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Abstract 

The stressful stimuli exposure and the use of drugs in early life may affect neurodevelopment, 

altering behaviors, memory and nociceptive response. These factors have been related to the 

delay in recovery of patients after medical procedures in hospitals. In this study, we investigated 

the influence of environmental enrichment (EE) on morphine exposure effect on 

neurodevelopment and memory of neonate rats. 28 pups were divided into four experimental 

groups: saline + standard housing (SS), saline + environmental enrichment (SE), morphine + 

standard housing (MS) and morphine + environmental enrichment (ME). The newborns 

received daily (P8-P14) subcutaneous injections of saline (5 μl) or morphine (5 μg/5 μl), and 

they were submitted to manipulation or EE (P8-P21). The righting reflex and the negative 

geotaxis, the object recognition and the hot plate tests were used to evaluate neuromotor 

reflexes, long-term memory and thermal hyperalgesia, respectively. Animals that received 

morphine showed longer neuromotor reflexes response time compared to the saline group, an 

effect that was age-dependent. Animals that received morphine showed less ability to recognize 

a new object in the environment, an effect that was partially reversed by EE. Nociceptive 

response was not altered for morphine nor EE. These findings demonstrate that neonatal 

morphine exposure alters the neurodevelopment and long-term memory in pup rats, without 

affecting nociceptive response. Thus, EE can be a promising non-pharmacological treatment to 

the consequences of neonatal noxious stimuli. 

 

Keywords: morphine; nociception; pup rats; long-term memory; neurodevelopment. 
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1. INTRODUCTION 

The use of opioids, such as morphine, has increased in neonatal intensive care units 

(NICUs) (Pacifici, 2016; Maciel et al., 2019) due to changes and advances in the identification, 

understanding, and treatment of pain in children. However, it has been documented that 

exposure to opioids can have deleterious effects on the development of embryo and newborns, 

causing distress and discomfort (Pereira et al., 2007; Pacifici, 2016). Environmental Enrichment 

(EE) is a non-pharmacological strategy used to improve neurodevelopment, combining stimuli 

that improve sensory, cognitive and motor skills. Furthermore, EE can benefit animals in their 

ability to learn and to memorize, stimulating curiosity in exploring the environment (Piazza et 

al., 2014). 

The first reflexes in newborns are representative of the development of motor skills. The 

observation of such reflexes enables to identify persistence or delay in neurodevelopment, 

which may be related to behavioral changes in adult life (Heyser, 2004; Berk, 2006). Thus, in 

early childhood, exposure to drugs has been related to alterations in neurodevelopment, for 

example, long-term memory impairment (Lee et al., 2014). 

Neurotransmission systems that drive painful stimuli to the cerebral cortex are already 

present in preterm and term newborn babies (Guinsburg et al., 2000). Newborn babies are 

susceptible to changes in sensitivity to painful stimuli, indexed by hyperalgesia and allodynia 

(Grunau et al., 2001), and to stressors (Grunau et al., 2004). Clinical evidence demonstrates that 

the exposure to painful events in childhood may be related to psychiatric disorders in adulthood 

such as anxiety, depression, fear, and schizophrenia (Reichert et al., 2000; McGrath et al., 2008; 

and Pillai Riddell, 2013, Victoria and Murphy, 2016), suggesting that the exposure to aversive 

events in childhood can have lifelong consequences. 

Studies in animal models have shown that at the 1st postnatal day (P1), opioid receptors 

are already widely distributed in the central nervous system (CNS), with μ (mu) and k (kappa) 
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receptors predominating in this period. The peak density of μ receptors occurs on the seventh 

postnatal day (P7) and gradually declines until the third week of life, when it reaches the levels 

that are found in adults (Beland and Fitzgerald, 2001; Kar and Quirion, 1995). It has also been 

shown that changes caused by morphine during the prenatal period may have an impact on 

synaptic plasticity processes throughout development (Schrottet et al., 2008). Previous studies 

from our group have shown that animals repeatedly exposed to morphine in early life exhibit 

hypernociceptive behavior in adult life (Rozisky et al., 2011). In addition, exposure to morphine 

early in life may lead to changes in the developing CNS, with long-term neurochemical and 

behavioral changes in rodents (Rozisky et al. 2008, Oliveira et al. 2017). 

The exposure to stressful stimuli is an environmental factor related to alteration in the 

neural development process (Lai et al., 2006; Aisa et al., 2009). Thus, the environment is a 

determining factor from birth to early adulthood, when the CNS is more susceptible to 

environmental alterations (Fernández-Teruel et al., 2002; Nunes et al., 2003). However, there 

is little information on the ideal period for EE exposure, like a non-pharmacological 

neuroprotection feature in neonates. EE studies have been conducted to study the impact of 

environmental conditions on behavioral, morphological and functional adaptations in different 

experimental models (Segovia et al., 2009; Fox et al., 2006). 

