). Additionally, a recent study showed that people with lower
levels of activity are more susceptible to acquiring post-acute sequelae of SARS-CoV-2

infection, including dyspnea, insomnia, fatigue, and severe skeletal muscle pain (3).

On the other hand, prospective studies have shown that a higher amount of
physical activity/exercise, mainly aerobic during the week, provides benefits in several
body systems (4-6). Among them is the Central Nervous System (CNS), which has a
high dependence on oxygen, lipid content, and low antioxidant capacity (7); it’s highly
benefited from the positive effects of exercise, mainly due to the increased in the release
of neurotrophic factors including Brain-derived Neurotrophic Factor (BDNF), Insulin
Growth Factor 1 (IGF-1) (8), decrease the production and release of pro-inflammatory
cytokines implicated in neurodegeneration process (6, 9) and, the adaptations in
oxidative metabolism (e.g.: function and mitochondrial biogenesis) (10, 11) to combat
oxidative stress (OS) - understood as a chronic imbalance between the production and

removal of pro-oxidant agents (12).

In this sense, the prefrontal cortex (PFC) stands out in the central nervous
system as a tissue that might be impacted by physical exercise and whose interaction
can be mediated by the modulation of the reduction/oxidation (REDOX) balance (13).
Associated with the control of executive functions, the PFC is involved in the selection
of stimuli, working memory, changing rules, decision making (14, 15) and processing
stimuli based on previous experiences, producing motor action (14); in addition to being

associated with psychological disorders influenced by OS (16).

Aerobic exercise (AE) can be an essential intervention in the face of positive
adaptations against the oxidative balance on the CNS and PFC since data in the

literature showed that AE is an excellent tool to achieve adaptations in the oxidative



12

metabolism of the CNS. However, a consensus on the best aerobic training design to
achieve such effects needs to be improved since there are conflicting results in the
literature regarding exercise intensity, duration, and model, as well as methods to
measure OS. Therefore, the present review proposes to highlight this need for
investigating the impacts of aerobic physical exercise on the oxidative stress in the PFC

of rodents.

METHODS

The present systematic review was based on the PRISMA (Preferred Reporting

Items for Systematic Reviews and Meta-Analyses) guidelines (17).

Information sources

The data search was performed, with no publishing time limit, for manuscripts
published until February 2023. The PubMed (Medline), Scopus and BVS (Virtual
Health Library) databases were used to track manuscripts published in English. In
addition, the search was systematized using Boolean operators (AND and OR) with the
following search equation: (((((physical activity) OR (exercise)) OR (exercise training))
OR (aerobic exercise)) AND (prefrontal cortex)) AND (oxidative stress).

Study Selection and Eligibility

Eligibility criteria were previously used to minimize the risk of bias. The
inclusion and exclusion criteria followed the PICOS (Population / Intervention/
Control/ Outcomes/ Study) (Table 1) (18). Manuscripts that did not meet the following
eligibility criteria were excluded (a) Studies that used only rodents (mice and rats); (b)
Studies that intervened with only the aerobic exercise; (¢) Manuscripts without
limitation of publication date and time; (d) Studies that analyzed the oxidative balance
components (oxidative stress biomarkers and antioxidant defenses); (e) Studies with the
other organisms; as well as (1) reviews, (2) letter for editor, (3) duplicates, and presence

of data used; (4) full text not available; (5) texts not written in English; (6) did not use
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aerobic exercise; (7) did not evaluate parameters of oxidative balance in the prefrontal

cortex; (8) non-comparative study were excluded.

Table 1. PICOS strategy

Inclusion Criteria

Exclusion Criteria

Population

Intervention

Control

Outcomes

Study
Design

Rodents

Aerobic Exercise

No Aerobic Exercise

Oxidative Balance - Carbonyls,
Thiobarbituric Acid Reactive
Species, Reactive Oxygen Species,
Hydrogen peroxide, and Superanion.
For antioxidant outcomes were
collected including the activity of

Superoxide dismutase , Catalase,
Glutathione-S-Transferase,
Glutathione peroxidase and

Glutathione reductase enzymes was
measured, in addition to the content
of total thiols, reduced glutathione
and ferric reducing antioxidant
power.

Animals Studies

Humans and other organisms

No Aerobic Exercise

No Oxidative Balance

Reviews; Case report; Letter to
editor; comments, etc..

