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ABSTRACT 

 

Estrogen actions on neurons of the principal division of the bed nucleus of the stria 

terminalis (BNSTpr) are essential for the regulation of female sexual behavior. 

Nevertheless, little is known about the effects of estradiol and progesterone (P) in the 

expression of estrogen receptor alpha (ERα) in this nucleus and the role played by the 

activation of each nuclear ER. To study this subject, we used unbiased stereological 

methods to determine the total number of ERα-immunoreactive (ERα-ir) neurons in the 

BNSTpr of young female rats across the four stages of the estrus cycle and of young 

ovariectomized rats after exogenous administration of estradiol benzoate (EB) and/or P. 

In order to identify the specific role played by the selective activation of each ER, 

young ovariectomized rats were injected with the ERα agonist, propyl-pyrazole triol 

(PPT) or the ERβ agonist, diaryl-propionitrile (DPN). The results show that the number 

of ERα-ir neurons is lowest at proestrus, when hormone levels are higher, and that the 

value seen at proestrus may be mimicked by the administration of EB but not of P. 

Administration of PPT induced no changes in the number of ERα-ir neurons. 

Contrariwise, the administration of DPN induced a decrease in the total number of ERα-

ir neurons to values similar to the ones obtained after EB administration. These results 

suggest that P has no effect in the modulation of ERα expression and that estradiol 

regulation of ERα in BNSTpr neurons is mediated by activation of ERβ. 

 

 

Keywords: Estrogen receptors; Estrogen receptor agonists; estrus cycle; Bed nucleus of 

the stria terminalis; Immunohistochemistry; Stereology  
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1. Introduction 

 

The principal nucleus of the bed nucleus of the stria terminalis (BNSTpr), also known 

as the encapsulated part (Young, 1936) or the posterior medial subnucleus of the BNST 

(De Olmos et al., 1985; Moga et al., 1989), is a small sized densely packed group of 

round to oval-shaped neurons located in the medial part of the posterior division of the 

BNST (Ju and Swanson, 1989; Moga et al., 1989). Rostrally, it is a distinct round 

cluster of neurons partially encapsulated by a cell-poor area and located above the 

anterior commissure, whereas caudally it forms a large ribbon of cells oriented 

ventromedially, lateral to the fornix and stria medularis (Ju and Swanson, 1989; Moga 

et al., 1989). Its neurons express high levels of receptors for sex steroid hormones, 

namely the estrogen receptor α (ERα) and the ERβ (Laflamme et al., 1998; Shughrue et 

al., 1997, 1998), androgen receptors (Simerly et al., 1990) and progesterone receptors 

(Parsons et al., 1982). The BNSTpr, together with the medial nucleus of the amygdala, 

with whom it shares strong bidirectional connections, is an important component of the 

accessory olfactory pathway that conveys pheromonal information from the 

vomeronasal organ to the hypothalamus (Gu et al., 2003; Segovia and Guillamón, 1993) 

and, therefore, it plays a significant role in the regulation of neuroendocrine and 

autonomic responses, and of social behaviors (Dong and Swanson, 2004; Gu et al., 

2003). 

The neuroendocrine control of female social behaviors, like reproduction and 

aggressiveness, seems to be mediated by ERα-dependent mechanisms (Nelson and 

Chiavegatto, 2001; Ogawa et al., 1998; Rissman et al., 1997). Sex steroid hormone 

receptors are ligand-activated nuclear transcription factors that regulate the expression 

of their own receptors. The observation that estradiol administration reduces 
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[
3
H]estradiol binding and the levels of ERα mRNA and protein in the preoptic area and 

hypothalamus (Brown et al., 1996; DonCarlos et al., 1995; Li et al., 1993; Osterlund et 

al., 1998) led to the general belief that estrogens down regulate ERα (reviewed in 

Blaustein and Erskine, 2002). However, a careful review of the literature revealed that 

this effect is not apparent from estimates of ERα-positive neuron numbers (Chakraborty 

et al., 2003). In particular, in the BNST it was shown that estradiol administration 

decreases the amount of ERα protein measured by intensity of immunocytochemical 

staining (DonCarlos et al., 1995; Li et al., 1993), but does not alter the number of 

neurons immunoreactive for ERα estimated from level-matched sections (Gréco et al., 

2001). Also, and in dissonance with the effects of exogenous estradiol, the increase of 

endogenous estrogen and progesterone (P) plasma levels during the proestrus stage of 

the estrus cycle has been reported either not to interfere or, alternatively, to increase or 

decrease ERα mRNA and protein expression in several preoptic and hypothalamic 

nuclei (Shughrue et al., 1992; Zhou et al., 1995). 