EE has been related to the alteration of neuroplastic processes such as neurogenesis (Van 

Praag et al., 2000, Kotloski et al., 2015), neurotrophin levels (Rossi et al., 2006), neuronal 

survival, synaptogenesis and cell proliferation (Mohammed et al., 2002). Previous studies have 

shown that animals that grew up in an enriched environment have increased cortical mass and 

neurotransmitter levels, such as noradrenaline and dopamine (Naka et al., 2002, O'Shea et al., 

1983), as well as, a better performance in learning tasks (Kobayashi et al., 2002). However, 

there are a limited number of studies about the effects of EE on the nociceptive response. 
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Finally, the EE preclinical studies have a high relevance, since positive- effects can be observed 

(Durán-Carabali et al., 2018; Khalaji et al., 2018).  

Taken together, preclinical studies using EE are necessary to a better understanding of 

its effects in improving cognition and neuroprotection in experimental animal models. Thus, 

the aim of this study was to evaluate the short term effects of early EE in neurodevelopment, 

long-term memory and nociceptive response after neonatal morphine exposure in male rats. 

 

2. MATERIAL AND METHODS 
 

2.1 Animals 

A total of 28 male Wistar rat pups were used in the present study. Pups were kept 

together with their mothers in polypropylene home cages (70 x 70 x 50 cm) with the floor 

covered using sawdust bedding. Animals were maintained on a standard 12 h dark/light cycle 

(lights on at 7:00 a.m.) in a temperature-controlled environment (22 ± 2 ºC), and had ad libitum 

access to water and standard rodent chow. Female pups were not used because of the influence 

of hormonal oscilations on the nociceptive process and drug response (Ribeiro et al., 2005). At 

birth, litters were standardized according to Silveira et al. (Silveira et al., 2010, 2011), with 

minor modifications, in 7 male pups per dam. Standardization of litters in the first day after 

birth promotes a uniform nutritional condition for all pups (Tanaka et al., 2004). All the 

procedures described in this experiment were approved by the Institutional Committee for 

Animal Care and Use (GPPG/HCPA protocol #18-0187), conducted in compliance with the 

Brazilian law #11.794 (2008) and its normative regulations (MCTI, 2013a; MCTI, 2013b) and 

the Laboratory Guide for the Care and Use of Animals (The National Academies Press, Eighth 

Edition, 2011). Vigorous attempts were made to minimize animal suffering, and decrease 

external sources of pain and discomfort, as well as to use the minimum number of animals 

required to produce reliable scientific data. 
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2.2 Environmental Enrichment 

The early EE protocol was adapted from Pereira et al. (2007; 2008), and consists of free 

exploration of objects, by the mother and the puppies, inside the acrylic box-dwelling. The 

following enrichment artifacts were used: tow nest, aluminum ramp, racing wheel, plastic 

tunnel, cotton nests, rope, craft paper nest, plastic dog bone, and wooden slabs covered with 

edible paint (Khalaji et al., 2018; Neal et al., 2018). EE was carried out between P8 and P21 for 

the enriched groups, during which weekly housecleaning was performed and, concurrently, the 

replacement of objects to maintain the novelty factor. All pups were maintained with their dams 

until weaning (P21). 

 

2.3 Experimental design 

After birth and standardization of litters, animals were randomly assigned to one of the 

following groups: saline + standard housing (SS); saline + enriched housing (SE); morphine + 

standard housing (MS) or morphine + enriched housing (ME).  Animals were treated (saline or 

morphine) from P8 to P14 and exposed to EE or manipulation between P8 and P21. Behavioral 

tests were blindly performed, always at the same time of the day (2:00 p.m.). Initial reflex tests 

were carried out from P9 to P20. Pups were tested for nociception and memory on P20.  

 

2.4 Pharmacological Treatment 

Rats received daily (P8 – P14) mid-scapular subcutaneous injection of either saline (5 

μl, SS and SE groups) or morphine (5 μg / 5 μl, MS and ME groups). This dose was chosen 

based on previous studies of our research group (Rozisky et al., 2008, 2010, 2011, 2012a, 

2012b). The neurological development in rats at P8 is similar to that of a human newborn, which 

justifies starting treatment at this stage (Fitzgerald e Anand, 1993). Moreover, it is accepted that 

they are physiologically immature (Pattinson e Fitzgerald, 2004), since this period is 
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characterized by large cerebral and neuroplastic variations of the developing pain system 

(Rabinowicz et al., 1996; Kim et al., 1996; Shapiro, 2001). All treatments were given at the 

same time each day (11:00 a.m). One milliliter of morphine sulfate was diluted in 9 mL of 

sterile 0.9% NaCl. Morphine Sulfate (Dimorf® 10 mg/mL, Cristália Ltda., São Paulo, Brasil) 

was provided by Hospital de Clínicas de Porto Alegre, Porto Alegre, Rio Grande do Sul, Brazil.