Methodological Quality Assessment

The SYRCLE's strategy was used to assess the methodological quality of the

animal studies. The tool consisted of ten questions that evaluate methodological criteria:

QI1- Was the allocation sequence adequately generated and applied? Q2- Were the

groups similar at baseline, or were they adjusted for confounders in the analysis? Q3-

Was the allocation to the different groups adequately concealed? Q4- Were the animals

randomly housed during the experiment? Q5- Were the caregivers and/or investigators

blinded from knowledge of which intervention each animal received during the

investigation? Q6- Were animals selected at random for outcome assessment? Q7- Was

the outcome assessor-blinded? Q8- Were incomplete outcome data adequately
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addressed? Q9- Are reports of the study free of selective outcome reporting? Q10- Was
the analysis free of other problems that could result in a high risk of bias? Questions
were answered with 'Yes,' No,' or 'Not clear.' When the answer was 'yes,' a score was
given; when the answer was 'no' or 'not clear,' no score was given. The overall scores for
each article were calculated as a score of 0-10 points, with the quality of each study
being classified as high (8-10), moderate (5-7), or low (<5). The two reviewers
independently reviewed all included studies. Discrepancies between raters were
resolved by consensus or by a third party (CJL) when necessary. The quality outcomes

are described in Table 2.

Search Strategy and Selection Process:

The articles retrieved through the cited databases were filtered based on the
already defined inclusion and exclusion criteria. A PRISMA flow chart was created to
describe identifying, sorting, and including selected texts (Figure 1). Using the
descriptors, 129 articles were retrieved across the three databases. Of these, 39 duplicate
articles were excluded, leaving 90 articles. Then, the researchers screened the texts
based on their titles and abstracts to check their compatibility with the selection criteria
and search strategy. This resulted in the exclusion of 73 articles (49 outside the
inclusion criteria, 22 reviews, one trial, and one comment). There were 17 texts left for
reading, of which five were excluded (two unavailable full text and five outside the
criteria). Ten articles, therefore, were included and thoroughly analyzed for this

systematic review.
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Figure 1. PRISMA flow chart
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Data items

To answer the hypothesis of this systematic review, different data were extracted.
Initially, we collected the following information: author and year, species, sex, and age.
In addition, data were collected on the structure of aerobic exercise protocol, including
the type of aerobic exercise, familiarization strategy, duration, frequency, volume, and

intensity (Table 3). Next, data on the prefrontal cortex, oxidative stress biomarkers
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were evaluated, such as Carbonyls, Thiobarbituric Acid Reactive Species (TBARS),
Reactive Oxygen Species (ROS levels), Hydrogen peroxide (H202), and Superoxide
(O2¢). Antioxidant outcomes were collected, including the activity of Superoxide
dismutase (SOD), Catalase (CAT), Glutathione-S-Transferase (GST), Glutathione
peroxidase (GPx), and Glutathione reductase (GR) enzymes were measured, in addition
to the content of total thiols, reduced glutathione (GSH) and ferric reducing antioxidant

power (FRAP) (Table 4).

RESULTS
Search results in databases

In an initial search, 129 manuscripts were identified [PubMed/Medline (50);
Scopus (60); VHL (19)]. Then, 39 duplicates excluded using the EndNote® software.
90 manuscripts were screened and submitted to the eligibility criteria, and 73
manuscripts were excluded based on title and abstract reading. Seventeen studies
remained for full-text reading. Seven studies were excluded due to the following
reasons: Five not agreeing with the eligibility criteria, and two studies did not have the

full text available. Finally, 10 studies in this systematic review were included (Figure

1.

Methodological Quality Assessment

Methodological quality assessment of the included studies is shown in Table 2.
All studies showed adequate and randomized allocation with randomly selected rodents.
In addition, incomplete results were handled appropriately, free from selective results
and bias. As these are studies involving intervention (aerobic exercise), it is not possible
to consider the investigation and analysis of the results blind. In general, all studies

presented satisfactory quality criteria.

Characteristics of the included studies

A summary containing the sample and aerobic protocols description of the 10

manuscripts (19-28) included in this systematic review can be found in Table 3.
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The age of the animals from each manuscript ranged from 28 days to 9 months
of age. Training protocols varied between running on a treadmill (7 studies), swimming
(2 studies) and voluntary running on a wheel (1 study). Control groups were non-
exercised and/or non-exercised animals placed on the switched off treadmill for the
same length of time as the protocol for trained animals. The duration of the exercise
sessions varied from 30 to 120 minutes, the intensity varied from 50 to 70% of the
maximum running capacity and the weekly frequency from 2 to 5 times a week, the
latter being the most recurrent frequency. The total duration of the programs ranged

from 1 session to 16 weeks.

