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RESUMO 

Este estudo teve como objetivo avaliar o impacto do consumo crônico de álcool 

e da inalação passiva de fumaça de tabaco, isoladamente ou combinados, na 

saúde hepática de ratos com periodontite apical (PA), em comparação com ratos 

sem PA. Trinta e cinco ratas adultas da linhagem Wistar foram divididas em cinco 

grupos: controle (sem PA, sem exposição ao álcool ou fumaça), controle-PA (PA 

induzida apenas), ShS-PA (PA com exposição passiva à fumaça), A-PA (PA com 

consumo de álcool) e A+ShS-PA (PA com exposição tanto ao álcool quanto à 

fumaça passiva). Amostras de fígado foram analisadas histologicamente quanto 

à fibrose e quantificação do espaço sinusoidal. Embora a PA e os hábitos 

deletérios não tenham induzido fibrose significativa, o grupo controle apresentou 

espaços sinusoidais menores em comparação com todos os outros grupos (p < 

0,05). Os grupos com PA induzida apresentaram percentagens semelhantes de 

dilatação sinusoidal (p > 0,05). Em geral, a combinação de PA com consumo de 

álcool e inalação passiva de fumaça de tabaco pode aumentar significativamente 

os espaços sinusoidais no fígado de ratos. No entanto, não há efeito na fibrose 

hepática. 

Palavras-chave: Periodontite apical; Hábitos prejudiciais; Espaços sinusoidais; 

Fibrose hepática. 

 

 

 



 5 

 

 

 

ABSTRACT 

This study aimed to assess the impact of chronic alcohol consumption and 

passive tobacco smoke inhalation, alone or combined, on hepatic health in rats 

with apical periodontitis (AP), compared to rats without AP. Thirty-five female 

adult Wistar rats were divided into five groups: control (no AP, no alcohol or 

smoke exposure), control-AP (induced AP only), ShS-AP (AP with passive smoke 

exposure), A-AP (AP with alcohol consumption), and A+ShS-AP (AP with both 

alcohol and passive smoke exposure). Liver samples were histologically 

analyzed for fibrosis and sinusoidal space quantification. While AP and 

deleterious habits did not induce significant fibrosis, the control group exhibited 

smaller sinusoidal spaces compared to all other groups (p < 0.05). Induced AP 

groups showed similar sinusoidal dilation percentages (p > 0.05). Overall, AP 

combined with alcohol consumption and passive smoke inhalation could 

significantly increase sinusoidal spaces in rats’ liver. However, there’s no effect 

in hepatic fibrosis. 

Key-words: Apical periodontitis; Deleterious habits; Sinusoidal spaces; Hepatic 

fibrosis 
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Analysis of sinusoidal spaces and fibrosis in rat livers with chronic apical periodontitis 

associated with passive cigarette smoke inhalation and chronic alcohol consumption  

 

Abstract 

This study aimed to assess the impact of chronic alcohol consumption and passive 

tobacco smoke inhalation, alone or combined, on hepatic health in rats with apical 

periodontitis (AP), compared to rats without AP. Thirty -five female adult Wistar rats were 

divided into five groups: control (no AP, no alcohol or smoke exposure), control-AP 

(induced AP only), ShS-AP (AP with passive smoke exposure), A-AP (AP with alcohol 

consumption), and A+ShS-AP (AP with both alcohol and passive smoke exposure). Liver 

samples were histologically analyzed for fibrosis and sinusoidal space quantification. 

While AP and deleterious habits did not induce significant fibrosis, the control group 

exhibited smaller sinusoidal spaces compared to all other groups (p < 0.05). Induced AP 

groups showed similar sinusoidal dilation percentages (p > 0.05). Overall, AP combined 

with alcohol consumption and passive smoke inhalation could significantly increase 

sinusoidal spaces in rats’ liver. However, there’s no effect in hepatic fibrosis.  

 

Keywords 

Apical periodontitis; Deleterious habits; Sinusoidal spaces; Hepatic fibrosis  
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Introduction 

The consumption of alcohol and tobacco has significant impacts on systemic health, 

extending beyond the obvious consequences for oral health (Doll et al., 2004). Excessive 

alcohol consumption and tobacco is responsible for damage to various organs and 

systems of the human body, including the liver and its important functions (Piano, 2017). 

