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Aims and Scope of Acta Pharmaceutica Sciencia

Acta Pharmaceutica Sciencia is a continuation of the former “Eczacılık Bülteni” 
which was first published in 1953 by Prof. Dr. Kasım Cemal GÜVEN’s editor-
ship. At that time, “Eczacılık Bülteni” hosted scientific papers from the School 
of Medicine-Pharmacy at İstanbul University, Türkiye.

In 1984, the name of the journal was changed to “Acta Pharmaceutica Turcica” 
and it became a journal for national and international manuscripts, in all fields 
of pharmaceutical sciences in both English and Turkish. (1984-1995, edited by 
Prof. Dr. Kasım Cemal GÜVEN, 1995-2001, edited by Prof. Dr. Erden GÜLER, 
2002-2011, edited by Prof. Dr. Kasım Cemal GÜVEN)

Since 2006, the journal has been published only in English with the name, 
“Acta Pharmaceutica Sciencia” which represents internationally accepted 
high-level scientific standards. The journal has been published quarterly ex-
cept for an interval from 2002 to 2009 in which its issues were released at 
intervals of four months. The publication was also temporarily discontinued 
at the end of 2011 but since 2016, Acta Pharmaceutica Sciencia has continued 
publication with the reestablished Editorial Board and also with the support of 
you as precious scientists.

Yours Faithfully

Prof. Dr. Gülden Zehra OMURTAG
Editor
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INSTRUCTIONS FOR AUTHORS

Manuscripts must be prepared using the manuscript template.

Manuscripts should contain the following elements in the following order:

Title Page

Abstract

Keywords

Introduction (without author names and affiliations)

Methodology

Results and Discussion

Statement of Ethics

Conflict of Interest Statement

Author Contributions

Funding Sources (optional)

Acknowledgments (optional)

References

It is best to use the Times New Roman font, 11 font size, and all kinds of articles 
must be 1.5 spaced including text, references, tables, and legends.

The title should be concise and informative. Avoid abbreviations and formulae, 
where possible. The title page should include full title, author names and af-
filiations, present addresses, corresponding author, and ORCID numbers for 
every author. Also, the full manuscript should include a full title page. 

Abstracts should not be separated into categories; it should be written in a 
paragraph format. 

Keywords: Max. 5

Graphics may be included with both in the text and uploaded as separate files. 

Sections: (Capital letters should be used in) Introduction, Methodology, Re-
sults and Discussion, Statement of Ethics, Conflict of Interest Statement, Au-
thor Contributions, Funding Sources (optional), Acknowledgments (optional).

Table and figure titles should not be abbreviated exp. fig. is not acceptable. It 
should be written as; Table 1. …. Figure 1. ….. 
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Figure captions: A caption should comprise a brief title (not on the figure itself) 
and a description of the illustration. Keep text in the illustrations themselves 
to a minimum but explain all symbols and abbreviations used. Figure captions 
should be written on the bottom.

Titles: Number tables consecutively by their appearance in the text and place 
any table notes below the table body. Table captions should be written on the 
top.

References in the text should be identified using Arabic numerals. Years of 
the references should not be written boldly. 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. References should conform to Van-
couver style and be numbered consecutively in the order in which they are 
cited in the text. 

*Obligatory files are manuscript main document, title page and copyright form 
for submission. If exist, supplementary files should also be added.

1. Scope and Editorial Policy

1.1 Scope of the Journal

Acta Pharmaceutica Sciencia (Acta Pharm. Sci.), formerly known as Bulletin of 
Pharmacy and Acta Pharmaceutica Turcica is a peer-reviewed scientific jour-
nal publishing current research and reviews covering all fields of pharmaceuti-
cal sciences since 1953.

The original studies accepted for publication must be unpublished work and 
should contain data that have not been published elsewhere as a whole or a 
part. The reviews must provide critical evaluation of the state of knowledge 
related with the subject.

All manuscripts have to be written in clear and concise English.

Including the October 2023 issue, the journal has started to be published on-
line only. It will also publish special issues for national or international scien-
tific meetings and activities in the interested field.

1.2 Manuscript Categories

Manuscripts can be submitted as Research Articles.

Research Articles are definitive accounts of significant, original studies. They 
are expected to present important new data or provide a fresh approach to an 
established subject.
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1.3 Prior Publication

Authors should submit only original work that has not been previously pub-
lished and is not under consideration for publication elsewhere. Academic the-
ses, including those on the Web or at a college Web site, are not considered to 
be prior publication.

1.4 Patents and Intellectual Property

Authors need to resolve all patent and intellectual property issues. Acceptance 
and publication will not be delayed for pending or unresolved issues of this 
type. Note that Accepted manuscripts and online manuscripts are considered 
published documents.

1.5 Professional Ethics

Editors, reviewers, and authors are expected to adhere to internationally ac-
cepted criteria for scientific publishing. Helsinki declaration is applied and ac-
cepted for the ethical standards of the journal.

World Medical Association. (2001). World Medical Association Declaration 
of Helsinki. Ethical principles for medical research involving human subjects. 
Bulletin of the World Health Organization, 79(4),373-374.

1.5.1 Author Consent 

Submitting authors are reminded that consent of all coauthors must be ob-
tained prior to submission of manuscripts. If an author is removed after sub-
mission, the submitting author must have the removed author consent to the 
change by e-mail or faxed letter to the assigned editor.

1.5.2 Plagiarism 

Manuscripts must be original with respect to concept, content, and writing. 
It is not appropriate for an author to reuse wording from other publications, 
including one’s own previous publications, whether or not that publication is 
cited. Suspected plagiarism should be reported immediately to the editorial 
office. Report should specifically indicate the plagiarized material within the 
manuscripts. Acta Pharmaceutica Sciencia uses iThenticate or Turnitin soft-
ware to screen submitted manuscripts for similarity to published material. 
Note that your manuscript may be screened during the submission process.

1.5.3 Use of Human or Animal Subjects 

For research involving biological samples obtained from animals or human 
subjects, editors reserve the right to request additional information from au-
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thors. Studies submitted for publication approval must present evidence that 
the described experimental activities have undergone local institutional review 
assessing safety and humane usage of study subject animals. In the case of hu-
man subjects, authors must also provide a statement that study samples were 
obtained through the informed consent of the donors, or in lieu of that evidence, 
by the authority of the institutional board that licensed the use of such material. 
Authors are requested to declare the identification or case number of institution 
approval as well as the name of the licensing committee in a statement placed in 
the section describing the Material and Methods utilized in the studies.

World Medical Association. (2001). World Medical Association Declaration 
of Helsinki. Ethical principles for medical research involving human subjects. 
Bulletin of the World Health Organization, 79(4),373-374.

1.6 Issue Frequency

The Journal publishes 4 issues per year.

2. Preparing the Manuscript

2.1 General Considerations

Manuscripts should be kept to a minimum length. Authors should write in 
clear, concise English, employing an editing service if necessary. For profes-
sional assistance with improving English and/or the figures, or formatting in 
the manuscript before submission please contact to editorial office by e-mail 
for suggestions.

The responsibility for all aspects of manuscript preparation rests with the au-
thors. Applying extensive changes or rewriting of the manuscript will not be 
undertaken by the editors. A standard list of Abbreviations, Acronyms, and 
Symbols is in section 5.

It is best to use the font “Times New Roman”.  Other fonts, particularly those 
that do not come bundled with the system software, may not translate prop-
erly. Ensure that all special characters (e.g., Greek characters, math symbols) 
are present in the body of the text as characters and not as graphic represen-
tations. Be sure that all characters are correctly represented throughout the 
manuscript—e.g., 1 (one) and l (letter l), 0 (zero) and O (letter o).

All text (including the title page, abstract, all sections of the body of the paper, 
figure captions, scheme or chart titles, and footnotes and references) and ta-
bles should be in one file. Graphics may be included with the text or uploaded 
as separate files. Manuscripts that do not adhere to the guidelines may be re-
turned to authors for correction.
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2.1.1 Articles of All Kind 

Use page size A4. Vertically orient all pages. Articles of all kind must be dou-
ble-spaced including text, references, tables, and legends. This applies to fig-
ures, schemes, and tables as well as text. They do not have page limitations 
but should be kept to a minimum length. The experimental procedures for all 
experimental steps must be clearly and fully included in the experimental sec-
tion of the manuscripts.

2.1.2 Nomenclature 

It is the responsibility of the authors to provide correct nomenclature. It is ac-
ceptable to use semisynthetic or generic names for certain specialized classes 
of compounds, such as steroids, peptides, carbohydrates, etc. In such a case, 
the name should conform to the generally accepted nomenclature conventions 
for the compound class. Chemical names for drugs are preferred. If these are 
not practical, generic names, or names approved by the World Health Organi-
zation, may be used.

Authors may find the following sources useful for recommended nomencla-
ture:

• The ACS Style Guide; Coghill, A. M., Garson, L. R., Eds.; American Chemical 
Society: Washington DC, 2006.

• Enzyme Nomenclature; Webb, E. C., Ed.; Academic Press: Orlando, 1992.

• IUPHAR database of receptors and ion channels (http://www.guidetophar-
macology.org/).

2.1.3 Compound Code Numbers

Code numbers (including peptides) assigned to a compound may be used as 
follows:

• Once in the manuscript title, when placed in parentheses AFTER the chemi-
cal or descriptive name.

• Once in the abstract.

• Once in the text (includes legends) and once to label a structure. Code num-
bers in the text must correspond to structures or, if used only once, the 
chemical name must be provided before the parenthesized code number, 
e.g., “chemical name (JEM-398).” If appearing a second time in the text, a 
bold Arabic number must be assigned on first usage, followed by the paren-
thesized code number, e.g., “1 (JEM-398).” Subsequently, only the bold Ara-
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bic number may be used. All code numbers in the text must have a citation to 
a publication or a patent on first appearance.

Compounds widely employed as research tools and recognized primarily by 
code numbers may be designated in the manuscript by code numbers without 
the above restrictions. Their chemical name or structure should be provided 
as above. Editors have the discretion of determining which code numbers are 
considered widely employed.

2.1.4 Trademark Names 

Trademark names for reagents or drugs must be used only in the experimental 
section. Do not use trademark or service mark symbols.

2.1.5 Interference Compounds 

Active compounds from any source must be examined for known classes of assay 
interference compounds and this analysis must be provided in the General Ex-
perimental section. Many of these compounds have been classified as Pan Assay 
Interference Compounds (PAINS; see Baell & Holloway, J. Med. Chem. 2010, 53, 
2719-2740). These compounds shown to display misleading assay readouts by a 
variety of mechanisms by forming reactive compounds. Provide firm experimental 
evidence in at least two different assays that reported compounds with potential 
PAINS liability are specifically active and their apparent activity is not an artifact.

2.2 Manuscript Organization

2.2.1 Title Page

The title of the manuscript should reflect the purposes and findings of the 
work in order to provide maximum information in a computerized title search. 
Minimal use of nonfunctional words is encouraged. Only commonly employed 
abbreviations (e.g., DNA, RNA, ATP) are acceptable. Code numbers for com-
pounds may be used in a manuscript title when placed in parentheses AFTER 
the chemical or descriptive name.

Authors’ Names and Affiliations: The authors’ full first names, middle initials, 
last names (with capital letters for only last names), and affiliations with ad-
dresses at time of work completion should be listed below the title. The name 
of the corresponding author should be marked with an asterisk (*).

2.2.2 Abstract and Keywords 

Articles of all types must have an abstract following the title page. The maxi-
mum length of the Abstract should be 200 words, organized in a findings-ori-
ented format in which the most important results and conclusions are sum-
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marized. Code numbers may be used once in the abstract. After the abstract, 
a section of Keywords not more than five has to be given. Be aware that the 
keywords, chosen according to the general concept, are very significant during 
searching and indexing of the manuscripts.

Keywords: instructions for authors, template, journal

2.2.3 Introduction 

The Introduction should argue the case for the study, outlining only essential 
background, and should not include the findings or the conclusions. It should 
not be a review of the subject area but should finish with a clear statement of 
the question being addressed. Authors should use this template when prepar-
ing a manuscript for submission to the ACTA Pharmaceutica Sciencia.

2.2.4 Methodology

Materials, synthetic, biological, demographic, statistical or experimental meth-
ods of the research should be given detailed in this section. The authors are free 
to subdivide this section in the logical flow of the study. For the experimental 
sections, authors should be as concise as possible in experimental descriptions. 
General reaction, isolation, preparation conditions should be given only once. 
The title of an experiment should include the chemical name and a bold Arabic 
identifier number; subsequently, only the bold Arabic number should be used. 
Experiments should be listed in numerical order. Molar equivalents of all re-
actants and percentage yields of products should be included. A general intro-
ductory section should include general procedures, standard techniques, and 
instruments employed (e.g., determination of purity, chromatography, NMR 
spectra, mass spectra, names of equipment) in the synthesis and characteriza-
tion of compounds, isolates and preparations described subsequently in this 
section. Special attention should be called to hazardous reactions or toxic com-
pounds. Provide analysis for known classes of assay interference compounds.

The preferred forms for some of the more commonly used abbrevations are 
mp, bp, ºC, K, min, h, mL, μL, g, mg, μg, cm, mm, nm, mol, mmol, μmol, ppm, 
TLC, GC, NMR, UV, and IR. Units are abbreviated in table column heads and 
when used with numbers, not otherwise. (See section 4 for more abbreviations)

2.2.5 Results and Discussion 

This section could include preparation, isolation, synthetic schemes and tables 
of biological and statistical data. The discussions should be descriptive. Au-
thors should discuss the analysis of the data together with the significance of 
results and conclusions. An optional conclusions section is not required.



XIIIActa Pharmaceutica Sciencia. Vol. 63 No. 1, 2025

2.2.6 Ancillary Information

Include pertinent information in the order listed immediately before the refer-
ences.

PDB ID Codes: Include the PDB ID codes with assigned compound Arabic 
number. Include the statement “Authors will release the atomic coordinates 
and experimental data upon article publication.”

Homology Models: Include the PDB ID codes with assigned compound 
Arabic number. Include the statement “Authors will release the atomic coordi-
nates upon article publication.”

Corresponding Author Information: Provide telephone numbers and 
email addresses for each of the designated corresponding authors.

Present/Current Author Addresses: Provide information for authors 
whose affiliations or addresses have changed.

Author Contributions: Include statement such as “These authors contrib-
uted equally.”

Acknowledgments: Authors may acknowledge people, organizations, and 
financial supporters in this section.

Abbreviations Used: Provide a list of nonstandard abbreviations and acro-
nyms used in the paper, e.g., YFP, yellow fluorescent protein. Do not include 
compound code numbers in this list. It is not necessary to include abbrevia-
tions and acronyms from the Standard Abbreviations and Acronyms listed in 
section 4.

2.2.7 References and Notes 

Vancouver style is used in the reference list and citations. List manuscripts as 
“in press” only accepted for publication. Manuscripts available on Web with a 
DOI number are considered published. For manuscripts not accepted, use “un-
published work” after the names of authors. Incorporate notes in the correct 
numerical sequence with the references. Footnotes are not used. List submit-
ted manuscripts as “in press” only if formally accepted for publication. Manu-
scripts available on the Web with a DOI number are considered published. For 
manuscripts not accepted, use “unpublished results” after the names of au-
thors. Incorporate notes in the correct numerical sequence with the references. 
Footnotes are not used. In-text citations should be given superscript numbers 
(see examples) according to order in the manuscript.
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References

Please check with your faculty for any specific referencing or formatting re-
quirements.

• References are listed in numerical order, and in the same order in which they 
are cited in text. The reference list appears at the end of the paper.

• Begin your reference list on a new page and title it ‘References’.

• The reference list should include all and only those references you have cited in 
the text. (However, do not include unpublished items such as correspondence.)

• Use Arabic numerals (1, 2, 3, 4, 5, 6, 7, 8, 9) as a superscripts. 

• Abbreviate journal titles in the style used in the NLM Catalog.

• Check the reference details against the actual source – you are indicating 
that you have read a source when you cite it.

• Use of DOI URL at the end of reference is strongly advised.

Examples

For printed articles 

• Article with 1-6 authors: 

Author AA, Author BB, Author CC, Author DD. Title of article. Abbreviated 
title of journal, Date of publication YYYY;volume number(issue number):page 
numbers. 

Sahin Z, Ertas M, Berk B, Biltekin SN, Yurttas L, Demirayak S. Studies on non- 
steroidal inhibitors of aromatase enzyme; 4-(aryl/heteroaryl)-2-(pyrimidin-2- 
yl)thiazole derivatives. Bioorg Med Chem, 2018; 26(8): 1986–1995. https:// 
doi.org/10.1016/j.bmc.2018.02.048. 

• Article with more than 6 authors: 

Author AA, Author BB, Author CC, Author DD, Author EE, Author FF, et al. 
Title of article. Abbreviated title of journal, Date of publication YYYY Mon 
DD;volume number(issue number):page numbers. 

For electronic journal articles

Author AA, Author BB, Author CC, Author DD, Author EE, Author FF. Title of 
article. Abbreviated title of Journal [Internet], Year of publication [cited YYYY 
Mon DD];volume number(issue number):page numbers. Available from: URL 
DOI
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For books and book chapters 

Book: a.) Print book OR b.) Electronic book 

a.) Author AA. Title of book. # edition [if not first]. Place of Publication: Pub-
lisher; Year of publication. Pagination. 

b.) Author AA. Title of web page [Internet]. Place of Publication: Sponsor of 
Website/Publisher; Year published [cited YYYY Mon DD]. Number of pages. 
Available from: URL DOI: (if available) 

2.2.8 Tables

Tabulation of experimental results is encouraged when this leads to more ef-
fective presentation or to more economical use of space. Tables should be num-
bered consecutively in order of citation in the text with Arabic numerals. Foot-
notes in tables should be given italic lowercase letter designations and cited in 
the tables as superscripts. The sequence of letters should proceed by row rather 
than by column. If a reference is cited in both table and text, insert a lettered 
footnote in the table to refer to the numbered reference in the text. Each table 
must be provided with a descriptive title that, together with column headings, 
should make the table self-explanatory. Titles and footnotes should be on the 
same page as the table. Tables may be created using a word processor’s text 
mode or table format feature. The table format feature is preferred. Ensure each 
data entry is in its own table cell. If the text mode is used, separate columns with 
a single tab and use a return at the end of each row. Tables may be inserted in 
the text where first mentioned or may be grouped after the references. 

2.2.9 Figures, Schemes/Structures, and Charts

The use of illustrations to convey or clarify information is encouraged. Struc-
tures should be produced with the use of a drawing program such as Chem-
Draw. Authors using other drawing packages should, in as far as possible, 
modify their program’s parameters so that they conform to ChemDraw pref-
erences. Remove all color from illustrations, except for those you would like 
published in color. Illustrations may be inserted into the text where mentioned 
or may be consolidated at the end of the manuscript. If consolidated, legends 
should be grouped on a separate page(s). Include as part of the manuscript file.

To facilitate the publication process, please submit manuscript graphics using 
the following guidelines:

1. The preferred submission procedure is to embed graphic files in a Word 
document. It may help to print the manuscript on a laser printer to ensure all 
artwork is clear and legible.
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2. Additional acceptable file formats are: TIFF, PDF, EPS (vector artwork) 
or CDX (ChemDraw file). If submitting individual graphic files in addition to 
them being embedded in a Word document, ensure the files are named based 
on graphic function (i.e., Scheme 1, Figure 2, Chart 3), not the scientific name. 
Labeling of all figure parts should be present and the parts should be assem-
bled into a single graphic.

EPS files: Ensure that all fonts are converted to outlines or embedded in the 
graphic file. The document settings should be in RGB mode. NOTE: While EPS 
files are accepted, the vector-based graphics will be rasterized for production. 
Please see below for TIFF file production resolutions.

3. TIFF files (either embedded in a Word doc or submitted as individual files) 
should have the following resolution requirements:

- Black & White line art: 1200 dpi

- Grayscale art (a monochromatic image containing shades of gray): 600 dpi

- Color art (RGB color mode): 300 dpi

- The RGB and resolution requirements are essential for producing high-qual-
ity graphics within the published manuscript. Graphics submitted in CMYK 
or at lower resolutions may be used; however, the colors may not be consist-
ent and graphics of poor quality may not be able to be improved.

- Most graphic programs provide an option for changing the resolution when 
you are saving the image. Best practice is to save the graphic file at the final 
resolution and size using the program used to create the graphic.

4. Graphics should be sized at the final production size when possible. Single 
column graphics are preferred and can be sized up to 240 points wide (8.38 
cm.). Double column graphics must be sized between 300 and 504 points 
(10.584 and 17.78 cm’s). All graphics have a maximum depth of 660 points 
(23.28 cm.) including the caption (please allow 12 points for each line of cap-
tion text).

Consistently sizing letters and labels in graphics throughout your manuscript 
will help ensure consistent graphic presentation for publication.

2.2.10 Image Manipulation

Images should be free from misleading manipulation. Images included in an 
account of research performed or in the data collection as part of the research 
require an accurate description of how the images were generated and pro-
duced. Apply digital processing uniformly to images, with both samples and 
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controls. Cropping must be reported in the figure legend. For gels and blots, 
use of positive and negative controls is highly recommended. Avoid high con-
trast settings to avoid overexposure of gels and blots. For microscopy, apply 
color adjustment to entire image and note in the legend. When necessary, au-
thors should include a section on equipment and settings to describe all image 
acquisition tools, techniques and settings, and software used. All final images 
must have resolutions of 300 dpi or higher. Authors should retain unprocessed 
data in the event that the editors request them. 

2.3 Specialized Data

2.3.1 Biological Data 

Quantitative biological data are required for all tested compounds. Biological 
test methods must be referenced or described in sufficient detail to permit the 
experiments to be repeated by others. Detailed descriptions of biological meth-
ods should be placed in the experimental section. Standard compounds or es-
tablished drugs should be tested in the same system for comparison. Data may 
be presented as numerical expressions or in graphical form; biological data for 
extensive series of compounds should be presented in tabular form.

Active compounds obtained from combinatorial syntheses should be resynthe-
sized and retested to verify that the biology conforms to the initial observation. 
Statistical limits (statistical significance) for the biological data are usually re-
quired. If statistical limits cannot be provided, the number of determinations 
and some indication of the variability and reliability of the results should be 
given. References to statistical methods of calculation should be included.

Doses and concentrations should be expressed as molar quantities (e.g., mol/
kg, μmol/kg, M, mM). The routes of administration of test compounds and 
vehicles used should be indicated, and any salt forms used (hydrochlorides, 
sulfates, etc.) should be noted. The physical state of the compound dosed (crys-
talline, amorphous; solution, suspension) and the formulation for dosing (mi-
cronized, jet-milled, nanoparticles) should be indicated. For those compounds 
found to be inactive, the highest concentration (in vitro) or dose level (in vivo) 
tested should be indicated.

If human cell lines are used, authors are strongly encouraged to include the 
following information in their manuscript:

· the cell line source, including when and from where it was obtained;

· whether the cell line has recently been authenticated and by what method;

· whether the cell line has recently been tested for mycoplasma contamination.
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2.3.2 Purity of Tested Compounds

Methods: All scientifically established methods of establishing purity are ac-
ceptable. If the target compounds are solvated, the quantity of solvent should 
be included in the compound formulas. No documentation is required unless 
asked by the editors.

Purity Percentage: All tested compounds, whether synthesized or purchased, 
should possess a purity of at least 95%. Target compounds must have a purity 
of at least 95%. In exceptional cases, authors can request a waiver when com-
pounds are less than 95% pure. For solids, the melting point or melting point 
range should be reported as an indicator of purity.

Elemental Analysis: Found values for carbon, hydrogen, and nitrogen (if pre-
sent) should be within 0.4% of the calculated values for the proposed formula.

2.3.3 Confirmation of Structure 

Adequate evidence to establish structural identity must accompany all new 
compounds that appear in the experimental section. Sufficient spectral data 
should be presented in the experimental section to allow for the identification 
of the same compound by comparison. Generally, a listing of 1H or 13C NMR 
peaks is sufficient. However, when the NMR data are used as a basis of struc-
tural identification, the peaks must be assigned.

List only infrared absorptions that are diagnostic for key functional groups. If 
a series contains very closely related compounds, it may be appropriate merely 
to list the spectral data for a single representative member when they share a 
common major structural component that has identical or very similar spectral 
features.

3. Submitting the Manuscript

3.1 Communication and Log in to Author’s Module 

All submissions to Acta Pharmaceutica Sciencia should be made by using e-
Collittera (Online Article Acceptance and Evaluation) system on the journal 
main page (www. actapharmsci.com).

3.2 Registration to System 

It is required to register into the e-Collittera system for the first time while 
entering by clicking “Create Account” button on the registration screen and the 
fill the opening form with real information. Some of the information required 
in form is absolutely necessary and the registration will not work if these fields 
are not completely filled.
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After the registration, a “Welcome” mail is sent to the user by the system auto-
matically reminding user name and password. Authors are expected to return 
to the entry screen and log on with their user name and password for the sub-
mission. Please use only English characters while determining your username 
and password.

If you already registered into the e-Collittera system and forget your password, 
you should click on “Forgot My Password” button and your user name and 
password will be mailed to your e-mail in a short while.

3.3 Submitting a New Article 

The main page of author module consists of various parts showing the situa-
tion of manuscripts in process. By clicking the New Manuscript button, authors 
create the beginning of new submission, a process with a total of 9 consecutive 
levels. In first 7 levels, information such as the article’s kind, institutions, au-
thors, title, summary, keywords etc. are asked respectively as entered. Authors 
can move back and forth while the information is saved automatically. If the is 
transaction is discontinued, the system move the new submission to “Partially 
Submitted Manuscripts” part and the transaction can be continued from here.

3.3.1 Sort of Article Authors should first select the type of article from the 
drop-down menu.

Warning. If “Return to Main Page” button is clicked after this level, the article 
automatically assigned as “Partially Submitted Manuscripts”.

3.3.2 Institutions Authors should give their institutional information during 
submission.

3.3.3 Authors The authors’ surnames, names, institutional information ap-
pear as entered order in the previous page. Filling all e-mail addresses are re-
quired. Institutional information is available in Manuscript Details table at the 
top of the screen. After filling all required fields, you may click the Continue 
button.

3.3.4 Title should be English, explaining the significance of the study. If the 
title includes some special characters such as alpha, beta, pi or gamma, they 
can easily be added by using the Title window. You may add the character by 
clicking the relevant button and the system will automatically add the required 
character to the text.

Warning. No additions to cornered parenthesis are allowed. Otherwise, the 
system will not be able to show the special characters.
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3.3.5 Abstract The summary of the article should be entered to Abstract win-
dow at this level. There must be an English summary for all articles and the 
quantity of words must be not more than 200. If special characters such as alpha, 
beta, pi or gamma are used in summary, they can be added by Abstract window. 
You may add the character by clicking the relevant button and the system will 
automatically add the required character to the text. The abstract of the articles 
is accessible for arbitrators; so, you should not add any information related to 
the institutions and authors in this summary part. Otherwise, the article will be 
returned without evaluation. Authors will be required to comply with the rules.

Warning. No additions to cornered parenthesis are allowed. Otherwise, the 
system will not be able to show the special characters.

3.3.6 Keywords There must be five words to define the article at the key-
words window, which will be diverged with commas. Authors should pay at-
tention to use words, which are appropriate for “Medical Subjects Headings” 
list by National Library of Medicine (NLM).

3.3.7 Cover Letter If the submitting article was published as thesis and/or 
presented in a congress or elsewhere, all information of thesis, presented con-
gress or elsewhere should be delivered to the editor and must be mentioned by 
the “Cover Letter” field.

3.4 Adding Article

This process consists of four different steps beginning with the loading of the 
article in to system. Browse button is used to reach the article file, under the 
Choose a file to upload tab. After finding the article you may click to Choose 
File and file will be attached.

Second step is to select the file category. Options are: Main Document, Black 
and White Figure, Color Figure and Video.

The explanation of the files (e.g., Figure 1, Full Text Word File, supplements 
etc.) should be added on third step and the last step is submitting the prepared 
article into the system. Therefore, Download button under the Send your file 
by clicking on download button tab is clicked.

Reminder. If the prepared article includes more than one file (such as main 
document, black and white figure, video), the transaction will be continued by 
starting from the first step. The image files must be in previously defined format. 
After all required files were added, Continue button should be clicked. All details 
and features of the article might be reached from the Article Information page.

This page is the last step of the transaction which ensures that entered infor-
mation is controlled.



XXIActa Pharmaceutica Sciencia. Vol. 63 No. 1, 2025

3.4.1 Your Files After adding the article you may find all information related 
to article under Your Files window.

File Information This window includes file names, sizes, forming dates, cat-
egories, order numbers and explanations of files. The details about the files can 
be reached by clicking on Information button.

If you click on Name of File, the file download window will be opened to reach 
the copy of the file in system.

File Download This window submits two alternatives, one of them is to ensure 
the file to be opened in valid site and the second one is to ensure to download 
submitted file into the computer.

Opening the Category part on fourth column can change the category of the 
file.

Opening the Order column on fifth column can change the order of file.

The file can be deleted by clicking on Delete button on the last column. Before 
deleting, system will ask the user again if it is appropriate or not.

3.4.2 Sending Article Last level is submitting the article and the files into 
the system. Before continuing the transaction, Article Information window 
must be controlled where it is possible to return back; by using Previous but-
ton and required corrections can be made. If not, clicking the Send the Article 
button completes transaction.

3.4.3 Page to Follow the Article The Main Page of Author ensures pos-
sibility to follow the article. This page consists of three different parts; some 
information and bridges related to the sent articles, revision required articles 
and the articles that are not completed to be sent.

3.4.3.1 Articles Not Completed to be Sent After the sending transaction 
was started, if article is not able to continue until the ninth step or could not 
be sent due to technical problems shown at this part. Here you can find the 
information such as the article’s number which is assigned by system, title and 
formation date. You may delete the articles by using Delete button on the right 
column, if the article is not considered to send into the system.

3.4.3.2 Articles that Require Revision Articles, which were evaluated by 
the referee and accepted by the editor with revision, continues to Waiting for 
Revision table.
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The required revisions can be seen in “Notes” part by clicking the articles title.
In order to send any revision, Submit Revision button on the last column 
should be clicked. This connection will take the author to the first level of Add-
ing Article and the author can complete the revision transaction by carrying 
out the steps one by one. All changes must be made in the registered file, and 
this changed file must be resent. Author’s most efficacious replies relating to 
the changes must be typed in “Cover Letter” part.

If the is transaction is discontinued, the system move the revised article to 
Submitted Manuscripts part and the transaction can be continued from here.

After the transaction was completed, the system moves the revised article to 
“Submitted Manuscripts” part.

3.4.4 Submitted Manuscripts Information related to articles can be fol-
lowed through the Submitted Manuscripts line. Here you can find the infor-
mation such as the article’s number assigned by system, title, sending date 
and transaction situation. The Manuscript Details and summary files can be 
reached by clicking the title of the article and the Processing Status part makes 
it possible to follow the evaluation process of the article.

3.5 Article Review Process

Articles uploaded to the Manuscript submission system are checked by the 
journal administration for format consistency and similarity rate which is re-
quired to be less than 20%. Then sent to the chief editor if found appropriate.

Articles that are not suitable are sent back to the author for correction and re-
submit (sent back to the author). Studies that have not been prepared using 
the draft for submitting to Acta Pharmaceutica Sciencia “acta_msc_tmp” and 
that have not been adapted in terms of format, will be directed to the editor-
in-chief, after the 3rd time, by giving the information that “the consistency 
requirements have not been met”.

The manuscripts sent to the chief editor will be evaluated and sent to the “lan-
guage and statistics editor” if deemed appropriate.

Studies found appropriate after language-statistics editor will be sent to field 
editors. If the field editor does not deem it appropriate after evaluating the 
article scientifically, he/she will inform the editor-in-chief of its negative com-
ments, otherwise, at least two independent referee comments will be asked.

