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Abstract 

Protein deprivation is a detrimental nutritional state that induces several 

deleterious changes in the rat hippocampal formation. In this study, we compared the 

effects of protein deprivation in the number of parvalbumin (PV)-immunoreactive and 

calretinin (CR)-immunoreactive interneurons of the dentate gyrus, which are involved 

in the control of calcium homeostasis and fine tuning of the hippocampal circuits. Two 

month-old rats were randomly assigned to control and low-protein diet groups. The rats 

of the latter group were fed with a low-protein diet (8% casein) for 6 months. All 

animals were perfused at 8 months of age. The number of neurons expressing CR in the 

molecular layer and in the hilus of dentate gyrus was reduced in protein-deprived rats. 

Conversely, protein deprivation increased the number of PV-containing interneurons in 

the dentate granule cell layer and hilus. These results support the view that protein 

deprivation may disturb calcium homeostasis, leading to neuronal death including 

GABAergic interneurons expressing CR. In the other hand, the up-regulation of PV 

cells may reflect a protective mechanism to counteract the calcium overload and protect 

the remaining neurons of the dentate gyrus. 
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1. Introduction 

Protein malnutrition is a serious public health problem in numerous countries [1, 

34]. Proteins in food are a fundamental source of amino acids and in the central nervous 

system they are the precursor of neurotransmitters, structural proteins, enzymes and 

other vital biocompounds. It is known that prolonged protein deprivation in the perinatal 

period or adulthood induces structural and biochemical alterations in different brain 

regions, particularly in the hippocampal formation (HF) [3, 6, 13, 15]. Indeed, the 

exposure of adult rats to a low-protein diet for 6 months provokes neuronal loss in the 

dentate gyrus, CA3 and CA1 regions of the HF [31] in parallel with degenerative 

alterations in the dendritic arborizations and loss of synaptic contacts [3, 31]. Protein 

deprivation also leads to changes in the cholinergic and gamma-aminobutyric acid 

(GABA)-ergic systems, mainly in the hilus of the dentate gyrus [6]. In agreement with 

this, behavioral studies indicate that cognitive functions are altered in perinatal and 

adult protein-malnourished animals [1, 28, 31]. 

Defects in the GABAergic system in brain were described in adult rodents that 

were protein-deprived during pregnancy [17, 38]. After weaning, the inhibitory 

GABAergic interneurons of the HF were also found to be one of the neuronal 

populations most affected by dietary protein deprivation [6]. However, HF contains 

heterogeneous inhibitory interneurons with different morphology and functions, and it is 

not known which specific subpopulations are affected by protein deprivation [11, 30]. 

Taking into account that chronic protein deprivation increases the intracellular calcium 

concentrations, which may lead to excessive cell activation, injury and neuronal death 

[11, 14], it is very important to analyze the effects of this specific nutritional deprivation 

in GABAergic interneurons that express calcium-binding proteins. Calbindin D28k 

(CB), parvalbumin (PV) and calretinin (CR) are high-affinity Ca
2+

 binding proteins that 
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regulate Ca
2+

 homeostasis through the buffering of its intracellular concentration [7, 33] 

and divide the GABAergic interneurons into three largely non-overlapping populations 

[8]. The majority of CB-immunoreactive (IR) neurons are present in the CA1 and CA3 

stratum radiatum and in some “superficial” CA1 pyramidal cells, but they are relatively 

scarce in the hilus although CB is expressed in dentate granule cells [16, 21]. PV-IR 

interneurons are present in large numbers in the strata oriens and pyramidale of CA1 

and CA3 hippocampal fields and also in the dentate gyrus [16, 21]. The CR-IR 

interneurons are observed in all layers and subfields of the hippocampus proper and 

dentate gyrus, mainly in the hilus [8, 16, 21]. 

We have previouly demonstrated that protein malnutrion leads to hippocampal 

loss of GABAergic interneurons in the dentate gyrus [6]. However, albeit protein 

deprivation induces massive increase of intracellular calcium, we did not found 

hippocampal loss of PV-IR cells [9], suggesting that other GABAergic subpopulations 

could be affected. Therefore, the present study was designed to evaluate the effects of 

chronic protein deprivation in the other GABAergic subpopulation of calcium-binding 

protein family present in large numbers in the hilus of dentate gyrus, namely the CR-

containing interneurons. To this end, we estimated the number of CR-IR neurons in the 

hippocampal dentate gyrus of adult rats and compared it with the number of neurons 

expressing PV. It is important to note that all PV-IR interneurons contain GABA as 

neurotransmitter and the majority of CR-IR interneurons are also GABAergic with no 

co-localization with PV [16, 21]. We centered our study in the dentate gyrus because we 

have previously demonstrated that protein deprivation provokes loss of GABAergic 

neurons in the dentate gyrus but not in hippocampus proper [6]. 
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2. Material and methods 

