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ABSTRACT 

 

Background: Disproportionate signaling through intestinal epithelial pattern recognition 

receptors (PRR) plays a role in IBD (inflammatory bowel disease) pathophysiology. 

Diarrhea is a clinical trademark of IBD and altered activity of K+ channels (KC) may 

contribute to the low sodium absorption state. Here we sought to study the impact of PRR 

activation on the membrane potential of human intestinal epithelial cells and the role of 

KC in it. 

 

Methods: All assays were performed in cultured HT-29 cells. KC activity was assessed 

by spectrofluorometry, measuring changes in cell membrane potential (MP) with the 

anionic fluorophore DiBAC4(3). PRRs were activated by specific ligands (MDP, LTA, 

MPLA, flagellin, loxoribine and ODN2216). KC modulators employed were BaCl2, 

pinacidil, noxiustoxin and AMP-PNP. 

 

Results: Activation of NOD2, TLR5, TLR7 and TLR9 hyperpolarized the membrane (at 

103 ng/ml, the normalized AUC of the fluorescence intensity variation from the control 

were respectively (mean ± SEM): -725.3 ± 111.5; -1517.4 ± 95.0; -857.8 ± 61.1 and  

-995.6 ± 53.6), while TLR2 and TLR4 stimulation induced membrane depolarization 

(1110.4 ± 73.1 and 3890.3 ± 342.7 at 103 ng/ml, respectively). MPD effect on MP was 

abolished by BaCl2, partially reversed by AMP-PNP (a KATP channel inhibitor) and 

insensitive to noxiustoxin (a voltage-gated KC inhibitor). 

 

Conclusion: It was shown for the first time that PRR activation affects MP in human 

intestinal epithelial cells. KC appear to be important mediators in this phenomenon; in 

particular, KATP channels may partake in NOD2-derived effects. 

 

 

KEY WORDS 

 

Inflammatory bowel disease; Membrane potential; Toll-like receptor; NOD2; Potassium 

channel. 
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ABBREVIATION LIST 

 

BK channel– Large-conductance calcium-gated potassium channel 

CD – Crohn’s disease 

IBD – Inflammatory bowel disease 

IEC – Intestinal epithelial cell 

IK channel – Intermediate-conductance calcium-gated potassium channel 

KATP channel – ATP-modulated potassium channel 

KC – K+ channel 

KV channel – Voltage-gated potassium channel 

LPS – Lipopolysaccharide 

LTA – Lipoteichoic acid 

MDP – Muramyl dipeptide 

MP – Membrane potential 

MPLA – Monophosphoryl lipid A 

NKA – Na+,K+-ATPase 

NHE – Na+-H+-exchanger 

NOD2 – Nucleotide-binding oligomerization domain containing 2 

NTX – Noxiustoxin 

PAMP – Pathogen-associated molecular pattern 

PRR – Pattern recognition receptor 

SK channel – Small-conductance calcium-gated potassium channel 

TLR – Toll-like receptor 

UC – Ulcerative colitis 
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INTRODUCTION 

 

Inflammatory Bowel Disease (IBD) is a chronic inflammatory disorder that includes 

Crohn’s disease (CD) and ulcerative colitis (UC). IBD pathogenesis is thought to be a 

complex combination of genetic, immunological, environmental and intestinal 

microbiome factors that result in an excessive immune response against commensal 

flora[1]. Diarrhea is a clinical hallmark of IBD and results from a dysregulated intestinal 

ionic balance[2]. Lower sodium and water net absorption, rather than increased anion 

secretion, seems to be the major mechanism of watery stools [3, 4]. 

 

Pattern recognition receptors (PRRs) are proteins specialized in detecting pathogenic 

components, the PAMPs (pathogen-associated molecular patterns), and initiate immune 

response. Despite being an important part of innate immune defenses, disproportionate 

signaling through PRRs has been proposed to play a role in IBD pathophysiology [5, 6]. 

Toll-like receptor 2 (TLR2), TLR4 and TLR5 are cell-surface PRRs that bind to, 

respectively and among other PAMPs, LTA (lipoteichoic acid), LPS (lipopolysaccharide) 

and flagellin (present in the flagellated bacteria) [7, 8]. In contrast, TLR7, TLR9 (both 

activated by microbial nucleic acids) and Nod-like receptors (NOD) are cytosolic PRRs. 

The muramyl dipeptide (MDP)-recognizing NOD2 is particularly important since its 

polymorphisms are linked to a higher susceptibility to Crohn’s Disease [9, 10]. Recently, 

the effects of TLR2/4/5 on Na+-H+-exchanger 1 (NHE1) and NHE3 in human intestinal 

epithelial cell (IEC) lines have been described, showing how PRR aberrant activation can 

contribute to IBD-associated diarrhea [11-13]. 