The studies were relatively homogeneous regarding the evaluation of pro-
oxidant and antioxidant agents. As a measure of pro-oxidant molecules, the manuscripts
evaluated the levels of reactive oxygen species (ROS), Thiobarbituric Acid Reactive
Species (TBARS), carbonyls, superoxide (O;") and hydrogen peroxide (H20:). For
antioxidant evaluation, the activity of Superoxide dismutase (SOD), Catalase (CAT),
Glutathione-S-Transferase (GST), Glutathione peroxidase (GPx) and Glutathione
reductase (GR) enzymes was measured, in addition to the content of total thiols,

reduced glutathione (GSH) and ferric reducing antioxidant power (FRAP).

Aerobic exercise on pro-oxidant agents in the PFC

9 manuscripts evaluated the TBARS content, of these, 7 manuscripts showed no
difference (19, 22-26, 28), 1 study showed a reduction (20) and 1 study an increase
(21); 3 studies analyzed the carbonyl content, of which one study showed a reduction
(20) and 2 studies showed no difference (22, 23); 4 studies evaluated the total content of
ROS, without demonstrating any difference (21, 25, 27, 28) and 1 study evaluated the

mitochondrial content of superoxide and hydrogen peroxide (20), both reduced in the

exercised groups, except for Q3" in the adults group Table 4.

Impacts of aerobic exercise on antioxidant capacity on PFC

5 studies evaluated SOD activity, which was: increased (20, 27), decrease (24)
or no significant difference (19, 22, 26); 4 studies evaluated CAT activity, which
increased (20) or no significant difference (22, 27, 28); 6 studies evaluated GPx activity,
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its activity was increased (20, 27) or no significant difference (19, 21, 28); 3 studies
evaluated GST activity, which demonstrated increase (22) or no significant difference
(20, 27); and 2 studies evaluated the GR activity, which was increased (20) or no
significant difference (27). 5 studies evaluated the GSH content, which was increased
(20-22) or without significant difference (25, 28); 2 studies evaluated the total thiol
content, where one study showed an increase (22) and 1 study showed no significant
difference (23); lincluded study evaluated the FRAP (24), which showed no difference
Table 4.

DISCUSSION

The aim of this systematic review was to highlight the impacts of AE on the
oxidative balance in the PFC of rodents. In our results, we observed that there was great
variation in relation to the AE protocols among the works that aimed to investigate its
effect on the oxidative balance. Both animals (29, 30) and clinical studies (31) indicate
that AE is an intervention that promotes adaptations in oxidative metabolism, although
these effects are dependent on the manipulation of variations applied to the training
protocol, such as type, volume, and intensity (32). Here, we found that 5 papers showed

modulation in oxidative metabolism variables, while another 5 showed no change.

In physiological concentrations, ROS play an important role in physiological
mechanisms such as cell differentiation and proliferation, apoptosis and REDOX
signaling (33, 34). However, the deregulation of this balance can lead to the installation
of OS, damaging biomolecules (such as lipids, proteins, and nucleic acids), whose

repercussions are especially greater in the brain (35). Our data showed that only one
included study demonstrated a reduction in the content of carbonyls, MDA, O>* and

H>O> content in the PFC ((19, 21, 23-25, 28), another showed an increase in MDA
content (FLORES et al., 2014) and the other 8 showed no change.

Regarding the effect of AE on OS biomarkers, the available literature seems not
to have consolidated yet. Peripherally, aerobic training models conducted in 60 minutes
a day, 5 times a week, at 50% or 60% of the maximum running capacity and with a total
duration of 4 or 8 weeks, respectively, the exercise did not change markers of lipid and

protein oxidation in the heart (36) and liver (30). On the other hand, however, evidence
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demonstrating that AE reverses measures of lipid and protein oxidation in the CNS (29).
In a model of moderate running on a treadmill also performed at moderate intensity,
Macédo et al., (2017) demonstrated an exercise-induced reversal in the concentration of
MDA and carbonyls in the hippocampus in 46-day-old Wistar rats. Thus, it is
reasonable to consider that there is a tissue-specific response to the effect of exercise on

pro-oxidant markers, so that the CNS is a preferentially modulable target.