Animals and diets  

Male Wistar rats obtained from the colony of the Institute of Molecular and Cell 

Biology (Porto, Portugal) were used in the present study. Animals were maintained 

under standard laboratory conditions (20-22ºC and a 12-h light/dark cycle). At 2 months 

of age, rats were individually housed and randomly assigned to one of two groups. Rats 

of the control group (n=6) were fed ad libitum throughout the entire experimental period 

with standard laboratory chow (Mucedola, Italy) containing: proteins (17%) 

supplemented with lysine (0.7%), methionine (0.3%) and cysteine (0.5%), 

carbohydrates (57%), fat (4%) and salts (7%). Low-protein diet rats (n=6) were fed for 

6 months with a low-protein diet (MP Biomedicals, USA) containing: casein (8%) 

supplemented with methionine (0.3%), carbohydrates (78%), fat (10%) and ICN Salt 

Mixture U.S.P. XIV (4%). The rats from all experimental groups were individually 

housed at 2 months of age to allow the daily quantification of food and liquid 

consumption. Rats were weighed weekly and bedding was changed at the same time 

minimizing stress due to handling. All rats had free access to food and water throughout 

the experimental period. All animals were euthanized at 8 months of age. The handling 

and care of the animals followed the Principles of Laboratory Animal Care (NIH 

Publication No. 86-23, revised 1985) and the European Communities Council 

Guidelines in Animal Research (86/609/UE). All efforts were made to minimize the 

number of animals used and their suffering. 

 

Tissue preparation 

At the end of the treatments animals were perfused transcardially with 0.1 M 

phosphate buffer (PB) followed by a fixative solution containing 4% paraformaldehyde 
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in PB at pH 7.6. Subsequently, the brains were removed, coded for blind processing and 

analysis, stored in fixative solution for 1h, maintained overnight in the 10% sucrose 

solution at 4ºC, serially sectioned in the coronal plane at 40 µm on a vibratome and 

collected in phosphate buffered saline. 

 

Immunocytochemistry and Nissl staining 

Two sets of vibratome sections containing the HF were selected, using a 

systematic random sampling procedure. Sections were incubated overnight at 4°C with 

the rabbit polyclonal antibody against either PV or CR (Swant, Switzerland) and 

processed as previously described [9]. Specificity of the immune reactions was 

controlled by omitting the incubation step with primary antiserum. All 

immunocytochemical reactions and washings were carried out in 12-well tissue culture 

plates, 4 sections in each well, to ensure that staining of the sections from all groups 

analysed was performed in parallel and under identical conditions. The sections were 

mounted on gelatin-coated slides, air dried, dehydrated and coverslipped using 

Histomount (National Diagnostics, USA). 

Another set of sections was mounted and processed for Nissl staining as 

previously described [10]. 

 

Morphometric analysis: estimation of areal density of PV-IR and CR-IR neurons 

Visual examination of the PV- and CR-immunostained sections containing the 

dentate gyrus showed that the boundaries of the layers are difficult to delineate with 

certainty in this material and it was concluded that unbiased stereological methods 

necessitating precise delineation of reference areas would be difficult to apply in this 

case. Therefore, we opted to analyse this material by using the procedure previously 
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developed for quantification of the areal density of immunostained cells in cortical areas 

[10]. Because it had been previously reported that low-protein diet do not affect the 

volumes of the dentate gyrus layers [4, 29], the variations in the areal density of PV- 

and CR-IR cells in each dentate gyrus layer reliably reflect the effect of those treatments 

on this neuronal population. In this procedure, sections were analysed using a light 

microscope equipped with a camera lucida at final magnification of ×130. The layers 

boundaries of the dentate gyrus were consistently defined at all levels along the 

septotemporal axis of the HF on the basis of cytoarchitectonic criteria [2, 36]. From the 

PV- and CR-positive level-matched sections obtained for each brain, every third section 

was systematically sampled to yield a set of 10 to 12 sections to be included in the 

analysis. Camera lucida drawings of PV- and CR-IR perikarya were drawn, 

unilaterally, from the hippocampal fissure to the pial surface and extending towards the 

initial segment of CA3. PV- and CR-IR neurons were identified as darkly stained 

perikarya (Fig. 1). The number of neurons within each layer of the dentate gyrus was 

counted from the drawings. The same camera lucida drawings were used for the 

measurement of the areas of the layers using a transparent sheet bearing a test system 

composed of a set of regularly spaced points as previously described [9, 10]. The cell 

counts obtained were divided by the values of the corresponding laminar areas to yield 

the values of the areal densities (number/mm
2
). 