Despite the recognized role of the BNSTpr in the neural circuit that regulates 

neuroendocrine responses and sexually dimorphic social behaviors that are mediated by 

ERα activation, very little is known about the effects of estradiol and P on the 

expression of ERα by its neurons. In addition, to our knowledge, no studies have so far 

addressed the role played by each ER subtype in the modulation of ERα expression by 

BNST neurons. Here, we address these questions by estimating, using stereological 

techniques, the total number of ERα-immunoreactive (ERα-ir) neurons in intact female 

rats at each phase of the estrous cycle, and in ovariectomized (OVX) rats injected with 

estradiol benzoate (EB) and P, alone or in sequence, and with the specific agonists of 

the ERα, propyl-pyrazole triol (PPT) and ERβ, diaryl-propionitrile (DPN). 
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2. Results 

 

2.1. Uterine weights 

 

Uterine weight was used as an index of peripheral response to ovarian hormone levels. 

We found significant overall effects of stage of the estrous cycle (F(3,16) = 31.15, P < 

0.0005) and treatment (F(6,28) = 74.74, P < 0.0005) on uterine weights. Uteri were 80% 

heavier in proestrus than in any other stage of the estrous cycle (Fig. 1A). The uterine 

weights of rats injected with EB, EB+P, PPT and PPT+DPN were higher (4-7 times) 

than in oil-, P- and DPN-injected rats. The uteri weights of rats injected with EB or 

EB+P were also higher (about 1.5 times) than in rats injected with PPT or PPT+DPN 

(Fig. 1B). 

 

2.2. Influence of stage of the estrous cycle on the expression of ERα 

 

The stage of the estrus cycle influenced the total number of ERα-ir neurons in the 

BNSTpr (F(3,16) = 12.38, P < 0.0005; Fig. 2). The number was lower in rats at 

proestrus and estrus (25% and 20%, respectively) than in rats at metestrus or diestrus. In 

addition, the total number of neurons did not differ between proestrus and estrus rats as 

well as between metestrus and diestrus rats. 

 

2.3. Effect of EB, P, and ERα and ERβ agonists on the expression of ERα 

 

The total number of ERα-ir neurons in the BNSTpr of OVX rats was influenced by the 

administration of EB, P and ER agonists (F(6,28) = 14.87, P < 0.0005; Fig. 3). The total 
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number of neurons was 25% lower in rats treated with EB and with EB+P than in oil-

injected rats. In DPN-treated rats, the total number of neurons was similar to that of EB-

treated rats and smaller (23%) than in oil-injected rats. The total number of ERα-ir 

neurons did not differ between rats treated with P alone, PPT, PPT+DPN and oil. 

 

 

3. Discussion 

 

Data from the present study show that the total number of ERα-ir neurons in the 

BNSTpr is significantly reduced in rats at the proestrus and estrus stages of the estrous 

cycle relative to the numbers estimated in rats at metestrus and diestrus stages. Our 

findings are in agreement with data from an earlier study centered in the whole preoptic 

area in which a decrease of ER protein expression, measured by western blot, from 

metestrus to proestrus was noticed (Zhou et al., 1995). The increase in the circulating 

concentrations of estradiol after the ovarian surge of estradiol at proestrus is followed 

by a surge in P levels a few hours later, making this stage of the estrus cycle the one 

where both hormones are at their highest levels. The levels of these hormones start to 

decline almost immediately to reach basal concentrations at the estrus stage. There is a 

second smaller surge of P at metestrus that returns to basal levels at diestrus (Butcher et 

al, 1974; Smith et al., 1975). Therefore, the decrease in the number ERα-ir neurons at 

the proestrus and estrus stages may be mediated by the surge of estradiol at proestrus 

and/or of P at proestrus or metestrus. In fact, previous studies have shown that both 

hormones can induce the decrease in the concentration of ERs in the hypothalamus-

preoptic area (reviewed in Blaustein and Erskine, 2002). In addition, in a study carried 

out in the medial preoptic nucleus it was shown that ER mRNA levels are highest at 
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estrus and metestrus, and thenceforth start to decline to reach the lowest value at 

proestrus (Shughrue et al., 1992). Assuming a similar mechanism for the regulation of 

ERα mRNA expression in the BNSTpr, it is conceivable that P might reduce the 

expression of ERα protein after its surge at proestrus or the levels of ERα mRNA at 

metestrus, which would precede a decrease in protein expression at proestrus. Also, the 

decrease of ERα mRNA levels at proestrus stage might prevent the ERα protein 

replenishment at the estrus stage. 

To evaluate the influence of estrogens and P in the number of ERα-ir neurons we 

injected OVX rats with EB, P and EB followed by P. Our results show that the 

administration of EB leads to a marked decrease in the total number of ERα-ir neurons 

in the BNSTpr. This finding is at odds with data from an earlier study (Gréco et al., 

2001) showing that EB- and oil-injected rats do not differ with respect to the number of 

ERα-ir neurons estimated from level-matched sections of the BNST. It is possible that 

the inconsistency between these and our own data might rely on differences on the 

parameters estimated (number of neurons in level-matched sections vs. total neurons 

numbers) and/or on the dose of EB administered (20 µg in two pulses 24 hours apart vs. 