  

2.5 Development of Neuromotor Reflexes 

2.5.1 Negative geotaxis 

 
 The negative geotaxis test consists of a postural reaction, making the animal face 

upwards, when placed on a sloped surface facing downwards. The test was carried out at P10, 

P12, P14, P16, P18 and P20. Pups were placed on a 35 cm-long inclined platform (45º slope), 

facing the downslope. The animals were expected to turn around 180º to face upwards, and 

climb up the board with their forepaws reaching the upper edge of the board. The latency to 

turn 180º was registered using a digital chronometer. The results of the test were considered 

negative if the pups did not succeed in this task within the observed time period of 60 s (Motz 

and Alberts, 2005; de Oliveira et al., 2017). 

 

2.5.2 Righting Reflex 

The righting reflex test was carried out on P9 and P10. Pups were placed in a supine 

position, and the latency (s) to turn over their longitudinal axis to restore a normal prone position 

was measured. This was considered fully achieved when the pups turned 180º around their 

longitudinal axis, and their four paws were in contact with the plane surface within the observed 

60 s time frame (Karalis et al. 2011; de Oliveira et al. 2017). 

 

2.6 Long-term Memory Test 
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2.6.1 Object Recognition 

 The object recognition test was performed in an open field (60 x 40 x 50 cm) (protocol 

adapted from Myskiw et al., 2008 and Benetti et al., 2009). The test consists of three phases: 

habituation, training and testing. During the habituation phase (P18) the animal explored the 

open field for 5 minutes. On the day of the training session (P19) the animals were placed in 

the arena in the presence of two distinct objects (A and B) and stayed in place to explore them 

for 5 minutes. The test session was performed 24 hours after the training session (P20) to assess 

long-term memory.  In the test phase, a copy identical to the old object (A or B) was placed in 

the open field along with a new T-shaped object (C) and the animal was again placed in the 

arena and tested for 5 minutes. Exploration of an object was defined as directing the nose to the 

object at a distance of equal to or less than 2 cm or touching it with the nose. The time spent 

exploring each object was recorded by the researcher and expressed as the percentage of the 

total exploration time in seconds (Rossato et al., 2007). The objects were build using plastic 

LEGO blocks (Leffa et al., 2016). The test was videorecorded and afterwards blindly analyzed.   

 

2.7 Nociceptive Test 

2.7.1 Hot Plate Test (HP) 

The HP test is used as an indicator of the supraspinal pain process and evaluates thermal 

nociceptive threshold (Ossipov et al., 1995). HP was performed at P20. Briefly, 24 hours prior 

to the test, all animals were habituated to the apparatus for 5 min to avoid novelty-induced 

analgesia (Netto et al., 1987). Licking the paws or jumping responses were considered to be the 

result of supraspinal sensory integration (Caggiula et al., 1995; Rubinsteinet et al., 1996). 

Animals were placed in glass funnels on the heated surface (55 ± 0.1 °C), and the time between 

the placement of the rat and the first response (i.e., foot licking, jumping, or rapid removing of 
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paws) was identified as the latency for the nociceptive response. Additionally, a cutoff time of 

20 s was employed to avoid tissue damage (Woolfe and Macdonald, 1944). 

 

2.8 Statistical analysis 

 The results of the neurobehavioral tests and object recognition were analyzed using a 

generalized estimation equation (GEE). The nociceptive behavioral test was evaluated using 

non-parametric Kruskall Walis test. To control for possible effect of outliers, those animals that 

did not present behavioral responses were excluded from the analysis. Data were expressed as 

mean ± standard error of the mean (SEM). All results were considered statistically significant 

if p < 0.05. The SPSS 20.0 software was used for statistics.  
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3. RESULTS 

 

3.1 Neuromotor development 

3.1.1 Negative Geotaxis  

 On P10, P12, P14, P16, P18 and P20 all pups were submitted to the negative geotaxis 

test. GEE statistic results indicate an effect of age and group interaction * time (GEE: Wald χ2= 

100,465; 15, p < 0.05), demonstrating a developmental effect. On P12, the SS group presented 

a faster response than the group SE (GEE: Wald χ2= 8,562; 3, p < 0.05). In P16 the groups 

receiving morphine showed a delay in response compared to saline groups (GEE: Wald χ2 

=30,463; 3, p < 0.05). At P20, the MS group presented slower performance compared to the SS 

group (GEE: Wald χ2= 11,364; 3, p < 0.05) (Figure 1). 