Moreover, studies involving animal models indicate that the consumption of alcohol and 

tobacco may negatively impact alveolar bone, leading to increased bone loss and 

reduced bone density (Dal-Fabbro et al., 2019).  

In addition, apical periodontitis (AP) is an inflammatory condition affecting the 

periodontal tissues surrounding the tooth root, resulting from persistent bacterial 

infection in the apical region of the tooth (Nair et al., 2011). Despite local inflammator y 

response, AP is also related with systemic diseases (Kojima et al., 2017; Huang et al., 

2016; Haapasalo et al., 2016). Studies suggest that AP may play a role in the progression 

of systemic diseases such as diabetes, cardiovascular diseases, and respiratory 

complications (Sanz et al., 2020). The main mechanism related to that include bacterial 

dissemination through the bloodstream, triggering systemic inflammatory responses 

(Siqueira et al., 2013). Although further research is needed to fully elucidate these 

associations, understanding the interrelation between AP and systemic diseases is 

crucial for an integrated approach in managing both oral and overall systemic health 

(Preshaw et al., 2021). 

Additionally, epidemiological studies have demonstrated a significant association 

between the prevalence of apical periodontitis and the consumption of alcohol and 

tobacco (Vasques et al., 2023; Ríos-Osorioet al., 2022). Individuals who excessively 

consume alcohol and smoke have a substantially increased risk of developing apical 

periodontitis compared to non-users (Pinto et al., 2020). Alcohol and tobacco are known 

to compromise the immune system and trigger chronic inflammatory responses in the 

body, rendering periodontal tissues more susceptible to bacterial infection and disease 

progression (Leite et al., 2018 Dal-Fabbro et al.,2019). Moreover, alcohol may increase 

the permeability of the oral mucosa, facilitating the entry of bacteria into the apical 

region of the teeth (Pereira et al., 2013). Similarly, the toxic chemicals present in tobacco 

can compromise the vascularization of periodontal tissues, impairing their ability to 

defend against infections (Aminoshariae et al., 2020; Dal-Fabbro et al., 2019). 
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In addition to their direct effects on oral health, the association between alcohol 

consumption, tobacco use, and apical periodontitis can have significant repercussions 

on the liver (Bandiera et al., 2020). Excessive alcohol consumption is a leading cause of 

liver disease, including fatty liver, alcoholic hepatitis, and cirrhosis (Cantiga -Silva et al., 

2021). These hepatic conditions can further compromise the body's immune system, 

rendering it less capable of combating infections, including those affectin g periodontal 

tissues (Dal-Fabbro et al., 2019). Moreover, chronic inflammation associated with alcohol 

consumption can exacerbate the inflammatory response in the oral cavity, worsening 

apical periodontitis (Pinto et al., 2020). Similarly, the toxic chemi cals present in cigarettes 

can adversely affect liver function, increasing the risk of developing liver diseases 

(Cantiga-Silva et al., 2021). 

Thus, the aim of the present study was to evaluate the effects of chronic alcohol 

consumption and passive inhalation of tobacco smoke on the hepatic health of rats with 

induced AP. The null hypothesis is that rats with induced AP associated or no with 

deleterious habits don’t play a synergistic effect on sinusoidal dilatation and liver fibrosis.  

 

Methods 

Animals 

The experimental protocol was approved by the Ethics Committee for Animal Use at 

UNIUBE, Uberaba, Brazil (Protocol No. 001/2021). All procedures adhered to the 

Preferred Reporting Items for Animal Studies in Endodontology (PRIASE) guidelines 

(Nagendrababu et al., 2021). Thirty-five female adult Wistar rats weighing approximately 

150g were utilized. Sample size calculation was based on data from a previous study 

(Justino et al., 2017), considering a minimum treatment difference of 1.53 and a standard 

deviation of 0.61. The calculation indicated a total of 7 rats per group with a test power 

of 95% and a significance level of 5%. 

