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Basic information

 

The Anais da Academia Brasileira de Ciências (Annals of the
Brazilian Academy of Sciences) is the official journal of Academia
Brasileira de Ciências (Brazilian Academy of Sciences) and has
been published with no major interruptions since 1929 (it was termed
Revista da Sociedade Brasileira de Sciencias from 1917 to 1919,
and published irregularly as Revista de Sciencias from 1920 to
1928).

The main objective of the Anais is to publish original research
findings in the fields covered by the Academy. The Editorial Board
coordinates and evaluates the articles to be published. Volumes are
published in March, June, September and December.

The abbreviated title of the journal is An. Acad. Bras. Ciênc., which
should be used in bibliographies, footnotes and bibliographical
references and strips.
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The journal Anais da Academia Brasileira de Ciências from 2012
onwards only considers online submissions. Once you have
prepared your manuscript according to the instructions below, please
visit the new, improved online submission website at
https://mc04.manuscriptcentral.com/aabc-scielo.

Please read these instructions carefully and follow them strictly. In
this way you will help ensure that the review and publication of your
paper are as efficient and quick as possible. The editors reserve the
right to return manuscripts that are not in accordance with these
instructions. Papers must be clearly and concisely written in
English.
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  All submitted manuscripts should contain original research not
previously published and not under consideration for publication
elsewhere. The primary criterion for acceptance is scientific quality.
Papers should avoid excessive use of abbreviations or jargon, and
should be intelligible to as wide an audience as possible. Particular
attention should be paid to the Abstract, Introduction, and Discussion
sections, which should clearly draw attention to the novelty and
significance of the data reported. Failure to do this may result in
delays in publication or rejection of the paper. Articles accepted for
publication become property of the journal.

Texts can be published as a review, a full paper (article) or as a short
communication. Issues appear in March, June, September and
December.

Types of Papers

Reviews

Reviews are published by invitation only and still have to undergo
our peer review process. However, a proposal for a Review may be
submitted via e-mail to our editorial staff (aabc@abc.org.br). The e-
mail should state the topics and authors of the proposed review, as
well as the abstract, academy section and the justification why the
topic is of particular interest to the field.

The AABC allows authors to deposit preprints of their submission in
community preprint servers such as ArXiv.org and bioRxiv.org.
However, the authors must updated their entries expressly
acknowledging that the article has been accepted/published by
AABC.

Letters to the Editor

Letters to the Editor will be subjected to editing and revision and
should not contain material that has been submitted or published
elsewhere. Letters in reference to an article published by the AABC
should not exceed 250 words (excluding references), and must be
received within four weeks after online publication of the article.
Letters not related to an article published by the AABC should not
exceed 500 words (excluding references). A letter can have no more
than ten references and one figure or table.

Articles

Whenever possible the articles should be subdivided into the
following parts: 1. Front Page; 2. Abstract (written on a separate
page, 200 words or less, no abbreviations); 3. Introduction; 4.
Materials and Methods; 5. Results; 6. Discussion; 7.
Acknowledgments, if applicable; 8. Author Contributions (when the
paper has more than one author); 9. References. 10. Figure
legends, if applicable. Articles from some areas such as
Mathematical Sciences should follow their usual format. In some
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cases, it may be advisable to omit part (4) and to merge parts (5)
and (6). Whenever applicable, the Materials and Methods section
should indicate the Ethics Committee that evaluated the procedures
for human studies or the norms followed for the maintenance and
experimental treatments of animals.

Short communications

Short communications aim to report a concise, but important
contribution on research, which has progressed to the stage when
it is considered that results should be publicized to other workers in
the field. A short communication should also have an Abstract (100
words or less), a short introduction (up to 200 words) and should not
exceed 1,500 words. Tables and Figures may be included but the
text length should be proportionally reduced. This section of the
AABC should contain extremely relevant contributions and
competition is very high.