About the effect of AE on the entire antioxidant system (enzymatic and non-
enzymatic) there is little more evidence to support the benefit of its use. Dealing with its
enzymatic portion, our data demonstrate that in 3 articles the AE increased the activity
of SOD, CAT, GPx, GST, and GR (20, 22, 27); while 1 single study demonstrated a
reduction in GPx and SOD activity (24) and another 5 articles did not make any
difference. SOD, CAT and GPx act, in a convergent manner and through two reactions,
to carry out the complete reduction of O;" to water (33, 37). Shi et al., (2018) and
Macédo et al., (2017), both studying the hippocampus, demonstrated, respectively, that
moderate-intensity aerobic exercise was able to attenuate the cognitive dysfunction
induced by a high-fat diet by increasing Manganese-dependent Superoxide Dismutase

activity and total SOD and CAT activity (29, 38).

Thus, the contradictory effect of AE on SOD and GPx activity observed in
article 7 of this review can be explained by the author's experimental model. MORADI-
KOR et al., 2020 used the wheel running model, where there is no control of two of the
main parameters associated with adaptations to exercise — volume and intensity (39,
40). Therefore, the reduction in the activity of these enzymes may have been due to
overtraining provided by free access to the running wheel.Regarding the non-enzymatic
portion of the antioxidant system, the effect of AE was identified through the increase in
the content of GSH and total thiols (20-22), or no difference (HOEPERS et al., 2020;
NEVES ET al, 2015; SCHIMITD et al, 2014). Considering GSH as the main
intracellular thiol related to cellular antioxidant capacity, the ratio between its reduced

and oxidized form is one of the best indicators of cellular REDOX status (41).

Corroborating the positive effect of AE that we observed on these antioxidant
measures, moderate-intensity AE training programs increase the concentration of GSH,
the GSH/GSSG ratio, and the number of total thiols in different tissues, such as the liver
(30) and heart (36). On the other hand, that during physical effort it promotes several

physiological adaptations, dependent on the correct application of variables linked to
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physical training including volume, intensity, and frequency of performance (COFFEY
and HAWLEY, 2007). The possible lack of difference observed for some measures of
oxidative balance may be related to the heterogeneity of protocols used among the

articles included in this systematic review.
Strengths, limitations, and future directions

Thus, the lack of methodological homogeneity employed makes it difficult to
interpret the results obtained and prevents drawing incontestable conclusions. This may
be due to: 1) a combination of treadmill running, wheel running and swimming; 2)
training volume taken to exhaustion or not controlled; 3) wide range of intensities and
intensities based on percentage of body weight or percentage of aerobic capacity
(treadmill training). Even so, considering the tendency of running training on a
moderate-intensity treadmill to improve antioxidant capacities vital to the maintenance
of REDOX homeostasis, future work should compare the effects of this and other
intensity ranges on the PFC oxidative balance in animals submitted to running on a

treadmill.

CONCLUSION

Thus, it can be concluded that aerobic exercise protocols during 8 weeks or more
showed improvement in the antioxidant system in PFC from rodents. However, there
was no consensus response to measures of OS biomarkers and antioxidant defenses in
response to AE. Therefore, comparative works that isolate the variables volume,
intensity, type of exercise and study them independently may help to better understand

the special effects of oxidative metabolism in response to aerobic physical exercise.
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Complying with Ethics of Experimentation

Please ensure that all research reported in submitted papers has been conducted in an ethical and
responsible manner, and is in full compliance with all relevant codes of experimentation and
legislation. All original research papers involving humans, animals, plants, biological material,
protected or non-public datasets, collections or sites, must include a written statement in the
Methods section, confirming ethical approval has been obtained from the appropriate local
ethics committee or Institutional Review Board and that where relevant, informed consent has
been obtained. For animal studies, approval must have been obtained from the local or
institutional animal use and care committee. All research studies on humans (individuals,
samples, or data) must have been performed in accordance with the principles stated in the
Declaration of Helsinki. In settings where ethics approval for non-interventional studies (e.g.
surveys) is not required, authors must include a statement to explain this. In settings where there
are no ethics committees in place to provide ethical approval, authors are advised to contact the
Editor to discuss further. Detailed guidance on ethics considerations and mandatory declarations

can be found in our Editorial Policies section on Research Ethics.
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Policies on privacy and informed consent from patients and study participants. Authors must
include a statement to confirm that any patient, service user, or participant (or that person’s
parent or legal guardian) in any type of qualitative or quantitative research, has given informed
consent to participate in the research. For submissions where patients or participants can be
potentially identified (e.g. a clinical case report detailing their medical history, identifiable
images or media content, etc), authors must include a statement to confirm that they have
obtained written informed consent to publish the details from the affected individual (or their
parents/guardians if the participant in not an adult or unable to give informed consent; or next of
kin if the participant is deceased). The process of obtaining consent to publish should include
sharing the article with the individual (or whoever is consenting on their behalf), so that they are
fully aware of the content of the article before it is published. Authors should familiarise

themselves with our policy on participant/patient privacy and informed consent. They may also
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page.