 

Potassium channels (KC) are ubiquitous selective ionic channels whose IBD-related 

studies have mainly focused on their important roles in immune cells [14]. However, their 

contribution to IBD-associated diarrhea through indirect regulation of sodium absorption 

in IECs has been scarcely addressed [15]. Therefore, we intended to study the impact of 

PRR activation on KC activity in the human intestinal HT-29 cells. Although 

underexplored, several KC have been described in the intestinal epithelia. Large-

conductance Ca2+-gated KC (BK channels) are apical secretory channels in the human 

colonic mucosa and seem to be upregulated in IBD [16, 17]. On the other hand, 

intermediate-conductance Ca2+-gated KC (IK channels) are the dominant basolateral KC 

in human colonocytes and appear to be downregulated in IBD [18, 19]. In turn,  



5 

small-conductance Ca2+-gated KC (SK channels) were detected at mRNA level but not 

by immunohistochemistry in human intestinal tract [20]. Voltage-gated KC (KV1.x) are 

expressed in mammalian colonic epithelia [21] and the Kir6.1-SUR2A protein pair, 

forming an ATP-modulated K+ channel (KATP channel), has been described in human 

small intestine epithelium [22]. Given the importance of K+ in setting cell membrane 

potential (MP) [23], spectrophotometric MP measurement was used to assess KC activity. 

The present study aimed to describe the effects of PRR activation on the MP of IEC and 

to understand the role of KC in these changes. 

 

 

MATERIAL AND METHODS 

 

Cell culture 

Human HT-29 cells were obtained from the American Type Culture Collection 

(Manassas, VA, USA) and maintained in a humidified atmosphere of 5% CO2 – 95% air 

at 37 °C. Cells were grown in McCoy’s 5A Medium (Sigma-Aldrich, Missouri, EUA). 

Culture medium was supplemented with 10 U/ml of penicillin, 100 μg/ml of streptomycin 

and 25 μg/ml of fungizone (Gibco, Thermo Fisher Scientific, Massachusetts, USA), 10% 

fetal bovine serum (FBS; Gibco, Thermo Fisher Scientific, Massachusetts, USA), 25 

mmol/L N-2-hydroxyethylpiperazine-N’-2-ethanosulfonic acid (HEPES; Sigma-Aldrich, 

Missouri, EUA) and 47.6 mM NaHCO3 (MERCK, Germany). After reaching confluence, 

cells were dissociated with 0.25% trypsin–EDTA, split 1:3 and subcultured in Costar Petri 

dishes with 21 cm2 growth area (Costar, Badhoevedorp, The Netherlands). Every 2 days, 

the cell medium was changed and the cells reached confluence after 3 days of initial 

seeding in 96-well plates. Experiments were performed generally 4 days after cells 

reached confluence with culture medium free of FBS. 

 

Membrane potential measurement by spectrophotometry 

Cell membrane potential (MP) was measured using DiBAC4(3), an anionic slow-response 

MP fluorescent reporter. Fluorescence was assayed in a spectrofluorometer (Spectramax 

Gemini EM, Molecular Devices, Sunnyvale, CA, USA) with the reaction mixture in 96-

wells plate at 37 oC. The excitation wavelength was 488 nm and the emission was 520 

nm. Cells were rinsed twice with 200 μl of assay buffer (120 mM NaCl, 2 mM KCl, 5 

mM D-glucose, 1 mM MgSO4, 2 mM CaCl2, 20 mM HEPES, adjusted to 7.4 pH at 
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25 oC) containing 5 μM DiBAC4(3), and then incubated with 200 μl of assay buffer for 

30 min. The incubation medium was replaced with 180 μl of assay buffer containing 

5 μM DiBAC4(3) and whole-plate fluorescence was read for 15 minutes (basal 

fluorescence). Afterwards, test compounds were added at intervals of 15 min to  

pre-assigned wells and each column’s fluorescence was read for that time length [24]. 

The emitted radiation was presented as the AUC (area under the curve) of the 

fluorescence intensity variation from the control (∆fluorescence).  

 

Measurement of the effect of PAMP and KC modulators in MP 

Several PAMP’s were individually added to the mixture at crescent concentrations (1 to 

103 ng/ml): MDP (recognized by NOD2), LTA (TLR2 activator), MPLA 

(Monophosphoryl Lipid A, a LPS-derivative recognized by TLR4), flagellin (TLR5 

ligand), loxoribine (TLR7 activator [25]) and ODN2216 (TLR9 ligand). Due to the 

intracellular expression of NOD2, TLR7 and TLR9, their respective PAMP effects were 

determined in the presence of a transfection reagent – lipofectamine (0.5%) [26]. 

Furthermore, to ensure lipofectamine did not affect the measured outcome, it was added 

to the control of those assays. To eliminate fluctuations in fluorophore intensity between 

PAMP-related assays, the emitted fluorescence intensity was normalized by applying the 

multiplication factor XPAMP =
𝐴𝑈𝐶10 ng/ml MPD

𝐴𝑈𝐶10 ng/ml PAMP
. In some assays, K+ channels modulators 

(BaCl2 (5 mM), noxiustoxin (2.5 μM) and AMP-PNP (1 μM)) were applied separately 

and concurrently with MDP (10 ng/ml). 