Authors should consider that this time may take time because of the reviewer 
assignments and acceptance for review may take time for some cases.
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Our review system is double-blind. The editor, who evaluates according to 
the comments of the referees, submits his/her comment and suggestion to 
the editor-in-chief. In this way, the article takes one of the acceptance, rejec-
tion, or revision decisions. In the case of revision, after the author revises, the 
editor submits his/her final opinion to the editor-in-chief. The editor-in-chief 
conveys his or her final decision to the author. After the accepted articles are 
subjected to the final control by the journal and the corresponding author, the 
article starts to be included in the “accepted papers” section by giving the inac-
tive DOI number. When the article is placed in one of the following issues, the 
DOI number will be activated and displayed in the “current issue” section on 
the journal homepage.
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Superdrugs & Supertherapies: 
High prices to pay for miracles...
Editorial Article
Yusuf ÖZTÜRK*

Istanbul Aydın University, Faculty of Pharmacy, Department of Pharmacology, Istanbul, Türkiye

Today, in Istanbul and other parts of our country, at bus stops, metro stations 
and on various street corners, we can hear the heartbreaking cries of parents 
of children with SMA (Spinal Muscular Atrophy) Type-1 seeking financial 
resources for exorbitantly priced treatment. In fact, this is a gene-based life-
saving treatment that is effective in pediatric patients under two years of age 
with just one dose. This miraculous treatment costs patients approximately 
$2.1 million. This miraculous treatment costs patients around $2.1 million. 
But that is not all, and it is not the most expensive either, there are others 
worth mentioning.

After a rocky start, gene therapy is on fire and drawing intense interest from 
the biopharmaceutical industry—and it’s still evolving and improving. In fact, 
the journey of fundamental developments in gene therapy begins with the dis-
covery of the DNA structure by Watson and Crick in the year of 1953. The con-
cept of gene therapies first emerged in the 1960s, when the feasibility of adding 
new genetic functions to mammalian cells began to be studied. Several meth-
ods for this purpose were tested, including injecting genes directly into a living 
mammalian cell via a micropipette and exposing the cells to a DNA precipitate 
containing the desired genes. Later, scientists developed theories that viruses 
could also be used as a vehicle or vector to deliver new genes to cells. Among 
the avenues of biomedical sciences, humanity’s fast lane, but hard journey to 
gene therapies began in the 1990s. There are various versions of gene therapies 
forming different highways to arrive final destination of therapy. But unfortu-
nately, some of these highways of gene therapies have turned into dead-end 
streets:
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•	 Gene therapy ver. 1.0 - First introduction of corrected genes

•	 Gene therapy ver. 2.0 - Improved viral vectors

•	 Gene therapy ver. 3.0 - Gene editing and base editing

•	 Miscellaneous genetic therapies

Gene therapy ver. 1.0 - First introduction of corrected genes: Seemingly, the 
first successful example of gene therapy was obtained with a 4-year-old girl in 
1989. The girl, Ashanthi de Silva, who was the hero of the first successful gene 
therapy was born with severe combined immunodeficiency (SCID), a disease 
caused by a deficiency of the enzyme adenosine deaminase (ADA). Without 
ADA, T cells were dying and not be able to fight invading infections. Injections 
of a synthetic ADA enzyme were being helpful only temporarily. This applica-
tion, which seemed like a success at first glance, encouraged scientists on the 
subject and they applied gene treatments for various genetic diseases. After 
a few years of gene therapies using this methodology have been reported to 
cause very severe side effects, including leukemia, fatal immune responses, 
which were mainly due to activation of some oncogenes by viral vector used. 
Gene therapies which use this technique have been stopped.

Gene therapy ver. 2.0 - Improved viral vectors: In the early 2010s, gene ther-
apy was in a renaissance age. Scientists discovered improved viral vectors to 
deliver genetic therapies. They also added some regulatory elements called 
promoters and enhancers to direct the activity of genes. These elements were 
defining where, when, and at what level the genes should be turned on. Popu-
lar viruses for gene therapy include adenoviruses, adeno-associated virus, and 
lentiviruses. Agustín, born in 2010, had suffered from X chromosome-linked 
severe combined immunodeficiency syndrome (SCID-X1) and had spent the 
first few months of his life in isolation. He became the first patient to receive 
gene therapy with improved viral vector at Boston Children’s and today is an 
active fifth-grade soccer and tennis player.

Gene therapy ver. 3.0 - Gene editing and base editing: While traditional gene 
therapy uses viruses to transfer healthy genes into cells, compensating for a 
faulty or missing gene, this newer generation of gene therapy employs various 
fine-tune molecular tools and divided into two methodologies: a) Gene editing 
b) Base editing. Gene editing precisely target troublesome genes and create a 
cut or break in their DNA. It can knock out a defective gene, place a new DNA 
sequence, or both in a “cut and paste” operation. The common gene editing 
systems of today are CRISPR/Cas 9, zinc-finger nucleases (ZFNs), and tran-
scription activator-like effector nucleases (TALENs). Base editing is even more 
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fine-tuned, specifically replacing DNA bases found in defective genes. It takes 
advantage of CRISPR’s targeting capabilities but relies on specific enzymes to 
chemically alter a gene’s code one by one—changing a C to a T or an A to a G, 
for example. In contrast to gene editing, base editing has not yet been tested in 
clinical trials, but it offers the promise of more precision, efficiency, and safety.

Miscellaneous genetic therapies: Some other new techniques are blurring the 
line between gene therapy and conventional drug treatment. For instance, an-
tisense oligonucleotides (ASOs) are new type of drugs consist of short, synthet-
ic pieces of DNA or RNA that aim at the messenger RNA made by the defective 
gene. As another approach, RNA interference, uses small RNAs for silencing a 
targeted gene by neutralizing the gene’s mRNA. The messenger RNAs (mRNA) 
and the microRNA (miRNA) used for some COVID-19 vaccines are regarded 
as a form of gene therapy too. This RNAs introduce genetic code that cells then 
use to make the coronavirus spike protein, stimulating people to produce an-
tibodies to the virus.

Today, there are approximately 400 gene therapy studies worldwide on Clini-
calTrials.gov and more than a dozen approved gene therapy drugs on the mar-
ket. It is only a matter of time before newer ones enter the pharmaceutical 
market. These products related to this issue, which will shape the future of 
pharmacy and medicine, are called “super drugs”. These drugs, which are the 
products of advanced biotechnology, have been developed for the treatment of 
diseases that are currently fatal, and some of them offer a definitive solution to 
diseases with a single dose of miraculous treatments. However, these are not 
only miraculous ones but also the most expensive therapies known in medical/
pharmaceutical market. Here is a summarized list of most expensive drugs in 
US, and most probably in the world:

1. Lenmeldy®: Cost: $4.25 million per one-time treatment, Use: Metachro-
matic leukodystrophy (MLD), FDA Approval Date: March 18, 2024 (Gene 
editing therapy)

2. Hemgenix®: Cost: $3.5 million per one-time dose, Use: Hemophilia B, 
FDA Approval Date: November 22, 2022 (Improved virus vector-based gene 
therapy)

3. Elevidys®: Cost: $3.2 million per one-time dose, Use: Duchenne Muscular 
Dystrophy (DMD), FDA Approval Date: June 22, 2023 (Gene editing therapy)

4. Skysona®: Cost: $3 million per one-time dose, Use: Cerebral Adrenoleu-
kodystrophy (CALD), FDA Approval Date: September 16, 2022 (Improved 
virus vector-based gene therapy)
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5. Zynteglo®: Cost: $2.8 million per one-time dose, Use: Beta-thalassemia, 
FDA Approval Date: September 16, 2022 (Improved virus vector-based gene 
therapy)

6. Zolgensma®: Cost: $2.1 million per one-time dose, Use: Spinal Muscular 
Atrophy (SMA) Type 1, FDA Approval Date: May 24, 2019 (Improved virus 
vector-based gene therapy)

7. Myalept®: Cost: $1.3 million annually, Use: Lipodystrophy / Leptin defi-
ciency, FDA Approval Date: February 24, 2014 (Leptin replacement therapy)

8. Danyelza®: Cost: $1.2 million annually, Use: Neuroblastoma, FDA Ap-
proval Date: November 25, 2020 (Monoclonal antibody therapy)

9. Zokinvy®: Cost: $1.2 million annually, Use: Progeria and Progeroid Lami-
nopathies, FDA Approval Date: November 20, 2020 (Enzyme inhibitor)

10. Kimmtrak®: Cost: $ 1.1 million annually, Use: Uveal Melanoma, FDA Ap-
proval Date: January 25, 2022 (Immunotherapy).

The first six drugs on the list of the most expensive drugs are gene-based thera-
pies. Another feature of some of these therapies is that they are specifically de-
signed for each individual. This situation also causes the prices of some gene-
based treatments to become uncertain. Whatever it is, these drugs are game 
changer in their characters and promise better management of certain fatal 
diseases. That is not all, there are also engineered cell therapies approved for 
certain indications, mainly CAR-T cells. 

It is anticipated that gene and cell-based treatments will diversify and increase 
in the future, and even cloned organs will be used for treatment purposes. It 
is said that these future drugs and treatments could extend human lifespan 
to 150 years. However, it is also obvious that these will create very important 
socio-economic and scientific problems. First, how will access be made to med-
icines that are economically difficult to access even today? Experts on the sub-
ject suggest that prices may fall over time as technology becomes more wide-
spread and advanced. However, there is no glimmer of hope in this regard yet. 
What if more advanced treatments emerge that cost more than what we have 
today? Moreover, it is known that many countries in the world have reduced 
or even eliminated drug/treatment reimbursements in order to reduce health-
care expenses. Fearing that in the future, the world will be one where only the 
rich can live longer and more quality lives. Second, this situation will also lead 
to striking demographic changes in the world population. How will these de-
mographic changes in the world population affect today’s environmental and 
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climate problems? Third, what will happen with these treatments in terms of 
side effects and unexpected effects in the longer term? Finally, it is obvious 
that developments in this field will cause radical scientific changes in the fields 
of pharmacy and medicine.
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ABSTRACT

To increase the effectiveness of the anticancer natural product propolis extract 
(PE), mixed micellar gel formulation composed of Pluronic F127 and Tween 
80 was investigated. Cold technique was used to formulate mixed micellar gel 
loaded with propolis extract (PE-MMG). 32 factorial design was employed to 
optimize formulation. PE-MMG was characterized for micellar size, surface 
morphology, surface charge, drug loading, entrapment, release study and in 
vitro cytotoxicity. Developed optimized formulation showed desirable for-
mulation characteristics Optimized formulation showed desirable character-
istics for improved therapeutic performance. Enhanced cytotoxicity potential 
revealed through MTT Assay by PE-MMG as compared with PE showed en-
hanced permeability and chemosensitization. In overall developed formula-
tion further studied as a promising carrier for cancer therapy.
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INTRODUCTION

The sticky resinous bee product well known as propolis masticated from a com-
bination of beeswax and resin that is gathered by Indian stingless bees from 
plant parts. Propolis is composed of different chemical constituents including 
flavonoids, polyphenols, amino acids, minerals etc., due to which it shows vari-
ous biological activities. Because of the anti-inflammatory, immunomodula-
tory, and antiviral properties of propolis, it is widely used in traditional medi-
cine1. Propolis is investigated for its antiproliferative impact on cancer cells in 
addition to these benefits. Its anticancer activity of propolis is also well proven 
through several investigations2-5. Propolis is thought to have an anticancer im-
pact by causing apoptosis and cell cycle arrest. Propolis and its active ingredi-
ents, primarily CAPE, blocks cell cycle progression and trigger apoptosis in a 
variety of cancer types6-9. The region (where propolis was gathered) and dose, 
which both affect the chemical composition of propolis, are the primary deter-
minants of its antiproliferative effects. The chemical compositions of propolis 
changes based on the bee species, area, and types of plants etc.10–14. Previous 
studies6,15-19 have demonstrated the impact of propolis on breast cancer cell 
lines, prostate cancer cell lines, and leukemia cell lines. Propolis, however, 
may have distinct impacts on various cancer cells4,20. Apoptosis induction is 
shown to be substantially dependent on the concentration of propolis extract 
consist of phenolic acids and flavonoids21-23 as well as the cytotoxic components 
of propolis that causes anticancer effects23-25. 

Propolis from different geographical locations are well proven for antican-
cer potential with apoptosis and some other mechanisms25. CAPE a propolis 
constituent also plays a role in the modulation of breast cancer through an 
epigenetically mediated pathway26. Propolis nanoparticles have antibacterial 
and anticancer properties in vitro, and cancer cells internalize the nanoparti-
cles. Nanoparticle formulation of propolis demonstrated excellent anticancer 
potential with safety and biocompatibility26-27. However, their clinical applica-
tion is limited by their low bioavailability, poor targeting, and low aqueous 
solubility. To increase therapeutic efficacy, safety, and patient acceptability 
for a variety of natural bioactives, nanomedicine-based drug delivery systems 
have been created24-27. Solubility of poorly soluble drugs can be enhanced en-
capsulation in inner hydrophobic core of mixed micelles due to their distinc-
tive self-assembled core-shell structure, which improves solubility, stability, 
and bioavailability. The pharmacokinetic and biodistribution behavior of the 
micelles is significantly influenced by the outside hydrophilic shell28. In addi-
tion, the improved permeability and retention (EPR) effect of mixed micellar 
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nanostructures enables passive targeting into solid tumors28. Literature study 
reports that Pluronic® F127 micelles have the limitation in terms of physi-
cal stability, drug release and loading of lipophilic moieties. Mixed micelles 
composed of Pluronic F127 (PF127) and Tween 80 overcame these issues and 
shows improved stabilities and biopharmaceutical properties of dosage form29. 
Additionally, Pluronic F127 and Tween 80 in a fixed combination so as to pro-
vide the desired thermos reversibility for the skin application30. These systems 
have been used in conjunction with a number of anticancer medications, in-
cluding doxorubicin, propofol, docetaxel, and gambogic acid31-36. This study 
aims for design, development and evaluation of mixed micellar gel formula-
tion of propolis extract PE-MMG to improve drug loading, drug solubilization, 
stability, better release profile and enhanced cytotoxicity and cancer therapy.

METHODOLOGY

Material

Authenticated Indian propolis was procured from CBRTI, Pune. Tween 80 
(Polysorbate 80, Mw=1309) and Pluronic F127 (Mw=12,600, PEO99-PPO67-
PEO99) were bought from Sigma-Aldrich Bangalore, India. Analytical Reagent 
(AR) grade was used for all other reagents and solvents in the investigation.

Methods

Extraction and characterization of propolis

Authenticated crude propolis was purchased from CBRTI, Pune and extracted 
by following the previously developed method from removal of wax, debris 
matter etc. by giving hexane pretreatment. Further ethanolic extract of propo-
lis was prepared by maceration technique to obtain enriched ethanolic extract 
of Indian propolis which was characterized for physical appearance, color, 
odor, melting point, UV absorbance, total balsam content etc.20,28.

Preparation of propolis mixed micellar gel

Propolis mixed micellar gels was formulated using “cold” technique, followed 
by method previously described with slight modifications29. PF127 (20%, w/w) 
and Tween 80 were added to doubled distilled water. The liquid mixture was 
gently stirred with the magnetic stirrers to dissolve all the PF127 granules over-
night at 4°C. The transparent mixed micelle solution at 4°C obtained.  Further 
drug was added at 4°C and mixed until a clear solution was obtained. 

The procedure and the process variables that affected the properties and use-
fulness of the mixed micelles were better understood with preliminary tri-
als. Pluronic F127 concentration (X1) and Tween 80 concentration (X2) were 
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shown to be important variables in defining the characteristics of the micelles. 
In order to explore the impact of X1 and X2 (independent variables) on micelle 
size and EE (dependent variables) a 32 factorial design was used as shown in 
Table 1. This allowed for the creation of a response surface plot28.

Table 1. Details of formulation batches 32 factorial design

Batches
X1

Amt. of
PF127

X2
Amt. of Tween 

80

X1
Amt. of PF127 

(mg)

X2
Amt. of 

Tween 80 (ml)

F1 -1 -1 100 2

F2 -1 0 100 1.5

F3 -1 1 100 1

F4 0 -1 75 2

F5 0 0 75 1.5

F6 0 1 75 1

F7 1 -1 50 2

F8 1 0 50 1.5

F9 1 1 50 1

Micelles size & surface charge

Size of PE-loaded mixed micelles was assessed on Horiba SZ 100, at 90° scat-
tering angle, measurements of particle size were made. The samples’ average 
particle size was calculated in nanometer after being dispersed in distilled wa-
ter. Electrophoretic mobility was also determined at a temperature of 25°C.

Drug Loading (DL) & Entrapment Efficiancy (EE)

UV-VIS spectrophotometer was used to measure PE’s absorbance at 314 nm, 
the concentration of PE in the mixed micelles was discovered. Prior to meas-
urement, the micellar solution was suitably diluted with alcohol and by follow-
ing procedures as described by Bothiraja C et al.  drug loading and entrapment 
efficiancy was evaluated28. 



6Acta Pharmaceutica Sciencia. Vol. 63 No. 1, 2025

DL (%) = X 100
Weight of the drug in micelles

Weight of the feeding phospholipid and drug

EE (%) = X 100
Weight of the drug in micelles

Weight of the feeding drug

Surface morphology

Transmission electron microscopy technique was used to examine the mor-
phology of the mixed micelles that were loaded with PR. Zeiss EM 109 TEM 
was used at 80 kV accelerating voltage was to inspect and take pictures of the 
sample after any surplus solution had beendrained27.

In vitro release of PE from mixed micelles 

in vitro dialysis bag technique was used to study release of PE from mixed mi-
celles using phosphate-buffer saline (pH 6.8) as release medium. Dialysis bag 
MW cut-off 12,000 Da was used for formulation (1 mg equivalent) as well pure 
drug as control. Study was carried out under continuous magnetic stirring at 
100 rpm/min and 37°C + 0.5°C. UV-VIS spectrophotometer was used to meas-
ure the absorbance of PR26. 

In vitro cytotoxicity studies

In vitro cytotoxicity study for propolis extract and developed formulation was 
carried out by MTT assay as with 96 well plate technique as shown in schematic 
presentation in Figure 1. ELISA plate reader was used to record the intensity at 
540 nm20. Schematic presentation of assay format has been given in Figure 1.  

Figure 1. Schematic diagram of MTT assay
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RESULTS and DISCUSSION 

Attempt has been made to formulate Propolis-loaded Mixed Micelle Gel (PE-
MMG). Over the past few decades, it has been well demonstrated that drug de-
livery methods based on micellar nanotechnology can increase the solubility, 
effectiveness, and safety of a variety of active ingredients. In order to increase 
its solubility and ensure prolonged release, PE-MMG has been formulated and 
explored as a nano-carrier. Design of Experiments (DoE) methodology was 
used to investigate the impact of the Propolis loaded Mixed Micelle Gel com-
position on particle size and encapsulation effectiveness.

Preliminary evaluation and characterization of Propolis

At room temperature propolis extract was sticky and yellow to brownish red in 
color. Propolis was found to have a melting point of 70-710C.

Propolis extract UV absorbance maxima was observed at 314 nm. Propolis 
calibration curves was plotted in phosphate buffer saline pH 6.8 was found to 
follow Beer-Lambert’s law over this range. Propolis was found to exhibit high 
linearity (r2=0.998) over the concentration range of 10-80 micro gram/mL.  

Formulation development and optimization

Cold technique method was employed for formulation of Mixed Micelle Gels 
(MMG). Impact of formulation variables are studied on the particle size and 
encapsulation as crucial evaluation parameters.

Initial trial batches studied to understand effect of formulation variable sub-
sequently based on results obtained detailed 32 factorial design was used for 
optimization of material attributes. Drug concentration was kept constant, and 
nine batches were formulated using a 32 factorial design. Using Design Expert® 
Version 12.0, multiple regression analysis was performed. The equation ob-
tained from multiple regression analysis are as below;

Equation 1 Particle Size = +165.00-11.67*A+18.17*B+2.25*AB+8.00A2-
15.50*B2

Equation 2 Encapsulation Efficiency = +82.83+1.83*A-4.17*B-1.25*AB-
0.40*A2+2.60*B2

Study results revealed that as shown in Figure 1, and Table 1; PF127 and Tween 
80 had a favorable effect on the particle size and encapsulation efficiency was 
shown by the positive coefficients of the major terms X1 and X2. According to 
the surface plot, the effects of PF127 and Tween 80 on encapsulation efficiency 
and particle size were curvilinear as shown in Figure 2. The results obtained 



8Acta Pharmaceutica Sciencia. Vol. 63 No. 1, 2025

from data analysis taken for the determination of optimized batch. From the 
Design Expert® Version 12.0 software the optimized batch was determined at 
level of PF127 as (0) and that of Tween 80 as (+1). These values were best fitted 
with F5 batch of mixed micelle formulation. So F5 batch was considered as an 
optimized batch based on data in Table 2 and Table 3.  

Figure 2. Response surface plots, (A) Encapsulation efficiency (B) Particle size

Table 2. Formulation characterization of PE-MMG

Batch Particle Size 
(nm)

Zeta Potential 
(mV)

Entrapment
Efficiency (%)

F1 123 ± 0.85 5.04 ± 1.02 62.52 ± 0.75

F2 130 ± 0.73 5.56 ± 1.13 61.33 ± 0.83

F3 157 ± 1.01 5.88 ± 1.06 65.22 ± 0.76

F4 157 ± 0.96 5.01 ± 1.24 70.65 ± 0.73

F5 162 ± 0.94 5.37 ± 1.04 76.45 ± 0.96

F6 170 ± 1.02 5.09 ± 0.85 71.69 ± 1.22

F7 173 ± 0.71 5.05 ± 0.98 73.75 ± 1.01

F8 180 ± 0.80 5.92 ± 0.70 72.31 ± 1.13

F9 182 ± 0.83 5.89 ± 0.90 62.52 ± 0.96
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Table 3. Optimized batch solution

Sr. No PF127
mg

Tween 80
Ml

Particle 
Size
nm

Encapsulation 
Efficiency

%

Desirability 
(R2) Remark

01 72 1.5 160 75% 0.9924 Selected

Characterization of formulation

Particle size

As shown in Table 2 increase in particle size was seen as the concentration of 
PF127 and Tween 80 was raised. The optimum particle size 162 + 0.5 nm as 
shown in Figure 3 with single peak of size distribution observed. Micellar size 
was strongly affected by concentration of selected variables.

Figure 3. Particle size (A) and zeta potential analysis (B) of F5 formulation of mixed micelle

Zeta potential

Zeta potential is a crucial metric that provides data on surface charges, which 
directly affect colloidal stability and interaction with bodily cells. The mixed 
micelle formulation was evaluated for zeta potential from the value it is ob-
served that slight positive values as shown in Table 2 which may be due to pres-
ence of PF127 on surface. The values are within acceptable limit and ensure 
stability. The optimized formulation showed positive zeta potential 5.37 + 1.04 
mV as shown in Figure 3.
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Encapsulation efficiency

The percent encapsulation efficiency in mixed micelle formulation was ob-
served as shown in Table 2. The F5 batch showed 76.45 + 0.96 % the higher 
amount of encapsulation efficiency in formulation, with optimal concentration 
of PF127 and Tween 80.

Surface morphology

The typical spherical core-shell architecture of mixed micelles, which were 
spherical in shape and homogenous in size, was seen in TEM image (Figure 
4). Into the dark core area Propolis is forming the micellar core which is hy-
drophobic in nature whereas hydrophilic PF127 shows their presence in outer 
corona shell structure. 

Figure 4.TEM image of Mixed Micelles

In-vitro drug release study

Release pattern of propolis from a mixed micellar gel formulation is observed as 
shown in Figure 5. Result pattern shows that propolis diffuses freely in solution 
at about 97.12 + 0.55% in 8 hours. However, the Propolis release from formula-
tion burst release of 46.20 + 0.48% at initial phase in first 2 hrs and sustained 
release 97.12 + 0.55% up to 8 hours. Three fundamental mechanisms erosion, 
diffusion, and degradation help a loaded medication release from a mixed mi-
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celle. Any one of the three mechanisms or all three can contribute to drug release 
in a mature system. The first burst release observed during the in vitro release 
may be due to adsorbed drug on micelles, whereas a sustained release may have 
been brought on by the drug’s diffusion. The sustained release of entrapped drug 
from mixed micelles is a crucial factor in the production of the desired formula-
tion because it keeps a steady level of drug at the site of action over time. 

Figure 5. In vitro drug release study

Cytotoxicity study

The cytotoxicity study is performed by the MTT Assay method. In this study dif-
ferent concentration of formulation was used to carried cytotoxicity 10, 20, 40 
and 80 ug/ml. The in vitro anticancer activity of drug and formulation was in-
vestigated against MCF-7 cells. The results illustrated in Figure 6 (a–d), Table 
4 indicated that PE-MMG showed comparatively better GI50 and TGI as cell 
growth inhibition parameters to propolis extract. 

The TGI value of mixed micellar formulation and propolis extract was found to 
be 19.2 ± 0.12 μg/mL and 30.10 ± 0.49 μg/mL, respectively. Whereas GI50 value 
of mixed micellar formulation and propolis extract were obtained less than 10μg/
mL. Improved cytotoxicity of formulation as compared to pure drug form may be 
due to increased cellular uptake through phagocytosis or micellar solubilization. 
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Table 4. In vitro cytotoxicity study

Samples MCF-7cell line
TGI (μg/mL)

MCF-7cell line
GI50 (μg/mL)

PE 30.10 ± 0.49 <10

PE-MMG 19.2 ± 0.12 <10

ADR <10 <10

Blank MMG 74.8 ± 0.11 27.2 ± 0.05

Figure 6. In vitro cytotoxicity study (A- MCF 7 Breast cancer cells-Control, B- Treatment of 
standard, C- Treatment with ethanolic extract of propolis, D- Treatment with Formulation PE-
MMG, E- Treatment with blank MMG without drug)
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Overall, developed propolis mixed micellar gel formulation displayed desirable 
formulation characteristics. Optimized formulation showed micellar size 134 
nm, spherical shape, 5.04 mV zeta potential, 91.21 + 0.56 % drug loading and 
encapsulation efficiency was obtained 74 + 0.42 %. The developed formulation 
showed 46.20 + 0.48% burst release in first 2 hr followed by sustained release 
97.12 + 0.55% up to 8 hrs. In overall PE-MMG also showed high encapsulation 
efficiency which may also give good physical as well chemical stability at vari-
ous physiological pH. Desirable drug release pattern and improved cytotoxic-
ity potential on MCF-7 cells as compared with propolis extract may improve 
biopharmaceutical performance. In overall present formulations strategy may 
be a promising for the delivery of propolis in cancer therapy.
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ABSTRACT

Mitragyna inermis is a wild plant whose parts are traditionally used. Howev-
er, there is no particular report on the compounds bioactivity evidence against 
metabolic disorders. We carried out a literature review of this plant uses and 
compounds mostly isolated in diabetic and hypertensive states. Following the 
review, we carried out an in silico study on major targets for research into anti-
diabetic and antihypertensive candidates. From this study, it emerged that the 
plant is used in the treatment of diabetes and hypertension. The main com-
pounds isolated from this plant were terpenoids and alkaloids. The in silico 
study revealed that these compounds could inhibit α-amylase, α-glucosidase 
and sodium glucose co-transporter 2 in diabetic status, as well as angiotensin 
converting enzyme in hypertensive status. Most of these compounds could be 
absorbed and metabolized on the basis of ADME (Adsorption, Distribution, 
Metabolism and Excretion) pharmacokinetic prediction. Further studies are 
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needed to optimize its activities and conduct in vitro trials. 

Keywords: Mitragyna inermis, metabolic disorders, in silico study, diabe-
tes, hypertension

INTRODUCTION

Mitragyna inermis (Willd.) O. Kuntze leaf, fruit, wood, stalk, bark, root and 
whole plant are used for a variety purposes. Leaves and roots are used in tradi-
tional medicine1. Several ethnopharmacological studies have been carried out to 
reveal extracts and some compounds derived from M. inermis various parts phar-
macological properties in relation to communicable and metabolic disorders.

Indeed, ethnobotanical studies have shown leaf and bark use in the treatment 
of body pain and diarrhea2. In infection cases, leaf or bundles in decoctions are 
used to treat urinary tract infection3. The aqueous extract of the roots stimulates 
immune defense4. Studies have shown that leaf, root stem bark and alkaloids 
extracts possess antimicrobial properties5-8. Also, bark and leaf in decoction are 
recommended for recovering human immunodeficiency virus patients, herpes 
simplex virus-1, poliomyelitis and smallpox9-11. That plant finds most application 
especially in malaria disease. For instance, leaves bundles, leaves, stems, roots 
and compounds as well as ursolic acid, speciophylline and isorhyncophylline 
isolated from this plant are used to treat malaria fever and against Plasmodium 
falciparum12,13. Furthermore, M. inermis parts are used in the management of 
neuronal failure. Indeed, aqueous, ethanolic and ethyl acetate extracts of M. in-
ermis stem bark showed significant anti-seizure effects. Extracts flavonoids and 
alkaloids have these anticonvulsant properties14.

Today, non-communicable diseases have overtaken infectious diseases as the 
world’s leading cause of death15. Among metabolic disorders, special attention is 
devoted to cardiovascular disease and diabetes16. To the best of our knowledge, 
there are neither potential compounds isolated from M. inermis against these 
diseases, nor synthetic data bringing attention to this plant use in these diseases’ 
treatment. However, the lower adverse effects of M. inermis parts and isolated 
compounds has been reported17-19. Furthermore, α-amylase and α-glucosidase 
through carbohydrate breakdown are involved in diabetes happening20,21. Also, 
kidney sodium glucose co-transporter 2 is involved in diabetes complications22. 
So, these enzymes inhibitors are required for diabetes treatment. Among hy-
pertension management, Angiotensin Converting Enzyme (ACE) inhibitors are 
mostly required23. The implementation of virtual screening of small molecules 
can be valuable in the search for novel lead compound with potential for further 
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exploration in new drug discovery studies22. So, the present study aims to review 
the ethnopharmacological and phytochemical studies relating to diabetes and 
hypertension on the one hand. Then, to carry out an in silico study of alkaloids 
and terpenoids this plant main compounds on these diabetes and hypertension 
potential targets in order to orient future research and its rational use.

METHODOLOGY

Data sources and research strategy

Two authors (R.J.O. and L.O.) independently searched electronic databases 
such as Google, Google Scholar, EMBASE, PubMed, PubChem, Scopus and 
Science Direct. Relevant articles were searched from inception to May 2023. 
The search strategic term was “Mitragyna inermis” or “Mitragyna africana”. 
No restrictions were placed on language or study design. Our exclusion cri-
teria were Mitragyna speciosa, Mitragyna africanus, Mitragyna parvifolia, 
Mitragyna rotundifolia, Mitragyna rubrostipulata, Mitragyna ciliata, Mi-
tragyna stipulosa, Mitragyna tubulosa, Mitragyna hirsuta, Mitragyna di-
versifolia, Mitragyna ledermannii, and Mitragyna savanica.

Furthermore, in this systematic review after searching for articles, we removed 
duplicates, examined titles and abstracts and obtained the full text of each ar-
ticle. We included research classified as M. inermis ethnobotanical studies1, 
phytochemistry studies2, antihypertensive properties3, and antidiabetic prop-
erties4. Review articles were excluded. Accepted articles and articles in press 
were included in this mini review. Evaluations were carried out by two inde-
pendent investigators.

In silico study

The in silico study focused on potential targets for diabetes namely α-amylase, 
Sodium-Glucose co-Transporter 2 (SGLT2) and α-glucosidase, and hyperten-
sion namely Angiotensin Converting Enzyme (ACE). Studies relating to the 
various major compounds of M. inermis (alkaloids and terpenoids) were di-
agnosed on PubChem to avoid any duplication in relation to the chosen meta-
bolic disorder’s targets.