Health and Safety

Please confirm that all mandatory laboratory health and safety procedures have been complied
within the course of conducting any experimental work reported in your paper. Please ensure
your paper contains all appropriate warnings on any hazards that may be involved in carrying
out the experiments or procedures you have described, or that may be involved in instructions,

materials, or formulae.

Please include all relevant safety precautions; and cite any accepted standard or code of
practice. Authors working in animal science may find it useful to consult the International
Association of Veterinary Editors’ Consensus Author Guidelines on Animal Ethics and Welfare
and Guidelines for the Treatment of Animals in Behavioural Research and Teaching. When a
product has not yet been approved by an appropriate regulatory body for the use described in

your paper, please specify this, or that the product is still investigational.
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This journal uses Taylor & Francis' Submission Portal to manage the submission process. The
Submission Portal allows you to see your submissions across Taylor & Francis' journal portfolio
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Please note that Free Radical Research uses Crossref™ to screen papers for unoriginal material.
By submitting your paper to Free Radical Research you are agreeing to originality checks

during the peer-review and production processes.

On acceptance, we recommend that you keep a copy of your Accepted Manuscript. Find out

more about sharing your work.
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This journal applies the Taylor & Francis Basic Data Sharing Policy. Authors are encouraged to
share or make open the data supporting the results or analyses presented in their paper where
this does not violate the protection of human subjects or other valid privacy or security

concerns.

Authors are encouraged to deposit the dataset(s) in a recognized data repository that can mint a
persistent digital identifier, preferably a digital object identifier (DOI) and recognizes a long-
term preservation plan. If you are uncertain about where to deposit your data, please see this

information regarding repositories.

Authors are further encouraged to cite any data sets referenced in the article and provide a Data

Availability Statement.

At the point of submission, you will be asked if there is a data set associated with the paper. If
you reply yes, you will be asked to provide the DOI, pre-registered DOI, hyperlink, or other
persistent identifier associated with the data set(s). If you have selected to provide a pre-
registered DOI, please be prepared to share the reviewer URL associated with your data deposit,

upon request by reviewers.

Where one or multiple data sets are associated with a manuscript, these are not formally peer-
reviewed as a part of the journal submission process. It is the author’s responsibility to ensure

the soundness of data. Any errors in the data rest solely with the producers of the data set(s).

Publication Charges
There are no submission fees, publication fees or page charges for this journal.

Colour figures will be reproduced in colour in your online article free of charge. If it is

necessary for the figures to be reproduced in colour in the print version, a charge will apply.

Charges for colour figures in print are £300 per figure ($400 US Dollars; $500 Australian
Dollars; €350). For more than 4 colour figures, figures 5 and above will be charged at £50 per
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charges may be subject to local taxes.
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Copyright allows you to protect your original material, and stop others from using your work
without your permission. Taylor & Francis offers a number of different license and reuse
options, including Creative Commons licenses when publishing open access. Read more on

publishing agreements.

Complying with Funding Agencies

We will deposit all National Institutes of Health or Wellcome Trust-funded papers into
PubMedCentral on behalf of authors, meeting the requirements of their respective open access
policies. If this applies to you, please tell our production team when you receive your article
proofs, so we can do this for you. Check funders’ open access policy mandates here. Find out

more about sharing your work.

Accepted Manuscripts Online (AMO)

This journal posts manuscripts online as rapidly as possible, as a PDF of the final, accepted (but
unedited and uncorrected) paper. This is clearly identified as an unedited manuscript and is
referred to as the Accepted Manuscript Online (AMO). No changes will be made to the content
of the original paper for the AMO version but, after copy-editing, typesetting, and review of the
resulting proof, the final corrected version (the Version of Record [VoR]), will be published,

replacing the AMO version.

The VoR is the article in its final, definitive and citable form (this may not be immediately
paginated, but is the version that will appear in an issue of the journal). Both the AMO version
and VoR can be cited using the same DOI (digital object identifier). To ensure rapid
publication, we ask you to return your signed publishing agreement as quickly as possible, and

return corrections within 48 hours of receiving your proofs.

My Authored Works

On publication, you will be able to view, download and check your article’s metrics

(downloads, citations and Altmetric data) via My Authored Works on Taylor & Francis Online.
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eprints link, so you can quickly and easily share your work with friends and colleagues.

We are committed to promoting and increasing the visibility of your article. Here are some tips
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