 

Data analysis 

Statistical analyses were performed by either one-way ANOVA with Bonferroni post-hoc 

test (Fig. 2A, 2E, 2F and Fig. 3) or Welch’s ANOVA with Games-Howell post-hoc test 

(Fig. 2B, 2C and 2D), after assessing homogeneity of variance using Levene’s test. The 

analyses were carried out on IBM® SPSS® Statistics version 24 (IBM Corp, Armonk, 

NY) and Prism® 6 (GraphPad Software Inc., San Diego, CA). A P value less than 0.05 

was assumed to denote a significant difference. Unless otherwise stated, the data are 

represented as means ± SEM (standard error of mean). 
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Drugs 

AMP-PNP (adenosine 5’-(β,γ-imido)triphosphate lithium salt hydrate), LTA 

(lipoteichoic acid from Staphylococcus aureus), MDP (N-Acetylmuramyl-L-alanyl-D-

isoglutamine hyfrate), MPLA (Monophosphoryl Lipid A from E. Coli F583), noxiustoxin 

and pinacidil were obtained from Sigma-Aldrich (Missouri, EUA). BaCl2 (barium 

chloride) was obtained from MERCK (Germany). Flagellin, loxoribine and ODN2216 

were obtained from InvivoGen (California, USA). 

 

 

RESULTS 

 

Validation of DiBAC4(3)-mediated membrane potential measurement 

In order to measure the membrane potential (MP) of the intestinal epithelial cells (IEC) 

HT-29, we resorted to the anionic slow-response MP fluorescent reporter DiBAC4(3) 

[27]. DiBAC4(3) has practically no fluorescence in the extracellular space, and the 

intensity of the emitted fluorescence is proportional to the number of intracellular 

molecules. Therefore, due to its anionic nature, a cell membrane depolarization results in 

increased fluorescence. Rhodamine (1.0 µM [28]), a positive slow-response MP 

fluorescent probe, was used to validate MP measurement with DiBAC4(3) in HT-29 cells 

(Fig. 1). The depolarization induced by the addition of BaCl2 (5 mM), an unspecific K+ 

channel blocker, increased DiBAC4(3)-related fluorescence, but lowered the rhodamine-

related one. Concordantly, the addition of pinacidil (50 μM), an ATP-sensitive KC 

opener, prompted an opposite response with both fluorophores. This confirmed 

DiBAC4(3) as a suitable fluorescent probe for assessing MP in IECs. 

 

Effect of crescent PAMPs concentrations in the membrane potential 

To assess the influence of PRR activation in IEC membrane potential, fluorescence was 

measured at increasing concentrations of several PAMPs (Fig. 2). At 1 ng/ml, MDP 

effects (Fig. 2A) were control-like. However, at 10 ng/ml, MDP markedly hyperpolarized 

the membrane. Since higher concentrations did not significantly change fluorescence 

intensity, subsequent assays with MDP were performed at 10 ng/ml. Flagellin (Fig. 2D), 

which activates TLR5, loxoribine (Fig. 2E), a TLR7 activator, and ODN2216 (Fig. 2F), 

a TLR9 agonist, hyperpolarized the membrane in a concentration-dependent way. In 

contrast, the TLR2 ligand LTA (Fig. 2B) and TLR4 agonist MPLA (Fig. 2C) were found 
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to depolarize cell membranes. By plotting the six PAMPs together at 103 ng/ml (Fig. 2G; 

all ∆fluorescence were significantly different from control ((∆fluorescence = 0)), an interesting 

pattern was depicted: apart from flagellin, the activation of extracellular PRRs 

depolarized the cell, whereas the triggering of intracellular ones induced membrane 

hyperpolarization. 

 

Interactions between MDP and K+ channel modulators in the regulation of MP 

MDP and several KC modulators were added simultaneously to the HT-29 cells in order 

to assess a possible link between PAMPs and KC (Fig. 3). BaCl2 (5 mM), an unspecific 

KC inhibitor [29], clearly depolarized the membrane. Noxiustoxin (2.5 µM), a specific 

voltage-gated KC inhibitor [30], and AMP-PNP (1 µM), an ATP-sensitive KC inhibitor 

[31], also depolarized cell membranes to an apparently lesser but not statistically 

significant differently extent than BaCl2 (5 mM). BaCl2 completely abolished MDP’s 

influence on MP, whereas NTX did not have a significant impact on the PAMP effect. 

The simultaneous use of AMP-PNP and MDP brought fluorescence to a control-like 

level. 

 

 

DISCUSSION 

 

IBD-associated diarrhea is mainly caused by reduced intestinal sodium absorption [3, 4]. 

The well-known dysregulated immune response against luminal flora may partially 

explain this impairment. There have been described associations between the activation 

of PRRs and intestinal hydro-electrolytic imbalance [11-13]. These studies have focused 

on Na+-H+-exchangers (NHE). However, despite their ability to indirectly influence 

sodium transport through Na+,K+-ATPase (NKA) activity or electrical gradient, K+ 

channels (KC) have been seldom explored in IBD yet [15]. Therefore, we intended to 

study 1) the effects of PRR activation on the MP of IEC and 2) the importance of KC on 

this interaction. Since K+ is the most important ion in setting the cell resting membrane 

potential [23], MP changes were used to assess the activity of these channels. 