After the first screening, the articles will be evaluated by at least two
reviewers, them being from educational and/or national and
international research institutions, with proven scientific production.
After due corrections and possible suggestions, the paper may be
accepted or rejected, considering the reviews received.

We use the integrated Crossref Similarity Check program to detect
plagiarism.

There are no APC and submission charges in the AABC.
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  All parts of the manuscript should be double-spaced throughout.
After acceptance, no changes will be made in the manuscript so that
proofs require only corrections of typographical errors. The authors
should send their manuscript in electronic version only.

Length of manuscript

While papers may be of any length required for the concise
presentation and discussion of the data, succinct and carefully
prepared papers are favored both in terms of impact as well as in
readability. They must not, however, exceed 50 pages, including all
items (figures, tables, references, etc…), unless previously agreed
with the Editor-in-Chief.

Title page

The title page of the manuscript should present the following items:
1. Title of the article (the title should be up to 150 characters
including spaces, and informative to a broad scientific community);
do not include abbreviations in the title. 2. Full name(s) of all
author(s); use superscript numbers right after each author name to
indicate the affiliation; 3. Professional address and ORCid of all
authors, including Department and Institution name, street name and
number, ZIP/Postal code, City, State and Country; 4. Key words (four
to six in alphabetical order separated by commas); 5. Running title (a
short version of the title, up to 50 characters including spaces); 6.
Academy Section to which the content of the work belongs; 7.
Name, address, phone number, e-mail of the correspondent author,
including to whom all correspondence and proofs should be sent to
(please indicate the corresponding author with an * after the name).

Should any of these requirements not be met, we may unsubmit
your paper and ask for corrections.

Abstract

The abstract must contain no more than 200 words and present the
main findings of the article, including a brief introduction, the
objectives of the work and a conclusion based on the presented
findings. If the authors are submitting an invited/authorized review,
the abstract must introduce the main theme of the review and explicit
the contribution of the revision to the field. References should not be
included in the abstract.

Manuscript text

All text should be written in double-space using 12-point Times New
Roman or equivalent typeface. Please organize, whenever possible,
the text into the following parts: 1. Title Page; 2. Abstract (written on
a separate page, 200 words or less, no abbreviations); 3.
Introduction; 4. Materials and Methods; 5. Results; 6. Discussion; 7.
Acknowledgments, if applicable; 8. Author contributions, when there
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is more than one author, explaining briefly how each author has
contributed for the paper 9. References. 10. Figure and table
legends, if applicable.

Articles from some areas such as Mathematical Sciences should
follow their usual format. In some cases it may be advisable to omit
part (4) and to merge parts (5) and (6). Whenever applicable, the
Materials and Methods section should indicate the Ethics Committee
that evaluated the procedures for human studies or the norms
followed for the maintenance and experimental treatments of
animals.

All procedures must be described in detail. Use American English
style to write the text. Chemical names should be provided according
to IUPAC, and strains of organisms should be specified. Provide
names of reagents and/or equipment suppliers. Use units and
symbols according to Bureau International des Poids et Mesures (SI)
symbols whenever possible.

Acknowledgments

These should be included at the end of the text. Personal
acknowledgments should precede those of institutions or agencies.
Footnotes should be avoided; when necessary they must be
numbered. Acknowledgments to grants and scholarships, and of
indebtedness to colleagues as well as mention to the origin of an
article (e.g. thesis) should be added to the Acknowledgments
section. Include the full name of the funding agency, country, and
funded project number (if applicable).

Abbreviations

These should be defined at their first occurrence in the text, except
for official, standard abbreviations. Units and their symbols should
conform to those approved by the Bureau International des Poids et
Mesures (SI).