10 µg in one single pulse). Actually, previous studies have shown a dose-dependent 

effect in the estradiol-induced down regulation of ERα mRNA and protein expression 

(Brown et al., 1996; Osterlund et al., 1998). There is evidence from studies in several 

preoptic and hypothalamic nuclei, that P has the capability of modulating the expression 

of the ERα (Blaustein and Brown, 1984; Brown and MacLusky, 1994; Malikov and 

Madeira, 2013). Only a relatively small number of neurons in the BNSTpr contain 

progesterone receptors, but the expression of these receptors is significantly up-

regulated by estradiol (Gréco et al., 2001; Parsons et al., 1982). However, our results 

demonstrate that the number of ERα-ir neurons in the BNSTpr is not influenced by P 
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levels. In fact, the injection of P in association with EB, which simulates the proestrus 

surge, did not interfere with the EB-induced decrease in the total number of ERα-ir 

neurons. In the same vein, the administration of P to OVX rats, which mimics the 

metestrus surge of P, did not modify the total number of ERα-ir neurons relative to oil-

injected rats. These results suggest that, in the BNSTpr, P has no effect in the 

modulation of the number of neurons that express ERα. 

Present results also show that the estradiol-dependent decrease in the number of 

BNSTpr neurons that express ERα is mediated by the activation of the ERβ, which 

suggests that this receptor is able to induce the repression of ERα in neurons that co-

express both types of ER (Shughrue et al., 1998). Actually, the administration of DPN 

to OVX rats provoked a reduction in the total number of ERα-ir neurons similar to that 

induced by EB. Conversely, the administration of PPT alone or in association with DPN 

(PPT+DPN group) did not induce any change in the total number of ERα-ir neurons 

relative to those estimated in oil-injected rats. Taking into account that the BNST 

contains high levels of ERβ and ERα mRNA and protein, and that 95% of the neurons 

containing ERα co-express ERβ (Laflamme et al., 1998; Shughrue et al., 1997, 1998), 

the observation that the simultaneous administration of PPT and DPN did not induce 

any change in the total number of ERα-ir neurons was somehow surprising in view of 

the reduction of 25% observed in EB-injected rats. Previous studies have shown that the 

selective activation of ERα or ERβ may result in similar or divergent effects and that 

ERβ has a role in the modulation of ERα gene transcription (Frasor et al., 2003; Hall 

and McDonnell, 1999; Lindberg et al., 2003; Sá et al., 2009, 2013). PPT is a potent ERα 

agonist that binds to ERα with 400-fold preference and demonstrates almost no binding 

to ERβ (Stauffer et al, 2000). In contrast, DPN is a potency-selective agonist for ERβ 

with more than 70-fold higher binding affinity for ERβ than ERα (Meyers et al., 2001). 
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Because DPN has a lower binding affinity for ERβ than PPT has for ERα, it is possible 

that this discrepancy between the results obtained in PPT+DPN and EB-injected rats 

might result from the doses of PPT and DPN used in the experiments.  

In summary, our results show that the decrease in the number of ERα-ir neurons 

that occurs at the proestrus stage of the estrous cycle is a consequence of the increase in 

circulating levels of estrogens. They also reveal the down regulation induced by 

estrogens in the number of ERα-ir neurons is mediated by the activation of the ERβ. 

The BNSTpr plays an important role in the transmission of olfactory information to the 

hypothalamic nuclei involved in the control of neuroendocrine responses and social 

behaviors that are modulated by ERα activity. The ERβ activation-induced decrease in 

the number of neurons that express ERα in the BNSTpr may be a way for estradiol to 

activate a mechanism of negative feedback to ERα action, and, in this way, regulate 

behavioral answers. 

 

 

4. Experimental procedures  

 

4.1. Animals 

 

Female Wistar rats were obtained from the Institute for Molecular and Cell Biology 

(Porto, Portugal), and maintained under standard housing conditions (lights on between 

07:00 and 19:00 h), and ambient temperature of 23 ºC. Food and water were freely 

available. Starting at 2 months of age, estrous cycles were monitored by daily vaginal 

smear cytology; only females exhibiting at least two consecutive 4 to 5-day estrous 

cycles were used. Vaginal smears were stained with Giemsa, and the phase of the 
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estrous cycle was determined by the proportion of leukocytes, nucleated epithelial cells, 

and cornified epithelial cells identified in the smears (Pompili et al., 2010). At 10 weeks 

of age, 35 normal cycling rats were bilaterally ovariectomized under deep anesthesia 

induced by sequential injections of promethazine (10 mg/kg b.w., subcutaneous), and a 

solution of xylazine (2.6 mg/kg b.w., intramuscular) and ketamine (50 mg/kg b.w., 

intramuscular). They were allowed to recover for 12 days before being randomly 

assigned to different treatment groups (n=5), as described below. In order to determine 

changes in the expression of ERα in BNSTpr neurons of intact cycling rats, 20 untreated 

rats were sacrificed at 12 weeks of age, in each stage of the estrous cycle (n=5/stage). 