 

Statistical analysis 

Before conducting statistical comparisons, data were tested for normality using 

the Kolmogorov–Smirnov one-sample test. Because all data samples passed the 

normality tests, they were analysed using a student's t-test. Differences were considered 

significant at the p < 0.05 level. Results are expressed as means ± SD. 
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3. Results 

Animals and diets 

Daily food intake, measured at 08.00 hours every day, was 31.8 ± 2.3 g in control 

and 30.4 ± 3.2 in low-protein diet treated animals. By the end of the experiment, the 

mean body weight of low-protein treated rats (742 ± 15.30 g) was similar to control rats 

(765 ± 25.20 g). No significant difference was detected between the mean brain weights 

of control (1.54 ± 0.04 g) and low protein-diet (1.54 ± 0.03 g) animals. 

 

Qualitative morphological results 

In Nissl-stained dentate gyrus the density of hilar cells is decreased in protein-

deprived rat when compared to control animal (Fig. 1, A, B). Visual inspection of the 

immunostained material showed that the density of PV-IR neurons in the dentate hilus 

was somewhat increased in low-protein treated rat in comparison to control rat (Fig. 1, 

C, D). In contrast, the density of CR-IR neurons was markedly decreased in the hilus 

and molecular layer of the dentate gyrus of low-protein treated animal when compared 

to the control rat (Fig. 1, E, F). 

 

Quantitative analyses 

The results of the areal density of PV-IR and CR-IR neurons in the molecular 

layer, granular layer and hilus of dentate gyrus are shown in Figure 2. Analysis of the 

data confirmed the conclusion drawn from our qualitative observations by showing that 

the areal density of PV-IR neurons in the granule cell layer was increased in low-protein 

treated rats relative to controls (p < 0.05; Fig. 2A). In the hilus, the areal density of PV-

IR neurons was approximately three times higher in the low-protein diet group than in 
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control group (p < 0.01; Fig. 2A). In contrast, and also consistent with qualitative 

observations, statistical analysis of the data showed that the areal density of CR-IR 

neurons in the molecular layer was decreased in low-protein treated rats relative to 

controls (p < 0.05; Fig. 2B). Furthermore, low-protein treatment also provoked 

significant reduction of the CR-IR areal density in the hilus when compared with 

control rats (p < 0.05; Fig. 2B). 

 

4. Discussion 

The main finding of the present study is that chronic protein deprivation provokes 

a significant decrease of the number of CR-IR neurons in the molecular layer and in the 

hilus of the dentate gyrus but, conversely, increases the number of PV-IR neurons in the 

granule cell layer and in the hilus of the dentate gyrus. 

Parallel with the severity of the neuronal death of the main populations of the HF 

reported in previous studies [5, 31, 35], we have found that the number of CR-IR 

neurons was reduced in the molecular layer and hilus of the dentate gyrus of animals 

subjected to protein deprivation. The numerical decrease was greater in the hilus than in 

the molecular layer, suggesting that CR-IR neurons of the hilus are more vulnerable to 

the low-protein diet. It was previously demonstrated that prolonged protein deprivation 

decreases the number of GABAergic neurons of the hilus and of the suprapyramidal 

limb of the granule cell layer, locations where they are more numerous [6]. This 

numerical reduction could be due to cell death, decrease of activity or even alteration of 

protein conformation. However, taking in account that nutritional rehabilitation did not 

reestablished the number of GABAergic neurons to control values [6], it is likely that 

the decrease of number of CR-IR cells in this region most likely reflects an irreversible 

loss of these neurons. 
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Prolonged protein deprivation induces elevation of intracellular calcium 

concentrations leading to excessive cell activation, injury and, potentially, to neuronal 

death [11, 14]. Interestingly, our results show that protein malnutrition has differential 

effects on calcium-binding proteins PV- and CR-expressing neurons. Indeed, protein 

deprivation increases the density of PV-IR neurons in the granule cell layer and in the 

hilus but decreases the number of CR-IR cells in hilus and molecular layer, 

demonstrating that PV-IR interneurons are resistant, whereas CR-IR interneurons are 

clearly more vulnerable to this deprivational condition. In other words, there are specific 

subpopulations of the GABAergic hippocampal interneurons that are affected by protein 

deprivation whereas others are spared. It is important to refer that PV-IR interneurons 

are predominantly basket and chandelier cells that provide inhibition to the principal 