 

Initially, DiBAC4(3)-mediated spectrophotometric MP measurement was validated in 

HT-29 cells using rhodamine and known MP changers. As expected, fluorescence 
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emission varied in opposite directions whether an anionic or cationic fluorophore was 

used, which proved DiBAC4(3) suitability.  

 

To characterize the effect of PRR activation upon MP in HT-29 cells, a range of 

concentrations was tested for each PAMP. MDP, flagellin, loxoribine and ODN2216 

hyperpolarized the membrane, while LTA and MPLA depolarized it. Explanations to 

these contrasting outcomes are currently unclear; to our knowledge, this is the first study 

on the matter. TLR signaling pathways can be broadly classified in MyD88-dependent or 

TRIF-dependent ones. TLR2/5/7/9 only signal through the former, whereas TLR4 also 

activates the latter [7]. Therefore, MPLA-induced depolarization might be ascribed to that 

alternative pathway. However, surprisingly, TLR2 activation also depolarized cells, 

diverging from the other exclusively MyD88-dependent TLR5/7/9. In fact, TLRs elicit 

both common and specific individual responses. For example, TLR2 is known to recruit 

PI3K and phospholipase Cγ (PLC). In airway epithelial cells, this promotes Ca2+ release 

and ultimately activates NF-κB-dependent gene transcription [32]. However, a TLR2-

induced NF-κB-independent pathway involving PLC has been recently described in 

human T84 IEC [11]. Therefore, the present finding may be another evidence of 

alternative transduction mechanisms and unique outcomes following TLR activation.  

 

MDP effect was most apparent when increasing concentration from 1 ng/ml to 10 ng/ml. 

In fact, concentrations between 10 ng/ml and 103 ng/ml had a similar effect on MP, and 

applying MDP at 104 ng/ml yielded analogous results (data not shown). This last value is 

within the range of MDP concentrations measured in colonic and stool samples of healthy 

subjects (9.85 to 42.85 μg/ml) [33]. 

 

Given the importance of NOD2 to the IBD pathogenesis, we aimed to study its 

interactions with KC. The three major NOD2 polymorphisms associated with increased 

risk for CD development, G908R, R702W and L1007fsinsC, all lead to a loss-of-function 

phenotype [9, 10]. To better understand the consequences of NOD2 activation, the 

following assays were performed using MPD at 10 ng/ml and several KC modulators. 

The fact that BaCl2 completely abolished MDP effects hints that the latter’s influence on 

MP is ultimately dependent on KC opening. In an attempt to pinpoint the involved 

channels, we turned to more specific KC inhibitors: noxiustoxin and AMP-PNP. 
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The depolarizing effects obtained by applying NTX alone imply the presence of voltage-

dependent KC [21, 30]. However, NTX was unable to modify the hyperpolarization 

induced by MDP, suggesting that KV channels are not a target of the MDP-initiated 

cascade. Nevertheless, NTX would be expected to slightly depolarize the membrane by 

blocking the existing KV (regardless of the MDP-KV interaction). Why was this not 

observed? KV channels allow the influx of K+, opening when the membrane is depolarized 

and closing in hyperpolarization. Since MDP lowers the voltage potential, the channels 

might already be closed, thus rendering NTX useless. In fact, in intact human T 

lymphocytes, where KV channels are major determiners of the MP by opening in response 

to depolarizations, their activation threshold was found to be -52 ± 8 mV [34]. Assuming 

the resting MP in HT-29 cells as -53 ± 0.4 mV [35], MDP-induced hyperpolarization 

likely interferes with the activity of these channels and abolishes NTX effect. 

 

AMP-PNP significantly changed MDP effect when applied concurrently with it, bringing 

MP to a baseline level. This may be explained by three scenarios: 1) MDP effects on MP 

are partially mediated through the AMP-PNP-blocked channels; 2) there are two 

opposing but unrelated effects that result in control-like membrane potential; 3) AMP-

PNP interferes with NKA activity.  

 

In mammalian epithelial intestinal cells, so far only two ATP-sensitive KC have been 

described: KATP channels and BK channels. The inwardly-rectifier voltage-independent 