Figure Legends

This information must be provided at the end of the manuscript, after
the abbreviations. All figures must contain a descriptive legend. The
legend must contain an introductory sentence that describes the
main findings. All panels (if applicable) must be identified in the
figure legend by lower case letters (1a, 2a, 2b, 3c, 3d, etc.). When
presenting error bars, please inform if a number that follows the ±
sign is a standard error of mean (SEM) or a standard deviation of
mean (SD). Or include in the legend if the presented result is
representative of N individual experiments.
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Each table should have a brief title above it. Table footnotes should
be placed below the table. Tables have to be cited in the paper in
Roman numerals (Table I, Table II, Tables IV and V, etc.). Tables
must be submitted as separate files in editable format, preferably as
*.doc or *docx file.

Figures

Only high-quality figures will be accepted (minimum of 300 dpi). All
illustrations will be considered figures including drawings, graphs,
maps, photographs, etc. Their tentative placement in the text should
be indicated and all figures must be cited with their respective
number along the text.  Figures should be sent according to the
following specifications: 1. Drawings and illustrations should be in
format .PS/.EPS or .CDR (PostScript or Corel Draw) and never be
inserted in text; 2. Images or figures in grayscale should be in format
.TIF and never be inserted in text; 3. Each figure should be saved
and sent in a separate file; 4. Figures should, in principle, be
submitted at the size they are to appear in the journal, i.e., 8 cm (one
column) or 16.2 cm (two columns) wide, with maximal height for
each figure and respective legend smaller than or equal to 22 cm.

The legends to the figures should be sent double-spaced on a
separate page. Each linear dimension of the smallest characters and
symbols should not be less than 2 mm after reduction. Colored
figures are accepted just as much as b/w ones, but up to 5 black and
white figures are free of charge, while every colored figure will be
charged, due communication will be made in the production phase
(after the evaluation process), should the author want them colored
as well in the printed version. For the purpose of counting black and
white figures, tables occupying two thirds of the page or having more
than 12 columns or 24 rows will be considered b/w figures; 5.
Manuscripts on Mathematics, Physics or Chemistry may be
typesetted in TEX, AMS-TEX or LaTEX; 6. Manuscripts without
mathematical formulae may be sent in .RTF or doc/docx for
Windows.

References

Authors are responsible for the accuracy of the References.
Published articles and those in press may be included. Personal
communications (Smith, personal communication) must be
authorized in writing by those involved. References to thesis,
meeting abstracts (not published in indexed journals) and
manuscripts in preparation or submitted, but not yet accepted,
should be cited in the text as (Smith et al., unpublished data) and
should NOT be included in the list of references.

The references should be cited in the text as, for example, ‘Smith
2004’, ‘Smith & Wesson 2005’ or, for three or more authors, ‘Smith et
al. 2006’. Two or more papers by the same author(s) in the same
year should be distinguished by letters, e.g. ‘Smith 2004a’, ‘Smith
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2004b’ etc. Letters should also distinguish papers by three or more
authors with identical first author and year of publication. References
should be listed according to the alphabetical order of the first
author, always in the order SURNAME XY in which X and Y are
initials. If there are more than ten authors, use et al. after the first
author.

References must contain the title of the article. Names of the
journals should be abbreviated without dots or commas. For the
correct abbreviations, refer to lists of the major databases in which
the journal is indexed or consult the World List of Scientific
Periodicals. The abbreviation to be used for the Anais da Academia
Brasileira de Ciências is An Acad Bras Cienc. The following
examples are to be considered as guidelines for the References.
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The effect of chitosan addition on cellular 
uptake and cytotoxicity of ursolic acid niosomes

ANDANG MIATMOKO, BERLIAN S. HARIAWAN, DEVY M. CAHYANI, RETNO SARI, 
ARISTIKA DINARYANTI & ERYK HENDRIANTO

Abstract: This study evaluated the cellular uptake and cytotoxicity of low permeable 
Ursolic acid (UA) on cancer cells using niosomes composed of span 60 and cholesterol. 
The results showed that the addition of chitosan increased particle sizes and ζ-potentials. 
The UA niosomes with chitosan layers had higher cytotoxicity in HeLa cells than without 
chitosan, however, there was no improvement observed for Huh7it cells. Moreover, 
chitosan layers improved the cellular uptake, which clathrin-mediated endocytosis may 
determine the cellular transport of UA niosomes. In conclusion, the addition of chitosan 
improved cellular uptake and cytotoxicity of UA niosomes in the HeLa cells.