neurons at the cell body and axon initial segment [20, 30], whereas CR-IR interneurons 

represent a very distinct subpopulation, mainly dendrite-targeting, morphologically 

different and with no overlap with the PV-expressing neurons [8, 16, 21]. Moreover, 

whereas PV-IR neurons acts fundamentally upon principal neurons, the CR-IR neurons 

are a unique GABAergic population because its targets are almost exclusively 

GABAergic interneurons, including VIP-IR, CB-IR, somatostatin-IR and other CR-IR 

neurons, but avoid PV-IR neurons [8, 24]. In doing so, the CR-IR neurons have the 

capacity to control the generation of synchrony inhibitory activity of other interneurons 

upon principal neurons [24, 32]. The neuronal loss of CR-IR cells, found in the present 

study, may result in the impairment of the synchronization of the inhibitory drive upon 

principal neurons, leading to an inefficient control of excitatory input to principal 

neurons. This finding is consistent with earlier observations of increased inhibition in 

the HF of protein-malnourished animals [34]. Functionally, it could explain, at least 

partially, the spatial learning and memory detrimental changes observed in these 
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protein-deprived animals [31]. On the other hand, knowing that prolonged protein 

deprivation increases the intracellular calcium levels and that PV has been reported to 

buffer free intracellular calcium [12, 37], the up-regulation of PV in neurons may be 

interpreted as a survival strategy, reflecting a protective mechanism to counteract the 

calcium overload [22, 27, 30] rendering neurons more resistant to excitotoxicity [22, 

26]. Furthermore, the loss of CR-IR neurons, may decrease the overall response 

capacity to calcium overload, which could also contribute to the increase of the number 

of PV-expressing neurons. 

A caveat of this study is that animals, at 2 months of age, were individually 

housed and it is known that social isolation may induce long-term brain and behavior 

alterations [18, 19]. However, taking in account that all animals of the different groups 

were subjected exactly to the same conditions, it is plausible to assume that the 

experimental groups and results are comparable. Moreover, the isolation started only 

after 2 months of age, after the critical brain development period [18, 19]. Furthermore, 

it was demonstrated that social isolation lead to no change [23] or even decrease [25] of 

the density of PV-IR neurons in the HF. On the other hand, social isolation did not 

change [25] or increase the density of CR-IR in the dentate gyrus [23]. Taking all these 

in account, it is reasonable to assume that the alterations found in the present study are 

not related to social isolation. 

In conclusion, we found that protein deprivation increases the density of PV-IR 

cells both in granular layer and hilus when compared to controls. In other words, PV-IR 

interneurons are not only spared by the deprivational protein insult but even increase 

their relative number. Conversely, prolonged protein deprivation in adult rats induces a 

significant loss of molecular and hilar GABAergic neurons expressing CR in the dentate 

gyrus of HF. This neuronal loss of a GABAergic population specialized in the control 
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and synchronization of other GABAergic interneurons may affect the hippocampal 

circuits, which could contribute to the behavioral impairments observed in protein-

deprived animals. 
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Figure Legends 

Fig. 1. Representative photomicrographs of level-matched coronal sections of the 

dentate gyrus from control (A, C, E) and low-protein treated (B, D, F) rats. Sections 

shown in (A) and (B) were Nissl-stained, whereas (C) and (D) were immunostained for 

PV and those shown in (E) and (F) were immunostained for CR. Note the reduction of 

the density of hilar cells in the Nissl-stained section of the low-protein treated rat when 

compared to the control rat. The density of PV-IR cells in the granule cell layer and in 

the hilus is increased in the low-protein treated rat when compared with the control 

animal. Conversely, note that the density of CR-IR cells in the molecular layer and in 

the hilus is decreased in the low-protein treated rat when compared with the control rat. 

ML, molecular layer; GL, granular layer; H, hilus; CA3, CA3 pyramidal cell layer. 

Scale bar = 200 µm. 

 

Fig. 2. Graphic representation of the areal density of PV-IR (A) and CR-IR (B) cells 

(number/mm
2
) in the molecular layer, granular layer and hilus of the dentate gyrus of 

control and low-protein treated rats. Note that the areal density of PV-IR neurons is 

significantly increased in the low-protein treated group in the granular layer (A; p < 

0.05) and in the hilus (A; p < 0.01) when compared to the control group. Conversely, 

the areal density of CR-IR neurons is significantly reduced in the low-protein treated 

animals in the molecular layer and in the hilus (B; p < 0.05) when compared to the 

controls. Data are presented as means ± SD. * p < 0.05 and ** p < 0.01 versus control 

group. 