Molecular docking

The molecular docking studies were conducted to investigate the in silico in-
teractions of alkaloids and terpenoids extract from M. inermis against the en-
zyme’s α-amylase, α-glucosidase, SGLT2 and ACE. The purpose of the study 
was to identify potential inhibitors for these four specific enzymes using com-
pounds extracted from the aforementioned. Finally, for comparison we docked 
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a typical molecule acarbose against α-amylase and α-glucosidase, captopril 
against ACE and empagliflozin against SGLT2. All molecular docking analyses 
were performed using the Molecular Operating Environment (MOE).

Ligand dataset preparation

A library consisting of various compounds was created for molecular stud-
ies including all alkaloids and all terpenoids. The ligands were draw by using 
ChemDraw software and saved in MOL file format. Furthermore, the three-
dimensional (3D) structure of the ligands was refined through energy minimi-
zation using MMFF94x force field implemented in the MOE software.

Receptors preparation

The 3D structures of the receptors including α-amylase, α-glucosidase, an-
giotensin converting enzyme and kidney Sodium Glucose co-Transporter 2 
(SGLT2) were retrieved from the RCSB Protein Data Bank using the PDB IDs: 
4W9320, 5NN521, 1O8A23 and 2XQ222, respectively. Prior to molecular docking 
studies, the receptors underwent preparation using a previously described 
protocol24. In case of α-amylase, SGLT2 and α-glucosidase, the binding site for 
docking was determined by extracting the coordinates of the co-crystallized 
ligand. On the other hand, for angiotensin converting enzyme, the reported 
catalytic site was selected as the binding site for docking study25. The alka-
loids and terpenoids were docked into the proposed binding site of the recep-
tors using triangular matcher as a placement method in combination with an 
induced-fit docking protocol. For post docking analysis, Chimera software was 
utilized. The 2D interactions occurring among the specific amino acid residues 
inherent in the proteins under investigation, which are manifested in 3D inter-
actions and the docked ligands were meticulously illustrated using the compu-
tational framework provided by Discovery Studio software.

ADME profile prediction

Gastrointestinal absorption and brain access are two pharmacokinetic behav-
iors crucial to estimate at various stages of the drug discovery processes26. The 
most scoring compounds Adsorption, Distribution, Metabolism and Excretion 
(ADME) profile were predicted using the SwissADME web server27.
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RESULTS AND DISCUSSION 

Botanical aspects

M. inermis (Wild.) O. Kuntze is a medium-sized tree or bushy shrub with 
smooth or scaly gray bark (Figure 1 a,d)28. 

The species is distinguished by its elliptical, acuminate, wedge-shaped leaves, 
solitary and terminal cream flowers (Figure 1 b,c,e)28,29. This plant produces 
spherical and dark-brown fruits (Figure 1f)29,30.

Figure 1. M. inermis different parts (a: young plant; b: leaf arrangement on twigs; c: whole 
leaf in acuminate form; d: stem bark; e: flowers; f: dry fruit)

M. inermis is common of savannah, forest, marsh banks, temporarily flooded 
sites and on heavy, clayey and poorly drained soils31. It grows in temporar-
ily flooded lowlands, ponds and riverbanks in the Sahelo-Sudanian to Guin-
ean zones as well as from Senegal, Mauritania to Cameroon, the Central Af-
rican Republic, Chad, the Democratic Republic of Congo and Sudan (Figure 
2)30,32. In Burkina Faso, the species is found in all regions and sometimes in 
pure stands30. Floristic diversity study has shown that the plant appears as a 
grouping with monospecific development33. It develops in groups associating 
a variety of biological types such as phanerophytes, lianas, therophytes and 
hemicryptophytes34. The plant is reputed to support carbon and nitrogen stor-
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age35-38. M. inermis is one of the top 20 plant species used in Burkina Faso39. 
That plant is among the woody plants with high ethnobotanical use value and 
would require large-scale reforestation to improve its availability40. There are 
not currently IUCN (International Union for the Conservation of Nature) data 
on the species vulnerability41.

Figure 2. Phytogeography of M. inermis: The red dots show the distribution of M. inermis 
plants based on survey data42.

Phytochemistry

Like other species of Rubiaceae family, M. inermis has biochemical potential. 
However, studies carried out on M. inermis have enabled potential compounds 
or groups of compounds to be identified and highlighted. Their presence is 
linked to their solvent affinity and the extraction method. Thus, the presence 
of sterols, triterpenes, polyphenols, flavonoids, catechic tannins, saponosides, 
quinones and alkaloids has been noted with aqueous leaf decoction17,43,44. Also, 
the presence of tannins, cardiac glycosides, alkaloids, reducing sugars, carbo-
hydrate and flavonoids was reported in leaf methanolic extract45. Condensed 
and gallic tannins, saponin, alkaloids, flavonoids, anthraquinones, glycosides, 
terpenes and reducing compounds were found in the leaves methanolic and 
acetone decoction46,47. Root and stem bark chloroformic, ethanolic and aque-
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ous extracts screening revealed the presence of tannins, reducing compounds, 
alkaloids, emedols, carotenoids, steroidal and triterpenic saponosides, flavo-
noids, anthracenosides, leuco-anthocyanins, anthocyanosides, coumarins, 
phlabotannins and steroids48-50. Anthraquinones, mucilage and gums, resin, 
terpenoids, lignins, steroids, carbohydrates, glycosides, saponins, tannins, al-
kaloids, flavonoids were screened in the leaves, roots and stem bark7,51,52. It 
has been reported that aqueous leaf decoction total phenolic and flavonoid 
content are 24.42 mg GAE (Gallic Acid Equivalent)/100 mg, and 0.95 mg QE 
(Quercetin Equivalent)/100 mg extract, respectively53. Total phenolic contents 
of extracts varying from acetone, ethyl acetate and water of roots, stem bark 
and leaves ranged from 47.05 to 112.31 mg GAE/g dry matter54. M. inermis 
stem bark quantitative phytochemical analysis showed that flavonoids (120 
mg/g) was the highest phytochemical detected following alkaloids (62.00 ± 
0.33 mg/g), tannins (48.00 ± 0.33 mg/g) and phenols (55.00 ± 0.88 mg/g) 
while the lowest was saponins (5.0 mg/g)7. These results also show solvents 
leading in bark compounds extraction. In depth, some studies have proceeded 
to these compounds’ isolation and structural elucidation.

Saponosides generally take two forms, depending on whether the aglycone 
fragment is a triterpene or a steroid55. Condensation of an aglycone triterpene 
with one or more monosaccharides leads to saponosides. Bonding of the sac-
charide chain to the C-3 of the aglycone leads to monodesmoside-type sapono-
sides; a second bond at position C-28 or C-27 leads to bidesmoside-type sapon-
osides. A rare third bond at any position of the aglycone leads to tridesmoside 
saponosides. Monodesmosidic and bidesmosidic saponosides with ursane and 
oleanane-type aglycones are found in M. inermis (Figure 3)18,56-59.
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Figure 3. M. inermis terpenoids
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On the other hand, oxindole alkaloids seem to derive from yohimbine of which 
secoiridoids are precursors55. Tetracyclic oxindoles have four asymmetric centers 
(C-3, C-7, C-15, and C-20) and pentacyclic oxindoles have five asymmetric cent-
ers (C-3, C-7, C-15, C-19, and C-20). Tetracyclic and pentacyclic oxindole and 
indole alkaloids are found in M. inermis (Figure 4)59-61. Leaves and barks phyto-
chemistry exhibited these kinds of alkaloids as well as one of their precursors18. 
In addition to alkaloids and saponosides, M. inermis leaves, stem bark and roots 
contain chlorogenic acid and quercetin mono and diglycosides5. These data show 
M. inermis various parts may be rich in potentially bioactive compounds.

Figure 4. M. inermis alkaloids
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Ethnobotanical study related to metabolic disorders

Various surveys have been carried out on M. inermis traditional knowledge. 
Leaves and roots are used in liver disease management62. Bark decoction and 
leaves in beverages are used to treat obesity63. Leaves and stem barks in decoc-
tion or infusion are used in traditional medicine for the treatment of diabetes64. 
In view of this ethnobotanical wealth, a number of studies have reported evi-
dence of its parts use in traditional medicine, both in vivo and in vitro. Bio-
logical properties including, antihypertensive and antidiabetic properties have 
been reported44,50,65-67.

M. inermis ingredients antihypertensive capacity

The aqueous extract of M. inermis stem bark has hypotensive, cardiotropic and 
vasodilatory properties. Evidence was provided that aqueous extract from M. 
inermis possess cardiac inotropic effect and induces an increase in coronary 
flow without inducing tachycardia in isolated heart68.

M. inermis ingredients antidiabetic capacity

M. inermis parts extracts are reported for their potential to prevent or even 
treat chronic hyperglycemia and failures leading to diabetes. Thus, Alamin et 
al.69 reported M. inermis fruits aqueous extract extensive antidiabetic poten-
tial. From this study, they showed chronic antihyperglycemic activity at a dose 
of 400 mg/kg b.w. in streptozotocin-induced diabetic rats orally (p.o.). An im-
provement in lipid metabolism was also observed suggesting regulation of the 
NAD+/NADH ratio. However, the aqueous extract of these fruits had no effect 
on the oral glucose tolerance test. Adoum et al.58 showed that the anti-diabetic 
effect of ethanolic stem bark extract in vivo at 350 mg/kg b.w. was comparable 
to that of glibenclamide in diabetic rats induced with intraperitoneal (i.p.) al-
loxane. These results suggest an increase in insulin production by β-cells, or 
reduction of glucose absorption in the gastrointestinal tract. In addition, the 
PBS-buffered extract and aqueous maceration of the leaves resulted in up to 
75% inhibition of α-amylase in vitro53,70. Fruits, stem bark and leaves could 
be used in the management of diabetes. A recent study reported that plant’s 
properties on diabetes complications. Fractions varying from ethyl acetate, 
acetone, water and butanol significantly inhibited the formation of glycation 
end products (AGEs) with IC50s low at the 250 μg/mL. Although, the isolated 
and individually tested compounds did not show inhibitory activity in AGEs 
formation18.
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In silico results

Docking analysis of α-amylase inhibitors

Total compound including alkaloids and terpenoids were docked into the active 
site of α-amylase receptor. Interestingly, the terpenoids exhibited better dock-
ing score compared to alkaloids when interacting with the α-amylase recep-
tor. Table 1 displays the five terpenoids and alkaloids that demonstrated best 
docking scores. Terpenoids 8 and 9 and alkaloids 11 and 19 exhibited docking 
score -9.66, -9.45, -7.99, and -7.44 kcal/mol, respectively. Notably, terpenoids 
exhibited superior docking scores in comparison to acarbose, a standard com-
pound with a docking score of -8.49 kcal/mol as shown in Table 1.

Table 1. Docking score of the alkaloids and terpenoids compounds targeting α-amylase receptor

Terpenoids Docking Score 
(kcal/mol) Alkaloids Docking Score 

(kcal/mol)

Compound: 1 -8.14214 Compound: 1 -6.44666

Compound: 2 -9.27166 Compound: 2 -6.76994

Compound: 3 -8.14667 Compound: 3 -6.79497

Compound: 4 -6.86704 Compound: 4 -6.62143

Compound: 5 -8.55486 Compound: 5 -6.29868

Compound: 6 -7.81493 Compound: 6 -7.0353

Compound: 7 -7.95475 Compound: 7 -6.21035

Compound: 8 -9.45146 Compound: 8 -6.32868

Compound: 9 -9.66477 Compound: 9 -5.59693

  Compound: 10 -7.29294   Compound: 10 -6.30043

  Compound: 11 -7.00118   Compound: 11 -7.99939

  Compound: 12 -6.92443   Compound: 12 -7.29308

  Compound: 13 -6.81734   Compound: 13 -7.2743

  Compound: 14 -7.05732   Compound: 14 -7.22914

  Compound: 15 -7.73642   Compound: 15 -6.85529

  Compound: 16 -8.88075   Compound: 16 -7.09234

  Compound: 17 -8.82677   Compound: 17 -7.14176

  Compound: 18 -7.53447   Compound: 18 -6.77523

  Compound: 19 -7.44077

  Compound: 20 -6.60598

  Compound: 21 -6.64555

  Compound: 22 -6.94727

Acarbose -6.89 Acarbose -6.89
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Further analyses were conducted on the protein-ligand interaction. Figure 5 
depicts the interaction pattern analysis of two terpenoids that exhibited good 
docking score with α-amylase receptor. In case of compound 8, it established 
hydrogen bonds with Asp-197, Glu-233, Glu-240, Asp-300 and His-305 of the 
protein. The distance for these hydrogen bonds is 2.29, 3.04, 2.55, 1.98, and 
2.12 Å, respectively. For compound 9, it formed hydrogen bonds with Tyr-62, 
Asp-197, Glu-233, and Glu0-240 residues of the protein. The distance for these 
hydrogen bonds is 2.20, 2.22, 1.89, and 1.88 Å, respectively. Additionally, hy-
drophobic interactions are observed between compound and Tyr 151, Leu 162 
and Ile 235 residues of the protein. According to the findings, these terpenoids 
appear to have a greater affinity with target receptor in the docking simula-
tion making them potentially effective candidates for more research in drug 
development investigations. The molecular interaction analysis of alkaloids 11 
and 19 with α-amylase receptor revealed that they fit well within the protein 
binding site as shown in Figure 5. Compound 11 established hydrogen bonds 
with Gln-63, Tyr-62, Glu-233, and His-305 amino acids of the corresponding 
protein with a bond distance of 2.96, 3.20, 2.21, and 3.19 Å, respectively. Ad-
ditionally, this compound formed hydrophobic interaction with Ile-234. Com-
pound 19 formed two hydrogen bonds with Asp-300, and Ala-307 at a distance 
of 2.61 and 3.21 Å, respectively. Furthermore, compound 19 engaged in hydro-
phobic contact with Trp-58, Trp-59, Tyr-62, Leu-162, and Ile-235 amino acid 
of the protein. 2D interaction shows that these compounds exhibited both hy-
drogen bonding and hydrophobic interaction with α-amylase receptor (Figure 
5). These findings support the plausible inhibitory activity of the high scoring 
compounds.
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Figure 5. Molecular docking interactions between terpenoids 8 and 9 and alkaloids 11 and 19 
with α-amylase (PDB: 4W93). 3D interaction in the right and 2D interactions in the left.

Docking analysis of α-glucosidase

The docking result of the compounds with α-glucosidase disclosed consistent 
pattern similar to that observed with α-amylase, terpenoids exhibited better 
docking score than alkaloids. Table 2 displays five compounds, both from ter-
penoids and alkaloids that demonstrated best docking scores. Additionally, 
both terpenoids and alkaloids shown higher docking scores than the standard 
compound acarbose when interacting with α-glucosidase receptor.
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Table 2. Docking score of the alkaloids and terpenoids compounds targeting α-glucosidase 
receptor

Terpenoids Docking Score 
(kcal/mol) Alkaloids Docking Score 

(kcal/mol)

Compound: 1 -8.07279 Compound: 1 -6.17872

Compound: 2 -9.19672 Compound: 2 -6.51711

Compound: 3 -8.27856 Compound: 3 -6.19423

Compound: 4 -6.85605 Compound: 4 -5.93376

Compound: 5 -8.93499 Compound: 5 -5.65457

Compound: 6 -5.89858 Compound: 6 -7.15106

Compound: 7 -6.87061 Compound: 7 -5.63317

Compound: 8 -7.35026 Compound: 8 -5.20298

Compound: 9 -8.24143 Compound: 9 -4.97044

 Compound: 10 -8.22088   Compound: 10 -5.32063

 Compound: 11 -5.75146   Compound: 11 -6.95613

 Compound: 12 -5.7025   Compound: 12 -6.30647

 Compound: 13 -5.65344   Compound: 13 -5.98386

 Compound: 14 -5.13998   Compound: 14 -6.47681

 Compound: 15 -7.30929   Compound: 15 -6.62774

 Compound: 16 -8.45873   Compound: 16 -6.7234

 Compound: 17 -8.78129   Compound: 17 -6.18068

 Compound: 18 -5.52423   Compound: 18 -6.78912

  Compound: 19 -6.68291

  Compound: 20 -5.93218

  Compound: 21 -6.5742

  Compound: 22 -6.49402

Acarbose -6.89 Acarbose -6.89

Figure 6 displays interaction analysis. Herein, compound 2 which pertains 
to the terpenoids family, displayed significant interactions, established four 
hydrogen bonds with Arg-281, Asp-404, Asp-616, and His-674 amino acid of 
the protein having distances of 2.94, 2.63, 2.63, and 2.72 Å. Compound 5 also 
formed four hydrogen bonds with distinct residues namely Asp 282, Asp 518, 
Arg 600, and His 674. The distance for these hydrogen bonds is 2.45, 2.00, 
1.96, and 2.12 Å. Both compounds displayed important hydrophobic interac-
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tions. Furthermore, alkaloid 6 formed hydrogen bond with Asp-616 amino 
acid of the protein, with a distance of 2.16 Å. Additionally, Trp-386, Phe-649, 
and Trp-381 amino acid of the protein formed hydrophobic interaction with 
compound 6. Alkaloid 11 engaged hydrophobic contact with Asp 282, Ala 555, 
and leu 650. It established three hydrogen bonds with protein Asp-404, Asp-
518 and Arg-600 residues, each having a distance 2.07, 1.95, and 2.16 Å, re-
spectively. 2D interaction shows that these compounds exhibited both hydro-
gen bonding and hydrophobic interaction with α-glucosidase receptor Figure 
6. These findings support the plausible inhibitory activity of the high scoring 
compounds.

Figure 6. Molecular docking interactions between terpenoids 2 and 5 and alkaloids 6 and 11 
with α-glucosidase (PDB: 5NN5). 3D interaction in the right and 2D interactions in the left.

The biochemical basis of most anti-diabetic drugs involves inhibiting the cata-
lytic activities of carbohydrate metabolizing enzymes such as human pancre-
atic α-amylase and α-glucosidase, which reduces blood sugar levels by sup-
pressing carbohydrate digestion and glucose uptake, making them the primary 
targets in controlling blood glucose in diabetes mellitus patients71. Thus, terpe-
noids 2, 5, 8, 9, 16, 17, and alkaloids 1, 6, 11, 13, 14, 16, 17, 19 might be potent 
antidiabetic drugs.
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Docking analysis of Angiotensin Converting Enzyme (ACE)

Both alkaloids and terpenoids resided well in the binding site of ACE receptor, 
virtually show similar docking score as shown in Table 3. In general, terpe-
noids and alkaloids had higher docking scores when interacting with the ACE 
receptor than captopril, which is recognized inhibitor of this receptor.

Table 3. Docking score of the alkaloids and terpenoids compounds targeting ACE receptor

Terpenoids Docking Score 
(kcal/mol) Alkaloids Docking Score 

(kcal/mol)

Compound: 1 -4.20691 Compound: 1 -6.52445

Compound: 2 -5.3765 Compound: 2 -5.38772

Compound: 3 -4.19894 Compound: 3 -5.98851

Compound: 4 -8.53989 Compound: 4 -6.90636

Compound: 5 -5.55693 Compound: 5 -7.18063

Compound: 6 -3.88615 Compound: 6 -6.27578

Compound: 7 -6.54263 Compound: 7 -7.35921

Compound: 8 -8.765 Compound: 8 -6.86186

Compound: 9 -5.55732 Compound: 9 -6.23907

  Compound: 10 -4.87211   Compound: 10 -7.52613

  Compound: 11 -4.60608   Compound: 11 -7.48866

  Compound: 12 -4.72709   Compound: 12 -5.82266

  Compound: 13 -4.32381   Compound: 13 -7.16123

  Compound: 14 -5.36818   Compound: 14 -6.22365

  Compound: 15 -4.45572   Compound: 15 -6.31605

  Compound: 16 -4.71778   Compound: 16 -6.64717

  Compound: 17 -6.45235   Compound: 17 -6.71206

  Compound: 18 -3.15279   Compound: 18 -5.97653

  Compound: 19 -8.30466

  Compound: 20 -6.14573

  Compound: 21 -8.13562

  Compound: 22 -6.47229

Captopril -5.31 Captopril -5.31

The interaction pattern of terpenoids 4 and 7 and alkaloids 19 and 10 have 
been analyzed and presented in Figure 7. Compound 4 established three hy-
drogen bonds with the protein’s Ala-354, Gln-369 and Asp-377 residues, with 
bond distances measuring 2.60, 3.08, 2.00 Å, respectively. On the other hand, 
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compound 7 exhibited only hydrophobic interaction with Pro-163, Ala-354, 
Glu-376, Val-380, Phe-457, and Tyr-523 amino acid receptor. Compound 19 
and 10 demonstrated favorable interaction pattern with ACE receptor. Herein, 
Compound 19 exhibited hydrogen bonds with Trp-279, Gln-281 and Ala-354 
amino acid of the protein with a bond distance of 2.65, 2.79, and 2.82 Å, re-
spectively. Further, hydrophobic interaction also observed between receptor 
and compound 19. Also compound 10 manifested two hydrogen bonds with 
Ala-354 and His-513 with bond distance 2.11, and 3.00 Å, respectively. Ad-
ditionally compound 10 also engaged in hydrophobic interactions with Glu-
162, Trp-279, Gln-369, Val-380 and Phe-457 amino acids of the protein. 2D 
interaction shows that these compounds exhibited both hydrogen bonding and 
hydrophobic interaction with ACE receptor (Figure 7). These findings support 
the plausible inhibitory activity of the high scoring compounds.

Figure 7. Molecular docking interactions between terpenoids 4 and 7 and alkaloids 19 
and 10 with angiotensin converting enzyme (PDB: 1O8A). 3D interaction in the right and 2D 
interactions in the left.

ACE is essential for blood pressure regulation and electrolyte homeostasis 
through the renin–angiotensin–aldosterone system. So, ACE inhibitors are a 
first line of therapy for hypertension, heart failure, myocardial infarction and 
diabetic nephropathy23. However, terpenoids 4,5,7,8,17 and alkaloids 5,7,10,11, 
19 might be potent antihypertensive drug candidates.
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Docking analysis of Sodium Glucose co-transporter 2 (SGLT2)

The docking results of terpenoids and alkaloids with SGLT2 receptor shown a 
lower affinity than the other three suggested receptors namely α-glucosidase, 
α-amylase and ACE receptors. Table 4 presents docking result of terpenoids 
and alkaloids with SGLT2 receptor. Interestingly, the terpenoids exhibited bet-
ter docking score compared to alkaloids when interacting with the receptor.

Table 4. Docking score of the alkaloids and terpenoids compounds targeting SGLT2

Terpenoids Docking Score 
(kcal/mol) Alkaloids Docking Score 

(kcal/mol)

Compound: 1 -5.55716 Compound: 1 -4.95916

Compound: 2 -6.5534 Compound: 2 -4.73264

Compound: 3 -5.69784 Compound: 3 -4.91457

Compound: 4 -5.0918 Compound: 4 -4.84715

Compound: 5 -6.4528 Compound: 5 -4.65885

Compound: 6 -5.19954 Compound: 6 -4.84331

Compound: 7 -5.11214 Compound: 7 -4.90466

Compound: 8 -6.40594 Compound: 8 -4.58541

Compound: 9 -6.77291 Compound: 9 -4.49578

  Compound: 10 -5.73278   Compound: 10 -4.64818

  Compound: 11 -4.92561   Compound: 11 -5.76122

  Compound: 12 -4.72267   Compound: 12 -4.81659

  Compound: 13 -4.69988   Compound: 13 -5.17577

  Compound: 14 -4.77389   Compound: 14 -4.90317

  Compound: 15 -5.71305   Compound: 15 -4.91769

  Compound: 16 -5.94821   Compound: 16 -4.92341

  Compound: 17 -6.37138   Compound: 17 -5.18537

  Compound: 18 -4.75509   Compound: 18 -4.75765

  Compound: 19 -4.94668

  Compound: 20 -4.84495

  Compound: 21 -5.48553

  Compound: 22 -4.75224

Empagliflozin -4.87 Empagliflozin -4.87
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The interaction pattern of terpenoids 2 and 9 with SGLT2 receptor are shown 
in Figure 8. Compound 2 formed three hydrogen bonds with Tyr 570, Ile 572, 
and Lys 573 residues with bond distance of 2.45, 2.27, and 2.23 Å. Conversely, 
compound 9 only engaged in hydrophobic interaction with Tyr 570 and Ile 
570 residues of the receptor. The Compound 11 demonstrated formation of 
one hydrogen bond with Lys 576 residue at a 2.64 Å. In contrast compound 
21 form two hydrogen bonds with Ser 569 residue of the receptor, at 2.48 and 
2.69 Å. It is noteworthy that both compounds also shown hydrophobic interac-
tion with the SGLT2 receptor as presented in Figure 8. In general, terpenoids 
and alkaloids had higher docking scores when interacting with SGLT2 receptor 
than empagliflozin which is recognized inhibitor of this receptor. 2D interac-
tion shows that these compounds exhibited both hydrogen bonding and hydro-
phobic interaction with SGLT2 receptor (Figure 8). These findings support the 
plausible inhibitory activity of the high scoring compounds.

Figure 8. Molecular docking interactions between terpenoids 2 and 9, alkaloids 11 and 
21 with sodium-glucose co-transporter 2 (PDB: 2XQ2). 3D interaction in the right and 2D 
interactions in the left.

However, sodium-glucose co-transporters are molecular targets for drugs to 
treat diabetes and obesity22. Thus, terpenoids 2,9 and alkaloids 11,21 might 
be potent antidiabetic drugs. However, all compounds appeared to be non-
selective inhibitor of α-amylase, α-glucosidase, ACE, and SGLT2. It has been 
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reported that in most cases, diabetes is associated with high blood pressure72. 
Thus, these non-selective compounds might be suitable drug candidate for 
both diabetes and these complications management.

Pharmacokinetic of the most scoring compounds

Physicochemical data shown seven scoring compounds with highest probabil-
ity of being absorbed by the gastrointestinal tract and to permeate to the brain, 
six scoring compounds with highest probability to permeate to the brain and 
seven scoring compounds non-permeant as shown BOILED-Egg prediction in 
Figure 9 and Table 5.

Figure 9. BOILED-Egg (Brain Or IntestinaL EstimateD permeation predictive model) prediction
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Table 5. High scoring compounds ADME profiles

Compound TPSA Log P Solubility GI 
Absorption

BBB 
Permeability

CYP2D6 
Inhibition

Alkaloid: 1 67.87 1.85 Soluble High No Yes

Alkaloid: 5 54.86 3.09 Moderately High Yes No

Alkaloid: 6 67.87 2.43 Soluble High Yes Yes

Alkaloid: 7 70.91 2.52 Soluble High Yes Yes

Alkaloid: 10 68.00 2.85 Soluble High Yes No

Alkaloid: 11 135.48 0.90 Soluble High No No

Alkaloid: 12 67.87 2.46 Soluble High Yes Yes

Alkaloid: 13 88.10 2.12 Soluble High No Yes

Alkaloid: 14 88.10 2.12 Soluble High No Yes

Alkaloid: 16 77.10 2.41 Soluble High No Yes

Alkaloid: 17 77.10 2.34 Soluble High No Yes

Alkaloid: 18 67.87 1.83 Soluble High No Yes

Alkaloid: 19 48.00 3.50 Moderately High Yes Yes

Alkaloid: 21 68.23 2.47 Soluble High Yes Yes

Terpenoid: 2 253.13 1.38 Moderately Low No No

Terpenoid: 4 134.91 -0.78 Very Low No No

Terpenoid: 5 232.90 2.15 Moderately Low No No

Terpenoid: 7 20.23 7.24 Poorly Low No No

Terpenoid: 8 312.05 0.69 Moderately Low No No

Terpenoid: 9 257.68 1.74 Poorly Low No No

Terpenoid: 16 236.06 2.38 Poorly Low No No

Terpenoid: 17 212.67 3.11 Poorly Low No No

TPSA: Total Polar Surface Area; Log P: Consensus Log P; GI: Gastrointestinal; 
BBB: Blood Brain Barrier; CYP2D6: Cytochrome P2D6.

Gastrointestinal absorption and brain access are two pharmacokinetic behav-
iors crucial to estimate at various stages of the drug discovery processes26. Ac-
cording to pharmacokinetic study, terpenoids are lowly absorbed by the gut. 
Then, they might be the good post-prandial drug for digestive enzymes inhibi-
tion as well as α-amylase and α-glucosidase. These compounds are probably 
metabolized and eliminated according to the failing of CYP2D6 inhibition. 
However, alkaloids are on the high gastrointestinal absorption, so must not be 
the suitable drug for gut and salivary enzyme inhibition. Alkaloids 5, 10, and 
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11 might be probably eliminated by cytochrome P450. Therefore, inhibition 
of cytochrome P450 is certainly one major cause of pharmacokinetics-related 
drug-drug interactions leading to toxic or other unwanted adverse effects due 
to the lower clearance and accumulation of the drug or its metabolites27.

M. inermis ingredients have antihypertensive and hypoglycemic properties 
supported by its leading chemical composition. The virtual study reveals ter-
penoids and alkaloids isolated from M. inermis are potential various drugs. 
Our study provides an in silico interpretation of the antihypertensive and an-
tidiabetic potential of M. inermis metabolites as well as providing sufficient 
evidence for future research with suitable targets on these agents and link-
ing their pharmacological actions to the host. Thus, assuming that plant is a 
leading source of promising bioactive compounds. Herein, these various stud-
ies show the importance of the species in promoting traditional and comple-
mentary medicine. The species is relatively abundant in Burkina Faso and is 
growing rapidly. However, study reported the vulnerability of this species in its 
biotope like others due to overexploitation in traditional medicine. Thus, this 
species deserves to be safeguarded for future generations. Further study may 
allow identification or any pharmacophores adding for new class drugs with 
optimizing activities discovery.
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ABSTRACT

Calcium channel blocker lercanidipine HCl treats hypertension and angina 
pectoris. It is a biopharmaceutical classification system (BCS) class II drug due 
to its poor water solubility. First-pass metabolism and low solubility reduce 
lercanidipine HCl oral bioavailability to 10%. This research aims to improve 
the dissolution rate of lercanidipine HCl by developing a nanosuspension and 
then transforming it into a sublingual fast-dissolving film with rapid disinte-
gration, simple administration, and stability that will enhance patient adher-
ence. The solvent-antisolvent precipitation technique produced lercanidipine 
HCl nanosuspension. Sublingual fast-dissolving films contain lercanidipine 
HCl nanoparticles produced by solvent casting. The dissolution rate increased 
significantly in nanosuspension. Film formulations using 50% polyvinyl alco-
hol and 30% glycerin produced excellent results. Formula F4 is optimal due to 
its 25-second disintegration and 99.8% in vitro drug release in 4 minutes. The 
study observed that lercanidipine HCl sublingual film offered an effective drug 
delivery system with improved disintegration and patient compliance.