KATP channels (formed by Kir6.X/SURX) are most active at potentials below EK 

(equilibrium potential of K+), quickly allowing the influx of ions until EK is reached, while 

passing little outward current at more positive potentials [34]. Few studies have addressed 

their expression in IECs, but they are present in the basolateral membrane of rat 

colonocytes, with an as-of-yet uncertain composition [36], and the Kir6.1-SUR2A protein 

pair has been described in the human small intestine epithelium [22]. Since EK is very 

negative, in IEC KATP channels are most likely leaking K+ to the extracellular space; MDP 

might increase this leakage, hyperpolarizing the cell. Accordingly, AMP-PNP would 

block these channels and partially reverse MDP effect on membrane potential. BK 

channels (large-conductance calcium-activated) are expressed in rat and human 

colonocytes, where they secrete K+ into the lumen [16, 17, 37]. AMP-PNP was shown to 

inhibit BK channels in the apical membrane of human renal proximal tubule epithelial 

cells [38] and the mouse brain mslo α-subunit homologue mB2 expressed in human 
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embryonic kidney (HEK 293) cells [39]. Notably, these two BK channels are composed 

only of α-subunits, and direct nucleotide regulation was not observed when mB2 was 

functionally coupled to regulatory β-subunits [39]. In contrast, IEC BK channels were 

found to be mainly composed of β1 and β3 subunits [17]. Therefore, in this experiment, 

we assume that BK channels are not being inhibited by AMP-PNP. 

 

Even though the coexistence of two opposing but unrelated effects resulting in control-

like MP cannot be ruled out, it appears less likely than the abovementioned explanation. 

Lastly, AMP-PNP has a concentration-dependent influence upon NKA activity. 

However, at the used concentration of 1 μM, this effect is negligible [40]. 

 

In conclusion, activation of NOD2 seems to hyperpolarize IECs at least partially through 

the opening of KATP, but not Kv, channels. Therefore, in Crohn’s Disease, NOD2 lack-of-

function would mean lower potassium extrusion, higher [K+]i and consequently decreased 

sodium absorption, contributing to watery stools. In fact, glibenclamide (a KATP inhibitor) 

worsens colitis [41, 42] and nicorandil (an KATP opener) has been proposed for the 

management of IBD [43]. One possible limitation of this study is the method used to 

measure KC channels: membrane potential is a tightly regulated cell parameter, and even 

though K+ is the most important ion for its regulation, other less important mechanisms 

may intervene and compensate for KC blockade and influence the outcome. Regardless, 

we showed that PRR activation affects MP in HT-29 cells. Moreover, we propose that K+ 

channels are important mediators of this effect. The cross-talk between PRR and KC is a 

research path worth taking in pursue of a better understanding of IBD-associated diarrhea. 
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FIGURES 

 

 

 

Fig. 1 –DiBAC4(3)- and rhodamine-mediated membrane potential measurement in HT29 cells. 

The addition of BaCl2 (5 mM) or pinacidil (50 μM) elicited opposite variations in the 

fluorophores’ emitted radiation, presented as means ± SEM of AUC of the fluorescence intensity 

variation from the baseline (∆fluorescence). 
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Fig. 2 – Effect of PAMPs in the membrane potential of HT-29 cells. Fluorescence is presented as 

the AUC of the fluorescence intensity variation from the control (∆fluorescence), normalized by 

applying the multiplication factor XPAMP =
𝐴𝑈𝐶10 ng/ml MPD

𝐴𝑈𝐶10 ng/ml PAMP
. Data shown as means ± SEM. (A) 

NOD2 (activated by MDP); (B) TLR2 (activated by LTA); (C) TLR4 (activated by MPLA); (D) 

TLR5 (activated by flagellin); (E) TLR7 (activated by loxoribine); (F) TLR9 (activated by 

ODN2216); (G) All PAMPs represented together at 103 ng/ml. * - significantly different from 

corresponding control (∆fluorescence = 0). Statistical analysis was performed by one-way ANOVA 

with Bonferroni post-hoc test (Fig. 2A, 2E, and 2F) or Welch’s ANOVA with Games-Howell 

post-hoc test (Fig. 2B, 2C and 2D). # - significantly different from corresponding 1 ng/ml values. 

† - significantly different from corresponding 10 ng/ml values. ‡ - significantly different from 

corresponding 102 ng/ml values. 
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Fig. 3 – Effect of MDP and K+ channel modulators in the membrane potential of HT-29 cells. 

Fluorescence intensity is presented as means ± SEM of AUC of the fluorescence intensity 

variation from the baseline (∆fluorescence). See text for description and discussion. Statistical analysis 

was performed by one-way ANOVA with Bonferroni post-hoc test. NTX – noxiustoxin. 

* - significantly different from MDP (10 µM). # - significantly different from BaCl2 (5 mM). † - 

significantly different from MDP (10 µM) + BaCl2 (5 mM). ‡ - significantly different from NTX 

(2.5 µM). § - significantly different from MDP (10 µM) + NTX (2.5 µM). 
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GUIDE FOR AUTHORS
.

INTRODUCTION
Criteria for manuscripts
The Editorial Board of Pharmacological Reports takes under consideration for publication original
articles with the understanding that neither the manuscript nor any part of its essential substance,
tables or figures have been published previously in print form or electronically and are not
under consideration by any other publication or electronic medium. Copies of any closely related
manuscripts should be submitted to the Editor along with the manuscript that is to be considered by
Pharmacological Reports. Each submission packet should include the statement signed by the first
author that the work has not been published previously or submitted elsewhere for review and a
copyright transfer.