 



Figure 1 Color Web
Click here to download high resolution image

http://ees.elsevier.com/nsl/download.aspx?id=806364&guid=7fa3deb6-f694-4c8a-b637-260c79c099a5&scheme=1


Figure 1 BW Print
Click here to download high resolution image

http://ees.elsevier.com/nsl/download.aspx?id=806365&guid=a1f352dd-f00d-4792-926d-4cc352078746&scheme=1


Figure 2
Click here to download high resolution image

http://ees.elsevier.com/nsl/download.aspx?id=805818&guid=2630873a-3a18-4767-a7a2-dce3a8885b80&scheme=1


Anexo 

Normas da Revista 



AUTHOR INFORMATION PACK 16 Mar 2014 www.elsevier.com/locate/neulet 1

NEUROSCIENCE LETTERS
The rapid communication journal for the neurosciences.

AUTHOR INFORMATION PACK

TABLE OF CONTENTS
.

XXX
.

•       Description
•       Audience
•       Abstracting and Indexing
•       Editorial Board
•       Guide for Authors

p.1
p.1
p.2
p.2
p.4

ISSN: 0304-3940

DESCRIPTION
.

Neuroscience Letters is devoted to the rapid publication of short, high-quality papers of interest
to the broad community of neuroscientists. Only papers which will make a significant addition to
the literature in the field will be published. Papers in all areas of neuroscience - molecular,
cellular, developmental, systems, behavioral and cognitive, as well as computational - will
be considered for publication. Submission of laboratory investigations that shed light on disease
mechanisms is encouraged. Clinical studies will also be published if they provide new information
about organization or actions of the nervous system, or provide new insights into the neurobiology
of disease.

Papers that are primarily devoted to psychological or philosophical questions, that use unvalidated
methodology, or that fall outside of the realm of neuroscience, will not be published.

Neuroscience Letters is published both on the web (in ScienceDirect - http://www.sciencedirect.com),
and as a print journal. Publication in the web version of Neuroscience Letters will occur within five
weeks of acceptance, and in the hard copy within seven weeks. Particularly important papers may be
published more rapidly within a Plenary Article section of the journal.

Benefits to authors
We also provide many author benefits, such as free PDFs, a liberal copyright policy, special discounts
on Elsevier publications and much more. Please click here for more information on our author services .

Please see our Guide for Authors for information on article submission. If you require any further
information or help, please visit our support pages: http://support.elsevier.com

AUDIENCE
.

Neuroscientists, neurologists

http://www.elsevier.com/wps/find/authorsview.authors/authorservices
http://www.elsevier.com/wps/find/journaldescription.cws_home/506081/authorinstructions


AUTHOR INFORMATION PACK 16 Mar 2014 www.elsevier.com/locate/neulet 2

ABSTRACTING AND INDEXING
.

BIOSIS
Elsevier BIOBASE
Chemical Abstracts
Current Contents/Life Sciences
MEDLINE®
EMBASE
Pascal M
Reference Update
Science Citation Index
Scopus

EDITORIAL BOARD
.

Editor-in-Chief:

S.G. Waxman, Yale University School of Medicine, New Haven, Connecticut, USA

Deputy Editors:

Ausim Azizi, Temple University Hospital, Philadelphia, Pennsylvania, USA
Pamela Knapp, Virginia Commonwealth University, Richmond, Virginia, USA

Associate Editors:

B.A. Barres, Stanford University School of Medicine, Stanford, California, USA
J. Black, Yale University School of Medicine, New Haven, Connecticut, USA
T. Bonhoeffer, Max Planck Institut (MPI) für Neurobiologie, Martinsried, Germany
G. Bottini, Università degli Studi di Pavia, Pavia, Italy
T. Cummins, Indiana University School of Medicine, Indianapolis, Indiana, USA
R.D. Fields, National Institute of Child Health and Human Development (NICHD), Bethesda, Maryland, USA
K. Friston, ,
A. Fuglevand, University of Arizona, Tucson, Arizona, USA
F.H. Gage, The Salk Institute for Biological Studies, La Jolla, California, USA
S. Grillner, Karolinska Institutet, Stockholm, Sweden
C. Gross, Princeton University, Princeton, New Jersey, USA
A.J. Hannan, University of Melbourne, Parkville, Australia
J. Hardy, University College London (UCL), London, UK
M. Harte, University of Manchester, Manchester, UK
Y. Ibata, Kyoto Prefectural Government, Kyoto, Japan
R.G. Kalb, Children's Hospital of Philadelphia, Philadelphia, Pennsylvania, USA
J.D. Kocsis, Yale University School of Medicine, New Haven, Connecticut, USA
W. Lin, University of Texas Southwestern Medical Center, Dallas, Texas, USA
D.C Lyon, University of California at Irvine, CA 92697-1275, USA
E. Macaluso, Santa Lucia Foundation, Rome, Italy
P. Magistretti, Université de Lausanne, Lausanne, Switzerland
R.C. Malenka, Stanford University School of Medicine, Palo Alto, California, USA
J.C. Neill, University of Bradford, Bradford, UK
A. Neumeister, New York University (NYU) School of Medicine, New York, USA
I. Olson, Temple University, Philadelphia, Pennsylvania, USA
J.M. Pascual, University of Texas Southwestern Medical Center, Dallas, Texas, USA
C. Pittenger, Yale University, New Haven, Connecticut, USA
K. Sathian, Emory University, Atlanta, Georgia, USA
A.V. Savonenko, Johns Hopkins University School of Medicine, Baltimore, Maryland, USA
P. Schweinhardt, McGill University, Montreal, Quebec, Canada
D.W. Self, University of Texas Southwestern Medical Center, Dallas, Texas, USA
T.D. Shou, Fudan University, Shanghai, China
W. Singer, Max Planck Institute (MPI) for Brain Research, Frankfurt, Germany
J. Syka, Academy of Sciences of the Czech Republic, Prague, Czech Republic
E. Sykova, Academy of Sciences of the Czech Republic, Prague, Czech Republic
I. Tracey, University of Oxford, Oxford, England, UK
J. Veliskova, Albert Einstein College of Medicine, Bronx, New York, USA
D.R. Weinberger, Johns Hopkins University School of Medicine, Baltimore, Maryland, USA
J. Wood, University College London (UCL), London, UK
C.-L. Zhang, University of Texas Southwestern Medical Center, Dallas, Texas, USA
J. Zhao, University College London (UCL), London, UK



AUTHOR INFORMATION PACK 16 Mar 2014 www.elsevier.com/locate/neulet 3

H. Zheng, Baylor College of Medicine, Houston, Texas, USA
H.Y. Zoghbi, Baylor College of Medicine, Houston, Texas, USA

Founding Editor:

Manfred Zimmermann, Ruprecht-Karls-Universität Heidelberg, Heidelberg, Germany



AUTHOR INFORMATION PACK 16 Mar 2014 www.elsevier.com/locate/neulet 4

GUIDE FOR AUTHORS
.

INTRODUCTION
Neuroscience Letters is devoted to the rapid publication of short, high-quality papers of interest
to the broad community of neuroscientists. Only papers which will make a significant addition to
the literature in the field will be published. Papers in all areas of neuroscience - molecular, cellular,
developmental, systems, behavioral and cognitive, as well as computational - will be considered
for publication. Submission of laboratory investigations that shed light on disease mechanisms is
encouraged. Clinical studies will also be published if they provide new information about organization
or actions of the nervous system, or provide new insights into the neurobiology of disease.

Papers that are primarily devoted to psychological or philosophical questions, that use unvalidated
methodology, or that fall outside of the realm of neuroscience, will not be published.

The Neuroscience Peer Review Consortium

Neuroscience Letters is a member of the Neuroscience Peer Review Consortium (NPRC). The NPRC
has been formed to reduce the time expended and, in particular, the duplication of effort by, and
associated burden on reviewers involved in the peer review of original neuroscience research papers.
It is an alliance of neuroscience journals that have agreed to accept manuscript reviews from other
Consortium journals. By reducing the number of times that a manuscript is reviewed, the Consortium
will reduce the load on reviewers and Editors, and speed the publication of research results.

If a manuscript has been rejected by another journal in the Consortium, authors can submit the
manuscript to Neuroscience Letters and indicate that the referees' reports from the first journal will
be made available to the Editors of Neuroscience Letters.

It is the authors' decision as to whether or not to indicate that a set of referee's reports should
be forwarded from the first journal to Neuroscience Letters. If an author does not wish for this to
happen, the manuscript can be submitted to Neuroscience Letters without reference to the previous
submission. No information will be exchanged between journals except at the request of authors.
However, if the original referees' reports suggested that the paper is of high quality, but not suitable
for the first journal, then it will often be to an author's advantage to indicate that referees' reports
should be made available.

Authors should revise the original submission in accordance with the first journal's set of referee
reports, reformat the paper to Neuroscience Letters' specification and submit the paper to
Neuroscience Letters with a covering letter describing the changes that have been made, and
informing the Editors that the authors will ask for the referees' reports to be forwarded from the
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such are necessary
.