Keywords: lercanidipine HCl, nanoparticles, PVA, solvent casting, sublin-
gual film
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INTRODUCTION

Lercanidipine HCl (LER) is a dihydropyridine calcium channel blocker used 
to treat hypertension and alleviate angina pectoris. The antihypertensive ef-
fect of LER is due to its direct relaxation of vascular smooth muscle, leading 
to a decrease in total peripheral resistance and consequently lowering blood 
pressure1. Lercanidipine HCl is categorized as a biopharmaceutical classifica-
tion system (BCS) class II drug because of its poor water solubility. The drug is 
very lipophilic with a Log P value of 6.4 at 20-25°C. The oral bioavailability of 
LER is about 10%, and its absorption from the gastrointestinal tract is erratic, 
mainly caused by extensive first-pass metabolism and poor solubility2. Nano-
technology currently provides many techniques for improving the dissolution 
of poorly water-soluble drugs. Nanoparticles are attracting significant inter-
est from formulation researchers due to developments in formulation tech-
nology. Pharmaceutical nanoparticles are submicron-sized solid drug carriers 
that may or may not be biodegradable3. Nanoparticles are produced using a 
top-down technique without a need for a solvent. In contrast, the bottom-up 
technique requires an organic solvent mixed with immiscible water, causing 
the drug to precipitate because of its poor water solubility. The different types 
of nanoparticles comprise nanosuspensions, polymeric nanoparticles, lipid 
nanoparticles, and others4. Nanosuspensions are colloidal particle systems 
that are nanosized. Nanosuspensions enhance the solubility and dissolution 
of low-water-soluble drugs by their small particle sizes and large surface areas. 
Furthermore, they may modify the drug’s pharmacokinetics to improve its ef-
fectiveness and safety. These advantages could increase the bioavailability of 
low-soluble drugs5.

Ensuring solution stability via transformation to a solid state without aggrega-
tion is essential for successfully manufacturing and scaling up nanosuspen-
sions. Formulating nanosuspensions into the polymer matrix of oral films 
stabilizes them by avoiding aggregation and allows for resuspension when 
dissolved6. Fast-dissolving films have been increasingly utilized in pharma-
ceutical manufacturing. Fast-dissolving dosage types have resolved difficulties 
with medication delivery to pediatric and older adults. This convenience offers 
marketing benefits and increases compliance among patients7. Films are usu-
ally made using either the solvent-casting technique or the hot melt extrusion 
technique. The solvent-casting process involves dissolving or dispersing the 
polymer and drug in an aqueous solvent and then casting a film by solvent 
evaporation. During extrusion, the drug and excipients are combined in a dry 
condition, heated, and then extruded in a molten state8. Sublingual films accel-
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erate the onset of drug action by enhancing drug bioavailability through direct 
absorption into the circulatory system from the sublingual area, bypassing the 
gastrointestinal tract and hepatic first-pass metabolism. Sublingual films have 
advantages as they disintegrate fast when placed into contact with the tongue, 
without the need for liquid intake. They also provide correct dosing, painless 
administration, easy handling, and simple storage9. The project aims to de-
velop lercanidipine HCl nanosuspension and convert it into sublingual film 
formulations to enhance stability and improve patient compliance.

METHODOLOGY

Materials

Lercanidipine HCl (LER) was obtained from Hyper Chem Company in China, 
Soluplus (SLU) was acquired from Kathy in China, methanol was purchased 
from Panreac Applichem in Spain, Polyvinyl alcohol cold (PVAc) from BASF in 
Germany, Hydroxypropyl methylcellulose E5 (HPMC E5) supplied by Baoji in 
china, Glycerin (GL) was obtained from BDH Chemical Ltd, Vanilla and Cross 
povidone from Chemical point in Germany, Mannitol supplied by Hopkin & 
Willims LTD in England and Sodium Lauryl Sulfate (SLS) was supplied by Al-
pha Chemika in India.

Methods

Preparation of lercanidipine HCl nanosuspension 

Lercanidipine HCl nanosuspensions were produced using the solvent/anti-
solvent precipitation process. 10 mg of LER powder was dissolved in 3 mL of 
methanol at room temperature and then added to 10 mL of deionized water 
containing soluplus as a stabilizer. The resultant solution was maintained at 
37°C. A plastic syringe with a needle was put directly into an aqueous solution 
containing a stabilizer and drops of the drug’s organic solution (organic phase) 
were at a 1 mL/min rate. The drug-to-stabilizer ratios used in generating the 
nanosuspension were 1:2. The mixture was agitated on a magnetic stirrer at 
1500 rpm for 60 minutes to facilitate the evaporation of the volatile solvent10,11.

Lercanidipine HCl nanosuspension fabrication as fast-dissolving 
sublingual films

Previously, lercanidipine HCl nanoparticles were synthesized via a solvent/
anti-solvent method. Sublingual films of LER nanoparticles and pure LER 
were prepared via solvent-casting, as shown in Table 1. The hydrophilic film-
forming polymer (PVAc, HPMC E5, or a combination of both) was dispersed in 
10 mL of deionized water at 60°C using a magnetic stirrer for one hour estab-
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lished at 1000 rpm until the polymer had completely dissolved. After cooling, a 
plasticizer (glycerin) was added to the mixture. Mannitol (a cooling and sweet-
ening agent), vanilla (a flavoring agent), and cross povidone (an effective super 
disintegrant) were dissolved in 2 mL of deionized water. The solution obtained 
was then mixed with the polymeric solution while stirring continuously for 1 
hour, creating a transparent solution. LER nanosuspension formulations were 
produced using a total volume of 10 mL. The formulations were added to the 
polymer solution and stirred for 2 hours to distribute the drug particles equally 
inside the polymer matrix, resulting in a more uniform and consistent formu-
lation. The resulting dispersion was covered and left in a cool place for at least 
24 hours in order to allow any air bubbles to escape. After being cast onto a 
Petri dish with a diameter of 6 cm, the final homogenous dispersion was dried 
for 24 hours at 40°C in an oven. Following drying, the films were divided into 
2*3 cm2 fragments, coated in aluminum foil, and kept in a cold place. A Petri 
dish with 28 cm2 in surface area can accommodate four films. Each film has a 
surface area of 6 cm2 and contains LER nanoparticles equal to 10 mg LER. Ta-
ble 1 demonstrates how LER films F9 were created by adding LER to a polymer 
solution after it had already been dissolved in 3 mL of methanol12.

Table 1. Sublingual film composition of lercanidipine HCl nanoparticles

Ingredient 
(mg) F1 F2 F3 F4 F5 F6 F7 F8 F9

LER 
(mg) 10 10 10 10 10 10 10 10 10

Soluplus 
(mg) 20 20 20 20 20 20 20 20 _

PVAc
(mg)

60
(50%) _ 30

(25%)
60

(50%)
54

(45%) _ 27
(22.5%)

54
(45%)

60
(50%)

HPMC E5
(mg) _ 60

(50%)
30

(25%) _ _ 54
(45%)

27
(22.5%) _ _

Glycerin
(mg)

15
(25%)

15
(25%)

15
(25%)

18
(30%)

13.5
(25%)

13.5
(25%)

13.5
(25%)

16.2
(30%)

18
(30%)

Mannitol
(mg) 6 6 6 6 6 6 6 6 6

Cross 
povidone

(mg)
6 6 6 6 6 6 6 6 6

Vanilla
(mg) 2 2 2 2 2 2 2 2 2
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Evaluation of lercanidipine HCl nanosuspension

Measurements of the particle size and polydispersity index

The Malvern Zetasizer Nano Laser, manufactured by Ultra Rate Company in 
the USA, was used to analyze the size and distribution of lercanidipine HCl 
nanosuspension by dynamic light scattering (DLS) at room temperature. Both 
the polydispersity index (PDI) and particle size (PS) are determined13.

Assessment of drug content

Methanol and a specific quantity of nanosuspension (1 mL) were mixed in a 10 
mL volumetric flask. The sample was sonicated for one hour and filtered using 
a 0.45 μm filter syringe. The samples were analyzed using a UV-visible spectro-
photometer with a wavelength of 236 nm, where the drug in methanol showed its 
peak absorption14. The drug content was calculated using the following equation:

Drug content = (Practical conc. ⁄Theoretical conc.) x 100% (Equation 1)

Measurement of entrapment efficiency

A 4mL sample of lercanidipine HCl nanosuspension was placed in an Amicon 
ultra-4 centrifugal filter with a molecular weight cut-off of 10 KD. The sample 
was centrifuged for 30 minutes at 4000 rpm to evaluate the entrapment effi-
ciency (%EE) and quantify the amount of drug contained in the nanoparticles. 
The amount of unbound LER was determined using UV spectrophotometry at 
the maximum absorption wavelength of 236 nm15. The entrapment efficiency 
was determined using the following equation:

%EE = Actual amount of drug - Amount of free drug / Actual amount of drug 
x 100% (Equation 2)

Determination of in-vitro dissolution profile

The dissolution test for lercanidipine HCl nanosuspension formulation was 
conducted using USP apparatus type II (paddle type). A dialysis membrane 
with a molecular weight cutoff of 8000–14000 was loaded with a nanosuspen-
sion volume containing 10 mg of LER. The dialysis membrane was attached 
to the paddle and immersed in a 200 mL solution of pH 6.8 phosphate buffer 
containing 1% SLS. The paddle rotated at 50 revolutions per minute while the 
temperature was kept constant at 37 ± 0.5°C. At specific time points (5, 10, 15, 
20, 25, 30, and 45 minutes), a 5 mL sample was taken out and substituted with 
a new dissolution media to maintain the sink condition. The amount of LER 
was determined using spectrophotometry at the specified wavelength of 239 
nm for this medium16.
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Evaluation of lercanidipine HCl fast dissolving sublingual film

Visual appearance

Evaluate the formulated films for their visual characteristics. Films should be 
visually inspected for their appearance17.

Disintegration time of the film

10 mL of phosphate buffer with a pH of 6.8 was added to a Petri dish. A film 
was placed on the surface of the buffer, and the time it took for the film to break 
down completely was measured. Estimations were conducted for three films, 
and the range was calculated18. The disintegration time varies according to the 
formulation, but it usually takes five to thirty seconds19.

Film thickness

An electronic Vernier caliper is utilized to measure each film’s thickness at five 
locations, including the center and four corners. The average standard devia-
tion of five replicate measurements determines the outcomes20.

Variations in film weight

Weight variation is examined by using ten randomly chosen films separately 
on an electronic scale and measuring the average weights. The weight of the 
acceptable film should not deviate substantially from the weighted average21.

Measurement of folding endurance

Folding endurance demonstrates the film’s flexibility. The measurement was 
taken manually by pressing the two sides of the film between the thumb and 
index finger. The film was frequently folded in the center until it broke. The 
number of times the film was folded before breaking was recorded as the fold-
ing endurance. The average of the triplicate observations is provided22.

Drug content

The films were dissolved in 100 mL of phosphate buffer solution with a pH 
of 6.8, and 1% SLS was added. The mixture was stirred for 30 minutes us-
ing a magnetic stirrer. Samples are taken from the solution and filtered using 
a syringe filter with a pore size of 0.45 μm. The samples were analyzed for 
absorbance at a wavelength of 239 nm using a UV spectrophotometer. The 
amount was calculated using an equation developed from the calibration curve 
of LER in a buffer solution with a pH of 6.8, containing 1% SLS23.
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Surface pH study

The pH of a film is measured by placing it in a petri dish, dissolving the film 
with 2mL of distilled water, and then determining the pH by contacting the 
film surface with a pH meter electrode. It is essential to determine surface pH 
because acidic or basic pH might lead to oral mucous irritation24.

In vitro dissolution study of the films

The drug was released from the films using USP dissolution apparatus type II. 
The dissolution media comprised 200 mL of phosphate buffer pH 6.8 solution 
with 1% SLS, maintained at a set temperature of 37 ± 0.5°C and stirred at a rate 
of 50 rpm. 5 mL samples were taken at particular times (1, 2, 3, 4, 5, 6, 7, 8, 9, 
10, and 15 minutes) and substituted with the same amount of new dissolution 
media. The obtained sample was filtered with a 0.45 μm syringe filter. The 
samples were analyzed using spectrophotometry at a wavelength of 239 nm25.

Compatibility test by FTIR

Fourier Transform Infrared (FTIR) analysis was used to evaluate the compat-
ibility between lercanidipine HCl nanoparticles and the excipients in the film 
formulation. A comparison examination was performed between the spectra of 
LER nanoparticles and the selected film formulation to confirm the absence of 
interactions and the existence of the drug’s distinctive peaks. FTIR spectros-
copy ranges from 4000 to 400 cm-1 26.

Statistical analysis

Statistically significant findings were determined for probability values below 
0.05, while statistically insignificant findings were classified for values equal 
to or over 0.05 all measurements and values repeated three times and reported 
the results as the mean ± standard deviation (SD)27,28.

RESULTS and DISCUSSION

Evaluation of lercanidipine HCl nanosuspension

The Zeta Sizer was used to analyze a sample of lercanidipine HCl nanosus-
pension. The investigation obtained a particle size value of 92.94 nm and a 
polydispersity index (PDI) that was 0.2515. The drug content percentage of the 
LER nanosuspension formula was determined to be 99.2% ± 0.2516. The re-
sults met the criteria stated in the British Pharmacopoeia (BP) and were within 
the acceptable range of 95% to 110%29. The entrapment efficiency of LER was 
estimated to be 97.76% ± 1.0598. The drug’s high encapsulation efficiency is 
due to its poor solubility in the exterior phase and high solubility in the organic 



51 Acta Pharmaceutica Sciencia. Vol. 63 No. 1, 2025

solvent. As a result, less drug gets transferred into the outer aqueous phase30. 
The lercanidipine HCl nanosuspension demonstrated 100% release after 20 
minutes, but the pure lercanidipine HCl powder released just 33.6% after the 
same time interval, as seen in Figure 1. The similarity factor value estimated is 
12.37, which is less than 50. The LER nanosuspension and the pure LER pow-
der show significant variations in dissolution characteristics31.

Figure 1. The dissolution patterns of the pure lercanidipine HCl and lercanidipine HCl 
nanosuspension in 6.8 buffer containing 1% SLS.

Evaluation of lercanidipine HCl fast dissolving sublingual film

Visual appearance

The polymer formulations, including HPMC E5 (F2, F6), exhibited high adhe-
sion, making them difficult to remove from the Petri dish. Formulas F3 and F7, 
which included a combination of HPMC E5 and PVAc, displayed no transpar-
ency, brittleness, or stickiness in their appearance. The formulations contain-
ing PVAc (F1, F4, F5, F8, and F9) displayed a uniform, clear appearance with a 
smooth and homogeneous surface texture. That is seen in Figure 2. PVAc was 
selected as the best film-forming polymer because it produced a good film that 
could be separated from the Petri dish and the drug was distributed uniformly 
through the film. In contrast, HPMC is a film-forming polymer with good film-
forming ability, but it did not generate satisfactory outcomes to give an excel-
lent film because the drug is insoluble in water32.
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Figure 2. Displays the physical appearance of lercanidipine HCl films

Disintegration time of the film

The evaluation of in vitro disintegration demonstrated the following results for 
film disintegration times: 28 ± 1.0 seconds for F1, 25 ± 1.0 seconds for F4, 27 
± 1.5 seconds for F5, and 30 ± 1.0 seconds for F8. Cross-povidone causes film 
disintegration in a second for all films. Cross-povidone enhances disintegra-
tion by rapidly absorbing saliva into the film, resulting in volume expansion 
and hydrostatic pressures. This leads to rapid disintegration in the oral cavity, 
with wicking and swelling mechanisms as the main processes33.

Film thickness

The average film thickness estimates for all formulations are displayed in Ta-
ble 2. The thickness ranged from 0.108 ± 0.0083 to 0.124 ± 0.023 mm. A low 
standard deviation result suggests that the film formulation procedure is re-
producible, producing films with uniform thickness and accurate dose in each 
film34.
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Variations in film weight

The measured weight of the films F1, F4, F5, and F8 were 117.8 ± 4.3, 121.6 ± 
3.8, 110.8 ± 2.9, and 112.1 ± 6.4, respectively. The results demonstrate that the 
films average weight corresponds to the original formulations weight.

Measurement of folding endurance

All films in the study exhibited a folding endurance of more than 300, demon-
strating the suitability and toughness of the polymers used, as shown in Table 
2. Folding endurance of >300 reflects excellent flexibility35. The plasticizer en-
hanced the flexibility of the films, leading to an improvement in their folding 
endurance. After adding glycerin, the film became more flexible, and its fold-
ing endurance improved36.

Drug content

The drug content in the film preparation was found to be 99% ± 0.3 for (F1), 
100.7% ± 0.08 for (F4), 98.8% ± 0.19 for (F5), and 98.5% ± 0.05 for (F8). The 
outcomes illustrate that the drug nanoparticles are distributed equally within 
the film, confirming the effectiveness of the film manufacturing procedure as a 
uniform film and elevated drug content37.

Surface pH study

The pH of the films ranged between 6.6 and 6.8. All these pH levels are com-
patible with the pH of the oral mucosa. The films are non-irritating to the oral 
cavity, making them acceptable for utilization38.

Table 2. Displays the physicochemical properties of the prepared lercanidipine HCl sublingual 
films

F. Code Drug content Weight of 
film (mg)

Film 
thickness 

(mm)
Surface pH Folding 

endurance
In vitro DT

(sec)

F1 99% ± 0.3 117.8 ± 4.3 0.116 ± 0.011 6.6 ± 0.2 >300 28 ± 1.0

F4 100.7% ± 
0.08 121.6 ± 3.8 0.108 ± 

0.0083 6.7 ± 0.05 >300 25 ± 1.0

F5 98.8% ± 0.19 110.8 ± 2.9 0.124 ± 0.023 6.8 ± 0.11 >300 27 ± 1.5

F8 98.5% ± 0.05 112.1 ± 6.4 0.119 ± 0.011 6.6 ± 0.1 >300 30 ± 1.0
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In vitro dissolution study of the films

The films that included PVAc polymer (F1, F4, F5, and F8) were found to 
release (78.6, 99.8, 77, and 92.5) %, respectively, after four minutes. Conse-
quently, F4 demonstrated a greater release of its contents in an in vitro appli-
cation. Figure 3 illustrates this result. Compared to this, the pure lercanidipine 
HCl film (F9) exhibited a release rate of just 41.8% for the same duration of 
time. The research project comprised a comparison of the release patterns of 
films that included F1, F4, F5, and F8, as well as a film that contained pure 
lercanidipine HCl (F9), which acted as a reference. The similarity factor f2 was 
used for comparison. Based on the information shown in Table 3, it was con-
cluded that the value of the similarity factor obtained is less than 50. The LER 
nanoparticle films and the pure LER film show significant variations in dis-
solution characteristics.

Figure 3. The in vitro dissolution of the pure lercanidipine HCl sublingual film and 
lercanidipine HCl nanoparticle films in phosphate buffer at a pH of 6.8 and 1% SLS.

Table 3. The similarity factor f2 results compare the release patterns of sublingual films 
containing lercanidipine HCl nanoparticles with those including pure lercanidipine HCl

F. Code  f2 factor

F1 25.13

F4 18.68

F5 26.61

F8 22.56



55 Acta Pharmaceutica Sciencia. Vol. 63 No. 1, 2025

Characterization of the selected formula

The formulation identified as F4, including PVAc at 50% of the film weight and 
glycerin at 30% of the polymer weight, was selected as the preferred choice 
based on the disintegration time, weight uniformity, surface pH, drug content, 
Film thickness, and dissolution profile, as illustrated in Table 4.

Table 4. The features of the optimal lercanidipine HCl nanoparticle sublingual film

Parameter F4

Drug content 100.7% ± 0.08

Disintegration time 25 ± 1.0

Weight 121.6 ± 3.8

Thickness 0.108 ± 0.0083

Surface pH 6.7 ± 0.05

Folding endurance > 300

Drug release % 99.8 %

Compatibility test by FTIR

Figures 4 and 5 exhibit the Fourier Transform Infrared (FTIR) spectra of ler-
canidipine HCl nanoparticles and the best film preparation (F4), respectively. 
The optimized film formulation (F4) FTIR showed distinct peaks, which cor-
responded to those of the drug. This indicates no interaction between the drug 
and excipients in the film preparation39.
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Figure 4. The FTIR spectra of lercanidipine HCl nanoparticles

Figure 5. The FTIR spectra of the optimal film preparation (F4)
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ABSTRACT

This study aimed to assess the possible association between hypoxia-induc-
ible factor 1 (HIF-α1) and proliferator activated receptor gamma coactivator 
1 (PGC-α1) levels in early and advanced breast cancer patients and to study 
the correlation between these parameters in a case-control study conducted 
on 40 females with breast cancer categorized into early and advanced stages, 
with 20 patients in each group, collected from the Medical City and Oncology 
teaching hospital, Baghdad, Iraq, between June and October 2023. The levels 
of HIF-α1 and PGC-α1 were measured in the serum of breast cancer patients 
by ELISA technique and compared with 40 age- and gender- matched controls, 
which showed that the levels of HIF-1α and PGC-1α increased significantly in 
the early and advanced stages in comparison with controls, which indicates 
that the markers can be used as diagnostic markers for breast cancer in the 
early and advanced stages.
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INTRODUCTION

Breast cancer is the most frequently diagnosed cancer and a major cause of 
death in women worldwide, diagnostic marker for breast cancer typically in-
volves a combination of various tests and procedures1. However, there are sev-
eral key markers and tests commonly used in the diagnostic process for breast 
cancer such as carcinoembryonic antigen (CEA), alpha fetoprotein (AFP), car-
bohydrate antigen 125 (CA125), carbohydrate antigen 199 (CA199) and carbo-
hydrate antigen 153 (CA153)2. Mammography is a standard screening tool for 
detecting breast abnormalities and breast ultrasound is frequently employed 
alongside mammography to differentiate between solid masses and fluid-filled 
cysts which enhances the diagnostic capabilities. Breast Magnetic Resonance 
Imaging (MRI) can provide detailed images of the breast and is often used for 
further evaluation, especially in high-risk cases in addition to Biopsy which is 
considered as definitive diagnosis of breast cancer3. Both Fine Needle Aspi-
ration Cytology (FNAC) and Tru-Cut biopsy demonstrate commendable diag-
nostic accuracy. However, Tru-Cut biopsy exhibits higher accuracy compared 
to FNAC for detecting this pathological condition4. 

Circulating Tumor Markers are generally not specific enough for a definitive 
diagnosis, for example CEA is not specific to breast cancer, and elevated levels 
can also be seen in other conditions, such as colorectal cancer. CEA is more 
commonly used in monitoring the progression of the disease and evaluating 
the response to treatment rather than for the initial diagnosis5. Another ex-
ample is CA 15-3 which is a protein that may be elevated in the circulation of 
breast cancer patients, particularly those with advanced or metastatic disease. 
CA 15-3 also not specific to breast cancer and can be elevated in other con-
ditions include endometriosis, pelvic inflammatory disease and liver disease. 
It can also be increased during pregnancy6. CA 15-3 is often used as a tumor 
marker for monitoring disease progression and treatment response rather 
than for diagnostic purposes7. 

When cells encounter low levels of oxygen (Hypoxia)8, HIF plays a pivotal role 
in coordinating cellular reactions to hypoxia by controlling the expression of 
genes associated with oxygen homeostasis, angiogenesis, and glycolysis which 
is crucial for cells to cope with this challenges1. Even under normoxic (nor-
mal oxygen) conditions, the heightened expression of HIF-1α in breast tumors 
is evident, indicating that the irregularities in HIF-1α regulation within these 
tumors are not exclusively tied to low oxygen levels9. The peroxisome prolif-
erator-activated receptor gamma coactivator 1-alph (PGC-1α) functions as a 
co-activator for steroid and receptor of nuclear, participating in adaptive ther-
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mogenesis, fatty-acid oxidation, energy metabolism, thyroid hormone recep-
tors, homeostasis of cellular cholesterol, and gluconeogenesis10. The processes 
underlying tumor invasion, proliferation, progression, and metastatic poten-
tial remain not clear, but recent findings suggest that in invasive tumors, tu-
mor cells primarily rely on mitochondrial respiration. In this context, oxidative 
phosphorylation activated processes by PGC-1α appears to play a significant 
role11. The correlation between PGC-1α and HIF-1α has undergone thorough 
examination, revealing that in the context of angiogenesis, PGC-1α induces 
vascular endothelial growth factor (VEGF) expression without reliance on 
HIF-1α. Nevertheless, it can be postulated that PGC-1α-induced mitochondrial 
respiration may lead to reduced oxygen levels and an augmentation in the pro-
duction of reactive oxygen species (ROS)12.

This study aimed to assess the possible association between Hypoxia-Inducible 
Factor1 HIF-α1 and proliferator activated receptor gamma coactivator PGC-α1 
level with early and advance breast cancer patients, and to study the correla-
tion between these parameters.

METHODOLOGY

Study design

This study is case-control research conducted at Al-Nahrain University’s Col-
lege of Medicine, department of chemistry and biochemistry. The research 
proposal was authorized by the Al-Nahrain University College of Medicine’s 
Ethical Committee. Forty female Iraqi patients with breast cancer were docu-
mented by histopathology and collected in from Al- Oncology teaching hospital 
Medical City, Baghdad, Iraq. Blood samples were obtained from all patients 
upon their consent, following hospitalization and before the initiation of any 
medication. The study was conducted between May 2022 and December 2022. 
All participants included in the study were aged between 18 and 60 years.

1. Control group: Includes 40 samples of apparently healthy-aged and sex-
matched volunteers. 

2. Case group: Includes 40 (18 early, 22 advance stage) samples with confirmed 
breast cancer, diagnosed by true cut histopathology. 

Exclusion criteria

Female with tumor other than breast cancer, pregnant and lactating women, 
viral infected women, women who exposure to radiotherapy and chemother-
apy taken.
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Blood sample collection and storage

Approximately 5 ml of blood samples were collected from the participants. The 
blood was allowed to clot at room temperature for 15 minutes, and then the se-
rum was separated by centrifugation at 3000 rpm for 10 minutes. The isolated 
serum was stored in a -4°C freezer until it was ready to be used in the study, 
Human HIF-1a and PCG-1a kit was measured using Elisa Human Reader, pur-
chased from Cloud-Clone Corp Company, USA. Other tests include urea, cre-
atinine, ALT, AST, ALP. 

Statistical analysis 

The study data were analyzed utilizing SPSS software version 20. Numeric 
variables were presented as mean, standard error (SE) and standard deviation 
(SD), and statistical comparisons were conducted through ANOVA, followed 
by the post-hoc Tukey test. A significance level of p≤ 0.05 was considered sta-
tistically significant. Categorical variables were expressed as numbers and ana-
lyzed using cross-tabulation to evaluate the frequency and percentage of each 
variable within the studied groups.

RESULTS and DISCUSSIONS

Age and body mass index (BMI) of the studied groups were summarized in 
Table 1 which showed non-significant differences in age and BMI among all 
studied groups.

Table 1. Age and BMI of the patients with early and advance stages in comparison with controls

N Mean SD SE pa pb pc pd pe

Age

Control 40 43.4 6.62 1.48

0.923 0.972 0.992 0.926 0.708
Early Stage 22 42.62 5.25 1.46

Advance Stage 18 42.91 4.46 1.34

All Patients 40 42.75 4.8 0.98

BMI

Control 40 26.88 1.24 0.28

0.397 0.137 0.75 0.131 0.058
Early 22 27.63 2.06 0.57

Advance 18 28.13 1.49 0.49

All Patients 40 27.84 1.83 0.39

Pa value between controls and early-stage patients; Pb value between controls and 
advance-stage patients; Pc value between early- and advance-stage patients; Pd value 
among controls, early- and advance-stage patients (ANOVA test); Pe value between con-
trols and all patients; SD: Standard deviation; SE: Standard error.
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Table 2 showed that the levels of HIF-1α and PGC-1α increased significantly 
(p<0.001) in the early and advanced stages in comparison with controls, and 
these two subgroups were non-significantly different from each other. On the 
other hand, CEA and CA 15-3 showed a different manner of increment in that 
the levels of these markers increase non-significantly in early stages in com-
parison with controls whereas advanced stages patients showed the significant 
increase in comparison with both controls and early stages patients with breast 
cancer. 

Table 2. Levels of HIF-1α, PGC-1α, CEA and CA 15-3 in all studied groups

N Mean SD SE Pa Pb Pc Pd Pe

HIF-1

Control 40 1.58 0.31 0.07

<0.001 <0.001 0.821 <0.001 <0.001
Early 22 3.91 1.59 0.44

Advance 18 4.22 1.87 0.56

All Patients 40 4.05 1.69 0.35

PGC-1

Control 40 1.07 0.1 0.02

<0.001 <0.001 0.944 <0.001 <0.001
Early 22 2.62 1.01 0.28

Advance 18 2.72 0.97 0.29

All Patients 40 2.67 0.97 0.2

CEA

Control 40 0.51 0.2 0.04

0.275 <0.001 0.004 <0.001 0.001
Early 22 1.2 0.48 0.13

Advance 18 2.94 2.43 0.73

All Patients 40 1.99 1.86 0.38

CA 15-3

Control 40 13.27 4.77 1.07

0.938 0.002 0.011 0.002 0.482
Early 22 14.05 3.94 1.09

Advance 18 22.14 10.47 3.16

All Patients 40 17.76 8.53 1.74

Pa value between controls and early-stage patients; Pb value between controls and 
advance-stage patients; Pc value between early- and advance-stage patients; Pd value 
among controls, early- and advance-stage patients (ANOVA test) Pe value between con-
trols and all patients; SD: Standard deviation; SE: Standard error.
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Results illustrated in Table 3 showed that PGC-1α levels were positively and 
significantly correlated with ALP (r=0.470, p=0.02) and with CEA (r=0.467, 
p=0.021). Additionally, CEA and CA15-3 were also correlated positively and 
significantly (p=0.624, p=0.001). 

Table 3. Correlation among all studied groups in patients with breast cancer

BMI Urea Cr ALT AST ALP HIF-1 PGC-1 CEA CA 15-3

HIF-1
r -0.002 0.285  -0.011 -0.24 0.056 -0.051 - -0.234 0.106 0.309

p  0.994 0.177 0.96   0.258 0.795  0.811 - 0.27 0.621 0.142

PGC-1
r -0.054 0.346 0.08   0.311 0.198 0.470* -0.234 -  0.467* 0.304

p  0.813 0.098   0.709   0.139 0.354 0.02 0.27 - 0.021 0.148

CEA
r  0.112 0.367   0.144 0.02 0.361   0.084   0.106   0.467* - 0.624**

p  0.619 0.078   0.503   0.926 0.083   0.695   0.621 0.021 -   0.001

CA 15-3
r 0.308 0.192   0.012 0.17 0.134   0.049   0.309 0.304  0.624** -

p 0.164 0.368   0.955   0.427 0.532   0.819   0.142 0.148 0.001 -

r: Pearson correlation coefficient; p: Significance; Cr: Creatinine.

Table 4 and Figure 1 showed that PGC-1α showed the highest AUC of 1 with 
sensitivity and specificity of 100% in patients with breast cancer when com-
pared with controls, followed by CEA that showed AUC, sensitivity, and speci-
ficity of 0.972, 91.7%, and 85%, respectively, and HIF-1α with 0.958, 91.7%, 
and 100%, respectively. The only marker that showed a low value was CA 15-3 
with 0.704, 66.7%, and 70%, respectively. An interesting finding is that CEA 
when combined with CA 15-3 provides a higher AUC of 0.981 with perfect sen-
sitivity (100 %) and excellent specificity (91.7). 

Table 4. ROC curve results of HIF-1α, PGC-1α, CEA and CA 15-3 between breast cancer 
patients’ group and controls

Parameters AUC Cut-Off 
value

Sensitivity 
(%)

Specificity 
(%)

HIF-1α 0.958 2.433 91.7 100

PGC-1α 1.000 1.24 100 100

CEA 0.972 0.745 91.7 85

CA 15-3 0.704 14.35 66.7 70

Combination of CEA and 
CA 15-3 0.981 - 100   91.7
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Figure 1. ROC curve results of HIF-1α, PGC-1α, CEA and CA 15-3 between breast cancer 
patients and controls

These markers are not definitive for breast cancer diagnosis, and decisions re-
garding treatment and monitoring should be made based on a comprehensive 
assessment by healthcare professionals so that not used as diagnostic markers. 
In Hypoxic Microenvironment Rapid tumor growth in the early stages can out-
pace the development of new blood vessels, leading to areas of inadequate oxy-
gen supply or hypoxia13. HIF-1α is highly responsive to low oxygen levels, and 
its stabilization occurs in response to hypoxia. In early breast cancer, regions 
of hypoxia trigger the accumulation and activation of HIF-1α. The early tu-
mor microenvironment relies on angiogenesis to provide the necessary blood 
supply for sustained growth HIF-1α triggers the production of pro-angiogenic 
molecules, including Vascular Endothelial Growth Factor (VEGF). Promoting 
the formation of new blood vessels to support the growing tumor14. 