The rats were housed in polypropylene cages in a temperature-controlled environment 

(22–25°C), under 12-hour light and dark cycles, with air humidity maintained at 

approximately 55%, and provided with ad libitum access to food and water. Weekly 

weight measurements were conducted using a semi-analytical balance. Rats not 

exposed to tobacco smoke inhalation or an alcoholic diet and without apical 

periodontitis (control) were used as a reference for comparison of weight gain curves.  
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Alcohol consumption and smoke inhalation  

The animals were distributed randomly into one of five experimental groups (n=7 per 

group): (1) rats not exposed to secondhand smoke (ShS) or an alcoholic diet and without 

apical periodontitis (control); (2) rats with induced apical periodontitis (control -AP); (3) 

rats exposed to ShS and induced apical periodontitis (ShS -AP); (4) rats exposed to an 

alcoholic diet and induced apical periodontitis (A-AP); and (5) rats exposed to an 

alcoholic diet plus ShS and induced apical periodontitis (A+ShS-AP). 

Exposure to cigarette smoke, aiming to simulate conditions consistent with secondhand 

smoke, followed the methodology established by Santiago et al. (2017). A transparent 

acrylic box containing four cylindrical inhalation chambers (7.0 cm in diameter and 2 3.0 

cm in length, with a total volume of 885 cm³) was utilized. One end of the chamber was 

accessible for animal handling, while the opposite funnel-shaped end was connected to 

a peristaltic pump. This pump drew in the smoke and distributed it into the ani mal 

chambers. During exposure, four animals were positioned with their noses directed 

toward the cylindrical end, securely restrained in place. Marlboro cigarettes (Phillips 

Morris, Santa Cruz do Sul, RS, Brazil) served as the smoke source. Each cigarette,  as 

indicated on the product label, contains 0.8 mg of nicotine, 10 mg of tar, and 10 mg of 

carbon monoxide. 

Animals were introduced to the cylindrical chambers without cigarette smoke for one 

week to acclimate. In the second week, smoke inhalation commenced by burning one 

cigarette twice daily (morning and afternoon, with a 6 -hour interval). By the third week, 

exposure increased to four cigarettes per day (two in the morning and two in the 

afternoon, with a 6 -hour interval). At this juncture, the baseline was established, and the 

exposure regimen persisted until euthanasia. Animals not exposed to smoke were 

housed in smoke-free chambers to ensure equivalent stress conditions.  

Alcohol consumption was gradually initiated ad libitum. In the first week, a 5% alcoholic 

solution was administered, followed by 10% in the second week, and 20% in the third 

week. Subsequently, a baseline was established, and alcohol administration continu ed 

until euthanasia, maintaining a 20% alcoholic solution concentration. Rats in group 

A+ShS-AP were initially administered alcohol as described above. Cigarette smoke 

exposure commenced in the third week, with inhalation of two cigarettes per day, 

gradually increasing following the aforementioned protocol to ensure equivalent total 
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exposure time. In the eighth week, all animals underwent apical periodontitis induction. 

Further details are summarized in Figure 1. 

 

 

Figure 1 illustrates the experimental setup. The adaptation phase spanned three weeks, 

followed by an eight-week experimental phase. Apical periodontitis was induced by 

exposing the pulp in the fourth week of the experimental period. Euthanasia occurred 

four weeks after pulp exposure.  

 

Apical periodontitis induction  

In the eighth week, apical periodontitis (AP) was induced by exposing the pulps of the 

lower right first molars occlusally. The pulpal exposure was conducted under anesthesia 

(intramuscular ketamine/xylazine at doses of 70 and 6 mg/kg, respectively) using a high-

speed round bur with a diameter of 0.1 mm (KGSorensen® Ind. Com. Ltda, Brazil), with 

continuous irrigation. Following pulp exposure, the pulp chambers were left open to the 

oral environment for 4 weeks to facilitate AP development. At the conclusion of the 

experiment, euthanasia was performed via intraperitoneal administration of a lethal 

dose of Thiopental. 