------------------------------------------- Insert Fig. 1------------------------------------------------------- 

 

3.1.2 Righting Reflex 

 On P9 and P10, the pups were submitted to the righting reflex test.  GEE indicated 

statistically significant differences between the groups on the two assessment days, with group 

interaction * time (Wald χ2 = 33,107; 3, p <0,05). The analysis showed that in P9 the animals 

of the MS group took longer time to return to the position of ventral decubitus compared to the 

animals of group SE and ME (Wald χ2 = 27,223; 3, p < 0,05). In P10 the animals of both MS 

and ME groups presented longer reflex response time when compared to the animals of both 

SS and SE groups (Wald χ2 = 115,470; 3, p < 0,05) (Figure 2).  

--------------------------------------------- Insert Fig. 2 ---------------------------------------------------- 

 

3.1.3 Object Recognition 

 In P20 the animals were submitted to the object recognition test. GEE indicated 

statistically significant differences between the groups, there is interaction group * object (Wald 
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χ2 = 43,351; 3, p < 0,05). The animals of group SE and MS interacted more with the old object 

in relation to the SS group. The animals in the ME group presented significant difference in 

relation to the SE and MS groups, the MS group interacted for longer time with the old object, 

and the EE partially reversed the morphine effect in the ME group (Wald χ2 = 14,0806; 3, p < 

0,05). Regarding the new object, the MS group was statistically different from the other groups, 

suggesting a long-term memory imparment of these animals (Wald χ2 = 129,037; 3, p < 0,05) 

(Figure 3). 

-------------------------------------------- Insert Fig. 3------------------------------------------------------ 

 

 

3.1.3 Hot Plate Test 

 In P20 the animals were submitted to the hot plate test. The nonparametric Kruskal 

Wallis test showed no significant difference between groups in the thermal nociception test 

(Wald χ2 = 1,004; 3, p = 0,791) (Table 1). 

------------------------------------------- Insert Table 1----------------------------------------------------- 
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4. DISCUSSION 
  

 In the present study, we showed that animals that received morphine from P8 to P14 

presented an impairment in neuromotor reflexes and negative effects on long-term memory. It 

is important to report that part of these effects was age-dependent, and that EE from P8 to P21 

has partially reversed these negative outcomes. Moreover, neither morphine nor EE altered the 

pup rats thermal nociceptive response. 

 The evaluations of the righting reflex and the negative geotaxis showed that early-life 

morphine exposure was able to affect development neuromotor in an age-dependent manner. 

On P9, rats that received morphine without enriched environmental showed longer neuromotor 

reflexes response time than rats receiving saline injections or morphine-injected associated to 

EE. Thus, EE on P9 was able to revert the neurodevelopmental impairment. On P10, both 

groups receiving morphine presented a slower neuromotor response than saline injected 

animals. It was also demonstrated by the negative geotaxis that rats receiving morphine have a 

worse performance on these test, but only on P16 and P20. EE was able to improve the 

performance on saline-injected pups on P12, demonstrating age- and treatment-dependent 

effects. These findings demonstrate that morphine has a negative effect on the development of 

motor skills in neonate rats. Motor reflexes are fundamental for the adaptation of the neonate 

to the environment (Golan and Huleihel, 2006) and changes in its development may affect its 

perception and the way it reacts to the environment (Schuch et al., 2016). Preclinical and clinical 

studies demonstrate that sensory and motor skills are fundamental for the development of 

newborns (Zafeiriou et al., 1999; de Oliveira et al., 2017). Therefore, changes in biological and 

behavioral processes may be markers of changes in adult life (Heyser, 2004; Schuch et al., 

2016). 

 Corroborating our findings, a recent study from our research group demonstrated that 

newborn rats exposed to morphine and maternal deprivation early in life show a delay in the 
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development of neonatal reflexes, evidenced by the inferior performance in the latency of the 

righting reflex (P8-P10), an effect that is related to treatment with morphine. In addition, the 

negative geotaxis test (P8, P10 and P12) also showed a lower performance score in the groups 

that received morphine and submitted to maternal deprivation. These data demonstrate that 

morphine and/or stress exposures in early life adversely affect brain development and increase 

the risk of occurrences of behavioral changes (de Oliveira et al., 2017). 

 The long-term memory results achieved by the object recognition test show that 

morphine-injected exposure rats to non-enriched environment have impaired ability to 

recognize a new object in the environment, while remaining most of the time interacting with 

the old object. EE was able to reverse this effect in the enriched group. EE induces neuronal 

changes and it is able to revert stress effects, especially in cognitive tasks (Sale et al., 2009). 