In advanced breast cancer, the tumor outgrows its existing blood supply, 
resulting in persistent and widespread hypoxia. The chronic hypoxic condi-
tions contribute to sustained activation and accumulation of HIF-1α in cancer 
cells. Metastatic Spread in advanced breast cancer is often characterized by 
increased metastatic potential. HIF-1α is involved in the induction of genes as-
sociated with invasion and metastasis, facilitating the spread of cancer cells to 
distant organs. The microenvironment of advanced tumors undergoes dynam-
ic changes, including fluctuations in oxygen levels15. These changes can further 
activate HIF-1α as cancer cells adapt to the evolving conditions. Therapeutic 
Resistance to treatment modalities, such as chemotherapy and radiation, can 
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induce hypoxia in tumor regions. In response to these therapies, cancer cells 
may upregulate HIF-1α as a survival mechanism, contributing to resistance 
against treatment16. PGC-1α is known for its role in regulating cellular energy 
metabolism. In cancer cells, including breast cancer, there can be metabol-
ic adaptations to support the increased energy demands of rapidly dividing 
cells. Elevated PGC-1α might contribute to these adaptations17. PGC-1α is a key 
regulator of mitochondrial biogenesis and function. Breast cancer cells often 
exhibit changes in rely on mitochondrial metabolism to fulfill their energy re-
quirements. Increased PGC-1α expression may be a part of these adaptations18. 

PGC-1α is involved in the cellular response to oxidative stress. Breast cancer 
cells may experience higher levels of oxidative stress due to various factors, 
and an elevation in PGC-1α could be part of the cellular response to mitigate 
oxidative damage.PGC-1α expression can be influenced by hormonal signal-
ing pathways. Breast cancer, especially hormone receptor-positive subtypes, 
is influenced by hormonal factors. Changes in hormonal signaling in breast 
cancer cells may contribute to alterations in PGC-1α expression19. Dysregula-
tion of genes involved in the PGC-1α pathway through genetic mutations or 
epigenetic modifications might contribute to elevated PGC-1α expression in 
breast cancer20. In the early stages of breast cancer, alterations in cellular me-
tabolism and mitochondrial function may be critical for tumor initiation and 
growth21,22. Elevated PGC-1α might support these early metabolic adaptations. 
In advanced stages, where tumors become more aggressive and may develop 
resistance to treatment, PGC-1α could contribute to sustaining the high energy 
demands of rapidly dividing cancer cells and promoting cell survival 23,24.

This study shows that the increasing in Hypoxia-Inducible Factor1 Alpha 
and Peroxisome Proliferator Activated Receptor Gamma Coactivator 1 Alpha 
(HIF-1α and PGC-1α) associated with breast cancer in early and advance stage, 
positive significant correlations were demonstrated between age and PGC-1α, 
HIF-1α and AST. That PGC-1α showed the highest AUC with sensitivity and 
specificity of 100% in patients with breast cancer when compared with con-
trols, followed by HIF-1α.
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ABSTRACT

The study aimed to determine the public interest in sustainability and sustain-
ability diet-related topics. Wikipedia Pageviews analysis and Google Trends 
data were used for the relative internet search popularity on “sustainability” 
and diet-related topics from 1 July 2015 to 1 May 2023. “Sustainability” was 
particularly popular in European countries. “Climatarian diet” was a new term, 
and only three countries were searched. Relative Search Volume increased 
most dynamically for the topics “Sustainability”, “Sustainable diet”, “Plant-
based diet”, “Mediterranean diet”, and “Pescetarianism”, while page views in-
creased most dynamically for the topics “Plant-based diet”, “Flexitarianism”, 
and “Mediterranean diet”. According to both Wikipedia and Google Trends, 
there was a positive correlation between “Sustainability” and “Healthy diet”, 
“Plant-based diet”, “Mediterranean diet”, “Veganism”, “Raw foodism”, and 
“Pescetarianism”. Understanding the public’s interest in sustainability and 
sustainable diets is critical to developing and choosing strategies for transi-
tioning to sustainable diets.
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geviews analysis
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INTRODUCTION

Sustainable food systems and diets are gaining popularity in a variety of sci-
entific sectors. A sustainable food system ensures food security and nutrition 
for everyone without undermining the economic, social, and environmental 
underpinnings for future generations’ food security and nutrition1. 

Sustainable diets are defined as “diets protective and respectful of biodiver-
sity and ecosystems, culturally acceptable, accessible, economically fair and 
affordable; nutritionally adequate, safe and healthy; while optimizing natural 
and human resources” according to the Food and Agriculture Organization 
(FAO)2. Additionally, it is thought that food is the single most powerful lever 
for improving human health and environmental sustainability on the planet3. 
The World Health Organization (WHO) recommends that fruit, vegetables, 
legumes, nuts, and whole grains are important parts of a healthy diet, and free 
sugars, salt, and fat must be limited4. A study showed that the adoption of sus-
tainable diets in middle- and high-income countries can positively affect both 
health and the environment, while the adoption of sustainable diets in low-in-
come countries may result in more resource expenditure, which may limit sus-
tainability5. Additionally, diets that positively affect health and environmen-
tally sustainable diets do not cover each other. Since a nutritionally adequate 
diet may have a high environmental impact, a diet with low greenhouse gas 
emissions may be nutritionally inadequate6. Therefore, popular-based dietary 
modifications could benefit both health and the environment7,8. 

There is a greater interest in sustainable and related diets. Animal-based di-
ets were associated with higher greenhouse gas emissions (GHGE), whereas 
higher consumption of plant-based diets was associated with lower GHGE1,9. 
Additionally, animal-based products include harmful nutrients such as so-
dium, saturated fat, and added sugars10. Therefore, reduced consumption of 
animal-based products may result in higher sustainability, health advantages, 
and a decline in disease risks1. The Climatarian diet is consistent with a range 
of environmentally motivated diets (including plant-based and flexitarian), 
that aims to reduce the carbon footprint from food consumption and mitigate 
climate change. The diet typically does not include rigid restrictions, but rather 
focuses on mindfulness about food-related emissions and may include a vari-
ety of behaviours to reduce one’s carbon footprint from food intake (e.g., low-
ering meat consumption)3,11. However, a healthy diet and Mediterranean diet 
include a higher number of animal-based products (meat and dairy products) 
than a Climatarian diet3,12. 
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Big Data is currently a hot topic in many industries and academia. “Big Data” 
are informational resources/assets with such a great volume, speed, and vari-
ety that they necessitate specialized technology and analytical methodologies 
to transform them into value13. In today’s digital world, a variety of tools have 
emerged that make it easier to understand and predict social changes in “big 
data”, which includes high amounts of data and resources14,15. Data collected 
during internet searches is one type of Big Data that can provide significant 
insights and information on population behaviour and interests. Google is the 
global search leader between 2015 and 2023 with an 84.69% usage rate, and 
one tool Google Trends a free and publicly accessible online portal from Google 
that allows people to interact with Internet search data14,16. 

However, two new characteristics have recently been assigned to Big Data: 
variability and veracity. The consistency of the data across time is represented 
by variability, whereas the accuracy, credibility, and truthfulness of the data 
are represented by veracity14. Wikipedia is a non-profit, free online encyclo-
pedia that is created and maintained by volunteers from all over the world. It 
is trustworthy for users due to labelled articles based on their appearance17. 
Wikitrends has a similar function to Google Trends and is an attractive new 
analytics platform for Wikipedia that provides a variety of visualizations of 
Wikipedia pages18. These analytics tools have demonstrated promise for iden-
tifying the level of public awareness. 

Food systems have a critical role in causing climate change, and food con-
sumption is one of the most important climate change mitigation options in 
the food systems1. Therefore, it is important to evaluate the knowledge levels of 
consumers about sustainability and dietary patterns. The aim of this study was 
to determine the public interest in sustainability and sustainable diet-related 
topics such as sustainable diet, healthy diet, plant-based diet, Climatarian diet, 
flexitarianism, Japanese diet, Mediterranean diet, Nordic diet, vegetarianism, 
veganism, raw foodism, fruitarianism, pescetarianism.

METHODOLOGY

Wikipedia Pageviews statistics

Wikipedia, an important encyclopedia portal, is one of the top five most popu-
lar domains on the global internet15. Wikipedia Pageviews statistics (https://
pageviews.wmcloud.org/) is a freely available tool for Wikipedia pages that 
shows how many people have visited an article in a given period since July 
2015. 

https://pageviews.wmcloud.org/
https://pageviews.wmcloud.org/
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Google Trends tool

Google Trends (https://trends.google.com/trends/) is a freely available online 
tool that allows the analysis of a selected expression, in a chosen region and 
period since January 2004. Google Trends enabled the comparison of up to 
five terms at once.

The tool estimates the relative search volume (RSV) of queries made using the 
Google search engine. RSV is an index of search volume adjusted to the num-
ber of Google users in a given geographic area and time interval. RSV ranges 
from 0 to 100, with 100 indicating peak popularity (100% of popularity in a 
given time and location) and 0 indicating total disinterest (0% of popularity in 
a given period and location)19,20.

Google Trends may qualify analyzed phrases as “search term” or “topic”. Search 
terms are literal typed words, whereas Google Trends may suggest topics when 
it recognizes phrases linked to popular queries. Topics allow for easy compari-
son of the provided term across countries. For example, Google Trends will 
analyze the search term “diet” literally; thus, RSV will be highest in English-
speaking countries, whereas the topic “diet” will include all queries linked with 
the query in all available languages15,20.

Data collection

We used Google Trends and Wikipedia Pageviews statistics for collecting data 
from 1 July 2015 to 1 May 2023. We first used the Wikipedia tool Forge to 
access the pageview statistics of the countries related to the relevant terms 
(https://pageviews.wmcloud.org/langviews/). When the term “sustainability” 
was searched in tool forge, we found that a total of 60 languages were searched 
between 01.07.2015 and 01.05.2023. For Wikipedia pageviews statistics, we 
analyzed these 60 language-speaking countries. Although Wikipedia has a tool 
(Wikidata) that provides structured data on page views, we quickly perceived 
that many selected terms’ pages were not registered in Wikipedia’s category. 
Therefore, we manually verified if each selected term had a Wikipedia page. To 
do this, we used Google Search with the strings such as “site:en.wikipedia.org” 
(for the English version)”, and the name of each selected term (e.g. sustainable 
diet site:en.wikipedia.org). Moreover, searches were conducted independent-
ly for each selected country using the filters “Country”, “All Categories”, and 
“Web Searches” for countries speaking these 60 languages for Google Trends.

The same search terms are used wherever possible between Google and Wiki-
pedia searches. We determined the general topics as “sustainability” and di-
et-related terms such as “sustainable diet”, “healthy diet”, “plant-based diet”, 

https://trends.google.com/trends/
https://pageviews.wmcloud.org/langviews/
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“Climatarian diet”, “flexitarianism”, “Japanese diet”, “Mediterranean diet”, 
“Nordic diet”, “vegetarianism”, “veganism”, “raw foodism”, “fruitarianism”, 
and “pescetarianism”. We also searched “lacto-vegetarianism”, “ovo-vegetar-
ianism”, and “lacto-ovo vegetarianism”, however, the data were very limited. 
Therefore, we excluded these terms. We chose these diet-related terms accord-
ing to the reports published reports by WHO and IPCC Reports3,21. Addition-
ally, we have added the term Climatarian diet because it is an up-to-date term 
that covers the contents of sustainable diets11.

Selected terms in all countries speaking these 60 languages were searched 
according to the official language of the countries. Then, countries without 
Google Trends RSVs were excluded. Hereby, Google Trends RSVs for Türkiye, 
Australia, Canada, the United Kingdom, Ireland, Germany, Spain, Mexico, 
Brazil, Netherlands, Belgium, Austria, Switzerland, France, The United States 
of America (USA), Greece, Russia, Poland, Czech Republic, Denmark, India, 
Norway, Croatia, Vietnam, Finland, and Sweden were included. No Wikipe-
dia pageviews statistics and Google Trends RSVs could be retrieved for other 
countries (for sustainability). 

Statistical analysis

Data were analyzed using SPSS version 24.0. Due to the structure of the data, 
non-parametric tests were used as a conservative approach. Jonckheere-Terp-
stra test was used to determine if there was a statistically significant trend of 
RSVs for sustainability, sustainable diet, healthy diet, plant-based diet, Cli-
matarian diet, flexitarianism, Japanese diet, Mediterranean diet, Nordic diet, 
vegetarianism, veganism, raw foodism, fruitarianism, pescetarianism across 
time. The Kendall’s Tau correlation coefficient was used to determine pairwise 
correlations between sustainability RSVs and RSVs of sustainable diet, healthy 
diet, plant-based diet, Climatarian diet, flexitarianism, Japanese diet, Mediter-
ranean diet, Nordic diet, vegetarianism, veganism, raw foodism, fruitarianism, 
pescetarianism. We performed the seasonal Mann–Kendall test using XLSTAT 
Statistical Software for Excel to search for the presence of a significant secular 
trend of time series. For all statistical tests, a p-value of <0.05 was considered 
statistically significant.

RESULTS and DISCUSSION

According to Wikipedia pageviews results, healthy diet, plant-based diet, 
Climatarian diet, and Mediterranean diet showed positive trends (22.05%, 
9109,52%, 420.53%, and 7,14%, respectively), however, sustainability, sus-
tainable diet, flexitarianism, vegetarianism, veganism, raw-foodism, fruitari-
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anism, and pescetarianism were decreased over time (%4.15, %31.89, %18.51, 
%44.96, %62.16, %66.49, %38.29, %22.97, respectively). Based on the Google 
Trends RSVs, sustainability, sustainable diet, plant-based diet, flexitarianism, 
Mediterranean diet, fruitarianism, and pescetarianism increased (226.91%, 
224.74%, 92.91%, 779.07%, 361.83%, 65.55%, and 565.08%, respectively), 
whereas healthy diet, Climatarian diet, Japanese diet, Nordic diet, vegetari-
anism, and raw foodism decreased between 2015 to 2023 (29.63%, 50.77%, 
33.08%, 70.07%, 45.04%, 41.03%). The term “veganism” was found no chang-
es over time (Figure 1).

Figure 1. Search volume for the terms “sustainability, sustainable diet, healthy diet, plant-
based diet, climatarian diet, flexitarianism, Japanese diet, Mediterranean diet, Nordic diet, 
vegetarianism, veganism, raw-foodism, fruitarianism, pescetarianism” across two online 
platforms (A: Wikipedia search analysis, B: Google Trends search analysis)
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For all topics, Table 1 shows the top five countries with the highest worldwide 
RSV. Sustainability was particularly popular in European countries. Similar-
ly, as many as three of the five top countries with the highest interest in the 
sustainable diet, healthy diet, plant-based diet, Mediterranean diet, raw food-
ism, and pescatarianism, included European countries. Climatarian diet was a 
new term, and only three countries were searched. Flexitarianism was popular 
mostly in Eastern European countries. The highest RSV for the Japanese diet, 
and Nordic diet were found in the USA and the United Kingdom. Vegetarian-
ism and veganism were generally popular in United States countries. Fruitari-
anism was prevalent in the United States, European, and Asian countries.

Table 1. Top five countries with the highest page views and RSV by region of all related topics 
according to Google Trends data

Topic Top 5 countries with the highest RSV

Sustainability Australia (65.58), Netherlands (60.65), Switzerland (58.39), Canada (58.10), Russia (57.18)

Sustainable diet France (40.43), Germany (40.28), USA (40.21), United Kingdom (34.94), India (20.46)

Healthy diet Australia (73.64), USA (73.47), India (65.04), Canada (64.09), France (60.63)

Plant-based diet USA (41.55), Germany (33.09), Türkiye (30.74), Poland (22.79), Canada (21.08)

Climatarian diet United Kingdom (12.69), Australia (11.21), USA (10.91)

Flexitarianism France (32.46), Russia (20.63), Australia (17.10), Brazil (16.02), Poland (15.01)

Japanese diet USA (68.20), United Kingdom (53.97), Russia (46.54), Brazil (35.01), India (34.67)

Mediterranean diet Australia (50.37), Canada (44.64), United Kingdom (44.20), France (39.93), Poland (36.36)

Nordic diet United Kingdom (25.43), Canada (24.42), USA (16.61), Australia (15.48), France (13.46)

Vegetarianism Poland (65.78), Brazil (56.42), United Kingdom (50.74), USA (48.98), Russia (48.54)

Veganism USA (60.24), Germany (59.52), Spain (58.64), Mexico (57.92), Canada (57.65)

Raw-foodism Germany (63.68), Austria (54.21), Switzerland (49.68), Russia (44.76), Türkiye (25.70)

Fruitarianism Brazil (26.08), Vietnam (20.70), Poland (17.39), Russia (16.96), Spain (14.35)

Pescatarianism Russia (36.35), United Kingdom (32.00), Canada (31.74), USA (31.37), Australia (22.88)
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Table 2 shows the correlation between sustainability and diet-related topics. 
There was a positive correlation between sustainability and healthy diet, plant-
based diet, Mediterranean diet, veganism, raw foodism, and pescetarianism 
according to both Wikipedia and Google Trends. Sustainability showed a posi-
tive correlation between sustainable diet in Google Trends (τ=0.201, p<0.001), 
whereas it showed a negative correlation in Wikipedia (τ=-0.563, p<0.001). 
Based on Wikipedia, sustainability presented a positive and moderate correla-
tion with flexitarianism (τ=0.465, p<0.001), vegetarianism (τ=0.422, p<0.001), 
and a positive weak correlation with fruitarianism (τ=0.278, p<0.001). Japa-
nese diet and the Nordic diet were weakly associated with sustainability ac-
cording to Google Trends (τ=0.090, p<0.001, τ=0.111, p<0.001, respectively).

Table 2. Sustainability correlations with diet-related topics

Wikipedia Pageviews 
Statistics

Google Trends 
RSVs

; p ; p

Sustainability vs Sustainable diet -0.563, <0.001** 0.210; <0.001**

Sustainability vs Healthy diet  0.383, <0.001** 0.133, <0.001**

Sustainability vs Plant-based diet  0.097, <0.001** 0.061, <0.001**

Sustainability vs Climatarian diet -0.509, <0.001** 0.026, 0.574

Sustainability vs Flexitarianism 0.465, <0.001** -0.023, 0.217

Sustainability vs Japanese diet - 0.090, <0.001**

Sustainability vs Mediterranean diet 0.477, <0.001** 0.190, <0.001**

Sustainability vs Nordic diet - 0.111, <0.001**

Sustainability vs Vegetarianism 0.422, <0.001** 0.011, 0.437

Sustainability vs Veganism 0.453, <0.001** 0.115, <0.001**

Sustainability vs Raw-foodism 0.204, <0.001** 0.087, <0.001**

Sustainability vs Fruitarianism 0.278, <0.001** -0.018, 0.346

Sustainability vs Pescatarianism 0.366, <0.001** 0.156, <0.001**

Table 3 shows the time-series analysis of all related topics according to Google 
Trends. The RSV most dynamically increased over the observational period for 
topics sustainability (τ=0.778, p<0.001), sustainable diet (τ=0.378, p=0.002), 
plant-based diet (τ=0.484, p=0.006), the Mediterranean diet (τ=0.738, p<0.001), 
and pescetarianism (τ=0.494, p=0.004); whereas the RSV most rapidly decreased 
for Healthy diet (τ=-0.680, p<0.001), Japanese diet (τ:=-0.235, p: 0.027), veg-
etarianism (τ=-0.794, p<0.001), and raw-foodism (τ=-0.659, p<0.001).
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Table 3. Time-series analysis of all related topics according to Google Trends

Topic

The month with 
the highest 
seasonal 

component 
(RSV)

The month 
with the lowest 

seasonal 
component 

(RSV)

Seasonal 
Mann–Kendall 

test ( , p)
Mean ± SS

Sustainability April (59.62) July (36.50) 0.778, <0.001** 50.01 ± 16.01

Sustainable diet May (50.42) July (25.25) 0.378, 0.002* 37.57 ± 23.22

Healthy diet January (83.6) December 
(51.18) -0.680, 0.001** 63.77 ± 15.35

Plant-based diet February (31.8) July (23.06) 0.484, 0.006** 26.90 ± 23.17

Climatarian diet March (19.87) May (2.57) -0.133, 0.210 11.80 ± 24.63

Flexitarianism May (21.57) August (6.00) 0.127, 0.206 12.59 ± 22.81

Japanese diet January (77.62) October (49.00) -0.235, 0.027* 61.09 ± 17.58

Mediterranean 
diet January (64.68) December 

(28.06) 0.738, < 0.001** 40.08 ± 18.10

Nordic diet June (30.71) December 
(11.31) 0.127, 0.314 21.02 ± 21.47

Vegetarianism November 
(58.81) July (36.12) -0.794, < 

0.001** 49.86 ± 18.58

Veganism January (51.62) August (35.31) -0.227, 0.225 41.96 ± 23.30

Raw-foodism February (13.37) August (3.75) -0.659, 0.001** 8.86 ± 19.03

Fruitarianism May (16.92) August (4.68) -0.195, 0.066 9.48 ± 15.91

Pescatarianism July (42.93) May (20.64)   0.494, 0.004* 31.68 ± 22.99

Table 4 shows the time-series analysis of all related topics according to Wikipe-
dia. The pageviews most dynamically increased over the observational period for 
topics plant-based diet (τ=0.921, p<0.001), flexitarianism (τ=0.595, p=0.004), 
the Mediterranean diet (τ=0.413, p: 0.022); whereas the pageviews most rapidly 
decreased for Climatarian diet (τ=-0.722, p<0.001), vegetarianism (τ=-0.690, 
p=0.001), veganism (τ=-0.818, p<0.001), raw-foodism (τ=-0.802, p<0.001), 
fruitarianism (τ=-0.683, p<0.001), and pescetarianism (τ=-0.579, p=0.004).
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Table 4. Time-series analysis of all related topics according to Wikipedia Pageviews Statistics

Topic
Seasonal Mann–

Kendall test 
( , p)

Mean ± SS
The month with the 
highest seasonal 

component

The month with the 
lowest seasonal 

component

Sustainability -0.135, 0.462 822.67 ± 187.01 January (1008.75) December (715.00)

Sustainable diet -0.183, 0.349  28668.56 ± 
7867.05 February (31056.37) December 

(24644.50)

Healthy diet 0.222, 0.264  18517.71 ± 
16632.84

November 
(25739.25) June (14983.00)

Plant-based diet 0.921, <0.001**  122.50 ± 161.70 March (181.00) July (81.125)

Climatarian diet -0.722, <0.001**  606.96 ± 1168.21 March (1059.25) July (285.00)

Flexitarianism 0.595, 0.004*  51133.27 ± 
12375.34 May (57337.14) July (41531.25)

Mediterranean diet 0.413, 0.022*  41533.93 ± 
18921.92 January (61840.75) December 

(31282.37)

Vegetarianism -0.690, 0.001**  45060.93 ± 
10064.61 January (48426.00) June (42410.42)

Veganism -0.817, <0.001**  77735.26 ± 
20420.61 January (89374.37) June (71864.14)

Raw-foodism -0.802, < 0.001**  9355.10 ± 2832.08 March (11108.25) December (8507.62)

Fruitarianism -0.683, < 0.001**  14216.08 ± 
4333.54 July (15984.62) December 

(12233.62)

Pescetarianism -0.579, 0.004*  99600.03 ± 
33359.75 January (131628.25) June (89847.71)

Over the past decade, public interest in sustainability has increased, with con-
sumers increasingly seeking information on their food consumption decisions’ 
environmental and human health effects22. In this study, we used Wikipedia 
pageviews statistics and Google Trends, to our knowledge this was explored 
for the first time, to determine the public interest in sustainability and dietary 
patterns related to sustainability. We found that the RSV most dynamically 
increased over the observational period for topics sustainability, sustainable 
diet, plant-based diet, Mediterranean diet, and pescetarianism, whereas the 
pageviews most dynamically increased over the observational period for topics 
plant-based diet, flexitarianism, and Mediterranean diet. There was a positive 
correlation between sustainability and healthy diet, plant-based diet, Medi-
terranean diet, veganism, raw foodism, and pescetarianism according to both 
Wikipedia Pageviews statistics and Google Trends.
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Sustainability has been a global concern in the last 50 years, but it is now vi-
tal23. Global Sustainable Development Report seeks to strengthen the science-
policy interface as an evidence-based instrument to support policymakers and 
other stakeholders in the implementation of the 2030 Agenda across the social, 
economic, and environmental dimensions of sustainable development24. There-
fore, the knowledge of the public about sustainability and related terms may be 
important to be a guide. A study reported that public interest in environmen-
tal sustainability increased significantly between 2009 and 2019 according to 
Google Trends22. Similarly, it was observed that there was a positive trend in 
sustainability from 2010 to 2021 in European countries using Google Trends15. 
We found that the interest in sustainability increased according to Google 
Trends, whereas the interest in sustainability did not change according to Wiki-
pedia page views over time. However, Wikipedia is an encyclopedia that pro-
vides more scientific data than Google Trends. Therefore, it is not possible for 
scientific interest in the issues to fully coincide with the interest of the public. 

The FAO defines sustainable diets as “diets with low environmental impacts 
which contribute to food and nutrition security and healthy life for present and 
future generations. Sustainable diets are protective and respectful of biodiver-
sity and ecosystems, culturally acceptable, accessible, economically fair and 
affordable; nutritionally adequate, safe and healthy; while optimizing natural 
and human resources”2. This definition is quite complex, encompassing envi-
ronmental, social, and economic factors. However, consumers’ food choices 
play a key role in the transition to more sustainable diets. Therefore, it is of 
great importance to understand how consumers interpret the concept of “sus-
tainability” according to their eating habits. A study found that the mean Euro-
pean RSVs for food sustainability significantly increased from 2010 to 202115. 
However, a recent systematic review determined that consumers struggle to 
define “sustainability”, and to estimate the environmental impact of their food 
choices25. According to Google Trends, there was an increasing trend in sus-
tainable diet over time in this study, not Wikipedia page views. It is possible 
that the results are contradictory because the changes in sustainable diet and 
food sustainability and public interest in these concepts occurred simultane-
ously but in some unrelated ways.

According to the WHO, a healthy diet is defined as the type of diet essential for 
health, well-being, optimal growth, and development. A healthy diet should 
also be more environmentally sustainable as it is associated with lower green-
house gas emissions, less freshwater, and land mass use4. It was observed 
that the interest in healthy diet from 2010 to 2021 increased in the Northern 
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and Western European regions by using Google Trends17. Another study, us-
ing Google Trends, showed that the interest in healthy diet globally decreased 
from 1 January 2004 to 30 June 202026. We found that interest in a healthy 
diet decreased according to Google Trends, whereas it increased according to 
Wikipedia Pageviews. Time-series analysis showed that interest in a healthy 
diet followed a negative trend according to Google Trends, while there was 
no statistically significant trend according to Wikipedia Pageviews over time. 
While our results were similar to the study evaluating the worldwide, the other 
study may have been different as it only included the European region.

The Mediterranean diet is thought the most beneficial type of diet, so we chose 
it27. A study showed that according to Google Trends, from 2004 to 2019, inter-
est in the Mediterranean diet increased20. Another study showed that statistically 
significant seasonal differences were found for the Mediterranean (the mean pa-
geviews were highest in spring) from 2015 to 2021 according to Wikipedia14. We 
found that global interest in the Mediterranean diet increased according to both 
Google Trends and Wikipedia from July 2015 to May 2023, and the mean Pa-
geviews were highest at the beginning of the year. New Year’s resolutions appear 
to be a fantastic opportunity to influence the establishment of new health goals.

The Climatarian diet is a new term that refers to a group of environmentally 
oriented diets (including plant-based and flexitarian diets)3,11. It was observed 
that the interest in plant-based diet increased from 2004 to 2019 according to 
Google Trends, and it was most popular in the USA20. According to the litera-
ture, only one study evaluated the interest in flexitarianism, and that found 
that the interest in flexitarianism from 2010 to 2021 increased in most Euro-
pean countries by using Google Trends15. The present study showed that the 
plant-based diet increased according to both Google Trends and Wikipedia, 
however, flexitarianism increased, and the Climatarian diet decreased accord-
ing to only Wikipedia. Similarly, we found that the term plant-based diet is 
most popular in the USA. We did not find any statistically significant in the 
term flexitarianism and Climatarian diet according to Google Trends, and 
compared to Portugal-Numes et al., the mismatch in these findings may lie in 
the regional specificity15. Additionally, the Climatarian diet is a new term, and 
only three countries searched this term in our findings.

Vegetarian diets (including fruitarianism, pescetarianism, and raw foodism) 
reduce greenhouse emissions compared to omnivore diets28. Therefore, we 
searched these terms in addition to other vegetarian diets such as lacto-ovo, 
ovo, and lacto. However, the data about lacto-ovo, ovo, and lacto vegetarian-
ism is not enough to analyze, thus they were excluded. It was observed that 
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global interest in raw foodism, pescetarianism, veganism, and vegetarianism 
increased according to Google Trends from 2004 to 201920. A study showed 
that statistically significant seasonal differences were found for vegetarian 
(the mean pageviews highest in spring), and pescetarianism diets (the mean 
pageviews highest in winter) from 2015 to 2021 according to Wikipedia Pa-
geviews14. We found that the trend in pescetarianism significantly increased, 
however vegetarianism and raw-foodism significantly decreased according to 
Google Trends; and vegetarianism, raw-foodism, veganism, pescetarianism, 
and fruitarianism significantly decreased according to Wikipedia. The reason 
for this difference may be due to the fact that we analyzed the years July 2015 
to May 2023 in order to compare both Google Trends and Wikipedia data. 

The study has some limitations. First, Wikipedia pageviews analysis does not 
contain precise location data, making it difficult to locate viewers due to its 
privacy policy. Summary data is available for each Wikipedia language pro-
viding the page view rate by country, and a page’s language can be used as a 
rough proxy for its geography29. However, Wikipedia pageviews statistics have 
advantages over other metadata in measuring public interest. They reflect the 
search for information about a topic and involve the highest amount of user 
interaction30. Second, Google Trends contains precise location data, but it does 
not provide real-time usage data and more precise time intervals, which re-
duces predicting capability. Also, these results lack transparency, as there is 
no clear data on the methods used by Google to calculate RSVs26. Third, both 
Google Trends and Wikipedia Pageviews statistics do not provide user charac-
teristics. Therefore, the results cannot be generalized to Internet users. 

On the contrary, the study has some strengths. In the study, firstly, using Wiki-
pedia pageviews statistics, a total of 60 languages containing the word “sus-
tainability” were searched. In this context, sustainability and diet-related terms 
were all researched with Google Trends RSVs in all 60 languages-speaking 
countries. Therefore, the study provides a valuable resource for future studies.