Visit http://nprc.incf.org for a list of Consortium journals, as well as further information on the scheme.
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Ethics in publishing
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http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Policy and ethics
The work described in your article must have been carried out in accordance with The Code
of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving
humans http://www.wma.net/en/30publications/10policies/b3/index.html; EC Directive 86/609/EEC
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consent of the copyright-holder.

Contributors
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described. The statement that all authors have approved the final article should be true and included
in the disclosure.

Addition, deletion, or rearrangement of author names in the authorship of accepted
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Before the accepted manuscript is published in an online issue
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confirmation (email, fax, letter) from all authors that they agree with the addition, removal or
rearrangement. In the case of addition or removal of authors, this includes confirmation from the
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Requests that are not sent by the corresponding author will be forwarded by the Journal Manager to
the corresponding author, who must follow the procedure as described above. Note that:

Journal Managers will inform the Journal Editors of any such requests. Publication of the accepted
manuscript in an online issue is suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.

Changes to authorship
This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:
Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that
they agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
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the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
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must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.
After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.

Copyright
This journal offers authors a choice in publishing their research: Open Access and Subscription.

For Subscription articles
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (for
more information on this and copyright, see http://www.elsevier.com/copyright). An e-mail will be
sent to the corresponding author confirming receipt of the manuscript together with a 'Journal
Publishing Agreement' form or a link to the online version of this agreement.
Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations
(please consult http://www.elsevier.com/permissions). If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases: please consult
http://www.elsevier.com/permissions.

For Open Access articles
Upon acceptance of an article, authors will be asked to complete an 'Exclusive License
Agreement' (for more information see http://www.elsevier.com/OAauthoragreement). Permitted
reuse of open access articles is determined by the author's choice of user license (see
http://www.elsevier.com/openaccesslicenses).

Retained author rights
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author rights for:
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Role of the funding source
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• Articles are made available to subscribers as well as developing countries and patient groups through
our access programs (http://www.elsevier.com/access)
• No Open Access publication fee
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Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for non-
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Language (usage and editing services)
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mixture of these). Authors who feel their English language manuscript may require editing
to eliminate possible grammatical or spelling errors and to conform to correct scientific
English may wish to use the English Language Editing service available from Elsevier's
WebShop (http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http://support.elsevier.com) for more information.

Submission
Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts source files to a single PDF file of the
article, which is used in the peer-review process. Please note that even though manuscript source
files are converted to PDF files at submission for the review process, these source files are needed for
further processing after acceptance. All correspondence, including notification of the Editor's decision
and requests for revision, takes place by e-mail removing the need for a paper trail.

Submit your article
Please submit your article via http://ees.elsevier.com/nsl/
Authors who are unable to provide an electronic version or have other circumstances that prevent
online submission must contact the journal Editorial Office (NSL@elsevier.com; Tel +1-619-699-6583;
Fax +1-619-699-6801) prior to submission to discuss alternate options. The Publisher and Editors
regret that they are not able to consider submissions that do not follow these procedures.

Referees
Authors must send the names, addresses and email addresses for 8-10 potential referees. Although
the journal does not guarantee these reviewers will be used, the Editors take these suggestions under
consideration. These recommendations help the journal speed the editorial process.

Additional information
Length of manuscripts will in no case be more than 6 printed pages (5000 words) of the journal. As an
approximate guide to authors for judging the length of their paper, the following estimation may be
used: heading + abstract = 0.5-0.6 pages; 3 type-written (double-spaced) pages = 1 printed page;
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(when using a word-processor) 850 words or 5300 characters = 1 printed page; 3 single-column wide
or 2 double-column wide figures plus legends = 1 printed page; 3 single-column wide or 2 double-
column wide tables = 1 printed page; 17 references = 0.5 printed page.

PREPARATION
Use of word processing software
It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts
(see also the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphics will be required whether or not you embed your figures
in the text. See also the section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Article structure
Subdivision
Divide your article into clearly defined sections. Each subsection is given a brief heading. Each heading
should appear on its own separate line. Subsections should be used as much as possible when cross-
referencing text: refer to the subsection by heading as opposed to simply " the text" .

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is in very occasional cases appropriate, although in general, Results and
Discussion should be presented as distinct sections of the manuscript. Avoid extensive citations and
discussion of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Essential title page information
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
• Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.
• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.
• Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.
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Abstract
A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract
A Graphical abstract is optional and should summarize the contents of the article in a concise, pictorial
form designed to capture the attention of a wide readership online. Authors must provide images
that clearly represent the work described in the article. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 × 1328 pixels (h × w) or proportionally more. The image should be readable at a size of 5 ×
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. See http://www.elsevier.com/graphicalabstracts for examples.
Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images also in accordance with all technical requirements: Illustration Service.