Thus, EA has been used to evaluate memory performance and it alters the neurogenesis process 

(Sampedro-Piquero, P. and Begega, A., 2016). However, there are rare studies that evaluate the 

EE effects in the morphine-exposed neonates, especially at long-term memory (Lee et al., 2014; 

Shen et al., 2013). Thus we can suggest that EE is a potential therapeutic strategy. A study 

conducted by Shih and colleagues (2012) showed long-term cognitive impairment induced by 

exposure to anesthetics in childhood. In addition, EE is also a useful method for the prevention 

of brain changes induced by maternal separation, a potent stressor for neonates (Khalaji et al., 

2018; Sale et al., 2017).   

 On the other hand, in the present study, no difference between groups in the 

nociceptive response evaluated on P20 was demonstrated. Previous findings from our group 

have shown that exposure to stressors in the neonatal period, such as maternal deprivation, is 

also related to changes in nociceptive response assessed in P21 (Ströher et al., 2019). In 

addition, neonatal exposure to morphine induces an improvement in morphine-induced 

analgesia from P8 to P16, probably related to neonate neurodevelopment (Rozisky et al., 2008). 
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 We may therefore emphasize the present findings as potential harming effects of 

morphine taken in early-life and protective effects of EE. It may be a promising noninvasive 

strategy to ameliorate deficits in the maturation of the nervous system and promote the recovery 

of sensory functions in pathological conditions that affect the brain in developing ages (Sale et 

al., 2009). 
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5. CONCLUSION 

 In summary, our study demonstrates that premature exposure to morphine negatively 

affects behavioral development and long-term memory in neonate rats, and that EE may be a 

non-pharmacological alternative to avoid the deleterious effects induced by repeated 

administration of morphine in a period of high neuroplasticity. In this way, the preclinical 

studies involving this type of intervention are of high relevance. 
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6. STUDY LIMITATIONS 

 This main limitation of the present study is the small number of the sample, which may 

have influenced our results.  
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LEGENDS 

Figure 1: Negative Geotaxis. Data are presented as the mean ± standard error of the mean 

(N=28). Groups: saline + standard housing (SS); saline + enriched housing (SE); morphine + 

standard housing (MS); morphine + enriched housing (ME). GEE showed an effect of group 

GEE: Wald χ2= 100,465; 15, p < 0.05. The differences between groups were assessed at each 

time point (P9-P20) separately, and number of different symbols. * p < 0.05; ** p < 0.01. 

 

Figure 2: Righting Reflex. Data are presented as the mean ± standard error of the mean (N = 

28). Groups: saline + standard housing (SS); saline + enriched housing (SE); morphine + 

standard housing (MS); morphine + enriched housing (ME). GEE showed interaction group × 

time (Wald χ2 = 33,107; 3, p < 0.05). The differences between groups were assessed at each 

time point (P9-P10) separately, and number of different symbols. *p < 0.05; **p < 0.01; ***p 

< 0.001. 

 

Figure 3: Object Recognition. Data are presented as the mean ± standard error of the mean 

(N=28). Groups: saline + standard housing (SS); saline + enriched housing (SE); morphine + 

standard housing (MS); morphine + enriched housing (ME). Old Object. GEE showed 

interaction group × interaction object (Wald χ2 = 33,107; 3, p < 0,05). New Object. GEE 

showed interaction group × interaction object (Wald χ2 = 129,037; 3, p < 0,05). Differences 

between groups were evaluated for the objects separately, and the number of different symbols. 

*p < 0.05; ** p < 0.01; ***p < 0.001. 

 

Table 1. Hot Plate Test. The nonparametric Kruskal Wallis test indicated that there was no 

statistically significant difference between groups on the latency to respond on the thermal 

nociception test (Wald χ2 = 1,004; 3, p > 0.05). 
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Table 1 – Hot Plate test. 

Group 
Latency (s) 

N 
Median Minimum Maximum 

SS 7.00 5.00 8.00 7 

SE 7.60 6.00 9.00 7 

MS 7.33 3.00 10.00 7 

ME 7.00 6.00 11.00 7 

SS = saline + standard housing; SE = saline + environmental enrichment; MS = morphine + 

satandard housing; ME = morphine + environmental enrichment. No significant differences 

between groups. 
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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 gold open access publication fee. Details of existing agreements are available 

online. 

Open access 

This journal offers authors a choice in publishing their research: 

Subscription 

• Articles are made available to subscribers as well as developing countries and patient groups 

through our universal access programs. 

• No open access publication fee payable by authors. 