Key words: Chitosan, niosomes, ursolic acid, cytotoxicity, cell uptake, cancer.

INTRODUCTION

Ursolic acid (UA) is a pentacyclic triterpene 
which promotes anti-cancer activity in humans 
(Ali et al. 2019). They revealed the role of UA 
in accelerating liver proliferation, restoring 
biochemical and histological functions in 
liver cells damaged by hepatocarcinoma, and 
protecting the integrity of hepatocytes against 
liver damage. 

The use of UA in anti-cancer therapy has 
drawbacks related to its poor permeability 
and water solubility. Lawsone, an anti-cancer 
drug that demonstrates poor solubility and 
permeability, is reported to induce high 
cytotoxicity when in the form of niosomes 
(Barani et al. 2018). The increased cytotoxic 
effect was due to the internalization effect of 
the niosomes in MCF-7 breast cancer cells which 
was superior to that of the free form and the 
resulting sustained-release effect.

Research conducted by Song et al. (2014) 
shows that the mechanism transporting 

niosomes into cells is active and linked to 
the endocytosis pathway. Chitosan, a natural 
polysaccharide (Szymańska & Winnicka 2015) 
and a cationic polymer, has been shown to 
increase cell uptake (Li et al. 2013, Zhang et al. 
2013). The cationic polymer charge signifi cantly 
affects cellular absorption in vitro (Li & Ju 2017) 
due to the electrostatic interaction between 
cells and positively charged cationic polymers. 

Against this background, research was 
carried out on cell uptake and in vitro cytotoxicity 
of UA niosomes with chitosan coating on HeLa 
and Huh7it cells (Guo et al. 2019, Purnamasari 
et al. 2019).

MATERIALS AND METHODS

In this study, UA niosomes (Nio-UA) was 
composed of Span 60, Cholesterol, UA at a 
molar ratio of 6:4:1, respectively. A solution of 
UA, Span 60, and Cholesterol was mixed in a 
round bottom fl ask, then the organic solvents 
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was evaporated until a thin lipid film was 
formed. This film was hydrated using Phosphate 
buffered saline solution pH 7.4. Furthermore, a 
solution of 0.005% w/v chitosan was added for 
producing Nio-UA-CS.

The particle size and ζ-potential were 
measured by means of dynamic and 
electrophoresis light scattering method, 
respectively, by the use of a Delsa™ Nano C 
Particle Analyzer at 25°C.

A cytotoxicity test was performed using 
an MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay on HeLa 
and Huh7it cells after incubating Nio-UA and 
Nio-UA-CS for 48 hours. The absorbance of 
MTT was measured at λ: 560 and 750 nm using 
a GloMax-Multi Microplate Multimode Reader 
(Promega).

Furthermore, the cell uptake test was 
carried out on HeLa cells after incubating the 
UA niosomes labeled Coumarin-6 (Cou-6= 10 
μg/mL). In order to determine the mechanism 
of cell uptake, pre-incubation was carried out 
with endocytosis specific inhibitors, namely; 200 
μM of genistein and 450 mM of sucrose. Pre-
incubation was performed on sucrose for one 
hour and on genistein for 30 minutes at 37oC. 
After pre-incubation, the media was replaced 
with 10 µg/mL of coumarin 6-labeled UA 
niosomes in the medium and incubated for two 
hours at 37°C. The the fluorescence intensity 
of Coumarin-6 in the cells was measured at λex: 
475 nm and λem: 500-550 nm using the Glomax 

Microplate Reader. The cell uptake was also 
evaluated by using a fluorescence microscope. 