In conclusion, here it was explored, for the first time, public interest in sus-
tainability and sustainable diet-related topics. According to our results, there 
was a growing interest in sustainability, sustainable diet, plant-based diet, 
Mediterranean diet, and pescetarianism according to the RSVs, whereas the 
page views most dynamically increased over the observational period for top-
ics plant-based diet, flexitarianism, and Mediterranean diet. We believe that 
more research is needed to reflect real life in this field, however, Google Trends 
and Wikipedia pageviews statistics have the potential to be useful tools. Un-
derstanding the public’s interest in sustainability and sustainable diets is criti-
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cal to developing and choosing strategies for transitioning to sustainable diets. 
Therefore, our findings could help scientists, practitioners, policymakers, as 
well as the public who are interested in diet-related topics. Moreover, artificial 
intelligence has begun to support search tools as of 2023. Currently, Microsoft 
Bing is using Chat GPT, etc., and Google has started its algorithm and Google 
Bard, whereas Wikipedia still uses its algorithm called page view statistics. In 
summary, Google searches and Wikipedia with their algorithm and give these 
results in Google trends and Wikipedia pageviews statistics, this study can be 
an important source for the question of how this will change with artificial 
intelligence in the future. 
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ABSTRACT 

This study aims to identify the most important components in the albedo layer of 
Valencia (Citrus sinensis) fruit peel, and to evaluate the effect of albedo on weight 
and blood glucose levels in experimental rats. The percentage of moisture, ash, 
fat, protein, carbohydrate and dietary fibers in albedo were (61.94, 3.57, 1.51, 
3.19, 78.2, 13.45), respectively, and the content of phenolic compounds in al-
bedo was 19.9 g GAE/kg. The albedo powder in the mice diet led to a decrease in 
weight or to preventing its gain compared to the diet without albedo powder in 
a statistically significant way (p<0.05), the addition of albedo powder to the diet 
also led to a decrease in blood glucose levels in the mice of the second group com-
pared to the first group, but with a statistically insignificant difference (p>0.05).

Keywords: Valencia fruit, albedo, weight, blood glucose, diet, experimental rats

 

INTRODUCTION

Citrus species are known as one of the most widely grown products in the 
world, as it is cultivated in more than 100 countries. The global production of 
citrus is estimated at about 88-115 million tons annually1. Brazil is considered 
the most productive country of citrus in the world2, while Syria ranks third in 
the Arab world in citrus production and twentieth in the world as its produc-
tion of about one million tons represents about 1% of global production3.
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Citrus is the largest genus in the Rutaceae family, which consists of 150 genera 
and about 1,600 species, but the exact number of species is still unclear4. Among 
the types of citrus fruits, orange production constitutes the largest portion of the 
total world production, followed by mandarins, then lemons, and finally grif-
fons. The most common sweet orange is the ‘Valencia’ as it is among the most 
widely cultivated varieties worldwide, due largely to their high productivity5,6.

The orange fruit consists of an outer layer (peel) and an inner substance (pulp). 
The outer shell is divided into two parts: an outer part is the colored part (epi-
carp or exocarp) and is called flavedo, and an inner part is the white part (mes-
ocarp) and is called albedo. The inner substance (pulp) is called endocarp and 
contains vesicles with juice7.

Citrus fruits are consumed fresh, or the different parts of the fruits are used in 
many fields (foods and pharmaceutical industries)4. Citrus fruits are also con-
sumed after they have been processed and converted into many forms of prod-
ucts where the most common product of citrus fruits is fresh or concentrated 
juice. It is estimated that the industrial processing of citrus fruits uses 33% of 
citrus fruits to produce juice8. The process of converting citrus fruits to obtain 
juices generates a large amount of by-products (residues) that reach about 50-
70% of the weight of the fruit, most of it are peels (60-65%)9.

Citrus waste is often thrown into landfills or rivers, which causes environmental and 
water pollution10. As another option, citrus waste is also disposed of by burning11.

Although citrus by-products are sometimes called citrus waste, they still con-
tain large amounts of valuable compounds12. So, the concept of recycling and 
reuse is necessary in order to reduce the waste generated and the associated 
damages. In addition, this may reduce the excessive consumption of raw ma-
terials and increase economic profits and allow the use of the biological value 
of citrus waste13, especially that citrus by-products are rich in contents of high 
health and economic value, such as proteins, fats, sugars, essential oils and 
vitamins, in addition to containing polyphenols and dietary fibers8.

Phenolic compounds are plant secondary metabolites; have lots of beneficial 
effects on human health. There are currently about 8,000 polyphenols, gener-
ally classified into flavonoids and non-flavonoids (phenolic acids, coumarins, 
stilbenes and lignans)14. Flavonoids are classified into subclasses including 
flavones, flavanones, isoflavanones, flavonols, isoflavanoids, anthocyanidins, 
and catechins15. The flavanones are the most present in citrus fruits among 
the flavonoid groups, and the flavanones are more concentrated in the albedo 
and membranes than in juice bags4. The most important flavonoids found in 



90Acta Pharmaceutica Sciencia. Vol. 63 No. 1, 2025

sweet oranges are hesperidin, hesperitin, diosmin, and diosmetin, in addition 
to narirutin16. Phenolic compounds structure is rich in hydroxyl groups which 
enable these compounds to be antioxidants and scavenge free radicals17,18. An-
tioxidants are important for health and disease prevention by reducing the 
damage caused by free radicals18-20, like its anti-inflammatory14,21, antibacterial 
and antifungal activity, beside its anti-hyperglycemic22,23, and anticoagulant ef-
fects24. In addition, several in vitro studies have been conducted to evaluate the 
effects of citrus flavonoids on obesity. It has been found to have an effect on 
obesity by multiple mechanisms25,26. It was also found that effects on total body 
weight were more pronounced in studies using citrus peel extracts instead of 
standardized flavonoids, which indicates the possibility of synergy between the 
different phenols present in the peels27.

Dietary fibers have been defined by The National Academy of Sciences as indi-
gestible carbohydrates and lignin present in plants28. Dietary fibers are often 
classified based on their water solubility into water-soluble fibers (SDF) such 
as pectin and gum arabic, and insoluble fibers (IDF) such as cellulose, hemicel-
lulose, and lignin. Citrus waste is a good source of dietary fiber where the main 
part of citrus waste in terms of dietary fiber content is albedo16. Albedo is a rich 
source of dietary fiber, especially pectin9, as the proportion of pectin in orange 
albedo reaches 12-28%29. Studies indicate that increasing dietary fiber in the 
daily diet is very important for maintaining good health16. Frequent consump-
tion of dietary fiber is associated with a lower risk of chronic diseases such 
as cardiovascular disease, diabetes, and obesity30. Considerable research has 
been conducted to evaluate the effect of dietary fiber on body weight, and it 
has shown an inverse relationship between fiber intake and body weight gain31.

Albedo has better qualities than other sources of dietary fiber due to the pres-
ence of associated bioactive compounds such as flavonoids (mainly flavanones) 
and vitamins, which may lead to more health-promoting effects in addition to 
those found in dietary fiber32.

Due to the spread of Obesity and Diabetes in addition to diseases and discard-
ers related to them; and the possibility of reducing the risk of these diseases 
by regular and frequent consumption of vegetables and fruits (especially since 
there has been increased interest in using natural products instead of artificial 
ones in treating diseases). The importance of this research is the possibility of 
usage of the large amount of citrus waste and its ingredients in the treatment 
or prevention of diseases.

Therefore, the aim of this research is to study the biological effects of Valencia 
orange waste on body weight and blood glucose in experimental rats.
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METHODOLOGY

Instruments

Analytical balance (RADWAG, AS 220/C/2), Air oven (Janat instruments), 
Electric grinder, Glucometer (O2 BG-202), Spectrophotometer (Jasco V-530 
UV), Water bath Ultrasonic (K & H Industries).

Orange sample collection and preparation for the study

The fruits of Valencia (Citrus sinensis) were collected from the local market in 
Lattakia in the season of 2022, the fruits were washed and peeled manually, 
then the albedo was separated and cut into small pieces and dried in the air 
oven. Afterward, it was ground into a fine powder and kept in the refrigerator 
(-4°C) until use33.

Chemical analysis

Moisture content, total ash, protein and fiber content were calculated by using 
AOAC Standard Method. Moisture content was determined by an oven method 
(drying until constant weight)34. Ash content was determined by using a muf-
fle furnace maintained at 550°C for five hours35. Protein was determined by 
the Kjeldahl method, fiber was obtained by digesting sample with H2SO4 and 
NaOH followed by incinerating in muffle furnace at 550°C34,36. Fat was deter-
mined using hexane as a solvent, where about 0.5 g of the sample was weighed 
and soaked in 10 ml of hexane for a week (the tube was covered well), then 
hexane was taken with the fat substance in a clean and weighed plastic can, 
and left at room temperature until the hexane evaporated completely and the 
fat substance remained in the can (until weight stability), and the weight of the 
can with the oil substance was recorded. The percentage of fat in the sample 
was calculated according to the law:

Fat (%) = weight of the fat substance x 100 / weight of the sample

= (weight of the can with the fat substance - weight of the empty can) x 100 / 
weight of the sample

Carbohydrate content was calculated from the difference of 100 – 
[% moisture + % ash + % protein + % fibre + % fat]37.

Determination of pectin

The amount of pectin was determined in the dried, unground pieces of albedo 
using acid hydrolysis38.
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Extraction and determination of phenolic compounds

Phenolic compounds were extracted using the Ultrasound water bath39. About 
5g of the sample was weighed and placed in a beaker with 50ml of ethanol 80%, 
then the beaker was placed in the water bath at a temperature of 35-40°C for 
half an hour, after that, the mixture was left to cool at room temperature, then 
filtered, and the extract was kept in the refrigerator until the levels of phenolic 
compounds were determined. For the determination of phenolic compounds 
levels, the Folin-Ciocalteu method was used40.

Experimental animals

The study included normal adult female mice of the Balb-C species, ages (2-4) 
months and weighing (15-35) grams. They were placed in special cages that al-
low them to eat food and drink water easily, at room temperature (24 ± 2)°C in 
12/12-hour light/dark cycles. The experiment was conducted in the laboratory 
of the experimental animal incubator at the Faculty of Pharmacy, Tishreen 
University, Syria. Ethical approval number: 524.

Experimental design

Eighteen mice were divided into two groups (n=9 in each group). The experi-
ment lasted eight weeks. In the first week, mice were left to adapt to the labora-
tory conditions and were given normal food without additives. In the second 
week until the eighth week, each group was given its own food, as follows41:

1. First group (Normal Diet: ND): normal food without additives

2. Second group (Normal Diet with albedo: ND+A): normal food with albedo

Table 1 shows the food components of each group with their proportions:

Table 1. Food components of each group with their proportions

Component First group Second group

bread 80% 60%

corn 20% 20%

albedo - 20%

The food was prepared by weighing the dry ingredients, then kneading it with 
water until it becomes a dough that can be formed, then the dough was formed 
in the form of small pieces and air-dried. 
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The weight of the mice was measured once a week, and the blood sugar was 
measured in the last week after fasting for 16 hours by taking a drop of blood 
from the caudal vein and using the O2 BG-202 strip glucometer. These meas-
urements were taken for each mouse separately.

Statistical analysis

The statistical study was conducted using the SPSS version 26 program, the 
Independent Samples T Test was used. P values lower than 0.05 were defined 
as statistically significant and corresponded to a confidence level of (95%).

RESULTS and DISCUSSION

Chemical analysis

Table 2 shows the values of the components that were determined in the al-
bedo (Mean ± SD):

Table 2. Values of the components in the albedo (Mean ± SD)

Component (%)

Moisture 61.94 ± 1.003

Ash 3.57 ± 0.33

Fat 1.51 ± 0.34

Protein 3.19 ± 0.33

Carbohydrate 78.2

Fiber 13.45 ± 0.71

Pectin 7.03

The result of moisture in the albedo was close to moisture levels in other stud-
ies, where it was 62.67% and 65.46%42,43. In a study conducted in Tunisia; re-
searchers showed that citrus peels contain a very high level of water, up to 75%, 
this provides a suitable environment for mold growth, so it must be used im-
mediately or stored under appropriate conditions until it is used39. The value of 
ash in our study converged with the result of a study conducted in 2021, where 
the percentage of ash was 3.21%42. According to a Brazilian study, the value of 
ash in the current study is considered a high value. The high ash value indi-
cates that orange albedo contains a high content of minerals such as calcium, 
potassium, sodium, iron, copper, copper and magnesium2,44.

The results of fat and carbohydrate in this study (1.51% and 78.2%, respec-
tively) was higher than the fat and carbohydrate values reported by some other 
studies (0.27% and 57.15%, respectively)45,46, while the value of protein (3.19%) 
was lower than the value reported by F. Omajasola et al. which was 4.69%46.
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The percentage of fiber in the albedo was 13.45%, which is higher than the 
value found by Mohammad et al. in Egypt (9.92%)47, but lower than the value 
found by another study, where it was 27.67%46. Orange peel has a high level of 
fiber, and its unique physical and chemical properties make it suitable for food 
applications47.

The result of pectin in this study was 7.03%, which is consistent with the result 
of the study conducted by Al-haj in 2022, where it found that the percentage 
of pectin in albedo ranges between (5.34-13.57%), depending on the time of 
harvesting the fruit38.

The level of phenolic compounds was found to be equal to (19.9 ± 0.132) g 
GAE/kg, which is close to the value measured in one study, which was 17.16 g/
kg48, and higher than the result in a study conducted in Greece by Athanasiadis 
et al. where it was 9.2 g/kg49 The levels of phenolic compounds in Valencia peel 
indicate a good antioxidant activity, as the higher the total content of phenolic 
substances, the higher the antioxidant capacity50. In addition, it gives an indi-
cation of the presence of antimicrobial activity according to some researchers51.

The difference in the values of phenolic compounds between this study and 
some other studies may be due to the different solutions used to extract the 
phenolic compounds, or to the difference in the temperature at which the 
peels were dried, as it was found to affect the extraction yield of the phenolic 
compounds (drying at 80°C allows obtaining higher content of phenolic com-
pounds compared to drying at 60°C and at 40°C for a longer period of time)37,52.

In general, the difference in the levels of nutrient compounds in citrus cultivars 
or within the same cultivar can be attributed to climatic factors (type of soil, 
exposure to sunlight, rainfall...), genetic factors (diversity), and agricultural 
factors (maturity stage, fertilization, and irrigation...) and the analytical meth-
ods used37.

It can be concluded that orange albedo has important properties and can be 
a promising source of nutritional compounds which play an important role in 
evaluating food quality such as dietary fiber and phenolic compounds and can 
be used as natural sources of functional ingredients or food additives53, in ad-
dition to their good content of proteins and carbohydrates.

Effect on weight

Obesity is a chronic disease associated with an increase in the mass of adipose 
tissue, abnormal fat distribution and weight gain equal to or greater than 20% 
of normal weight54. Basically, obesity is a typical consequence of an imbalance 
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between calories in and calories out where the calories ingested are greater55. 
Obesity is a modifiable risk factor for type 2 diabetes, coronary heart disease, 
and hypertension56. The mainstay in the non-pharmacological treatment of 
obesity is diet and exercise. However, prescribing anti-obesity drugs can be 
a catalyst for obese patients who fail to achieve weight loss through diet and 
exercise54. Because of the adverse effects of these drugs; There has been a re-
newed interest in medicinal plants57. In recent years, the study of using citrus 
fruits in obesity and associated metabolic disorders prevention and treatment 
has attracted increasing attention41.

Table 3 shows the total weights of the mice in the first week (the acclimation 
week), the second week, and the last week:

Table 3. Weights of the mice

First group
ND

Second group
ND+A

Weight in 1st week 259 206

Weight in 2nd week 258 209

Weight in last week 277 210

Weight comparison between the Normal Diet group (ND) and the 
Normal Diet with Albedo group (ND+A)

For the effect of albedo on the weight of the mice; it was observed that the 
weight of the mice of the second group (ND+A) - where albedo was added to 
the diet - was significantly lower compared to the first group (ND) (p<0.05). 
That is, albedo prevented weight gain when added to the diet.

As mentioned earlier; albedo contains an important amount of fiber, especially 
pectin, and it also contains flavonoids. The effect of albedo on weight may be 
due to these two components.

These results agreed with the results of a study conducted by Osfor et al., which 
showed a decrease in body weight in rats fed a diet containing 20% Citrus 
aurantium albedo, which was attributed to a decrease in food consumption. 
This may be due to the high fiber content in albedo (about 10% relative to 
dry weight), specifically pectin, as the pectin present in orange peel can help 
reduce appetite 58.

These findings were supported by a study that investigated the effect of pectin 
on weight, which concluded that a high-fat diet with pectin led to weight loss 
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and reduced weight gain compared to a high-fat diet. This suggests that soluble 
fiber in diets may reduce weight gain caused by high nutrition. In general, di-
etary fiber may contribute to weight loss through several mechanisms includ-
ing delaying gastric emptying (which give a feeling of fullness) and preventing 
fat absorption59. Thus, increasing the amounts of soluble dietary fiber in diet 
may be helpful method for weight reduction60.

Studies that dealt with the effect of adding orange albedo on weight loss indi-
cate the role of phenolic compounds as a study in Brazil determined content 
of phenolic compounds in albedo and the antioxidant activity of these com-
pounds and indicated that the antioxidant activity of albedo and its beneficial 
metabolic effects may be linked to reducing oxidative stress associated with 
obesity. Therefore, this opens prospects for the development of food products 
based on the use of albedo for the prevention and treatment of obesity61.

Citrus flavonoids have also effect on caloric intake62, and inhibition of amylase 
function63. For example, some citrus flavonoids can suppress appetite by influ-
encing hormones that control appetite (such as hesperidin and naringenin) or 
activating receptors that also suppress appetite (such as naringenin and narin-
genin), while both the flavonoids naringenin and nobiletin have been shown to 
increase energy expenditure in heat-producing brown adipose tissue64.

Another anti-obesity strategy is to enhance lipolysis and reduce lipogenesis to 
reduce fat deposits by affecting enzymes. Some flavonoids, including narin-
genin, luteolin and hesperidin, have the ability to target enzymes such as fatty 
acid synthetase (FAS) and lipase Hormone-sensitive (HSL), which is involved 
in the mechanisms responsible for both the dissociation of existing fat cells or 
the generation of additional fat cells62. Additionally, hesperidin, neohesperi-
din, and luteolin have an inhibitory effect on the enzyme pancreatic lipase (PL) 
which is involved in the digestion of triglycerides leading to a strong effec-
tiveness in the treatment of obesity as well65. In addition, naringenin, hesperi-
din, and quercetin were found to support the targeting of adipocytes (fat cells) 
through the process of apoptosis and thus reduce adipocyte numbers66.

Effect on blood glucose levels

Diabetes mellitus is a chronic metabolic disorder characterized by higher blood 
sugar levels than normal values, it is caused by the inability of the pancreas to 
produce sufficient insulin, or it results from the ineffective use of the insulin 
that is produced67.

There is a condition called “prediabetes” which is a chronic metabolic condi-
tion in which blood glucose values are higher than the upper limit that is con-
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sidered normal, but less than the lower limit for diagnosing diabetes68. Predia-
betes progresses to diabetes in up to 70% of individuals during their lifetime69. 
This condition may be reversible through lifestyle modification, by adopting a 
healthier diet and increasing levels of physical activity68.

In our study the blood glucose values of the mice were measured in the last 
week of the experiment, after a 16-hour fasting, where a drop of blood was 
taken from the caudal vein, Table 4 shows the blood sugar values of the mice 
in each group:

Table 4. Blood sugar values of the mice

ND+AND

61134*1

74882

61663

78644

58625

**L626

58857

72858

57629

64.87 ± 7.9871.75 ± 11.91Mean ± SD

*Outlier excluded
**Low value not measured by instrument (L<30mg/dl)

Comparison of blood glucose levels between the Normal Diet group 
(ND) and the Normal Diet with Albedo group (ND+A)

Our results showed that ND+A mice had lower blood sugar values than the 
first group that ate a normal diet without albedo, but in no significant differ-
ence (p>0.05).

These results do not agree with the results of a study showed that the rats’ 
intake of albedo in the proportions of 10% and 20% as a source of fiber in food 
significantly reduced blood glucose levels. This may be due to the presence of 
dietary fiber and polyphenols58.
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A lot of studies have examined the relationship between dietary fiber and dia-
betes. large number of reports indicate that soluble fiber (which includes pec-
tin) can significantly improve glycemic control70. In general, dietary fiber can 
reduce blood glucose by increasing satiety by different mechanisms: increasing 
chewing, forming a gel in the stomach that delays gastric emptying, and reduc-
ing the interaction between lumenal contents and digestive enzymes, and thus 
reduces glucose absorption71.

A study carried out in China on pectin extracted from orange peels has con-
firmed that experimental rats which consumed pectin had significant increase 
in hepatic glycogen content, and thus can reduce blood glucose, meaning that 
citrus pectin can enhances insulin sensitivity by stimulating hepatic glycogen 
synthesis. Pectin improved glucose tolerance, as was shown by Fasting Blood 
Glucose (FBG) and the Oral Glucose Tolerance Tests (OGTT), meaning that 
pectin reduced insulin resistance, which led to improvements in glucose me-
tabolism72.

In addition to pectin, phenolic compounds in albedo have beneficial effects on 
pancreatic cells by neutralizing oxidative stress due to their antioxidant activ-
ity, since previous studies have shown that high blood sugar leads to deteriora-
tion of pancreatic cells due to oxidative stress73. Some studies investigated the 
effect of the flavonoid’s hesperidin and naringenin on blood sugar in experi-
mental rats, where a significantly lower blood glucose was observed compared 
to the control group. Another study has found hypoglycemic effect of both hes-
peridin and naringenin, this effect was mediated by changes in hepatic glucose-
regulating enzyme activities in mice, as these compounds increased hepatic 
glucokinase (an enzyme involved in the conversion of glucose into glycogen) 
and glycogen, and decreased levels of the enzyme glucose-6-phosphatase (in-
volved in the breakdown of hepatic glycogen into glucose units), in addition 
to an increase in plasma insulin levels at the end of the study73. Other studies 
provide evidence that naringenin can inhibit intestinal glucose uptake as well 
as renal glucose reabsorption74 in addition to significantly increasing glucose 
uptake into muscle and liver cells, which contributes to reduce blood glucose58.

Obesity and diabetes are among the widespread diseases in the world, and the 
medications used to treat it have many side effects. Our study suggests that 
adding the Valencia albedo to the diet may help prevent or slow the develop-
ment of these diseases due to beneficial health effects of active ingredients, 
like dietary fibers and polyphenol, which have shown weight and blood sugar 
lowering effects by several mechanisms.
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ABSTRACT

Oxidative stress and inflammation precipitate muscular atrophy in diabetes 
mellitus. The antioxidant and anti-inflammatory activities of Ocimum gratis-
simum L. (OG) is well documented. Thus, the effect of OG on muscular atrophy 
in diabetic rats was investigated. Twenty rats grouped as Control, OG, Diab 
and Diab+OG were administered distilled water or OG for 28 days. Glycogen 
content was determined in gastrocnemius muscle, oxidative stress biomark-
ers were assessed in right rectus femoris and extensor digitorum longus mus-
cles while histomorphometry analysis was done in the contralateral muscles. 
Elevated blood glucose and depleted glycogen content were observed in the 
Diab (204.75 ± 9.95mg/dl and 0.09 ± 0.03mg/ml) and reversed in Diab+OG 
(90.01 ± 26.50mg/dl and 0.36 ± 0.05mg/ml). The lengths of the rectus femo-
ris and extensor digitorum longus muscles were reduced while malonaldehyde 
increased in Diab (0.420 ± 0.031μmol/l) compared with Diab+OG (0.370 ± 
0.01μmol/l). In conclusion, OG prevented atrophy and promoted glycogenesis 
by decreasing lipid peroxidation in the skeletal muscles of diabetic rats.

Keywords: muscular atrophy, diabetes mellitus, oxidative stress, Ocimum 
gratissimum L.
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INTRODUCTION

Onset, progression and complications of diabetes mellitus are closely associat-
ed with oxidative stress resulting from prolonged hyperglycemia1. The charac-
teristic uncontrolled hyperglycemia can directly increase free radical produc-
tion through autoxidation of glucose2, nonenzymatic reaction of glucose with 
protein leading to formation of Advanced Glycation End products3, enhanced 
glucose channeling to the sorbitol pathway4 and enzymatic induction of Nitric 
Oxide Synthase5 among other pathways generating free radicals at different 
levels6. The increased expression of inducible nitric oxide synthase (iNOS) sec-
ondary to hyperglycemia is activated by inflammation-sensitive Nuclear Factor 
κappa B (NF-κB)7 which contributes to muscle atrophy in diabetes mellitus8.

Muscle atrophy results from imbalanced protein synthesis and degradation 
which is a stray in maintaining muscle homeostasis crucial for preserving the 
body’s integrity and function9,10. Diabetic muscular atrophy (DMA) is a com-
plication of diabetes mellitus characterized by proximal lower extremity mus-
cle weakness, atrophy, pain, sensory disturbances, and even quadriplegia in 
severe cases11. Denervation associated with peripheral neuropathy in diabetes 
plays a significant role in the development of muscular atrophy12. The preva-
lence of diabetic neuropathy in Africa is 46% among diabetic patients13 thus, 
the prevalence of diabetic muscle atrophy may equally be high given that An-
dreassen et al.14 had demonstrated that the severity of neuropathy correlated 
directly with muscle atrophy in diabetic patients. Animal model of diabetes 
mellitus induced by streptozotocin were also shown to manifest DMA15,16.

Muscle atrophy is closely related to two major protein degradation path-
ways, the ubiquitin-proteasome system (UPS) and the autophagy-lysosome 
pathway (ALP). It is also related to the protein synthesis pathways, such as 
the insulin-like growth factor 1– phosphoinositide-3-kinase–Akt/protein ki-
nase B–mammalian target of rapamycin (IGF1–PI3K–Akt/PKB–mTOR) 
pathway and IGF-1-AKT- Forkhead box O (FoxO) pathways17,18. Insulin re-
sistance in type 2 diabetes mellitus inhibits protein synthesis by inhibiting 
the IGF-1-PI3K-AKT/PKB-mTOR pathway and activates the UPS and ALP 
through the IGF-1-AKT-FoxO signaling pathway thereby promoting mus-
cle atrophy while muscle atrophy in type 1 diabetes mellitus is mediated by 
the FoxO-driven protein degradation pathway10. The links between all these 
pathways are inflammation and oxidative stress hence, therapeutic agents 
targeting any of these links in addition to glycemic control have been found 
beneficial in ameliorating diabetic muscular atrophy. For instance, Punkt et 
al.15, Brocca et al.19, and Ono et al.20 explored the antioxidants target while 
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Bako et al.21 and Cea et al.22 documented the role of inflammation. Explora-
tion of agents with antioxidants and anti-inflammatory properties would 
therefore be a desirable progress in ameliorating DMA. A good candidate 
with such property is Ocimum gratissimum (OG), Africa basil/sweet basil, 
a plant belonging to Lamiaceae family native to Africa, Asia and South Amer-
ica. In Nigeria, it is known as efinrin, Nehonwu, and ai daya ta guda by the 
Yoruba, Igbo and Hausa, respectively23.  Its bioactive compounds include 
phytochemicals (oleanolic acid, caffeic acid, ellagic acid, epicatechin, sinapic 
acid, rosmarinic acid, chlorogenic acid, luteolin, apigenin, nepetoidin, xan-
thomicrol, nevadensin, salvigenin, gallic acid, catechin, quercetin, rutin, and 
kaempferol) and essential oils (camphene, β-caryophyllene, α- and β-pinene, 
α-humulene, sabinene, β-myrcene, limonene, 1,8-cineole, trans-β-ocimene, 
linalool, α- and δ-terpineol, eugenol, α-copaene, β-elemene, p-cymene, thy-
mol, and carvacrol)24. Several studies have documented its hypoglycaemic25,26, 
antioxidant27 and anti-inflammatory28,29 activities. This study therefore inves-
tigated the effect of aqueous leaf extract of OG on skeletal muscle atrophy in 
streptozotocin-induced diabetic male Wistar rats.

METHODOLOGY

Animal

Twenty male Wistar rats weighing between 180 and 230 g were used for this 
study. They were housed in the Department of Physiology Postgraduate Animal 
House, College of Medicine, University of Ibadan, Ibadan, Nigeria. The rats 
were housed in plastic cages with perforated lids and allowed to acclimatize for 
two weeks at a standard room temperature, humidity, and a natural photoper-
iod of 12 hours of light/dark cycle. They were allowed free access to standard 
rat chow (Ladokun Feeds®) and tap water. All experimental protocols were 
conducted in strict adherence to institutional guideline on the use of laboratory 
animals for experiments based on the NIH publication No. 85-23 guidelines. 

Preparation of aqueous leaf extract of Ocimum gratissimum L.

The fresh leaves of Ocimum gratissimum L. were collected from Ibadan me-
tropolis and identified and authenticated at the Forest Research Institute of 
Nigeria (FHI.110026). The leaves were separated from their stalk, rinsed with 
water to remove dirt, and air-dried for three (3) weeks at room temperature. 
They were pulverized to fine powder, 1 kg of the pulverized leaves was macer-
ated for 24 hours in distilled water, filtered and the filtrate was collected in a 
round bottom flask for concentration in a rotary evaporator set at a tempera-
ture of 400C to yield 13.26 % aqueous extract.
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Induction of diabetes mellitus

Diabetes mellitus was induced by a single intraperitoneal dose of 65 mg/kg 
of freshly prepared Streptozotocin, STZ (Sigma®, St Loius, USA) in cold 50 
mM sodium citrate buffer, pH 4.5. Fasting Blood Glucose was assessed after 72 
hours of induction and animals with Fasting Blood Glucose level ≥ 200 mg/dL 
were confirmed as diabetic.

Experimental design

The animals were randomly divided into 4 groups (n=5) as follows:

I - Control, Normal rats administered distilled water

II - OG, Normal rats administered Ocimum gratissimum (400 mg/kg bwt)

III - Diab, Diabetic rats administered distilled water

IV - Diab+OG, Diabetic rats administered Ocimum gratissimum (400 mg/kg 
bwt) 

The administered 400 mg/kg bwt of OG was established in earlier studies as 
being the effective therapeutic dose27. All administrations were done by oral 
gavage for 28 consecutive days. The weight and fasting blood glucose of all 
the rats were taken before and after the experiment. Blood was obtained by 
once-off tail prick and glucose levels determined using Accu-Chek® Glucom-
eter (Roche, Germany).

Sample collection  

Following an overnight fast, the animals were anaesthetized by 100 mg/kg Ket-
amine, i.p. (Ketanir®, Aculife Healthcare Pvt Ltd, India) and muscle samples 
were obtained. The gastrocnemius muscle was obtained for the determination of 
glycogen content, the right rectus femoris and extensor digitorum longus mus-
cles were obtained separately for homogenization in phosphate buffer saline, 
PBS (pH 7.4) for markers of oxidative stress while their left counterparts were 
fixed separately in 10% formalin for histology and histomorphometry analysis.  

Determination of muscle glycogen content

The glycogen content of the gastrocnemius muscle was determined by the An-
throne method as previously reported30. Briefly, gastrocnemius muscle was 
digested in 30% KOH overheat, washed twice by 95% ethanol and centrifuged 
to obtain glycogen precipitate. The precipitate was reconstituted with distilled 
water followed by stepwise addition of concentrated HCl, 88% formic acid and 
anthrone reagent then mixed thoroughly. It was incubated at 100oC for 10 min-
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utes to obtain a blue colored solution. Absorbance of the solution was recorded 
at 630 nm against a reagent blank. Several dilutions of 0.2 mg/mL of glycogen 
standard were similarly treated to obtain a standard curve from which the gly-
cogen concentrations of the samples were determined.

Determination of oxidative stress biomarkers

Oxidative stress biomarkers, Malondialdehyde, Superoxide Dismutase (SOD) 
and Catalase activity were determined in the supernatant of the homogenized 
right rectus femoris and extensor digitorum longus muscles. 