• The Author is entitled to post the accepted manuscript in their institution's repository and 

make this public after an embargo period (known as green Open Access). The published journal 

article cannot be shared publicly, for example on ResearchGate or Academia.edu, to ensure 

the sustainability of peer- reviewed research in journal publications. The embargo period for 

this journal can be found below. Gold open access 

https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article
https://www.elsevier.com/about/open-science/open-access/agreements
https://www.elsevier.com/about/open-science/science-and-society
https://www.elsevier.com/about/policies/sharing/accepted-manuscript
https://www.elsevier.com/about/policies/sharing
https://www.elsevier.com/about/policies/sharing
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• Articles are freely available to both subscribers and the wider public with permitted reuse. 

• A gold open access publication fee is payable by authors or on their behalf, e.g. by their 

research funder or institution. 

Regardless of how you choose to publish your article, the journal will apply the same 

peer review criteria and acceptance standards. 

For gold open access articles, permitted third party (re)use is defined by the following 

Creative Commons user licenses: 

Creative Commons Attribution (CC BY) 

Lets others distribute and copy the article, create extracts, abstracts, and other revised 

versions, adaptations or derivative works of or from an article (such as a translation), include 

in a collective work (such as an anthology), text or data mine 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-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. 

The gold open access publication fee for this journal is USD 2400, excluding taxes. Learn 

more about Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing. 

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 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 

https://www.elsevier.com/about/policies/open-access-licenses
https://www.elsevier.com/about/policies/open-access-licenses
http://www.elsevier.com/openaccesspricing
http://www.elsevier.com/openaccesspricing
https://www.elsevier.com/about/open-science/open-access
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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 18 months. 

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. 

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. 

Submission Address 

https://www.evise.com/profile/api/navigate/DN 

PREPARATION 

NEW SUBMISSIONS 

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 your files 

https://www.elsevier.com/about/open-science/open-access/journal-embargo-finder
http://webshop.elsevier.com/languageediting/
http://webshop.elsevier.com/languageediting/
https://www.evise.com/profile/api/navigate/DN
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to a single PDF file, which is used in the peer-review process.  

As part of the Your Paper Your Way service, you may choose to submit your manuscript 

as a single file to be used in the refereeing process. This can be a PDF file or a Word document, 

in any format or lay- out that can be used by referees to evaluate your manuscript. It should 

contain high enough quality figures for refereeing. If you prefer to do so, you may still provide 

all or some of the source files at the initial submission. Please note that individual figure files 

larger than 10 MB must be uploaded separately. 

References 

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 article number or 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. 

Formatting requirements 

There are no strict formatting requirements but all manuscripts must contain the 

essential elements needed to convey your manuscript, for example Abstract, Keywords, 

Introduction, Materials and Methods, Results, Conclusions, Artwork and Tables with 

Captions. 

If your article includes any Videos and/or other Supplementary material, this should 

be included in your initial submission for peer review purposes. Divide the article into clearly 

defined sections. 

Figures and tables embedded in text 

Please ensure the figures and the tables included in the single file are placed next to the 
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relevant text in the manuscript, rather than at the bottom or the top of the file. The 

corresponding caption should be placed directly below the figure or table. 

Peer review 

This journal operates a single blind review process. All contributions will be initially 

assessed by the editor for suitability for the journal. Papers deemed suitable are then typically 

sent to a minimum of two independent expert reviewers to assess the scientific quality of the 

paper. The Editor is responsible for the final decision regarding acceptance or rejection of 

articles. The Editor's decision is final. More information on types of peer review. 

REVISED SUBMISSIONS 

Use of word processing software 

Regardless of the file format of the original submission, at revision you must provide 

us with an editable file of the entire article. Keep the layout of the text as simple as possible. 

Most formatting codes will be removed and replaced on processing the article. The electronic 

text should be prepared in a way very similar to that of conventional manuscripts (see also the 

Guide to Publishing with Elsevier). 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 - numbered sections 

Divide your article into clearly defined and numbered sections. 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 

https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/authors/journal-authors/submit-your-paper
https://www.elsevier.com/authors/journal-authors/submit-your-paper


41  

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 details to allow the work to be reproduced by an independent 

researcher. Methods that are already published should be summarized, and indicated by a 

reference. If quoting directly from a previously published method, use quotation marks and 

also cite the source. Any modifications to existing methods should also be described. 

Theory/calculation 

A Theory section should extend, not repeat, the background to the article already dealt 

with in the Introduction and lay the foundation for further work. In contrast, a Calculation 

section represents a practical development from a theoretical basis. 

Results 

Results should be clear and concise. 

Discussion 

This should explore the significance of the results of the work, not repeat them. A 

combined Results and Discussion section is often appropriate. Avoid extensive citations and 

discussion of published literature. 

Conclusions 

The main conclusions of the study may be presented in a short Conclusions section, 

which may stand alone or form a subsection of a Discussion or Results and Discussion 

section. 

Appendices 

If there is more than one appendix, they should be identified as A, B, etc. Formulae and 

equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a 
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subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. 