All animal experimentation was conducted in agreement with accepted standards of 

humane animal care and in accordance with the European Communities Council 

Directives of 22 September 2010 (2010/63/EU) and Portuguese Act no 129/92. 

 

4.2. Treatments 

 

Sesame oil, EB and P were purchased from Sigma–Aldrich Company Ltd. (Madrid, 

Spain) and PPT and DPN from Tocris BioScience (Bristol, UK). Solutions were all 

prepared in 0.1 ml of sesame oil and injected subcutaneously. After recovery, 

ovariectomized rats were randomly allocated to seven groups and injected twice, 24 h 

apart, with the following: (1) 0.1 ml oil (oil group); (2) 10 µg EB (EB group); (3) 10 µg 

EB followed by one injection of 500 µg P, 4 h before sacrifice (EB+P group); (4) 500 

µg P (P group); (5) 500 µg PPT (PPT group); (6) 500 µg DPN (DPN group); (6) 500 µg 

PPT+500 µg DPN (PPT+DPN group). The hormone and PPT doses used in this study 

are recognized as the optimal priming doses for the induction of sexual receptivity in 

ovariectomized rats and PR expression in several regions of the brain, and for 
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facilitating P-regulated sexual behavior (Mazzucco et al., 2008; McEwen and Alves, 

1999; Sá et al., 2013). Although DPN does not induce sexual behavior or PR 

expression, whatever the dose employed, the dose used in this study was able to avert 

the action of ERα in the induction of PRs (Mazzucco et al., 2008; Sá et al., 2013). 

 

 

4.3. Tissue preparation 

 

Treated rats were sacrificed 48 h after the last injection, except in the EB+P group in 

which rats were sacrificed 4 h after the P injection. We chose this time interval because 

there is evidence that this is the optimal interval for the induction of P-mediated female 

sexual behavior (Boling and Blandau, 1939; Pfaff and Sakuma, 1979; Pfaus et al., 

2006). Intact cycling rats were sacrificed at 3 months of age, between 14:00 and 16:00 

h. Rats were anesthetized with 2 ml/kg b.w. of a solution containing sodium 

pentobarbital (10 mg/ml) given intraperitoneally, and sacrificed by intracardiac 

perfusion of a fixative solution containing 4% paraformaldehyde in phosphate buffer, 

pH 7.6. The brains were removed from the skulls, weighed, immersed in the same 

fixative solution for 1 h at 4 ºC, and then transferred to a solution of 10% sucrose in 

phosphate buffer at 4 ºC, where they were maintained overnight.  

To confirm the stage of the estrous cycle in intact rats and the efficacy of the 

treatments in ovariectomized rats, the uteri were excised, freed from connective tissue 

and fat, and weighed. 
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4.4. Immunocytochemical staining of BNST neurons 

 

Blocks of brain tissue containing the preoptic area and hypothalamus were mounted on 

a Vibratome with the rostral surface up and serially sectioned in the coronal plane at 40 

µm. Sections containing the BNST were sampled at regular intervals of 120 µm (one 

out of 3), collected in phosphate-buffered saline (PBS) and, then, transferred to a 

cryoprotectant solution where they were maintained until processing for 

immunocytochemical detection of ERα-positive neurons. Because of the high number of 

animals and sections, one animal from each group was processed at a time for 

immunohistochemistry in order to minimize variation across groups.  

Sections were thoroughly washed in PBS to remove the cryoprotectant, treated 

with 3% H2O2 for 10 min to inactivate endogenous peroxidase, washed again in PBS 

and blocked with 10% normal goat serum for 45 min. Sections were then incubated for 

74 h, at 4º C, in rabbit polyclonal ERα antibody (MC-20, sc-542, Santa Cruz 

Biotechnology, Germany), at a 1:1000 dilution, followed by incubation, for 1 h, at room 

temperature with biotinylated goat anti-rabbit secondary antibody (Vector Laboratories, 

Burlingame, CA, USA) at a 1:400 dilution. Sections were then incubated in avidin–

biotin peroxidase complex (Vectastain Elite ABC Kit; Vector Laboratories), diluted 

1:800, for 1 h, at room temperature. After that, they were incubated for 90 s in 0.05% 

diaminobenzidine (DAB; Sigma–Aldrich) to which 0.01% H2O2 was added, and rinsed 

with PBS to wash out all DAB. Stained sections were mounted on gelatin-coated slides. 