 

Sample collection and histological processing  
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The left lobes of the livers were harvested and submerged in a buffered solution 

containing 4% paraformaldehyde with a neutral pH for 48 hours to facilitate histological 

analysis. Meanwhile, the right lobes were frozen at -70 °C for subsequent biochemical 

analysis. The fixed specimens underwent conventional histological processing for 

embedding in paraffin. Two consecutive sections, each with a thickness of 5 µm, were 

obtained for hematoxylin and eosin (H&E) staining, while an additional 2 sections were 

set aside for Picrosirius Red (PS) staining. A 50 µm interval was maintained before 

obtaining the subsequent sections, resulting in a semi -serial approach. Ten sections of 

each staining type were obtained per animal. The left lobes of the livers were harveste d 

and submerged in a buffered solution containing 4% paraformaldehyde with a neutral 

pH for 48 hours to facilitate histological analysis. Meanwhile, the right lobes were frozen 

at -70 °C for subsequent biochemical analysis. The fixed specimens underwent 

conventional histological processing for embedding in paraffin. Two consecutive 

sections, each with a thickness of 5 µm, were obtained for hematoxylin and eosin (H&E) 

staining, while an additional 2 sections were set aside for Picrosirius Red (PS) staining. A 

50 µm interval was maintained before obtaining the subsequent sections, resulting in a 

semi-serial approach. Ten sections of each staining type were obtained per animal.  

 

Histomorphometric analyses 

The Picrosirius Red (PS)-stained sections were captured using a polarized light 

microscope (Nikon Eclipse Ti-S) at a 20× magnification. The obtained images were 

examined to determine the total collagen content in four distinct fields per section, 

located in equidistant regions. Evaluation was conducted on five sections per animal, 

resulting in 140 analyses per group. ImageJ software was utilized to quantify the total 

collagen fibers. Calibration of ImageJ software was performed using the Split Channel 

and Threshold tools to determine the percentage of type I and type III collagen (reddish-

yellow and whitish-green birefringence, respectively). This ensured that all images were 

adjusted to capture the same color range. Analysis excluded the hepatic capsule and  

major portal tracts, as they did not represent collagen deposition associated with hepatic 

damage (Huang et al., 2013). 

The hematoxylin and eosin (H&E)-stained sections were captured using a digital scanner 

coupled with a microscopic camera (ScanScopeAT; Leica Biosystems Imaging, USA) with 
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a ×20 objective lens. The number of fields, sections per animal, and selection of analyzed 

areas followed the same pattern as described above for the PS -stained sections. Stained 

areas within the sinusoids were eliminated using Photoshop v. 24.x (Adobe Systems, San 

Jose, CA), and then converted into binary images using ImageJ (ImageJ 1.51k, Wayne 

Rasband, National Institute of Health, USA) to calculate sinusoidal dilation. All analyses 

were manually performed using ImageJ software (ImageJ 1.51k; Wayne Rasba nd, 

National Institute of Health, USA). In both histomorphometric analyses, the percentage 

of each collagen type and the percentage of area occupied by the sinusoids obtained 

from each image were tabulated, generating an average per section and per animal.  

These averages were subjected to analysis using SigmaPlot software (v. 12, Systat 

Software).  

 

Results 

Liver fibrosis analysis  

No significant fibrosis was induced by AP or deleterious habits (Figure 2). All groups 

exhibited no significant differences in collagen type I and III deposition (p > 0.005).  

 

Figure 2. Percentage of collagen type I (a) and III (b) in the liver of rats 

 

AP induces hepatic sinusoidal dilation  
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The results of the liver sinusoidal analysis are summarized in Figure 3. The group without 

AP (control) showed significantly smaller sinusoidal spaces than all other groups (p < 

0.001). All AP groups exhibited a similar sinusoidal dilation percentage among 

themselves (p > 0.001). 

 

 

Figure 3. Photomicrographs of liver sections evaluating hepatic sinusoidal dilatation from 

the control group (a), control-AP (b), A-AP (c), ShS-AP (d), A+ShS-AP (×20). The hepatic 

sinusoidal dilation values were expressed in percentage (e). Note the sinusoidal dilation 

by black arrows. * p < 0.05 vs. control group. 