A.1, etc. 

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. Please clearly indicate the given name(s) and family 

name(s) of each author and check that all names are accurately spelled. You can add your 

name between parentheses in your own script behind the English transliteration. 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. This responsibility includes answering any 

future queries about Methodology and Materials. 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. 

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 editable 

file in the online submission system. Please use 'Highlights' in the file name and include 3 to 
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5 bullet points (maximum 85 characters, including spaces, per bullet point). You can view 

example Highlights on our information site. 

Abstract 

A concise and factual abstract is required. The abstract should state briefly the purpose 

of the research, the principal results and major conclusions. An abstract is often presented 

separately from the article, so it must be able to stand alone. For this reason, References 

should be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or 

uncommon abbreviations should be avoided, but if essential they must be defined at their first 

mention in the abstract itself. 

Graphical abstract 

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 Services to ensure the best presentation of 

their images and in accordance with all technical requirements. 

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. 

https://www.elsevier.com/authors/journal-authors/highlights
https://www.elsevier.com/authors/journal-authors/graphical-abstract
https://www.elsevier.com/authors/journal-authors/graphical-abstract
https://webshop.elsevier.com/illustration-services/
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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.). 

Formatting of funding sources 

List funding sources in this standard way to facilitate compliance to funder's 

requirements: 

Funding: This work was supported by the National Institutes of Health [grant numbers 

xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the 

United States Institutes of Peace [grant number aaaa]. 

It is not necessary to include detailed descriptions on the program or type of grants and 

awards. When funding is from a block grant or other resources available to a university, 

college, or other research institution, submit the name of the institute or organization that 

provided the funding. 

If no funding has been provided for the research, please include the following sentence: 

This research did not receive any specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors. 

Units 

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

Nomenclature and units 

Follow internationally accepted rules and conventions: use the international system of 

units (SI).   If other quantities are mentioned, give their equivalent in SI. You are urged to 

consult IUPAC: Nomenclature of Organic Chemistry for further information. 

Math formulae 

Please submit math equations as editable text and not as images. Present simple 

formulae in  line with normal text where possible and use the solidus (/) instead of a horizontal 

line for small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. 

Powers of e are often more conveniently denoted by exp. Number consecutively any 

equations that have to be displayed separately from the text (if referred to explicitly in the 

text). 

Footnotes 

Footnotes should be used sparingly. Number them consecutively throughout the article. 

Many word processors build footnotes into the text, and this feature may be used. Should this 

not be the case, indicate the position of footnotes in the text and present the footnotes 

themselves separately at the end of the article. 

• Make sure you use uniform lettering and sizing of your original artwork. 

• Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier. 

• Number the illustrations according to their sequence in the text. 

• Use a logical naming convention for your artwork files. 

• Indicate per figure if it is a single, 1.5 or 2-column fitting image. 

• For Word submissions only, you may still provide figures and their captions, and tables 

within a single file at the revision stage. 

• Please note that individual figure files larger than 10 MB must be provided in separate source 

http://www.acdlabs.com/iupac/nomenclature/
http://www.acdlabs.com/iupac/nomenclature/
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files. 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 

Regardless of the application used, 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 the font or save the text as 'graphics'. 

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi. 

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi. 

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 

500 dpi  is required. 

Please do not: 

• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is 

too low. 

• 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) in addition to 

color reproduction in print. Further information on the preparation of electronic artwork. 

Figure captions 

Ensure that each illustration has a caption. A caption should comprise a brief title (not 

on the figure itself) and a description of the illustration. Keep text in the illustrations themselves 

https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
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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 and 

shading in table cells. 

References 

Citation in text 

Please ensure that every reference cited in the text is also present in the reference list 

(and vice versa). Any references cited in the abstract must be given in full. Unpublished results 

and personal communications are not recommended in the reference list, but may be mentioned 

in the text. If these references are included in the reference list they should follow the standard 

reference style of the journal and should include a substitution of the publication date with 

either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press' 

implies that the item has been accepted for publication. 

Web references 

As a minimum, the full URL should be given and the date when the reference was last 

accessed. Any further information, if known (DOI, author names, dates, reference to a source 

publication, etc.), should also be given. Web references can be listed separately (e.g., after the 

reference list) under a different heading if desired, or can be included in the reference list. 

Data references 

This journal encourages you to cite underlying or relevant datasets in your manuscript 
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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. Using citation 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. If you use reference management software, please ensure that 

you remove all field codes before submitting the electronic manuscript. More information on 

how to remove field codes from different reference management software. 

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/international-journal-of-developmental-

neuroscience When preparing your manuscript, you will then be able to select this style using 

the Mendeley plug- ins for Microsoft Word or LibreOffice. 