After air-drying overnight at room temperature, sections were counterstained with 

Giemsa solution for the examination of cytoarchitectural details (Fig. 4), dehydrated in a 

series of ethanol solutions (50%, 70%, 90% and 100%), cleared in xylol, and 

coverslipped using Histomount (National Diagnostics, Atlanta, GA, USA). 
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4.5. Estimation of the total number of ERα-immunoreactive neurons 

 

The total number of ERα-ir neurons was estimated by applying the optical fractionator 

method (Madeira et al., 1997; West et al., 1991). For this purpose, sections were 

analyzed using a modified Olympus BH-2 microscope interfaced with a color video 

camera and equipped with a Heidenhain ND 281 microcator (Traunreut, Germany), a 

computerized stage, and an object rotator (Olympus, Albertslund, Denmark). A 

computer fitted with a framegrabber (Screen Machine II, FAST Multimedia, Germany) 

was connected to the monitor. The boundaries of the BNSTpr were consistently defined 

based on cytoarchitectonic criteria (Fig. 4B; Ju and Swanson, 1989). By using the 

C.A.S.T. – Grid system software (Olympus), the fields of view were sampled in each 

section at regular intervals of 80 µm along the x and y axes. The disector used had a 

counting frame area of 991 µm
2
 at the tissue level and a fixed depth of 10 µm. The 

estimations were performed using a 100× oil immersion lens with a numerical aperture 

of 1.40. A cell profile was considered immuno-positive for ERα if dark brown reaction 

product was present within the cell nucleus (Fig. 4C). The mean coefficient of error 

(Gundersen et al., 1999) of the estimates was 0.06. All counts were made by an observer 

who was blind to the group assignment.  

 

4.6. Statistical analyses 

 

The effect of the stage of the estrus cycle and of the treatment regimen used was 

assessed by one-way analysis of variance (ANOVA) followed by post-hoc Tukey’s 

HSD test. A probability value of 0.05 was used to determine statistical significance. 
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Figure Legends 

 

Fig. 1 - Graphic representation of uterine weights of normal cycling and ovariectomized 

rats. (A) Uterine weights of rats over the estrous cycle. (B) Uterine weights of rats 

injected with oil, EB, EB+P, P, PPT, DPN and a combination of PPT and DPN 

(PPT+DPN). Columns represent means and vertical bars 1 SD. Tukey’s post hoc tests: 

*P < 0.0005, compared with diestrus, estrus and metestrus; 
+
P < 0.0005, compared with 

oil, P and DPN groups;
 #

P < 0.0005, compared with PPT and PPT+DPN groups.  

 

Fig. 2 - Graphic representation of the effect of the stage of the estrous cycle on the total 

number of ERα-ir neurons in the BNSTpr. Columns represent means and vertical bars 1 

SD. Tukey’s post hoc tests: *P < 0.05, **P < 0.005, compared with diestrus and 

metestrus group. 

 

Fig. 3 - Graphic representation of the effect of hormones and ERα and ERβ agonists on 

the total number of ERα-ir neurons in the BNSTpr of rats injected with oil, EB, EB+P, 

P, PPT, DPN and a combination of PPT and DPN (PPT+DPN). Columns represent 

means and vertical bars 1 SD. Tukey’s post hoc tests: *P < 0.05, **P < 0.005, compared 

with oil, P and PPT groups; 
+
P < 0.05, compared with PPT+DPN group. 

 

Fig. 4 - Coronal section of the female rat brain immunostained for ERα and 

counterstained with Giemsa solution. (A) Photomicrograph of a coronal section through 

the BNSTpr at bregma level approx. -0.80 mm. 3V, third ventricle; LV, lateral ventricle, 

oc, optic chiasm. Scale bar = 2 mm. (B) Higher magnification of the shaded area 

represented in A. The dashed line marks the BNSTpr limits. f, fornix; sm, stria 
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medularis; st, stria terminalis. Scale bar = 500 µm. (C) Higher magnification of the area 

delineated by the box in B. ERα-ir neurons have a dark brown immunostained nucleus 

and a relatively unstained cytoplasm. Scale bar = 20 µm. 
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Highlights 

 

Higher hormone levels at proestrus and estrus lower the number of ERα neurons in 

BNST 

  

Progesterone has no effect in the total number of ERα positive BNSTpr neurons 

 

Estradiol decreases the total number of ERα positive BNSTpr neurons by activating 

ERβ 

 

ERα expression in BNSTpr is dependent on estradiol-dependent ERβ activation 
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TOTAL NUMBER OF ERα-IMMUNOREACTIVE NEURONS OF THE PRINCIPAL DIVISION OF THE BED 

NUCLEUS OF THE STRIA TERMINALIS IN FEMALE RAT BRAIN DURING THE ESTROUS CYCLE

C. LEITE (1), M.D. MADEIRA (1) AND S.I. S’Ç (1)

(1) DEPARTMENT OF ANATOMY, FACULTY OF MEDICINE, UNIVERSITY OF PORTO, PORTUGAL

AIM

To evaluate the total number of ERα-ir neurons in the BNSTpr of three-month-old female Wistar rats during 
the estrous cycle.