 

Discussion 

The analysis of hepatic fibrosis did not reveal any alteration in the volume of fibrotic 

tissue, either in rats with AP or in rats without AP. However, in the analysis of sinusoidal 

volume, there were significant differences in the AP-induced group, with an increase in 

sinusoidal spaces in these animals. Therefore, the null hypothesis was partially rejected. 

Some studies have already been conducted to analyze the association between 

sinusoidal spaces, fibrosis in rats, and unhealthy habits (Pinto et al., 2024). However, 

there is still a lack of research on the effects of AP in the current literature. Our study 
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used a passive inhalation method, which is an innovative approach to studying the 

effects of tobacco on the body.  

The openings in liver sinusoidal endothelial cells are dynamic structures. Various factors 

such as ethanol, chemicals, toxins, growth factors, hormones, viruses, and diet have 

been identified as influencers of the dynamics of these endothelial openings and  impact 

capillary formation in sinusoids (Ki et al., 2021). Chronic liver diseases such as alcoholic 

liver disease, non-alcoholic fatty liver disease, and chronic viral hepatitis are known to 

induce capillary formation in sinusoids. Gaps are large pores with a diameter exceeding 

300 nm - the largest of fenestrations - and exceed 1 μm. Gap formation reflects 

destabilization of fenestrations, resulting in the coalescence of 2 or more small -sized 

fenestrations (Wisse et al., 1985). Gaps can occur as a result of cell injury, high-pressure 

perfusion both physiologically and experimentally, hypoxia, tissue fixation procedures, 

or pathological states (Cogger et al., 2020). Some factors as excessive alcohol 

consumption (Mark et al., 2021), advanced age (Couteur et al., 2020), pathologies such 

as sinusoidal ectasia (Oligny et al., 1992) and a fatty diet (Ijaz et al., 2003) could lead 

alterations on liver morphology.  

Our results are consistent with the studies of McConnell et al. (2023) and McCuskey 

(2006) where sinusoidal spaces were increased in animals with a diet rich in ethanol and 

tobacco. The injury to hepatocytes caused by chronic consumption of such substances  

results in the release of free radicals that stimulate Kupffer cells to produce pro -

inflammatory and anti-inflammatory cytokines, which play a crucial role in controlling 

the development and progression of hepatic inflammation and other injurious 

conditions (Starkel & Leclercq, 2011). In situations of prolonged injury, chronic 

inflammation and accumulation of extracellular matrix lead to a progressive 

replacement of healthy liver tissue by scar tissue (Gressner & Weiskirchen, 2006). 

Although liver fibrosis was not observed in the present study, the increase in these 

cytokines and inflammatory infiltrate leads to dilation and even loss of sinusoidal 

fenestrations and consequent greater number of sinusoidal spaces (Wang et al., 2005).    

Since apical periodontitis is also a factor in increasing inflammatory cytokines in a 

systemic context (Pinto et al., 2024; Cintra et al., 2014; Samuel et al., 2019), our findings 

of increased sinusoidal spaces in animals affected by AP are consistent with  the 
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literature. In the study by Antwi et al. (2023), these gaps were larger in areas with visible 

hepatocyte damage and accumulation of inflammatory cells.  

Regarding hepatic fibrosis, our findings were potentially attenuated, possibly due to 

passive cigarette inhalation, as its effect is milder on hepatic tissue than the nicotine 

injection used as a smoking induction method in other studies (McCuskey, 2006). In our 

study, apical periodontitis alone was unable to generate fibrotic tissue in the liver on its 

own, since the effect of tobacco was minimal.  Furthermore, other studies use analysis 

of liver fibrosis in rats, associated (Cantiga-Silva et al. 2021) or not with AP models, 

induced liver damage through drugs such as monocrotaline or carbon tetrachloride 

(CCl4)- (Courtoy et al. 2020, Gewehr et al. 2021), and therefore their findings cannot be 

compared to the present study. 