Malondialdehyde (MDA) was determined according to the method described by 
Hagege et al.31. Briefly, 0.5ml of supernatant was aliquoted into 1ml of TCA-TBA-
HCL solution (15 g of trichloroacetic acid and 0.375 g of thiobarbituric acid dissolved 
in 100 ml of 0.25 N hydrochloric acid) and incubated for 15 minutes in boiling water 
(100oC). After cooling, the mixture was centrifuged at 1000 g for 10 minutes and 
supernatant was read at 535 nm against the blank. The malondialdehyde concentra-
tion of the sample can be calculated using extinction coefficient of 1.56×.105m-1cm-1.

MDA concentration = 
O.D x V x 1000

a x υ x I x Y

Where O.D=absorbance of sample test at 535 nm; V = total volume of the reac-
tion = 1.5 ml; a = molar estimation coefficient of product=1.56×; I=light path = 
1 cm; v=volume of sample used=0.5 ml. 

Superoxide Dismutase (SOD) activity was determined according to the method 
of Misra and Fridovich32. Briefly, 0.2 ml of supernatant (test) or distilled water 
(reference) was added to 2.5 ml of 0.05 M Carbonate buffer (pH 10.2) was then 
added and incubated at room temperature. 0.3 ml of 0.3 mM adrenaline solu-
tion was added to the test and each of the reference solutions and were mixed 
by inversion and read using the spectrophotometer at 420 nm within 3 minutes.

Inhibition = × 100
O.DRef - O.DTest

O.DRef

1 unit of SOD activity was taken as the amount of SOD required to cause 50 % 
inhibition of the auto-oxidation of adrenaline to adrenochrome.

Catalase activity was determined using a method based on the reaction of 
undecomposed hydrogen peroxide with ammonium molybdate to produce a 
yellowish color33. Briefly, 0.2 ml of supernatant was incubated with 1 ml of 
substrate solution (65 mmol/ml hydrogen peroxide in 60 mMol/l sodium–po-
tassium phosphate buffer, pH 7.4) at 37°C for three minutes. The reaction was 
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stopped with 1 ml of 4 % ammonium molybdate in 12.5 mM H2SO4 and read at 
305 nm wavelength.

Histomorphometry analysis

The fixed left rectus femoris and extensor digitorum longus muscles were taken 
for heamatoxylin and Eosin histological preparation using standard methods. 
Diameters of longitudinal and cross sections of the muscles were measured in 
microns using the measurements plug-in on AmScope 3.7, a computer enabled 
digital camera and software.

Statistical analysis

The data from each group was expressed as mean ± standard error of the mean 
(mean ± SEM) and analyzed using ANOVA and Tukey’s post hoc test. P<0.05 
was considered significant. All analyses were performed using GraphPad 
prism®, version 7.

RESULTS and DISCUSSION

Effects of Ocimum gratissimum L. leaf extract on body weight in 
normal and diabetic rats

As shown in Figure 1, Diabetes caused significant weight loss in Diab group 
when their initial weight (200.5 ± 2.52 g) was compared with their final weight 
(174.5 ± 9.18 g). The weight loss effect of diabetes was however abolished by OG 
treatment in Diab+OG group (Initial= 202.25 ± 4.33 g, Final = 195.5 ± 9.05 g). 

Figure 1. Effect of Ocimum gratissimum leaf extract on body weight in streptozotocin-induced 
diabetic male Wistar rats. *p<0.05 Before vs After
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Effects of Ocimum gratissimum L. leaf extract on fasting blood 
glucose in normal and diabetic rats

Ocimum gratissimum leaf extract caused significant reduction in the fasting 
blood glucose level of animals in the Diab+OG (90.01 ± 26.50 mg/dl) when 
compared with the Diab (204.75 ± 9.95 mg/dl), Figure 2.

Figure 2. Effect of Ocimum gratissimum leaf extract on fasting blood glucose in normal and 
streptozotocin-induced diabetic male Wistar rats.  *p<0.05 vs Control, #p<0.05 vs Diab

Effects of Occimum gratissimum L. leaf extract on glycogen content 
of the gastrocnemius muscles of normal and diabetic rats

Glycogen content was significantly depleted in the gastrocnemius muscle of 
the Diab group (0.09 ± 0.03 mg/ml) compared with the control (0.37 ± 0.07 
mg/ml). The glycogen depletion was however reversed in the Diab+OG group 
(0.36 ± 0.05 mg/ml) compared with the Diab group (0.09 ± 0.03 mg/ml), as 
shown in Figure 3.
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Figure 3. Effect of Ocimum gratissimum leaf extract on muscle glycogen content in normal 
and streptozotocin-induced diabetic male Wistar rats. *p<0.05 vs Control, #p<0.05 vs Diab

Effects of Occimum gratissimum L. leaf extract on transverse and 
longitudinal dimensions of rectus femoris and extensor digitorum 
longus muscles in normal and diabetic rats

As shown in Table 1, the size of the rectus femoris muscle was significantly de-
creased in the Diab group (Transverse dimension=248.97 ± 7.36 μm; Longitu-
dinal dimension=250.93 ± 7.82 μm) when compared with the control (Trans-
verse dimension=372.03 ± 18.23 μm; Longitudinal dimension=327.97 ± 14.22 
μm). The reduction in size was however reversed by treatment with OG in 
the Diab+OG group when compared with the Diab group (Transverse dimen-
sion=297.18 ± 12.36 μm vs 248.97 ± 7.36 μm; Longitudinal dimension=317.37 
± 10.12 μm vs 250.93 ± 7.82 μm).
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Table 1. Effects of Ocimum gratissimum L. leaf extract on transverse and longitudinal 
dimensions of rectus femoris and extensor digitorum longus muscles in normal and 
streptozotocin-induced diabetic rats

RECTUS FEMORIS length (μm) EXTENSOR DIGITORIS length (μm)

Transverse Longitudinal Transverse Longitudinal

Control 372.03 ± 18.23 327.97 ± 14.22 283.44 ± 13.72 289.72 ± 9.74

OG 372.56 ± 32.49 333.19 ± 11.29 273.66 ± 13.44 273.63 ± 9.47

Diab 248.97 ± 7.36* 250.93 ± 7.82* 227.59 ± 10.85* 261.58 ± 9.83*

Diab+OG 297.18 ± 
12.36*# 317.37 ± 10.12# 238.88 ± 5.83* 262.04 ± 10.09*

*p<0.05 vs Control; #p<0.05 vs Diab

In the extensor digitorum longus muscle, both the transverse (227.59 ± 10.85 μm) 
and longitudinal (261.58 ± 9.83 μm) dimensions were significantly reduced in the 
Diab group compared with the control (283.44 ± 13.72 μm; 289.72 ± 9.74 μm). 
Treatment with OG in the Diab+OG had no effect on the diabetes-induced size 
reduction of the extensor digitorum muscle, Table 1.

Effect of Ocimum gratissimum L. leaf extract on oxidative stress 
biomarkers in the rectus femoris muscle of normal and diabetic rats

As shown in Table 2, MDA level in the Rectus Femoris muscle was significantly 
reduced in the Diab+OG group compared with the Diab group. While SOD ac-
tivity was not different across all the groups, catalase activity was significantly 
decreased in the Diab group (0.008 ± 0.0004 Activity/mg protein) compared 
with control (0.010 ± 0.0002 Activity/mg protein) and the Diab+OG group 
(0.009 ± 0.0005 Activity/mg protein).

Table 2. Effect of Ocimum gratissimum L. leaf extract on Oxidative stress biomarkers in rectus 
femoris in normal and streptozotocin-induced diabetic male Wistar rats

Control OG Diab Diab+OG

MDA (μmol/l) 0.402 ± 0.019 0.414 ± 0.019 0.420 ± 0.031 0.370 ± 0.01#

SOD (Activity/mg 
protein) 2.03 ± 0.03 1.98 ± 0.04 2 ± 0.06 2 ± 0.04

Catalase 
(Activity/mg protein) 0.01 ± 0.0002 0.011 ± 0.0006 0.008 ± 

0.0004* 0.009 ± 0.0005#

*p<0.05 vs Control; #p<0.05 vs Diab
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Effect of Ocimum gratissimum L. leaf extract on oxidative stress 
biomarkers in the extensor digitorum longus muscle of normal and 
diabetic rats

The MDA level of the Extensor Digitorum Longus Muscle of the Diab group 
(0.485 ± 0.025 μmol/l) was significantly elevated when compared with the 
control (0.388 ± 0.004 μmol/l). The elevated MDA was significantly reduced 
in the Diab+OG group (0.403 ± 0.03 μmol/l) when compared with the Diab 
group (0.485 ± 0.025 μmol/l). Extensor Digitorum Longus Muscle SOD and 
catalase activities were however not different across all the groups, Table 3.

Table 3. Effect of Ocimum gratissimum L. on Oxidative Stress Biomarkers in Extensor 
Digitorum Longus Muscle in normal and streptozotocin-induced diabetic male Wistar rats

Control OG Diab Diab+OG

MDA 
(μmol/l) 0.388 ± 0.004 0.394 ± 0.018 0.485 ± 0.025* 0.403 ± 0.03#

SOD
(Activity/mg 

protein)
2.124 ± 0.04 2.131 ± 0.02 2.117 ± 0.03 2.287 ± 0.12

Catalase
(Activity/mg 

protein)
0.01 ± 0.0006 0.00859 ± 

0.0004 0.0089 ± 0.0005 0.00944 ± 
0.0002

*p<0.05 vs Control; #p<0.05 vs Diab

This study was designed to examine the effect of Ocimum gratissimum leaf 
extract on diabetes-induced muscular atrophy in male Wistar rats. The abol-
ishment of weight loss and reduction in fasting blood glucose level observed 
in the OG treated diabetic animals in this study are in agreement with the well 
documented effects of OG25,26.

Skeletal muscle is the largest reservoir of glycogen, containing about fourfold 
of what is contained in the liver postprandially and is depleted by 65% in type 1 
or 25% in type 2 diabetes mellitus patients34,35. The observed significant deple-
tion in the glycogen content of the gastrocnemius muscle in the present study 
agrees with these earlier reports. Inhibition of glycogen synthase36 and stim-
ulation of glycogen phosphorylase37 activities are contributing factors in the 
diabetes-induced glycogen depletion and are major therapeutic targets. Earlier 
on, Shittu et al.30 reported that OG inhibited glycogen phosphorylase activity 
in liver of streptozotocin-induced diabetic rats and the restoration of glycogen 
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content in the gastrocnemius muscle of OG-treated diabetic rats in the cur-
rent study is in conformity with this earlier finding. Other studies also showed 
that stimulating glycogen synthase activity by inhibiting its phosphorylating 
enzyme, glycogen synthase kinase 3β (GSK-3β) promotes muscle glycogen and 
insulin sensitivity38,39. The restoration of muscle glycogen in the OG treated 
rats in this study may be linked with the absence of diabetes-induced weight 
loss given that a recent study in human  documented that lowered muscle gly-
cogen is associated with reduction in body mass40.

The reduction in glycogen synthesis by GSK-3β activity occurs through the 
PI3K/Akt signaling pathway41 which is also implicated in free radical produc-
tion/oxidative stress induction42 therefore, the increased MDA level in Exten-
sor Digitorum Longus Muscle matching glycogen depletion in the gastrocne-
mius muscle observed in the diabetic animals of the present study may not 
be surprising. Elevated skeletal muscle oxidative stress is a well-documented 
phenomenon in diabetes mellitus16,43-45 and treatment with antioxidants were 
found to be ameliorative15,46. The decreased MDA level and increased Catalase 
activity observed in the OG treated diabetic animals of this study are consist-
ent with documented antioxidant property of OG27. The high phenol content 
of OG can be adduced to its antioxidant effect24 and studies using phenol-rich 
fraction of OG reported superior antioxidants potentials compared to other 
fractions47,48.

Histomorphometry analysis in this study showed significant muscular atrophy 
in both the rectus femoris and extensor digitorum longus muscles of the dia-
betic rats. Treatment with OG reverses the observed diabetes-induced muscu-
lar dystrophy. Such reversal by antioxidant treatments had been documented 
to increase skeletal muscle weights, strengths and fiber size in type1 diabetic 
rats49 which corroborated with the effect of OG in the transverse and longitudi-
nal dimensions of the rectus femoris and extensor digitorum longus muscles of 
diabetic rats. The anti-inflammatory property of OG28,29 may also be involved 
in the prevention of muscular atrophy given that plants with anti-inflamma-
tory properties reverse diabetes-induced muscle atrophy via the MPK/SIRT1 
pathway50.

Ocimum gratissimum leaf extract prevented atrophy and promoted glycogen-
esis by decreasing lipid peroxidation in the skeletal muscles of STZ-induced 
diabetic male Wistar rats. The interaction between OG and glycogen synthase 
activity requires further elucidation.
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ABSTRACT

The objective of this study was to assess the consumption of antibiotics in chil-
dren using the «AWaRe» classification of antibiotics (WHO, 2017) and metrics 
such as days of therapy (DoT) and length of therapy (LoT) per 1000 patient-
days (PD). Antibiotics were administrated to 91.1% of inpatients in 2019 and 
68.2% in 2021 (p<0.05). The main reason for antibiotic prescription was acute 
bronchitis in both study periods. Total DoT/1000 PD increased from 717.0 in 
2019 to 760.0 in 2021 (p<0.05), and total LoT/1000 PD from 679.0 to 717.4 
(p<0.05). Administration of antibiotics from the Access group decreased from 
2.1% in 2019 to 1.8% in 2021 (p>0.05), antibiotics from the Watch group in-
creased from 90.7% to 97.3% (p>0.05). Although a statistically significant 
reduction in the antimicrobial prescription rate, we found a considerable in-
crease in (1) prescription antibiotics with a high risk of antimicrobial resist-
ance, and (2) the main units of antimicrobial consumption. 

Keywords: antibiotics, antimicrobial consumption, hospitals, children, inpa-
tients
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INTRODUCTION

Nowadays, antibiotics are one of the most prescribed medicines in the pedi-
atric population, especially in hospital wards1,2,3. The prevalence of antibiotic 
prescription in hospitalized children varies significantly in different countries, 
with the worldwide average at 37%4. Simultaneously, a high rate of antimicro-
bial administrations is unnecessary or incorrect, accounting for up to 50% of 
total antibiotic prescriptions5.

This group of medicines is responsible for numerous adverse reactions, nota-
bly gastrointestinal and hematological disorders6. Furthermore, inappropriate 
use and overconsumption of antibiotics significantly increase the risk of drug-
resistant pathogen occurrence and spreading7. According to the World Health 
Organization (WHO) reports, antimicrobial resistance is one of ten global pub-
lic health threats associated with a high rate of morbidity and mortality8. About 
1.3 million deaths per year worldwide are directly related to drug-resistant 
bacteria defining antimicrobial resistance as a frequent cause of fatalities9.

Davey P. et al. found that reducing antibiotic use in hospitals decreases the 
risk of antimicrobial resistance7. Different metrics evaluate the antimicrobial 
prescribing trends in hospitals10. For instance, the defined daily dose (DDD) is 
a technical unit of antimicrobial consumption in hospitalized adults. Although 
this is the most commonly used unit, it has some limitations for pediatrics11. 
Thus, alternative metrics, such as (1) days of therapy (DoT) and (2) the length 
of therapy (LoT), describe the quantification of antimicrobial utilization in 
children4,11. Also, the AWaRe classification lets practitioners reduce the use 
of antibiotics with a high potential for antimicrobial resistance12. Overall, the 
analysis of antibiotic consumption in inpatient children is essential. Not only 
does it optimize antibiotic treatment, but also it helps to implement differ-
ent interventions of antimicrobial policy7,11. Numerous studies in Canada13, 
Spain14, and Germany15-17 report that the calculation of the abovementioned 
metrics evaluates the effectiveness of antibiotic stewardship programs.

Though overconsumption and inappropriate use of antibiotics in pediatrics 
are not new issues, there is little available information about this problem in 
Ukraine. With this background, we aimed to (1) define the trends of antimi-
crobial consumption in hospitalized children, (2) identify the problem areas 
of antibiotic prescription and (3) highlight the necessity of antimicrobial stew-
ardship programs development and implementation in Ukraine.
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METHODOLOGY

Definitions

AWaRe classification – a grading of antibiotics into three groups (Access, 
Watch, and Reserve), developed by WHO to support antibiotic stewardship ef-
forts. The background of this classification is the impact of different antibiotics 
and antibiotic classes on antimicrobial resistance12.

Days of therapy (DoT) – the number of days a patient receives an antimicrobial 
agent irrespective of single and daily doses. All doses of one antibiotic received 
throughout a day are 1 DoT. If patients received more than one antibiotic, we 
calculated DoT for each antimicrobial agent17,18.

Length of therapy (LoT) – the number of days a patient receives antimicrobials 
(one or more)17,18.

Data collection and analysis

This retrospective study was conducted in the Pediatric Unit in one of Lviv city 
hospitals. This Unit admits children aged 1 to 18 years due to different somatic 
diseases (with respiratory system disorders prevalence). We acquired copies of 
medical records (123 in March 2019 and 129 in March 2021) with an agreement 
with the hospital administration. The reason for choosing March was that it 
is a time of the year with a steady medium number of inpatients in this Unit. 
Information regarding demographic (age, gender) and clinical (diagnosis, co-
morbidity, allergy, administration of antibiotics) characteristics we extracted 
from the medical records. Antibiotic consumption was assessed using the 
AwaRe classification12 and units such as DoT and LoT4,11,15,17. These units were 
standardized per 1000 patient days (PD) (taking into account the length of stay 
of each patient) and compared in 2 study periods (2019 and 2021).

Limitations

Necessary information we obtained retrospectively from paper medical re-
cords. The analysis of this type of documentation requires a lot of time and 
human resources. Thus, medical records of patients admitted to the hospital 
in 1 month (from 1 to 31 March 2019 and 2021) were enrolled. Consequently, 
we did not calculate the annual total antibiotics consumption but managed to 
evaluate its tendency. The quantification of antimicrobial utilization measured 
as DoT and LoT per 1000 PD did not include doses and frequency regimen of 
antibiotic treatment, which is another disadvantage of this study. Carrying out 
the research only in Pediatric Unit and only in one hospital restricts the gener-
alizability of our findings. Further studies are needed to evaluate antimicrobial 
consumption in other wards and hospitals.



124Acta Pharmaceutica Sciencia. Vol. 63 No. 1, 2025

Statistical analysis

The statistical analysis was performed with SPSS Trial. Qualitative variables 
were summarized as frequency (n) and percentage (%), while quantitative vari-
ables were described as mean with standard deviations (SD). To test the differ-
ence between the two study periods (2019 and 2021), the Mann–Whitney U test 
was used for quantitative variables and Chi-square or Fisher’s tests for qualita-
tive variables14. The value of p<0.05 was statistically significant. This research 
received ethical approval from the Human Research Ethics Committee of Danylo 
Halytsky Lviv National Medical University in December 2019 (Protocol No. 10).

RESULTS and DISCUSSION 

Overall, 252 pediatric inpatients were included in the study sample (123 in 
2019 and 129 in 2021). Among them, 91.1% in 2019 and 68.2% in 2021 received 
at least one antibiotic (p<0.05). The main characteristics of hospitalized chil-
dren distributed by study periods are presented in Table 1.

Table 1. Main characteristics of inpatient children who received antibiotics

Characteristics
2019 2021

p
n % n %

Number of patients 112 88

Gender 
male
female

53
59

47.3
52.7

39
49

44.3
55.7

0.672

Age (min-max)
from 1 to 5 years
from 5 to 12 years
from 12 to 18 years

1-16
64
40
8

57.1
35.7
7.2

1-17
56
27
5

63.6
30.7
5.7

Mean age ± SD, years 5.5 ± 3.7 5.1 ± 3.8 0.348
Allergy 

yes
no

4
108

3.6
96.4

3
85

3.4
96.6

0.951

Co-morbidity 
yes
no

15
97

13.4
86.6

18
70

20.5
79.5

0.182

Diagnosis 
acute bronchitis 
community-acquired pneumonia
others*

72
39
1

64.3
34.8
0.9

62
14
12

70.5
15.9
13.6

0.357
0.003

*Others in 2019: acute pyelonephritis (n=1); others in 2021: acute laryngotracheitis 
(n=4), acute obstructive laryngitis (n=2), acute nasopharyngitis (n=1), chronic sinusi-
tis (n=1), acute pansinusitis (n=1), asthma (n=1), systemic inflammatory response syn-
drome of infectious origin (after COVID-19) without organ failure (n=1), functional dis-
order of stomach (n=1)
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There were no statistically significant differences (p>0.05) in gender, age, al-
lergy, and co-morbidity in 2019 and 2021. The main reason for antibiotic ad-
ministration in both study periods was acute bronchitis (64.3% vs 70.5% in 
2019 and 2021, respectively, p>0.05), followed by community-acquired pneu-
monia, the rate of which decreased significantly from 34.8% in 2019 to 15.9% 
in 2021 (p<0.05).

The total number of prescribed antibiotics was 139 in 2019 and 107 in 2021 
(mean 1.2 ± 0.5 vs 1.2 ± 0.4, respectively, p=0.826; minimum one antibiotic, 
maximum three antibiotics in both periods). 

According to the «AWaRe» classification, 90.7% of antimicrobials in the first 
period of study and 97.3% in the second period of study were from the Watch 
group (p>0.05). Ceftriaxone (43.2% and 29.0% in 2019 and 2021, respec-
tively, p<0.05), azithromycin (18.0% and 18.7%, p>0.05), cefotaxime (9.4% 
and 40.2%, p<0.05) and cefoperazone (9.4% and 3.8%, p>0.05) presented 
the most common antibiotics from Watch group. The rate of antimicrobials 
from the Access group was 2.1% and 1.8% in the first and second periods of the 
study, respectively (p>0.05). This group involved amikacin (1.4% and 0.9% in 
2019 and 2021), furazidin (0.7% in 2019) and sulfamethoxazole + trimetho-
prim (0.9% in 2021). The Reserve group (imipenem + cilastatin) was admin-
istrated only in 2019. The prevalence of this group accounted for 0.7% of the 
total antibiotics prescribed. Moreover, 6.5% of antimicrobials in 2019, and 
0.9% in 2021 (p<0.05) were classified by AWaRe classification as not recom-
mended. In 2019, this category included cefoperazone + sulbactam (5.8%) and 
ceftriaxone + sulbactam (0.7%), in 2021 – cefoperazone + sulbactam (0.9%).

The total number of PD in the first period was 1000, and in the second pe-
riod – 700 (Table 2). Total DoT decreased from 717 to 532 days and total LoT 
from 679 to 503 days. However, standardized DoT per 1000 PD increased from 
717.0 to 760.0 (+6%) with an average 5.2 ± 1.6 and 7.1 ± 2.3 in 2019 and 2021, 
respectively (p<0.05). Simultaneously, standardized LoT per 1000 PD rose 
from 679.0 to 717.4 with an average from 6.1 ± 1.9 to 8.2 ± 2.7 in 2019 and 
2021, respectively (p<0.05). 
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Table 2. Summary of the antibiotic consumption data in 2019 and 2021

Antibiotic consumption data 2019 2021 p

Patient days (PD) 1000 700

Days of therapy (DoT)
Total DoT
Total DoT/1000 PD 
Mean DoT/1000 PD ± SD

717
717.0

5.2 ± 1.6

532
760.0

7.1 ± 2.3 <0.05

Length of therapy (LoT) 
Total LoT
Total LoT/1000 PD 
Mean LoT/1000 PD ± SD

679
679.0

6.1 ± 1.9

503
717.4

8.2 ± 2.7 <0.05

SD – standard deviation

There was a predominance of third-generation cephalosporins consumption 
(measured as DOT) in both study periods. These antibiotics accounted for 
70.7% and 76.3% of total DoT in 2019 and 2021, respectively (Table 3). The 
highest rate of DoT in 2019 accounted for ceftriaxone (42.0%), and in 2021 
- for cefotaxime (35.9%). Also, the consumption of macrolides was relatively 
high (17.7% of total DOT in 2019 and 18.4% in 2021). 
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Table 3. Comparison of detailed antibiotic consumption in 2019 and 2021

Antibiotics

2019 2021 Difference

Total 
DoT 

DoT / 
1000 
PD

% Total 
DoT 

DoT / 
1000 
PD

%
DoT / 
1000 
PD

%

Third-generation 
cephalosporins 507 507.0 70.7 406 580.0 76.3 73 14.4

Ceftriaxone 301 301.0 42.0 182 260.0 34.2 -41 -13.6

Ceftriaxone, 
combinations 5 5.0 0.7 0 0 0 -5 -100.0

Cefoperazone 66 66.0 9.2 20 28.6 3.8 -37.4 -56.7

Cefoperazone + 
sulbactam 45 45.0 6.3 7 10.0 1.3 -35 -77.8

Cefotaxime 71 71.0 9.9 191 272.9 35.9 201.9 284.4

Cefpodoxime 19 19.0 2.6 4 5.7 0.8 -13.3 -70.0

Cefixime 0 0 0 2 2.9 0.4 2.9 -

Macrolides 127 127.0 17.7 98 140.0 18.4 13.0 10.5

Azithromycin 127 127.0 17.7 91 130.0 17.1 3.0 2.4

Clarithromycin 0 0 0 7 10.0 1.3 10.0 -

Fluoroquinolones 38 38.0 5.3 0 0 0 -38.0 -100.0

Ciprofloxacin 24 24.0 3.3 0 0 0 -24.0 -100.0

Levofloxacin 14 14.0 2.0 0 0 0 -14.0 -100.0

Fourth-generation 
cephalosporins 17 17.0 2.4 13 18.6 2.4 1.6 9.4

Cefepime 17 17.0 2.4 13 18.6 2.4 1.6 9.4

Carbapenems 11 11.0 1.5 5 7.1 0.9 -3.9 -35.5

Meropenem 0 0 0 5 7.1 0.9 7.1 -

Imipenem/ cilastatin 11 11.0 1.5 0 0 0 -11 -100.0

Aminoglycosides 9 9.0 1.3 3 4.3 0.6 -4.7 -52.2

Amikacin 9 9.0 1.3 3 4.3 0.6 -4.7 -52.2

Second-generation 
cephalosporins 5 5.0 0.7 0 0 0 -5.0 -100.0

Cefuroxime 5 5.0 0.7 0 0 0 -5.0 -100.0

Nitrofurans  3 3.0 0.4 0 0 0 -3.0 -100.0

Furazidin 3 3.0 0.4 0 0 0 -3.0 -100.0

Sulfonamides 0 0 0 7 10.0 1.3 10.0 -

Sulfamethoxazole + 
trimethoprim 0 0 0 7 10.0 1.3 10.0 -

Total 717 717.0 100.0 532 760.0 100.0 43.0 6.0
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As far as we know, this was the first study in Ukraine that described and evalu-
ated the trends of antimicrobial consumption in hospitalized children. Overall, 
the frequency of antimicrobial treatment of hospitalized patients under 18 years 
differs worldwide, with the prevalence from 25% to 94% of inpatients in some 
European19 and African1 countries, respectively. This variety could be related 
to different factors, for instance, (1) the occurrence of infectious diseases20, (2) 
the level of income in the county, and, consequently, the ability to perform the 
precise laboratory testing of the infection’s origin, (3) medical staff experience 
and their attitude towards the antimicrobial resistance19, (4) insufficient state 
regulation of antibiotic administration20, 21, etc. Also, the rate of antimicrobial 
prescription depends on the type of hospital setting22. The pediatric intensive 
care units, neonatal units22, and pediatric medical wards22,23 are the settings 
with the highest level of antibiotic consumption. According to our results, the 
rate of antibiotic administration for inpatient children was high in both study 
periods and surpassed the pooled worldwide prevalence (37%)4. At the same 
time, the percentage of inpatients who received antibiotics decreased signifi-
cantly from 91.1% in 2019 to 68.2% in 2021 (p<0.05), which could be related to 
different efforts directed to reduce antimicrobial utilization in Ukraine24.

Children aged 1 to 5 years were most vulnerable to antibiotic prescriptions, 
similar to other studies22,23,25. In our case, females received antibiotics more 
often, which is content with results from Lithuania22 and differs from find-
ings in the United States25, Latvia22, and some other countries20,23 with male 
predominance.

Scientific literature reports that respiratory tract infections are one of the main 
reasons for antibiotics prescription19,22,23,26,27. Our findings match this informa-
tion because acute bronchitis was the most common diagnosis in both study 
periods. At the same time, it is known that upper respiratory tract infections 
are usually viral (for instance, up to 95% of acute bronchitis cases), with lim-
ited evidence-based data about the beneficial effects of antibiotics28. However, 
we cannot affirm the excessive use of antibiotics in this study due to its retro-
spective design.

We found third-generation cephalosporins (mainly ceftriaxone in 2019 and ce-
fotaxime in 2021) the most common antibiotics. Also, the rate of macrolides 
(mainly azithromycin) was high. This result is similar to findings in numerous 
recent studies22,23,29. These cephalosporins and macrolides present the Watch 
group of antibiotics, the total rate of which increased from 90.7% to 97.3% 
(p>0.05). This tendency reflects the permanent problem of overusing broad-
spectrum antibiotics with a high risk of resistance. According to the WHO rec-
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ommendations12, antibiotics from the Watch group should not exceed 40% of to-
tal antimicrobial consumption. Not only in Ukraine but also in other countries, 
such as Canada30, China26, Pakistan27, and others20,31, antibiotics with a high risk 
of resistance prevail. At the same time, the Access group presented about 2% of 
the total number of antibiotics in both study periods instead of recommended at 
least 60%12. This distribution indicates the inappropriateness of antibiotic use 
and the needfulness of antibiotic stewardship programs for inpatient children.

The global overuse of antibiotics, especially in hospitalized adults and chil-
dren, defined the necessity of different metrics for evaluating antibiotic con-
sumption16,17. Numerous units, such as (1) DDD, (2) DoT, (3) LoT per 1000 PD, 
and some others, describe antibiotic utilization in patients10,20. However, DoT 
and LoT are more applicable for pediatrics16,17. According to recent studies, in 
general pediatric wards, total antibiotic consumption varies from 39216 to 483 
DoT per 1000 PD17. In this study, the overall antibiotic utilization was much 
higher in both study periods (717.0 versus 760.0 DoT per 1000 PD, mean 5.2 ± 
1.6 versus 7.1 ± 2.3 DoT per 1000 PD in 2019 and 2021, respectively, p<0.05). 
Moreover, our results demonstrate the same changes in LOT per 1000 PD 
(679.0 versus 717.4 LoT per 1000 PD, mean 6.1 ± 1.9 versus 8.2 ± 2.7 LoT per 
1000 PD days in 2019 and 2021, respectively, p<0.05). Compared with other 
studies, the overall antibiotic LoT per 1000 PD was considerably higher than 
published data in general pediatric wards (no more than 377 LoT per 1000 
PD)17 and similar to pediatric intensive care units with 667 to 750 LoT per 1000 
PD15. Thus, we found the deterioration of metrics that describe antibiotic con-
sumption in hospitalized children. Many published reports show the efficacy 
of antibiotic stewardship programs in providing optimization of antimicrobial 
utilization1,13,15-17. These findings define further steps in this area in Ukraine. 

Detailed analysis of antibiotic utilization revealed that third-generation cepha-
losporins accounted for 70.7% in 2019 and 76.3% in 2021 of total DoT per 1000 
PD. The consumption of ceftriaxone, the most commonly used antibiotic in 
2019, reduced by 41 DoT/1000 PD (-13.6%) in 2021. At the same time, the con-
sumption of cefotaxime increased by 201.9 DoT/1000 PD (+284.4%), which was 
the most used antibiotic in 2021. These results differ from other studies, where 
penicillins and second-generation cephalosporins prevailed16,17. Moreover, scien-
tific literature indicates a decrease in cephalosporins administration and an in-
crease in penicillin consumption16,17. Notably, the reduction of third-generation 
cephalosporins (most common in intensive care units15,16) prescription ensures 
decreasing the risk of antimicrobial resistance and numerous other conditions, 
such as Clostridium difficile infections32, immune hemolytic anemia33, etc.
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The consumption of macrolides was relatively high (17.7% and 18.4% of to-
tal DoT per 1000 PD in 2019 and 2021, respectively), with an increase of 13 
DOT/1000 PD (+10.5%) in 2021. This result is much higher than in other stud-
ies (1.8-6.9%)16. In 2019 macrolides were followed by fluoroquinolones, usu-
ally associated with multiple adverse drug reactions in children34. However, 
in 2021 we found no one case of fluoroquinolones administration (-100.0%), 
which is a positive change in pediatrics32.