Reference formatting 

There are no strict requirements on reference formatting at submission. References can 

http://citationstyles.org/
http://citationstyles.org/
http://www.mendeley.com/features/reference-manager
https://service.elsevier.com/app/answers/detail/a_id/26093
https://service.elsevier.com/app/answers/detail/a_id/26093
https://service.elsevier.com/app/answers/detail/a_id/26093
http://open.mendeley.com/use-citation-style/international-journal-of-developmental-neuroscience
http://open.mendeley.com/use-citation-style/international-journal-of-developmental-neuroscience
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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 article number or 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 can 

be listed either first alphabetically, then chronologically, or vice versa. 

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)…. Or, as 

demonstrated (Jones, 1999; Allan, 2000)… 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. https://doi.org/10.1016/j.Sc.2010.00372. 

Reference to a journal publication with an article number: 

https://doi.org/10.1016/j.Sc.2010.00372
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Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific article. 

Heliyon. 19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205. 

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. 

Reference to a website: 

Cancer Research UK, 1975. Cancer statistics reports for the UK. 

http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/ (accessed 13 

March 2003). 

Reference to a dataset: 

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese 

oak wilt disease and surrounding forest compositions. Mendeley Data, v1. 

https://doi.org/10.17632/ xwj98nb39r.1. 

Journal abbreviations source 

Journal names should be abbreviated according to the List of Title Word Abbreviations. 

Video 

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 

http://www.cancerresearchuk.org/
https://www.issn.org/services/online-services/access-to-the-ltwa/
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your video or animation material is directly usable, please provide the file in one of our 

recommended file formats with a preferred maximum size of 150 MB per file, 1 GB in total. 

Video and animation files supplied will be published online in the electronic version of your 

article in Elsevier Web products, including ScienceDirect. 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. 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. 

Data visualization 

Include interactive data visualizations in your publication and let your readers interact 

and engage more closely with your research. Follow the instructions here to find out about 

available data visualization options and how to include them with your article. 

Supplementary material 

Supplementary material such as applications, images and sound clips, can be published 

with your article to enhance it. Submitted supplementary items are published exactly as they are 

received (Excel or PowerPoint files will appear as such online). Please submit your material 

together with the article and supply a concise, descriptive caption for each supplementary file. 

If you wish to make changes to supplementary material during any stage of the process, please 

make sure to provide an updated file. Do not annotate any corrections on a previous version. 

Please switch off the 'Track Changes' option in Microsoft Office files as these will appear in 

the published version. 

Research data 

This journal encourages and enables you to share data that supports your research 

publication where appropriate, and enables you to interlink the data with your published 

https://www.sciencedirect.com/
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-resources/data-visualization
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articles. Research data refers to the results of observations or experimentation that validate 

research findings. To facilitate reproducibility and data reuse, this journal also encourages you 

to share your software, code, models, algorithms, protocols, methods and other useful materials 

related to the project. 

Below are a number of ways in which you can associate data with your article or make 

a statement about the availability of your data when submitting your manuscript. If you are 

sharing data in one of these ways, you are encouraged to cite the data in your manuscript and 

reference list. Please refer to the "References" section for more information about data citation. 

For more information on depositing, sharing and using research data and other relevant research 

materials, visit the research data page. 

Data linking 

If you have made your research data available in a data repository, you can link your 

article directly to the dataset. Elsevier collaborates with a number of repositories to link articles 

on ScienceDirect with relevant repositories, giving readers access to underlying data that gives 

them a better understanding of the research described. 

There are different ways to link your datasets to your article. When available, you can 

directly link your dataset to your article by providing the relevant information in the submission 

system. For more information, visit the database linking page. 

For supported data repositories a repository banner will automatically appear next to 

your published article on ScienceDirect. 

In addition, you can link to relevant data or entities through identifiers within the text 

of your manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; 

CCDC: 734053; PDB: 1XFN). 

Mendeley Data 

https://www.elsevier.com/authors/author-resources/research-data
https://www.elsevier.com/authors/author-resources/research-data/data-base-linking
https://www.elsevier.com/authors/author-resources/research-data/data-base-linking#repositories
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This journal supports Mendeley Data, enabling you to deposit any research data 

(including raw and processed data, video, code, software, algorithms, protocols, and methods) 

associated with your manuscript in a free-to-use, open access repository. During the submission 

process, after uploading your manuscript, you will have the opportunity to upload your relevant 

datasets directly to Mendeley Data. The datasets will be listed and directly accessible to readers 

next to your published article online.For more information, visit the Mendeley Data for journals 

page. 

Data statement 

To foster transparency, we encourage you to state the availability of your data in your 

submission. This may be a requirement of your funding body or institution. If your data is 
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