The use of animals in research on oral pathologies is justified for several fundamental 

reasons. Firstly, animal models provide a controlled and reproducible platform for 

studying the progression of oral diseases, such as apical periodontitis (AP), in a co mplex 

and relevant biological context, allowing understanding the effects of deleterious habits 

associated with systemic health damage. In addition, animal studies enable investigation 

into pathophysiological aspects of oral diseases that may not be feasible to address in 

humans. However, despite their valuable contributions, it is important to recognize the 

limitations of animal models, including differences in pathophysiological response and 

histological analyses, requiring caution in interpreting and int egrating clinical evidence 

from human studies for a comprehensive understanding of conditions such as apical 

periodontitis.  

 

Conclusions 

Apical periodontitis affects liver synergically with chronic alcohol consumption and 

secondhand smoke exposure in sinusoidal spaces. However, in hepatic tissue of rats 

didn’t show significant collagen type I and II deposition.  
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2. Anexos 

2.1. Guidelines para publicação na revista Bioscience Journal 

 

MANUSCRIPT FORMAT 

All documents should be created using Microsoft Word. The text should be 

justified, typed in Calibri font, font size 12, with a 1.0 line spacing and a margin of 

2.54 cm throughout the entire document. 

Title Page 

Title Page: must list the article title (up to 35 words and should mention the study 

design), the author’s full name, ORCID identification number (as obtained from 

orcid.org), institutional affiliation, and the corresponding author’s e-mail address. 

Institutional affiliation must contain the department (if professor or undergraduate 

student) or name of the postgraduate program (if postgraduate student) or private 

clinic for example (if you have no institutional affiliation), followed by full name of 

the institution (do not include the acronym or abbreviation of the institution's 

name), city, state, and country. Do not include the degree/title of the authors. 

Acknowledgments: grants and any other financial support for the study should be 

acknowledged, always with the funding agency name, and with the protocol 

number whenever possible. Donation of materials used in the research can and 

should be acknowledged too. This section should also be used to acknowledge 

any other contributions from individuals or professionals who have helped in 
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producing or reviewing the study, and whose contributions to the publication do 

not constitute authorship. 

Authors' Contributions: the Bioscience Journal supports the position taken by the 

ICMJE (http://www.icmje.org/recommendations/browse/roles-and-

responsibilities/defining-the-role-of-authors-and-contributors.html) regarding 

authorship. Each author must have made at least one of the following 

contributions to the completion of the manuscript: 1) conception and design, 2) 

acquisition of data, 3) analysis and interpretation of data, 4) drafting the article, 

5) critical review of important intellectual content. In addition, all authors must 

have made the following contribution: 6) final approval of the version to be 

published. A Declaration of Authorship Contributions signed by all authors must 

be sent as a supplementary file in the submission process. Up to 6 authors are 

accepted without need for justification. In the case of a specific and detailed 

justification of the role of every author, more than 6 authors may be mentioned. 

Contributors who do not qualify as authors should be mentioned under 

Acknowledgements. 

Ethics Approval: manuscripts involving research on human beings, animals and 

systematic reviews should state the public registration database and/or the 

institutional review board (IRB) or ethics committee and the registry number in 

this section (see the “ETHICAL PRINCIPLES” section). In addition, a Certificate 

of Ethical Approval for research with human beings or animals should be sent as 

a supplementary file in the submission process, if applicable. 

Conflicts of Interest: the Bioscience Journal supports the position taken by the 

ICMJE (http://www.icmje.org/about-icmje/faqs/conflict-of-interest-disclosure-
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forms/) regarding potential conflicts of interest. In this section, authors are 

required to describe any financial or non-financial conflicts of interest that may 

exist regarding the research or the publication of the article. A conflict of interest 

exists if authors or their institutions have financial or personal relationships with 

other people or organizations that could inappropriately influence (bias) their 

actions. Types of conflicts include: consulting, royalties, research support, 

institutional support, ownership, stock/options, speakers bureau, and fellowship 

support. Any commercial entity whose products are described, reviewed, 

evaluated, or compared in the manuscript, except for those disclosed in the 

Acknowledgments section, are potential conflicts. If there are no conflicts of 

interest, authors should state that. Failure to disclose any conflicts of interest is a 

form of misconduct. The existence and declaration of conflicts of interest is not 

an impediment to publication at all. Each author must download the Conflicts of 

Interest Form (http://www.icmje.org/conflicts-of-interest/), save it, fill it out and 

send it as a supplementary file in the submission process. 