For statistical analysis, significance was 
indicated by P<0.05 by using one-way analysis 
of variance followed by a least significant 
difference test.

RESULTS

The data shown in Table I indicates that the 
particle size of Nio-UA-CS was larger than that 
of Nio-UA. Similarly, for niosomes labeled with 
coumarin, the size of Nio-UA-CS-Cou6 was greater 
than that of Nio-UA-Cou6. The cytotoxicity results 
show that the IC50 Nio-UA was higher than that 
of IC50 Nio-UA-CS in HeLa cells (Figure 1a). Thus, 
chitosan coating can increase the cytotoxicity of 
UA niosomes with regard to HeLa cells; however, 
the Huh7it cells were less sensitive to UA than 
HeLa cells as shown in Figure 1b.  

Observations were further conducted using 
a fluorosense microscope after HeLa cells had 
been treated with UA niosomes for two hours. 
It can be seen in Figure 2 that the Coumarin-6 
intensity of the Nio-UA-CS was higher than 
that of Nio-UA. Moreover, the appearance of 
cells in the treatment of Nio-UA indicates 
that Nio-UA slightly entered the cell and still 
mainly remained in the membrane, while Nio-
UA-CS appear evenly across the cell membrane 
and were accumulated highly inside the cells. 
The Figure 2 also show that after genistein 

Table I. Physical characteristics of Nio-UA, Nio-UA-CS, Nio-UA-Cou6, and Nio-UA-CS-Cou6.

Parameter Nio-UA Nio-UA-CS Nio-UA-Cou6 Nio-UA-CS-Cou6

Particle Size (nm) 198.7±13.8 237.7±6.2 163.0±5.3 203.6±6.7

ζ-Potential (mV) -57.5±11.9 3.88±1.5 -64.8±0.2 -45.7±7.6

Polydispersity index 0.29±0.02 0.33±0.03 0.16±0.03 0.22±0.09
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pretreatment as transport inhibitor of Nio-UA, 
the cells had less intense fluorescence than that 
of sucrose pretreatment. On the contrary, the 
cells treated Nio-UA-CS had a higher intensity 
than that without the addition of the inhibitor, 
and with the addition of sucrose, these cells had 
relatively lower intensities than that of genistein 
addition. 

To determine the cellular uptake mechanism 
of the niosome, a test was carried out involving 
the addition of specific endocytosis inhibitors 
i.e. sucrose and genistein. As in Figure 3, with 
the addition of genistein or sucrose as an 
endocytosis inhibitor of the caveolae or clathrin 
pathway, respectively, the Nio-UA demonstrated 
relatively similar levels than the Nio-UA without 
inhibitor. The contrast results were produced by 
the Nio-UA-CS, which without inhibitor, it had 
significant lower levels than Nio-UA-CS with the 
genistein. 

DISCUSSION

Following the research conducted into the 
increase in particle size and changes in the 
ζ-potential value, it can be argued that chitosan 
layers on niosomes induce this change (Aquila 
2018). The chitosan layer may be formed by 
electrostatic interactions increasing in particle 
size (Guo et al. 2003). In the niosome, ionic 
attraction occurs between the ammonium 
group of chitosan and the phosphate 
group of phospholipids or other negatively 
charged groups in lipids (Frank et al. 2020). 
This interaction also causes changes in the 
ζ-potential of the niosome as shown in Table 
I where the ζ-potential value becomes positive 
after niosome coating.