Pharmacological Reports publishes papers concerning all aspects of pharmacology, dealing with the
drug action at the cellular and molecular level, and papers on relationship between molecular structure
and biological activity. Studies of plant extracts are not suitable for Pharmacological Reports. We only
publish reports on compounds with well-defined chemical structures. The language of all publications
is English.

Types of publication
The journal features publications of the following categories: regular papers, short communications,
and review articles.
Regular papers should present new experimental studies that constitute a significant contribution
to existing knowledge. Theoretical papers that deal with new ideas and concepts based on earlier
findings will also be welcome.
Short communications should present important new findings in a brief form.
Review articles should cover the most important current topics or present interpretative and critical
accounts. They should not be simple compilations on subjects of general interest. Review articles are
published only by invitation of the Editor-in-Chief. Authors intending to prepare a review should first
contact the Editors.
The maximum length of regular papers is 5,000 words, and 9,000 words is the maximum for review
articles. The length of short communications should not exceed 3,000 words, four illustrations (figures
and tables), and 20 references. The word count includes abstracts, references, tables and figure
captions.
An abstract should not exceed 250 words.

BEFORE YOU BEGIN
Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Human and animal rights
If the work involves the use of human subjects, the author should ensure that the work described has
been carried out in accordance with The Code of Ethics of the World Medical Association (Declaration
of Helsinki) for experiments involving humans; Uniform Requirements for manuscripts submitted to
Biomedical journals. Authors should include a statement in the manuscript that informed consent
was obtained for experimentation with human subjects. The privacy rights of human subjects must
always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed.

Declaration of interest
All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. More
information.

http://www.elsevier.com/publishingethics
http://www.elsevier.com/journal-authors/ethics
http://www.wma.net/en/30publications/10policies/b3/index.html
http://www.icmje.org
http://www.icmje.org
http://www.nc3rs.org.uk/page.asp?id=1357
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing
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Submission declaration and verification
Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see 'Multiple, redundant or concurrent publication' section of our ethics policy for more
information), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service CrossCheck.

Contributors
Each author is required to declare his or her individual contribution to the article: all authors must have
materially participated in the research and/or article preparation, so roles for all authors should be
described. The statement that all authors have approved the final article should be true and included
in the disclosure.

Changes to authorship
Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, 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 author being added or removed.
Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Copyright
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). 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. 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.

For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of open access articles
is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source
You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

http://www.elsevier.com/authors/journal-authors/policies-and-ethics
http://www.elsevier.com/editors/plagdetect
http://www.elsevier.com/copyright
http://www.elsevier.com/permissions
http://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
http://www.elsevier.com/about/company-information/policies/copyright
http://www.elsevier.com/openaccesslicenses
http://www.elsevier.com/copyright
http://www.elsevier.com/copyright
http://www.elsevier.com/sharing-articles
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Funding body agreements and policies
Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

Green open access
Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Language (usage and editing services)
Please write your text in good English (only American usage is accepted). 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. Authors who are not native
English speakers are requested to attach a certificate at the time of submission confirming that
professional language editing has been performed.

Submission
Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via https://www.evise.com/evise/jrnl/PHAREP.

Referees
Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

Review process
Manuscripts are evaluated on the basis that they present new insights to the investigated topic, are
likely to contribute to a research progress. It is understood that all authors listed on a manuscript
have agreed to its submission. The signature of the corresponding author on the letter of submission
signifies that these conditions have been fulfilled. Received manuscripts are first examined by the
Editors of Pharmacological Reports. Manuscripts with insufficient priority for publication are rejected
promptly. Incomplete packages or manuscripts not prepared in the advised style will be sent back to
authors without scientific review. The authors are notified with the reference number upon manuscript
registration at the Editorial Office. The registered manuscripts are sent to independent experts for
scientific evaluation. We highly encourage authors to include a list of four potential reviewers for their
manuscript, with complete contact information, but we reserve the right of final selection. Submitted
papers are accepted for publication after a positive opinion of the independent reviewers.

Permissions
Materials taken from other sources must be accompanied by a written statement from both author and
publisher giving permission to Pharmacological Reports for reproduction. Obtain permission in writing
from at least one author of papers still in press, unpublished data, and personal communications.

Disclaimer
Every effort is made by the Editor-in-Chief and the Editorial Board of Pharmacological Reports to
see that no inaccurate or misleading data, opinion or statement appear in Pharmacological Reports.
However, they wish to make it clear that the data and opinions appearing in the articles and

http://www.elsevier.com/about/open-science/open-access/agreements
http://elsevier.com/greenopenaccess
http://www.elsevier.com/about/open-science/open-access/journal-embargo-finder/
http://service.elsevier.com/app/answers/detail/a_id/8238/kw/8238/p/10523/supporthub/publishing
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advertisements herein are the responsibility of the contributor, sponsor or advertiser concerned.
Accordingly, the Editor-in-Chief and the Editorial Board accept no liability whatsoever for the
consequences of any such inaccurate of misleading data, opinion or statement. Every effort is made
to ensure that drug doses and other quantities are presented accurately. Nevertheless, readers
are advised that methods and techniques involving drug usage and other treatments described
in Pharmacological Reports, should only be followed in conjunction with the drug or treatment
manufacturer's own published literature in the readers own country.