Main Document 

Title: must contain the article title with up to 35 words and should mention the 

study design. 

Abstract: must contain an unstructured text with up to 250 words including 

objectives, methods, results and conclusions. References and credits to suppliers 

and manufacturers of products or equipment must NOT be cited in this section. 

Keywords: must have three to six MeSH or DeCS terms that the authors think 

express the main article themes, in alphabetical order, separated by a period and 

starting with a capital letter. These keywords should be different from the words 
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already used in the title and abstract, so that to improve the discoverability of the 

article by readers doing a search in PubMed or other databases. Please, check 

your keywords at https://www.ncbi.nlm.nih.gov/mesh and/or 

https://decs.bvsalud.org 

Main Text: must contain Introduction, Material and Methods, Results, Discussion 

and Conclusions. Please, do NOT combine the topics of Results and Discussion, 

they must always be presented separately. Abbreviations and acronyms should 

be avoided and when necessary they should be defined the first time they are 

used in the text. Credit suppliers and manufacturers of equipment, drugs, and 

other brand-name material mentioned in the manuscript within parentheses, 

giving the company name and primary location (city and country). The authors 

can and should use short subheadings, especially those concerning the reporting 

guideline items. As needed, use italic, superscript and subscript, but do NOT use 

boldface. Do NOT insert page or section breaks. 

Figures and Tables: must be sent separately from the main document, marked 

by their order number in Arabic numerals. A maximum of 6 figures/tables may be 

included in each document. Use TIFF or JPG format for figures (black-and-white 

or color art) with a minimum resolution of 300 dpi and maximum width of 16 cm. 

In the case of a figure with multiple graphs or photographs, they must be identified 

by capital letters in the upper left corner. Create tables using the Table function 

in Microsoft Word and save each one in a separate file. All the figures and tables 

must be cited in the text. Data given in tables should be commented on but not 

repeated in the text. A short descriptive title must be provided for each 

figure/table. All information contained inside the figures and tables must be in 

Calibri font, font size 12, line spacing 1.0. Figures and tables already published 
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are NOT accepted, even if legal authorization has been obtained; they must have 

been prepared by the authors themselves. 

References: the Bioscience Journal uses the ISO 690:2010(E) style adapted. The 

authors should list up to 40 (research articles) or 60 references (systematic 

reviews), and at least 70% of them must be from the last five years. Bioscience 

Journal does NOT accept references of theses, dissertations, monographs, and 

conference abstracts. Authors should also avoid books and book chapters. 

Follow the instructions and examples below for the format and/or at 

https://dominiodelasciencias.com/ojs/documentos/ISO690-2010.pdf for further 

instructions. 

CITATION IN TEXT 

The citation must be presented in author-data format between parentheses 

before periods/full stops or commas in sentences. All authors must be listed if 

there are up to and including two authors, as in the following example: (Santos 

and Cunha 2015); for works with three or more authors, the first author must be 

cited, followed by the expression "et al.", as in the example: (Silva et al. 2012). If 

the authors' name occurs naturally in the text, the year follows in parentheses. In 

citations to particular parts of an information resource, the location of that part 

(e.g. page number) may be given after the year within the parentheses. If two or 

more information resources have the same author and year, they are 

distinguished by lower-case letters (a, b, c, etc.), following the year within the 

parentheses. 
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Example: The notion of an invisible college has been explored in the sciences 

(Crane 1972). Its absence among historians is noted by Stieg (1981b, p. 556). It 

may be, as Burchard (1965) points out, that they have no assistants, or are 

reluctant to delegate (Smith 1980; Chapman 1981). 

 

CITATION IN LIST OF REFERENCES 

All references must be ordered alphabetically and the authors must be listed if 

there are up to three authors; if there are four or more, the first author must be 

cited, followed by the expression "et al." At the end of each reference, please 

insert the "DOI" number if available. For this, authors must search the metadata 

for references on the Crossref website (https://doi.crossref.org/simpleTextQuery) 

and copy the DOI whenever available. 
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2.2 Protocolo Comissão de Ética na Utilização de Animais (CEUA) 

 