In this study, HeLa and Huh7it cells had 
different sensitivity for cytotoxic study of UA 
and niosomes since each cell type has specific 
biological characteristics devoted for certain 
functions (von Gersdorff et al. 2006).  The 
decrease in the IC50 value of UA niosomes with 

Figure 1. Viability of HeLa (a) and Huh7it (b) cells in the presence of UA, Nio-UA and Nio UA-CS treatment after 
incubation for 48 hours at various concentrations.
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chitosan coating compared to UA niosomes is in 
accordance with the research findings of Ahmed 
et al. (2017) regarding the higher absorption of 
poly L-lysine silver nanoparticles than silver 
nanoparticles due to the interaction between 
positively charged poly L-lysine on the surface 
of the nanoparticles and the negatively charged 
HepG2 hepatoblastoma cell surface. In chitosan, 
the positive surface charge can increase the bio-
nano interaction with negative surface charge 
of the cytoplasmic membrane resulting in an 
increase in cell uptake and cytotoxicity (Frank 
et al. 2020). 

The photomicrographs of cellular uptake 
confirms that the niosome as a cell retrieval 
carrier accumulates on the surface during the 
cell uptake process (Kaksonen & Roux 2018). 
Since the addition of genistein produces 
higher yields, it clearly affects cell uptake from 
Nio-UA-CS (Quagliariello et al. 2019). Hence, 
the entry of Nio-UA-CS was improved  with 
the presence of genistein as the inhibitor 

of the caveolae-mediated endocystosis, but 
no significant difference was observed after 
addition of sucrose. From these results, it 
can be concluded that Nio-UA-CS undergoes 
cell uptake through the clathrin-mediated 
endocytosis pathway, while the mechanism of 
Nio-UA uptake may involve both mechanisms. 
This finding is in accordance with that of 
Quagliariello’s research from 2019 that cell 
uptake from Butyric acid in liposomes occurs 
through clathrin-mediated endocytosis whose 
mechanism is initiated when the endocytic 
protein layer of the cytosol clusters on the 
plasma membrane. After the coating is formed, 
the uptake molecules are concentrated in the 
layer area and a bond occurs which results in 
the flat plasma membrane becoming a ‘clathrin-
layered hole’ containing the uptake molecules. 
Furthermore, the process of constriction and 
cutting of the neck membrane occurs with the 
result that the vesicles enter the cell (Kaksonen 
& Roux 2018).

Figure 2. Photomicrographs of cellular uptake of HeLa cells after incubated with Nio-UA and Nio-UA-CS containing 
Coumarin-6 for two hours without and with addition of genistein and sucrose pre-treatment. Scale bar= 100 μm.
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CONCLUSION

It can be seen from this study that the UA niosome 
with chitosan layers increased cytotoxicity in 
HeLa cells but it was less sensitive for Huh7it 
cells. The difference in cell uptake between Nio-
UA and Nio-UA-CS should also be investigated 
at greater length in order to identify the effect of 
chitosan addition on cellular uptake pathways.
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SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of scientific influence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from
It
measures the scientific influence of the average article

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
1999 61
2000 48
2001 45
2002 50

Citations per document

This indicator counts the number of citations received
by documents from a journal and divides them by the

total number of documents published in that journal.
The chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.

The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Total Cites  Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.



Journal Self-citation is defined as the number of citation
from a journal citing article to articles published by the
same journal.
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Cites per document Year Value
Cites / Doc. (4 years) 1999 0.280
Cites / Doc. (4 years) 2000 0.219
Cites / Doc. (4 years) 2001 0.274
Cites / Doc. (4 years) 2002 0.400
Cites / Doc. (4 years) 2003 0.578
Cites / Doc. (4 years) 2004 0.743
Cites / Doc. (4 years) 2005 0.877
Cites / Doc. (4 years) 2006 1.031
Cites / Doc. (4 years) 2007 1.178
Cites / Doc. (4 years) 2008 1.256

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years.
External
citations are calculated by subtracting the number of
self-citations from the total number of citations received

by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country
address.

Year International Collaboration

Citable documents  Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial
research (research articles, conference papers and
reviews) in three year windows vs. those documents
other than research articles, reviews and conference

papers.

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 1999 149
Uncited documents 2000 152
Uncited documents 2001 146
Uncited documents 2002 111
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