PREPARATION
Double-blind review
This journal uses double-blind review, which means that both the reviewer and author name(s) are
not allowed to be revealed to one another for a manuscript under review. The identities of the authors
are concealed from the reviewers, and vice versa. More information is available on our website. To
facilitate this, please include the following separately:
Title page (with author details): This should include the title, authors' names and affiliations, and a
complete address for the corresponding author including an e-mail address.
Blinded manuscript (no author details): The main body of the paper (including the references, figures,
tables and any Acknowledgements) should not include any identifying information, such as the
authors' names or affiliations.

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). 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 and unnumbered sections.. Any subsection may be given a
brief heading. Each heading should appear on its own separate line.

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.

Authors should adhere very carefully to the ethical standards for animal experimentation. Appropriate
guidelines for the acquisition and care of animals can be found in the NIH Guide for the Care and Use
of Laboratory Animals (National Institutes of Health Publications No. 8023, revised 1978).

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. In short
communications, the Results and Discussion sections may be combined. Avoid extensive citations and
discussion of published literature.

Essential title page information
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

http://www.elsevier.com/reviewers/what-is-peer-review
http://www.elsevier.com/guidepublication
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• Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. 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 the e-mail address is given and that contact
details are 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.

Acknowledgements
Collate acknowledgements in a separate section and include it on the title page only. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

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.

The abstract must be structured into separate sections: Background outlining the context and purpose
of the study; Methods containing a short description of methodologies used; Results reporting the
main findings; and Conclusions including a brief summary and potential implications. The abstract
should be included in the Blinded Manuscript.

Graphical abstract
Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. 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. You can view Example Graphical Abstracts on our information site.
Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service.

Highlights
Highlights are a short collection of bullet points that convey the core findings of the article. Highlights
are optional and should be submitted in a separate editable 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). You can view example Highlights on our information site.

Keywords
Immediately after the abstract, provide a maximum of 5 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
Abbreviations that are unavoidable must be defined twice: (1) at their first mention in the Abstract
and (2) at their first mention in the remaining part of the article. Ensure consistency of abbreviations
throughout the article.

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.

http://www.elsevier.com/graphicalabstracts
http://webshop.elsevier.com/illustrationservices/ImagePolishing/gap/requestForm.cfm
http://www.elsevier.com/highlights


AUTHOR INFORMATION PACK 25 Dec 2016 www.elsevier.com/locate/pharep 8

Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

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 published version.
• Submit each illustration as a separate file.
A detailed guide on electronic artwork is available.
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 online (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 online only. Further information on the preparation of
electronic artwork.

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
Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules.

References

http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/artworkinstructions
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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.

Linking Services Requirements
Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to change,
so you can use it as a permanent link to any electronic article. An example of a citation using DOI for
an article not yet in an issue is: VanDecar JC, Russo RM, James DE, Ambeh WB, Franke M. Aseismic
continuation of the Lesser Antilles slab beneath northeastern Venezuela. J Geophys Res, 2003. http://
dx.doi.org/10.1029/2001JB000884i. Please note the format of such citations should be in the same
style as all other references in the paper.

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.

Data references
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

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.

Reference management software
Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Reference management software
This journal has standard templates available in key reference management
packages EndNote (http://endnote.com/downloads/style/vancouver) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, authors only
need to select the appropriate journal template when preparing their article and the list of references
and citations to these will be formatted according to the journal style which is described below. Other
software that can be used for reference management: RefWorks (http://www.refworks.com), BibTeX
(http://www.bibtex.org), ProCite (http://www.procite.com).

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:
http://open.mendeley.com/use-citation-style/pharmacological-reports

http://citationstyles.org
http://citationstyles.org
http://www.mendeley.com/features/reference-manager
http://www.zotero.org/
http://endnote.com/downloads/styles
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When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference style
The references should be based on the readily available texts published in the latest and major journals
mainly written in English. Number the references (numbers in square brackets) in the list in the order
in which they appear in the text.
Model of reference to a journal publication:
Last name, initial, full paper title, journal abbreviated title, year, volume (number) first and last page.
Examples:
Reference to a journal publication:
[1] Paivio A, Jansen B, Becker LJ. Comparisons through the mind's eye. Cognition 1975;37(2):635–
47.
Reference to a book:
[2] Letheridge S, Cannon CR, editors. Bilingual education: teaching English as a second language.
New York: Praeger; 1980.
Reference to a chapter in an edited book:
[3] Strunk Jr W, White EB. The elements of style. 3rd ed. New York: MacMillan; 1979 [chapter 4].
Reference to a conference (only abstracts 2-page long may serve as references):
[4] Douglis F, Ball Th. Tracking and viewing changes on the web. In: Proc. 1996 USENIX technical
conference; 1996.
Reference to a journal publication:
[5] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt disease
and surrounding forest compositions, Mendeley Data, v1; 2015. http://dx.doi.org/10.17632/
xwj98nb39r.1.