INTRODUCTION

The BNST is a relay nucleus of the rostral forebrain closely related to the amygdala. It is extensively connected 
to some preoptic and hypothalamic nuclei involved in the neuroendocrine regulation of the reproductive 
behavior [1]. The e"ects of estrogens on the BNSTpr are essential for its role in the regulation of sexual and 
defensive behaviors. The BNST is known to express abundantly both types of nuclear estrogen receptors (ER) 
and their expression is modulated by hormone levels [2,3]. Estrogen receptor content signi#cantly changes 
over the estrous cycle, with brain levels being highest during metestrus, attenuated on diestrus, and lowest 
during proestrus and estrus [4].

METHODS

The estrous cycle of 3-mo-old rats was monitored daily by vaginal smear cytology. Prior to perfusion, blood 
samples were taken directly from the heart and estradiol and progesterone serum levels were assayed. The 
animals were perfused, the brains were sectioned and the uteri were surgically isolated and weighed. The 
BNST-containing sections were processed for immunohistochemistry using an anti-rabbit ERÔ± antibody. 
The estimates of the total number of neurons were obtained by using stereological methods. The results 
were statistically analyzed using a one-way ANOVA.

RESULTS

The total number of ERα-ir neurons in the BNSTpr signi#cantly altered over the estrous cycle, being about 
35% lower during proestrus and estrus when compared with metestrus and diestrus.

CONCLUSION

These results suggest that gradual combinations of ovarian hormone levels have the ability to modulate 
the expression of ERα in the neurons of the BNSTpr. On the one hand, the prominent surge in progesterone 
levels which is observed in proestrus is correlated with a decrease in ERα expression. On the other hand, 
slight estradiol levels which are observed in metestrus and diestrus are correlated with an increase in ERα 
expression. This may be a way to the hormone control of the relay mechanism of the BNSTpr for the olfactory 
information to the hypothalamic nuclei involved in the control of sexual behavior.

This work was supported by National Funds through FCT.
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GUIDE FOR AUTHORS
.

INTRODUCTION

Brain Research publishes papers reporting interdisciplinary investigations of nervous system structure
and function that are of general interest to the international community of neuroscientists. As is
evident from the journals name, its scope is broad, ranging from cellular and molecular studies
through systems neuroscience, cognition and disease. Invited reviews are also published; suggestions
for and inquiries about potential reviews are welcomed.

Note: With the appearance of the final issue of the 2011 subscription, Vol. 67/1-2 (24 June 2011),
Brain Research Reviews has ceased publication as a distinct journal separate from Brain Research.
Review articles accepted for Brain Research are now published in that journal.

In the journals Table of Contents, published papers will be shown under one of the Section titles listed
(in bold type) below. Authors will be given the opportunity to choose the most appropriate section
upon manuscript submission.

SECTIONS

Cell Biology, Signaling and Synaptic Transmission
Senior Editors: Leonard K. Kaczmarek (New Haven, CT, USA), Diane Lipscombe (Providence, RI, USA)
Studies investigating the cellular, molecular and genetic bases of structure, function and signaling
(both intracellular and intercellular) in nervous systems.

Cognition and Computation
Senior Editors:  Francesco P. Battaglia (Amsterdam, Netherlands), Erich Schröger (Leipzig, Germany),
Christina L. Williams (Durham, NC, USA)
Studies of the neural mechanisms of cognition and behavior in humans and animal models including
basic behaviors and higher mental functions; as well as studies dealing with realistic simulation,
analysis and prediction of the structure and functions of nervous systems and individual neuronal and
glial elements within nervous systems.

Development, Degeneration and Regeneration, and Aging
Senior Editors: Fen-Biao Gao (Worcester, MA, USA), Michael E. Selzer (Philadelphia, PA, USA), Flora
M. Vaccarino (New Haven, CT, USA)
Studies concerning neuronal and glial development and the formation of the nervous system,
molecular and cellular aspects of degeneration and regeneration, and changes associated with the
aging brain.

Neurobiology of Disease
Senior Editors: Lorraine Iacovitti (Philadelphia, PA, USA), Jae-Young Koh (Seoul, Korea), Brian A.
MacVicar (Vancouver, Canada), Peter H. Reinhart (Boston, MA, USA), J. Paul Taylor (Memphis, TN,
USA)
Studies whose primary focus is on clinically diseased nervous systems or disease models, including
molecular, cellular, systems and behavioral approaches and analysis of therapeutic interventions.

Reviews
Senior Editor: Irwin B. Levitan (Philadelphia, PA, USA)
Invited reviews on all aspects of nervous system structure and function. The editors welcome
suggestions for specific review topics. .

Systems Neuroscience and Behavior
Senior Editors:  Gary Aston-Jones (Charleston, SC, USA), Leslie C. Griffith (Waltham, MA, USA),
David J. Perkel (Seattle, WA, USA)
Studies concerning structure and organization of neural circuits, sensory and motor systems, internal
regulatory systems and the control of behaviors.