Highlights
Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and should be submitted in a separate file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85
characters, including spaces, per bullet point). See http://www.elsevier.com/highlights for examples.

Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations
Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Database linking
Elsevier encourages authors to connect articles with external databases, giving their readers one-
click access to relevant databases that help to build a better understanding of the described research.
Please refer to relevant database identifiers using the following format in your article: Database: xxxx
(e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking
for more information and a full list of supported databases.

Artwork
Electronic artwork
General points
• Make sure you use uniform lettering and sizing of your original artwork.
• Embed the used fonts if the application provides that option.
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.
• Provide captions to illustrations separately.
• Size the illustrations close to the desired dimensions of the printed version.
• Submit each illustration as a separate file.

http://webshop.elsevier.com/illustrationservices/ImagePolishing/gap/requestForm.cfm
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A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.
Please do not:
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;
• Supply files that are too low in resolution;
• Submit graphics that are disproportionately large for the content.

Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear in
color on the Web (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or on the Web only. For further information on the
preparation of electronic artwork, please see http://www.elsevier.com/artworkinstructions.
Please note: Because of technical complications which can arise by converting color figures to 'gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Figure captions
Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables
Number tables consecutively in accordance with their appearance in the text. Place footnotes to tables
below the table body and indicate them with superscript lowercase letters. Avoid vertical rules. Be
sparing in the use of tables and ensure that the data presented in tables do not duplicate results
described elsewhere in the article.

References
Citation in text
Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Web references
As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.
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Reference style
Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.
Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ....'
List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.
Examples:
Reference to a journal publication:
[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun.
163 (2010) 51–59.
Reference to a book:
[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:
[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z.
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281–304.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

Video data
Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 50 MB. Video and animation files supplied will be published online in the electronic version
of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com.
Please supply 'stills' with your files: you can choose any frame from the video or animation or
make a separate image. These will be used instead of standard icons and will personalize the
link to your video data. For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print version
for the portions of the article that refer to this content.

AudioSlides
The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words and
to help readers understand what the paper is about. More information and examples are available at
http://www.elsevier.com/audioslides. Authors of this journal will automatically receive an invitation
e-mail to create an AudioSlides presentation after acceptance of their paper.

Supplementary data
Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

Submission checklist
The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.
Ensure that the following items are present:
One author has been designated as the corresponding author with contact details:
• E-mail address
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• Full postal address
• Phone numbers
All necessary files have been uploaded, and contain:
• Keywords
• All figure captions
• All tables (including title, description, footnotes)
Further considerations
• Manuscript has been 'spell-checked' and 'grammar-checked'
• References are in the correct format for this journal
• All references mentioned in the Reference list are cited in the text, and vice versa
• Permission has been obtained for use of copyrighted material from other sources (including the Web)
• Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print
• If only color on the Web is required, black-and-white versions of the figures are also supplied for
printing purposes
For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE
Use of the Digital Object Identifier
The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):
http://dx.doi.org/10.1016/j.physletb.2010.09.059
When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

Online proof correction
Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.
We will do everything possible to get your article published quickly and accurately - please upload
all of your corrections within 48 hours. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility. Note that Elsevier may
proceed with the publication of your article if no response is received.

Offprints
The corresponding author, at no cost, will be provided with a PDF file of the article via e-
mail (the PDF file is a watermarked version of the published article and includes a cover sheet
with the journal cover image and a disclaimer outlining the terms and conditions of use). For
an extra charge, paper offprints can be ordered via the offprint order form which is sent once
the article is accepted for publication. Both corresponding and co-authors may order offprints
at any time via Elsevier's WebShop (http://webshop.elsevier.com/myarticleservices/offprints).
Authors requiring printed copies of multiple articles may use Elsevier WebShop's
'Create Your Own Book' service to collate multiple articles within a single cover
(http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/booklets).

AUTHOR INQUIRIES
For inquiries relating to the submission of articles (including electronic submission) please visit
this journal's homepage. For detailed instructions on the preparation of electronic artwork,
please visit http://www.elsevier.com/artworkinstructions. Contact details for questions arising after
acceptance of an article, especially those relating to proofs, will be provided by the publisher.
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You can track accepted articles at http://www.elsevier.com/trackarticle. You can also check
our Author FAQs at http://www.elsevier.com/authorFAQ and/or contact Customer Support via
http://support.elsevier.com.

© Copyright 2012 Elsevier | http://www.elsevier.com
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