Supplementary material
Supplementary material can 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. Please note that such items are published online exactly
as they are submitted; there is no typesetting involved (supplementary data supplied as an Excel
file or as a PowerPoint slide will appear as such online). Please submit the material together with the
article and supply a concise and descriptive caption for each file. If you wish to make any changes to
supplementary data during any stage of the process, then please make sure to provide an updated
file, and do not annotate any corrections on a previous version. Please also make sure to switch off the
'Track Changes' option in any Microsoft Office files as these will appear in the published supplementary
file(s). For more detailed instructions please visit our artwork instruction pages.

ARTICLE ENRICHMENTS
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. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

3D models
You can enrich your online articles by providing 3D models (optional) in PLY, OBJ or U3D format,
which will be visualized using the interactive viewer next to the article. Each 3D model will have to
be zipped and uploaded to the online submission system via the '3D models' submission category.
Please be advised that the recommended model size before zipping is maximum 150 MB. Multiple
models can be submitted. Please provide a short informative description for each model by filling in
the 'Description' field when uploading a dataset. Note: all datasets will be available for download from
the online article on ScienceDirect. If you have concerns about your data being downloadable, please
provide a video instead. More information on OBJ and PLY models or U3D models.

Virtual Microscope
The journal encourages authors to supplement in-article microscopic images with corresponding high
resolution versions for use with the Virtual Microscope viewer. The Virtual Microscope is a web based
viewer that enables users to view microscopic images at the highest level of detail and provides
features such as zoom and pan. This feature for the first time gives authors the opportunity to

http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/audioslides
http://www.elsevier.com/audioslides
http://www.elsevier.com/books-and-journals/enrichments/geometric-3d-models
http://www.elsevier.com/books-and-journals/enrichments/interactive-u3d-models
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share true high resolution microscopic images with their readers. More information and examples.
Authors of this journal will receive an invitation e-mail to create microscope images for use with
the Virtual Microscope when their manuscript is first reviewed. If you opt to use the feature, please
contact virtualmicroscope@elsevier.com for instructions on how to prepare and upload the required
high resolution images.

Interactive Network Viewer
This journal enables you to enrich your online article by including interactive network diagrams created
with the latest version of Cytoscape. Each network should be exported from Cytoscape as a ZIP file
containing a pair of network (.cyjs) and visual style (.json) files, which is most easily done using the
green "SD" button. The recommended maximum file size of a dataset is 150 MB or less.
Once the article is accepted, your ZIP datasets will appear as supplementary material on ScienceDirect
and will be visualized inside the Cytoscape application which is displayed alongside your article.
Readers will then be able to interactively explore your networks while reading the article. Please note
that you must use the latest available version of Cytoscape. More information.

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
• Full postal address
• Phone numbers
All necessary files have been uploaded, and contain:
• Abstract (structured for original papers/short communications or unstructured for reviews)
• Keywords
• All figure captions
• All tables (including title, description, footnotes)
Further considerations
• Manuscript has been 'spell-checked' and 'grammar-checked'; authors who are not native English
speakers are requested to attach a certificate/statement confirming that professional language editing
has been performed
• Paper does not exceed word limits (See Guide for Authors for the word count for each article type)
• Text and tables submitted in editable format (Word, LaTeX)
• Each table, figure, photograph, or illustration included as a separate file
• All symbols converted correctly in the PDF file
• 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
Internet)
Printed version of figures (if applicable) in color or black-and-white
• Indicate clearly whether or not color or black-and-white in print is required.
• For reproduction in black-and-white, please supply black-and-white versions of the figures for
printing purposes.
For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE
Proofs
One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in the
e-mail so that authors can download the files themselves. Elsevier now provides authors with PDF
proofs which can be annotated; for this you will need to download the free Adobe Reader, version 9
(or higher). Instructions on how to annotate PDF files will accompany the proofs (also given online).
The exact system requirements are given at the Adobe site.
If you do not wish to use the PDF annotations function, you may list the corrections (including replies
to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections quoting line
number. If, for any reason, this is not possible, then mark the corrections and any other comments
(including replies to the Query Form) on a printout of your proof and scan the pages and return via e-
mail. Please use this proof only for checking the typesetting, editing, completeness and correctness
of the text, tables and figures. Significant changes to the article as accepted for publication will only

http://www.elsevier.com/books-and-journals/enrichments/virtual-microscope
http://www.elsevier.com/books-and-journals/enrichments/interactive-network-viewer
http://get.adobe.com/reader
http://helpx.adobe.com/reader/system-requirements.html
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be considered at this stage with permission from the Editor. We will do everything possible to get your
article published quickly and accurately. 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.

Offprints
The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used
for sharing the article via any communication channel, including email and social media. 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. Corresponding authors who have published their article open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES
Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article will
be published.

© Copyright 2014 Elsevier | http://www.elsevier.com
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