TYPES OF PAPERS
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1.Research Reports reporting results of original fundamental research in any branch of the brain
sciences. Papers describing new methods or significant developments of recognised methods which
provide significant insight into the structure or function of the nervous system, the pathophysiology
of a disease, or its treatment may also be submitted. Articles should be written in sufficient detail to
allow others to verify/replicate the described methods.

2. Reviews: Reviews are by invitation only. Inquiries and suggestions for reviews should be directed
to the Brain Research Editorial Office (bres@elsevier.com).

Brain Research will also regularly publish thematic special issues highlighting important new
developments in neuroscience research.

The Neuroscience Peer Review Consortium

Brain Research 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 Brain Research and indicate that the referees' reports from the first journal be made
available to the Editors of  Brain Research.

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 Brain Research. If an author does not wish for this to happen,
the manuscript can be submitted to Brain Research 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 Brain Research's specification and submit the paper to Brain Research
with a covering letter describing the changes that have been made, and informing the Editors that
the authors will ask for the referee's reports to be forwarded from the first Consortium journal. The
authors then must contact the first journal, and ask that reviews be forwarded, indicating they have
submitted to  Brain Research,  and providing the new manuscript ID number.

The Editors of Brain Research will use forwarded referees' reports at their discretion. The Editors may
use the reports directly to make a decision, or they may request further reviews if they feel such
are necessary.

Visit http://nprc.incf.org for a list of Consortium journals, as well as further information on the scheme.

Contact Details for submission
Submission of manuscripts to Brain Research is entirely online at http://ees.elsevier.com/bres.
Queries about the submission or editorial processes may be directed to the Brain Research Editorial
Office, Elsevier, 525 B Street, Suite 1800, San Diego, CA 92101-4495, USA; Fax: (1)-619-699.6850,
Email: bres@elsevier.com

BEFORE YOU BEGIN
Ethics in publishing
For information on Ethics in publishing and Ethical guidelines for journal publication see
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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for animal experiments http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm;
Uniform Requirements for manuscripts submitted to Biomedical journals http://www.icmje.org. This
must be stated at an appropriate point in the article.

For other policy issues, authors are referred to the policy guidelines of the Society for Neuroscience
(see their website http://www.jneurosci.org/misc/itoa.shtml).

Conflict 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. See
also http://www.elsevier.com/conflictsofinterest. Further information and an example of a Conflict of
Interest form can be found at: http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.

Submission declaration
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 http://www.elsevier.com/postingpolicy), 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
including electronically in the same form, in English or in any other language, without the written
consent of the copyright-holder.

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.

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:The reason the name should be added or removed or
the author names rearranged. Written 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 author being added or removed.

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,
this includes confirmation from the author being added or removed. 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: (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.
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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
As an author you (or your employer or institution) retain certain rights. For more information on
author rights for:
Subscription articles please see
http://www.elsevier.com/journal-authors/author-rights-and-responsibilities.
Open access articles please see http://www.elsevier.com/OAauthoragreement.

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. Please see http://www.elsevier.com/funding.

Funding body agreements and policies
Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

Open access
This journal offers authors a choice in publishing their research:

Open Access
• Articles are freely available to both subscribers and the wider public with permitted reuse
• An Open Access publication fee is payable by authors or their research funder
Subscription
• 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

All articles published Open Access will be immediately and permanently free for everyone to read
and download. Permitted reuse is defined by your choice of one of the following Creative Commons
user licenses:
Creative Commons Attribution (CC BY): lets others distribute and copy the article, to create
extracts, abstracts, and other revised versions, adaptations or derivative works of or from an article
(such as a translation), to include in a collective work (such as an anthology), to text or data mine
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the article, even for commercial purposes, as long as they credit the author(s), do not represent the
author as endorsing their adaptation of the article, and do not modify the article in such a way as
to damage the author's honor or reputation.
Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for non-
commercial purposes, lets others distribute and copy the article, to create extracts, abstracts and
other revised versions, adaptations or derivative works of or from an article (such as a translation),
to include in a collective work (such as an anthology), to text and data mine the article, as long as
they credit the author(s), do not represent the author as endorsing their adaptation of the article, do
not modify the article in such a way as to damage the author's honor or reputation, and license their
new adaptations or creations under identical terms (CC BY-NC-SA).
Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for non-
commercial purposes, lets others distribute and copy the article, and to include in a collective work
(such as an anthology), as long as they credit the author(s) and provided they do not alter or modify
the article.

To provide Open Access, this journal has a publication fee which needs to be met by the authors or
their research funders for each article published Open Access.
Your publication choice will have no effect on the peer review process or acceptance of submitted
articles.

The publication fee for Open Access in this journal is $1,800, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not a
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/bres

Section, Senior Editor and Reviewers

Authors will be asked during manuscript submission to select a section of the journal, and a senior
editor from that section whom they consider most appropriate to edit their manuscript. While every
effort will be made to honor authors' selections, the assignment to a handling editor will be made by
the Editor-in-Chief. Please submit, with the manuscript , the names, addresses and email addresses
of 3 potential reviewers. Note that the handling editor retains the sole right to decide whether or not
the suggested reviewers are used.

Referees
Please submit, with the manuscript, the names, addresses and e-mail addresses of three potential
referees. Note that the editor retains the sole right to decide whether or not the suggested reviewers
are used.

Additional information
Cover illustrations: Authors are encouraged to submit visually and scientifically interesting figure(s)
representative of their data, though not necessarily as they appear in the manuscript, for potential
cover illustrations (see specific instructions for submission of cover art under PREPARATION / Color
Artwork below). The use of illustrations for journal covers is at the discretion of the Editors; only those
related to articles accepted for publication will be considered. At the end of each year, all published
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covers will automatically be considered in a competition for the year's best cover illustration, and will
be judged on their aesthetic value and scientific interest. The author(s) of the winning image will
receive US$ 500 from Elsevier.

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 and numbered sections (e.g. Abstract, 1. Introduction, 2.
Results, 3. Discussion, 4. Experimental Procedure, Acknowledgements, References). Subsections
should be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to " the text" .
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 relevant background information. Published studies
should be described concisely, and be cited appropriately.

Results
The results should be described clearly and in logical order without extended discussion of their
significance. Results should usually be presented descriptively and be supplemented by photographs
or diagrams.

Discussion
The results of the research should be discussed in the context of other relevant published work;
Extensive citations and discussion of published literature should be avoided. 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 section.

Experimental Procedure
This section should contain all the details necessary to reproduce the experiments. Avoid re-describing
methods already published; only relevant modifications should be included in the text.

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
The abstract should state briefly (in no more than 250 words) 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.

Minimal Data Standards
Resources reported in neuroscience articles often lack sufficient detail to enable reproducibility
or reuse. To facilitate resource identification in the neuroscience literature , we recommend to
include relevant accession numbers and identifiers in your article, which will be converted into
links to corresponding data repositories and embedded enrichments once the article is published
and appears on SciencDirect. Please consider inclusion of GenBank accession numbers, antibody
identifiers, species specific nomenclatures, and software identifiers in the method section of
your article. The complete set of recommendations with detailed instructions is available at:
http://www.elsevier.com/about/content-innovation/minimal-data-standards

Artwork

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

Cover art: Illustrations to be considered for the cover should be related to the authors' submitted
article and be representative of their data, but need not necessarily be as they appear in the
manuscript. Cover art should be formatted to occupy an area of 18X21 cm and should be submitted in
digital format (TIFF, Photoshop, JPEG or Powerpoint) with a resolution of at least 300 dpi. Please also
include a descriptive text with your cover art submission. The files should be uploaded to a specified
FTP site - please contact the Editorial Office at bres@elsevier.com for instructions. For authors who
wish to postal mail a CD with the cover art, please send it to:
Brain Research Editorial Office, Elsevier, 525 B Street, Suite 1800, San Diego, CA 92101-4495, USA.
Please ensure that the manuscript reference number is included on all materials.

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) in addition to color
reproduction in print. For further information on the preparation of electronic artwork, please see
http://www.elsevier.com/artworkinstructions.

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
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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.

Reference links
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.

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.

Reference formatting
There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

Reference style
Text: All citations in the text should refer to:
1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;
2. Two authors: both authors' names and the year of publication;
3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.
Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ....'
List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a', 'b', 'c', etc., placed after the year of publication.
Examples:
Reference to a journal publication:
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51–59.
Reference to a book:
Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.
Reference to a chapter in an edited book:
Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281–304.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/2-22661-LTWA-online.php.
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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.

3D neuroimaging
You can enrich your online articles by providing 3D neuroimaging data in NIfTI format. This will
be visualized for readers using the interactive viewer embedded within your article, and will enable
them to: browse through available neuroimaging datasets; zoom, rotate and pan the 3D brain
reconstruction; cut through the volume; change opacity and color mapping; switch between 3D and
2D projected views; and download the data. The viewer supports both single (.nii) and dual (.hdr
and .img) NIfTI file formats. Recommended size of a single uncompressed dataset is 100 MB or
less. Multiple datasets can be submitted. Each dataset will have to be zipped and uploaded to the
online submission system via the '3D neuroimaging data' submission category. Please provide a short
informative description for each dataset by filling in the 'Description' field when uploading a dataset.
Note: all datasets will be available for downloading from the online article on ScienceDirect. If you have
concerns about your data being downloadable, please provide a video instead. For more information
see: http://www.elsevier.com/3DNeuroimaging.

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:
• Keywords
• All figure captions
• All tables (including title, description, footnotes)
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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 ProofCentral 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.
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.
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