Antibiotics are common medicines in pediatric inpatients. The rate of antibiot-
ic prescriptions is high. However, a statistically significant reduction in patient 
rates received antimicrobials was found. Although this positive change, we es-
tablished a statistically significant increase in main metrics of antimicrobial 
consumption such as (1) days of therapy and (2) length of therapy per 1000 
patient days. Also, we found the deterioration of a permanent problem associ-
ated with the prescription of antibiotics with a high risk of resistance. Thus, 
there is a necessity for effective interventions to improve antibiotic therapy in 
hospitalized children in Ukraine.
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ABSTRACT

To determine ondansetron hydrochloride in bulk drug, an easy, fast, sensitive, 
and discerning stability-indicating (RP-HPLC) approach is proposed. Ondan-
setron hydrochloride was eluted from C18 column (4.6 × 250 mm, 5 μm) and 
mobile phase containing methanol, acetonitrile and water (50: 30: 20 v/v/v). 
According to ICH Q2 (R1) guidelines, the entire analytical technique valida-
tion was completed. The results of the retrieval study, which was conducted 
at working concentration levels between 80 to 120%, ranged from 99% to 
101%. With a linear regression curve (R2=0.9941), the linearity was assessed in 
the working concentration range of 5-35 μg mL-1, with a limit of quantitation 
(LOQ) and detection (LOD) of 0.2559 μg mL-1 and 0.7755 μg mL-1, respectively. 
Ondansetron hydrochloride showed a retention time of 4.997 min. The ap-
proach exhibited good recovery with relative standard deviations under 2% for 
intra and inter-day precision. 

Keywords: ondansetron hydrochloride, RP-HPLC, ICH guidelines, valida-
tion, stability studies
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INTRODUCTION

1,2,3,9-tetrahydro-9-methyl-3-[(2-methyl-1H-imidazol-1-yl)methyl]-4H-car-
bazol-4one(ondansetron), the antiemetic drug is a selective inhibitor of type 
3 serotonin (5-HT) receptors1,2. It has the chemical formula C18H19N3O (Figure 
1) and a molecular weight of 293.4 g mol-1, respectively3,4. From the literature 
survey, various methods UV1,5, HPLC6,7, HPTLC8, LC-ESI-MS/MS9, Spectro-
fluorimetry10, were reported for the analysis of ondansetron hydrochloride.

Figure 1. Structure of ondansetron hydrochloride

Pharmaceutical parameter analysis is an essential step in the entire process of 
developing drugs. Therefore, easy and fast methods are required for checking 
the quality of commercial formulations. To improve knowledge of the stability 
of the active pharmaceutical ingredient (API) and drug product stability, and 
to assist the development of analytical methodology and to achieve details on 
the degradation products, forced degradation studies are utilised. The purpose 
of this work was to create a stability-indicating reversed-phase high-perfor-
mance liquid chromatography (RP-HPLC) method for analysing ondansetron 
(OND) in pharmaceutical formulations.

METHODOLOGY

Instruments

UV experimentation was performed using a Shimadzu UV- 1800 double beam 
UV/vis spectrophotometer with a 1 nm spectral bandwidth and a thickness of 
1 cm quartz cells, and the calibrated analytical balance (Mettler Toledo) was 
used.

Shimadzu UFLC (LC 2030) system was used to carry out the chromatographic 
analysis, AutoSampler, SPD-20 prominence UV/VIS detector. Lab Solutions 
software was used to check and process the output signals. The analytical col-
umn was Hemochrom Intsil C18 – 5U (4.6 mm × 250 mm).
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Materials

M/s ZIM Laboratories, B-21/22, MIDC Area, Kalmeshwar, Nagpur, Maha-
rashtra, provided the bulk drug Ondansetron hydrochloride as a gift sample. 
HPLC-grade chemicals were used (Finar Ltd., Ahmedabad, Avantor Perfor-
mance Materials India Private Ltd., Thane) and distilled water was used for 
mobile phase preparation. Before use, solutions and solvents were filtered via 
a membrane filter (0.45 μm pore size) and then degassed by sonication.

Analytical method development

Wavelength detection

Accurately weighed 10 mg of ondansetron, was transferred to a 100 mL volumetric 
flask, and distilled water was used to make up the final concentration. About 20 μg 
mL-1 standard solution of OND was prepared using distilled water and scanned in 
a range of 200-400 nm to determine the maximum wavelength (Figure 2).

 

Figure 2. UV Spectrum of pure ondansetron

Chromatographic parameters

To achieve a sharp peak and adequate resolution of OND, various ratios of 
mobile phase consisting of water and methanol, acetonitrile and water were 
tried. When methanol: distilled water (80:20 % v/v) was tried, Rt was obtained 
at 7.296 min with tailing. Further changes were done by taking methanol: ace-
tonitrile: distilled water (60: 20: 20 v/v/v) which showed Rt at 5.21 min along 
with peak tailing. By adjusting the mobile phase composition, column packing, 
flow rate, temperature, and detection wavelength, the method was improved, 
and the impact on retention time and peak form was observed (Figure 3).
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Figure 3. HPLC chromatogram of ondansetron hydrochloride

Sample and standard stock solution preparation

100 mg of OND were dissolved in 100 mL of distilled water (1000 μg mL-1) 
to create a standard stock solution. 1.0 mL was pipetted out from the above 
solution and diluted with distilled water in a 10 mL volumetric flask to get a 
solution of 100 μg mL-1.

Validation of an analytical method

Linearity determination

Aliquots of 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, and 3.5 mL from the aforementioned 
stock solution were taken in volumetric flasks of 10 mL and diluted with dis-
tilled water to get a final concentration in the range of 5-35 μg mL-1 11. To pro-
duce the calibration curve, a graph of the peak area vs drug concentration was 
created (Figure 4). 

Figure 4. Standard plot of ondansetron hydrochloride
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Precision

Repeatability and intermediate precision are two alternative levels of accuracy 
that can be used. Repeatability is the term used to describe the application 
of the analytical technique within the laboratory across a shorter period that 
was assessed by analysing the samples on the same day. Six replicates of the 
sample injection were used to test repeatability. The three distinct OND con-
centrations, 5, 20, and 35 μg mL-1 were examined three times on the same day 
to evaluate the intra-day precision. The three concentrations described above 
were examined for inter-day precision over three consecutive days to deter-
mine day-to-day variability12,13.

Accuracy

Recovery studies were used to determine accuracy at levels of 80 %, 100 % and 
120 % using the standard addition method, the sample was then supplemented 
with a known concentration of OND and it was then exposed to the suggested 
HPLC procedure12,14. Three accuracy studies were carried out, with the results 
of each research being used to calculate the % recovery and RSD %.

Robustness

By making minor, deliberate changes to a few parameters, the robustness of 
the technique was investigated. The rate of flow, detection wavelength and 
mobile phase composition were changed by ± 0.2 mL/min, ± 2nm and ± 10 
mL, respectively. At a concentration of 20 μg mL-1, robustness tests were con-
ducted15,16.

Limit of Detection (LOD) and Quantitation (LOQ)

According to the ICH, a process limit of quantitation is the smallest amount of 
analyte that can be quantitatively recognised in a sample, whereas a process 
limit of detection is the lowest concentration of analyte that can occasionally 
be detected but not exactly defined as a value17,18,19. LOD and LOQ were deter-
mined using the formula below: 

LOD = 3.3×σ/S and LOQ = 10×σ/S

σ=regression line’s y-intercept standard deviation

S=calibration curve’s slope

Marketed formulation analysis

The marketed tablet dosage formulation of OND (Vomikind MD 4, Mankind 
Pharma Limited) was used for the determination of tablet drug content by the 
proposed method. A precise 10 mg dose of ondansetron hydrochloride from 
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the formulation was taken in a 100 mL volumetric flask and then distilled wa-
ter was added up to 50 mL and sonicated for 10 min, final volume was made 
up to 100 mL with the distilled water. For analysis, the resultant solution was 
further diluted to a concentration of 25 μg mL-1 and filtered using a 0.45 μm 
filter (Figure 5).

Figure 5. HPLC chromatogram of ondansetron hydrochloride marketed tablet

Forced degradation studies

According to ICH stability criteria, various stress factors, including acidic, 
alkaline, thermal, peroxide, and photolytic conditions, were used11,15,20-27 and 
their blank chromatograph was taken as exhibited in Figure 6 ([a] to [e]).

(a)
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(b)

(c)

(d)
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(e)

Figure 6. Blank degradation chromatogram of ondansetron (a) acidic degradation; (b) alkaline 
degradation; (c) peroxide degradation; (d) photolytic degradation; (e) thermal degradation

Thermal degradation

A 25 mL volumetric flask was filled with 5 mL of the standard stock solution, 
diluent was added, and the combination was heated at 105ºC for 6 h. The solu-
tion was filtered using a 0.45 μm nylon syringe filter, with some of the filtrate 
being discarded. Without using the sample, prepare the thermal degradation 
blank in the same way.

Peroxide degradation

5 mL of the standard stock solution was transferred to a 25 mL volumetric 
flask, to which 2 mL of 30% H2O2 were added. A small amount of diluent was 
also added, and the mixture was heated at 60ºC for 30 min. After cooling, 
diluent was added to increase volume. A small portion of the solution was dis-
carded after the solution was filtered using a 0.45 μm nylon syringe filter. In 
the same way, prepare the peroxide degradation blank without utilising the 
sample.

Acid degradation

A small amount of diluent was added, 5 mL of the standard stock solution and 
2 mL of 0.05M HCl were added to a 25 mL volumetric flask, and the mixture 
was heated at 60°C for 30 min. By adding 2 mL of 0.05M NaOH, the capacity 
was filled with diluent to neutralise the solution once it has cooled. A small 
portion of the fluid was eliminated after filtering it with a 0.45 μm nylon sy-
ringe filter. Without utilising the sample, prepare the acid degradation blank 
according to the same procedure28.
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Alkaline degradation

5 mL of the standard stock solution and 2 mL of 0.05M NaOH were added to a 
25 mL volumetric flask, some diluent, and heated for 30 min at 60ºC. By adding 
2 mL of 0.05M HCl and cooling the solution, the solution is neutralised. The 
volume is then made up with diluent. With a 0.45 μm nylon syringe filter, the 
solution was filtered, with a small quantity of solution being discarded. Without 
using the sample, prepare the alkaline degradation blank in the same way.

Photolytic degradation

5 mL of the sample was obtained and placed in a 25 ml volumetric flask using 
the standard solutions. Diluent was then added to produce the volume, and 
the sample was then exposed to sunlight for 12 h. The solution was filtered 
using a 0.45 μm nylon syringe filter, with some of the filtrate being discarded. 
Without utilising the sample, prepare the photolytic degradation blank in the 
same way29.

RESULTS and DISCUSSION

Analytical method development

The choice of an appropriate mobile phase is a crucial step in the development 
of the HPLC method. The existing literature on OND was used to guide the 
trial-and-error process of choosing and optimising the mobile phase. Various 
combinations of mobile phases were tried based on the polarity and solubility 
of ondansetron after a thorough literature survey. At first methanol: distilled 
water was used in the ratio of 70:30 and 80:20 %v/v, but no proper peak was 
observed. Then, acetonitrile: distilled water in a ratio of 80:20 and 70:30 %v/v 
was tried, and peak tailing of ondansetron was observed. After that, acetoni-
trile: distilled water (85:15 %v/v) showed a good peak, but the results were 
not reproducible. A further modification was done, and the mobile phase was 
changed methanol: acetonitrile: distilled water in the ratio 40:40:20 %v/v/v 
was optimized in that a broad peak was obtained. Furtherly, methanol: ace-
tonitrile: distilled water in a ratio of 50:30:20 %v/v/v was used which gave 
well resolved peak without tailing.

After the selection of the appropriate mobile phase, further optimization was 
carried out to set chromatographic parameters like flow rate, column temper-
ature and injection volume to get a well-resolved peak. Different flow rates 
range from 0.5-1.5 mL/min, column temperature in the range of 25ºC-40ºC 
and injection volume in the range of 5-20 μL. The column temperature was 
maintained at 30ºC for better results. To minimize the carryover of a drug, the 
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injection volume was set at 5 μL, which shows good sensitivity and to decrease 
the backpressure of the column, the flow rate was kept at 1.0 mL/min. 

About 20 μg mL-1 standard solution of OND was prepared using distilled water 
and scanned in a range of 200 - 400 nm. The maximum absorbance was found 
at 249 nm (Figure 2).

The final mobile phase included methanol, acetonitrile, and distilled water in 
the ratio 50: 30: 20 v/v/v to get a resolved sharp peak. The injection volume 
was 5 μL with a flow rate of 1.0 mL min-1 and the eluent was obtained at 249 nm 
and a 30°C column temperature. According to these specifications, the reten-
tion time of the OND peak was 4.997 min (Figure 3).

Using distilled water, acetonitrile, and methanol as the mobile phase, with a 
flow rate of 1 mL/min, a good peak symmetry and a decent resolution for on-
dansetron hydrochloride were obtained.

Analytical method validation

With a linear correlation coefficient of 0.9941, it was discovered that the lin-
earity of OND was in the range of 5-35 μg mL-1 (Figure 5) and all the quantita-
tive parameters were estimated as listed in Table 1.

For intraday and interday precision, the RSD % was discovered to be in the 
range of 0.65% - 1.84% and 0.27% - 2.24%, respectively. (Table 2[a] and 2[b]). 
The % recovery for Ondansetron was found in the range of 98.61% - 102.50% 
which shows there is no interference from the excipient. Table 3 shows the 
results of the accuracy studies. Robustness revealed that no changes were ob-
served in the chromatogram of OND, hence, we may claim that the suggested 
method is reliable (Table 4).

Table 1. Quantitative and validation parameters

Parameter Ondansetron hydrochloride

λmax (nm) 249

Beer’ law limits (μg mL-1) 5 - 35

Regression equation 16678x - 25540

Correlation coefficient (R2) 0.9941

Accuracy 98.61% - 102.50%

Precision (intraday) 0.65 - 1.84 RSD %

Precision (interday) 0.27 - 2.24 RSD %

Robustness 0.06 - 2.00 RSD %

LOD and LOQ 0.2559 μg mL-1 and 0.7755 μg mL-1
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Table 2. Result of intra-day and inter-day precision
In

tr
a-

da
y 

pr
ec

is
io

n Concentration
(μg mL-1)

Peak Area RSD %

Morning* Afternoon* Evening* Morning Afternoon Evening

2 0.0883 0.0893 0.0916 0.65% 1.70% 1.66%

12 0.5043 0.5026 0.5067 1.09% 1.84% 1.34%

22 0.9400 0.9380 0.9416 1.33% 1.46% 1.44%

In
te

r-
da

y 
pr

ec
is

io
n Concentration

(μg mL-1)

Peak Area RSD %

Day I* Day II* Day III* Day I Day II Day III

2 78844.7 88469 88042.7 1.64% 0.53% 0.27%

12 312396 317032 326994 2.02% 1.90% 0.80%

22 576312 525265 669645 2.24% 1.42% 1.81%

* Mean of three replicates n=3

Table 3. Result of accuracy studies

Concentration 
of the sample

(μg ml-1)

Concentration 
of drug added

(μg ml-1)

Percent 
of spiked

Recovered 
amount*
(μg ml-1)

Percent 
recovery

10 8 80% 17.75 98.61%

10 10 100% 20.41 102.05%

10 12 120% 22.55 102.50%

* Mean of three replicates n=3
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Table 4. Result of robustness

Parameters Variation Rt Peak Area Mean RSD %

Flow rate

0.8ml/min

5.971 272335

273890 2.005.902 269348

5.953 279987

1.2ml/min

5.971 175493

178334.3 1.395.902 179423

5.953 180087

Wavelength

247 nm

4.757 207645

207773.3 0.064.765 207772

4.773 207903

251 nm

4.765 195290

196412.3 0.544.773 196539

4.781 197408

Mobile phase 
ratio

Methanol: 
ACN: Water 
(40: 40: 20)

4.781 198412

199872 0.674.492 200152

4.608 201052

Methanol: 
ACN: Water
(60: 30: 10)

3.999 235275

233223 1.224.052 234436

4.115 229958

The sensitivity of the technique was assessed by calculating the LOD and LOQ, 
which were found to be 0.2559 μg mL-1 and 0.7755 μg mL-1, respectively.

Studies on the stability of Ondansetron under various stresses revealed the fol-
lowing degradation behaviour. 

The percent degradation of ondansetron is calculated by using the following 
formula:

Percentage Degradation (%) = Peak area of degraded compound/Peak area of 
pure compound x 100
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Acidic degradation occurred at retention times of 4.2 and 5.8 min (Figure 7[a], 
and the % degradation is 18.01%. The degradation product in alkali degrada-
tion was observed at retention times of 4.1 and 5.7 min (Figure 7[b]) and the % 
degradation is 19.16%. In peroxide, photolytic and thermal degradation, the % 
degradation was found to be 34.49%, 3.98%, and 12.55%, respectively (Table 
5) (Figure 7[c], [d], and [e]).

(a)

(b)
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(c)

(d)

(e)

Figure 7. Degradation chromatogram of ondansetron (a) Acidic degradation; (b) Alkaline 
degradation; (c) Peroxide degradation; (d) Photolytic degradation; (e) Thermal degradation
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Table 5. Result of forced-degradation studies

Condition 
of Stress

Exposure 
Period

Temperature
(0C)

New Degradation peaks

Degradation 
Rate (%)

No of 
degradation 

peak 
observed

Rt
(min) RRT

Acidic 30 min 60ºC 2
Peak 1: 4.207 Peak 1: 0.881

18.01
Peak 2: 5.830 Peak 2:

1.220

Alkaline 30 min 60ºC 2
Peak 1: 4.140 Peak 1: 0.882

19.16
Peak 2: 5.730 Peak 2: 1.221

Peroxide 30 min 60ºC 0 - - 34.49

Photolytic 12 h Sunlight 1 Peak 1: 3.822 Peak 1: 0.805 3.98

Thermal 6 h 105ºC 0 - - 12.55

The method that was devised is simple, quick, linear, accurate, exact, and spe-
cific. The method’s reliability and accuracy are demonstrated by the results of 
the validation studies. The investigation findings demonstrated that the method 
is appropriate for identifying ondansetron in bulk and tablet dosage forms with-
out interference from degradation products, and it is advised for regular quality 
control analysis of the drug ondansetron in pharmaceutical formulation.
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ABSTRACT 

The present study aims to characterize the active ingredients of Moringa oleif-
era (MO) and Moringa peregrina (MP) leaf extracts and evaluate their cytotoxic 
and anti-migration efficacies against liver cancer cells (HepG2).  The chemical 
profiling of the aqueous and methanolic extracts of both Moringa species was 
carried out using LC-ESI-MS led to identifying of 37 compounds classified as 
flavonoids, phenolic acids, glucosinolate, and phenyl ethanoid. The MTT assay 
was used to assess the cytotoxic effect, which revealed to, the increasing of the 
MO and MP extracts’ concentration adversely decreased the treated cells’ viabil-
ity. Treating of HepG2 cells by MO and MP for different time intervals effective-
ly inhibited wound closure, while the cells migratory ability in the treated cells 
was decreased. This study reports that MO and MP extracts exhibited promising 
cytotoxic effects and inhibited migration of highly metastatic HepG2 cell lines, 
which may be due to the presence of polyphenolic compounds. 

Keywords: Moringa, anti-migration, HepG2, LC-ESI-MS, phenolic com-
pounds

mailto:e.abdellateef@tbri.gov.eg
https://orcid.org/0000-0001-8893-3662
https://orcid.org/0000-0002-0482-2170
https://orcid.org/0000-0003-2493-7466
https://orcid.org/0000-0001-5979-3189


153 Acta Pharmaceutica Sciencia. Vol. 63 No. 1, 2025

INTRODUCTION

Cancer is one of the leading causes of death globally, and the incidence of this 
group of diseases will continue to grow because of the increasing ageing of the 
population1. Hepatocellular carcinoma (HCC) is a frequent primary liver ma-
lignancy that primarily affects individuals, and it is the third leading cause of 
death worldwide2. The incidence of HCC has increased globally over the past 
20 years, and in some countries, including the USA, it is anticipated to con-
tinue to rise through the year 20301.  The standard treatment for HCC mainly 
involves liver transplantation, surgical resection and chemotherapy3. Unfor-
tunately, surgical resections are not suitable for HCC patients with advanced 
stages, especially those with liver cancer metastasis4. In addition, the currently 
available chemotherapeutic drugs are not effective to treat advanced HCC be-
cause of acquired resistance to the treatment5. In this regard, it is necessary to 
find more effective compounds, which may provide a novel therapy for HCC 
treatment, especially in the advanced stage.

Although there have been significant advancements in cancer therapy, metas-
tasis still accounts for more than 90% of cancer-related deaths6. However, to 
treat cancer more effectively, we should further focus on preventing the for-
mation and growth of metastatic carcinoma cells. We should consider that in-
hibition of migration, associated with the process of metastasis, might be as 
important as inhibition of cell proliferation.

At present, there is no effective therapy that can be used for patients diagnosed 
with HCC. There is a need for chemopreventive products targeting middle-
aged patients. This is because treatment results are not sustainable for the 
health system, which does not cover the population7. Developing such a prod-
uct from traditional medicinal plants would facilitate better compliance among 
a lot of patients, as the use of traditional plants and herbs is culturally embed-
ded into the local lifestyle8.

In recent years, the use of plants in primary health care and phytotherapeu-
tic research has increased owing to the identification of bioactive molecules 
in medicinal plants and growing interest in alternative medicines. The World 
Health Organization (WHO) estimates that 80% of people receive their main 
medical care from plant-based traditional medicine. Also, in the clinical stud-
ies, more than 50% of the anticancer medications used came from naturally 
occurring plant sources9.

The Moringa genus (Moringaceae family) contains 13 species found in Asia 
and Africa. Moringa species possess many biological properties, including an-
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ti-inflammatory, antioxidant, anticancer, and antihyperglycemic due to their 
high alkaloids, flavonoids, glucosides, terpenes, and glucosinolate contents10. 
Moringa oleifera Lam. (MO) is the most widely known and utilized due to its 
broad spectrum of health benefits11. While Moringa peregrina (Forssk.) Fiori 
(MP) is a potential crop candidate and is renowned for its ability to withstand 
drought and for its rich nutritional and therapeutic benefits12.  

The present study aims to identify the active constituents of MO and MP ex-
tracts using LC-ESI-MS as well as evaluate their in vitro cytotoxic and anti-
migratory effects on liver cancer cells.

METHODOLOGY

Collection of plant material 

The leaves of MO were obtained from the Egyptian Scientific Association of 
Moringa, National Research Center. While MP leaves were obtained from the 
Orman Garden, Giza, Egypt. The samples of the two plants were kindly iden-
tified by Mrs. Therese Labib, a consultant in plant taxonomy at the Orman 
Garden. Voucher specimen numbers 27318 (MO) and 27319 (MP) were kept at 
the Department of Medicinal Chemistry, Theodor Bilharz Research Institute, 
Giza, Egypt. The leaves of both Moringa species were dried in the shade at 
room temperature, then crushed to a fine powder by the electric mill and kept 
for the extraction process. 

Preparation of the extracts

One hundred grams of both Moringa species’ dried leaf powder were extracted 
with 500 mL of pure methanol (MeOH). The filtrate was evaporated using a 
rotary evaporator (Buchi, Switzerland) under vacuum till dryness, this step 
was repeated three times to obtain semi solid crude MeOH ext. (17 g). Further-
more, 10 g of the dried MeOH ext. were fractionated by n-butanol (n-BuOH). 
The soluble constituents in n-BuOH were filtered and concentrated using a 
rotatory evaporator to obtain 5.24 g of a dry n-BuOH fraction (fr.). On the 
other hand, another amount of leaf powder (100 g) of each Moringa species 
was extracted using boiling H2O (500 mL) for 6 hours (h) with stirring until 
all the soluble constituents dissolved in the solvent, followed by filtration. The 
aqueous filtrate was concentrated using a rotary evaporator and this step was 
repeated three times to obtain H2O ext. (8.50 g). All extracts were stored in 
brown glass vials until further use.
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LC-ESI-MS phytochemical analysis of MO and MP extracts

The aqueous (H2O) and MeOH extracts of both MO and MP species were 
chemically investigated via liquid chromatography coupled with electrospray 
ionization mass spectrometry (LC-ESI-MS). The experiments were carried 
out according to El-Wakil et al.13 with little modification using the LC system 
(Waters Alliance 2695, Waters, USA) and reversed-phase analytical column 
C18, 250 mm, and 5 μm particle size (Phenomenex, USA). The mobile phase 
consists of two eluents; A (H2O + 0.1% formic acid) and B (CH3CN: MeOH 
[1:1] +0.1% formic acid). The injection volume was 20 μL of 5 mg/mL of each 
extract, and the elution flow was 400 μL/min. The LC time program was as fol-
lows: 0.0–2.0 min (5% B), 2.0–10 min (5.0%–10% B), 10–70 min (10%–50% 
B), 70–80 min (50%–70% B), 80–95 min (70%–5% B) and 95–100 min (5% 
B). The ESI-MS spectra were calculated by scanning in the 50–1000 m/z range 
with the following parameters: the source temperature was set at 150 °C, the 
capillary voltage was at 3 kV, the cone voltage was at 70 eV, the desolvation gas 
flow was at 600 L/h, the desolvation temperature was at 350°C, and the cone 
gas flow was at 50 L/h. The compounds were assigned by retention time, and 
mass spectroscopic results were compared to literature data.

Cell culture maintenance

The HepG2 cells were acquired from Nawah Scientific Inc., (Mokattam, Cairo, 
Egypt). The cells were seeded in Dulbecco’s Modified Eagle Medium (DMEM) 
additionally with 10% heat-inactivated fetal bovine serum (FBS) and 1% peni-
cillin/streptomycin. Then, incubated in a humidified 5% CO2 atmosphere at 
37°C. Cell passage was between 12 and 15, at 75-85% confluence used for seed-
ing and treatment throughout the experiment.

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-2H-tetrazolium 
bromide (MTT) assay

This assay is a sensitive, quantitative, and reliable colorimetric method that 
measures the viability of cells. The assay is based on the ability of mitochondri-
al lactate dehydrogenase enzymes (LDH) in viable cells to convert the water-
soluble substrate of MTT into dark blue formazan crystals, which are water 
insoluble.

HepG2 cells were cultured in a 24-well plate to get a cell count of 500,000/
well and grown for 24 h at 37°C to reach 85% confluency. Once the cells had 
adhered, they were treated with serial dilutions of MO and MP extracts (MeOH 
ext., H2O ext. and n-BuOH fr.) with concentrations of 3.25, 6.25, 12.5, 25, 50, 
and 100 μg/mL. Untreated cells were used as the control and the plate was 
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incubated for 24 h at 37°C, then 10 μL of 5 mg/ml MTT reagent were add-
ed to each well and incubated again for 4 h in the dark. The supernatant was 
removed and 200 μL of dimethyl sulfoxide (DMSO) was added to each well, 
including the control. Followed by shaking and then the plate was kept in a 
dark place for about 10 min at room temperature. The absorbance of each well 
was recorded at 570 nm using a microplate reader (Molecular Devices Co., CA, 
USA). The viability percentage was calculated as follows: 

The cell viability % = (OD of treated cells/OD of untreated cells) × 100

The drug concentrations needed to inhibit 50% of cell growth relative to un-
treated control cells were calculated as the half maximal inhibitory concentra-
tion (IC50) values.

In-vitro wound healing migration assay

The migration of HepG2 was examined using the scratch assay method. Cells 
were plated at a density of 3x105/well onto a coated 24-well plate for scratch 
wound assay and cultured overnight in 5% FBS-DMEM at 37°C and 5% CO2. 
The cells were allowed to adhere. On the next day, a sterilized micro-pipette tip 
was used to scratch across the cell layer and horizontal scratches were intro-
duced into the confluent monolayer. After removing the supernatant, the cells 
were treated with different extracts of both MO and MP at a concentration of 
10 μg/mL. Images were taken using an inverted microscope at 0, 24, 48, 72, 
and 96 h. The plate was incubated in 5% CO2 at 37°C in-between time points. 
To determine the migration rate, images were analyzed by MII Image View 
software version 3.7.

Statistical analysis 

The data were calculated using the statistical package for social science, IBM 
SPSS Statistics for Windows, version 26 (IBM Corp., Armonk, N.Y., USA) and 
Microsoft Excel 2016. Continuous normally distributed variables were repre-
sented as Mean ± SD with a 95% confidence interval and using the frequen-
cies and percentage for categorical variables; a p value<0.05 was considered 
statistically significant. The student’s t-test was used to evaluate the means of 
normally distributed variables between groups. The Pearson correlation coef-
ficient (r) was used to show the correlation between different parameters in 
this study. The migration rate was calculated by dividing the time spent in mi-
gration according to the formula: Rm = Wi−Wf / t; where Rm is the rate of cell 
migration, Wi is the average initial wound width, Wf is the average final wound 
width, and t is the duration of migration (in hours).  
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RESULTS and DISCUSSION

LC-ESI-MS phytochemical characterization of MO and MP extracts 

The use of plant extracts, containing hundreds of chemicals as pharmaceutical 
agents, is no longer a black box or the primary obstacle to understanding their 
mechanisms of action and the contained active compounds14. Over the past 
three decades, there has been a significant rise in the use of herbal medicines 
and supplements, with at least 80% of people using them for some aspect of 
primary healthcare15. Multiple molecules of medicinal plant origin are current-
ly used as drugs to combat cancer16. Moringa species contain numerous phyto-
constituents, including alkaloids, flavonoids, phenolic acids, tannins, steroids, 
glucosinolates, saponins, and terpenes. Its diverse pharmacological benefits 
are a result of the variety of these phytochemicals in this genus10.

In the present study, the phytochemical analysis of 70% MeOH and aqueous 
extracts of both Moringa leaf extracts was carried out by LC-ESI-MS. The 
identification of compounds was confirmed by mass fragmentation analysis, 
as shown in Figure 1. Figure 2 shows the total ion chromatograms of these ex-
tracts. A total of 37 polyphenolic compounds, including 20 flavonoids, 11 phe-
nolic acids, 5 glucosinolates, and 1 phenyl ethanoid were identified, as shown 
in Table 1. These compounds were detailed tentatively identified and classified 
as follows:
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Table 1. Tentative assignment of the chemical composition of MO and MP extracts

Comp. 
No.

tR 
(Min) MW [ [M-H]-

m/z MS fragments Tentative assignment
MO MP

MeOH 
ext.

H2O 
ext.

MeOH 
ext.

H2O 
ext.

1 2.92 342 341 179, 135 Caffeoyl-glucoside - - + +

2 3.00 192 191 173, 93, 85 Quinic acid + - - -

3 4.09 196 195 97, 80 Hydroxytyrosol acetate + + + +

4 7.26 361 360  259, 97 Glucosinolate derivatives + - - -

5 12.27 571 570 328, 275, 97 Glucomoringin + + + -

6 13.94 516 515 353, 341, 179 
(100%), 135 3-Caffeoylquinic glycoside - - - +

7 17.03 330 329 191, 167 (100%), 
135 Vanillic acid-4-O-β-D-glucopyranoside - + - -

8 17.53 354 353 191 (100%), 179, 
150, 135 3-Caffeoylquinic acid + + + +

9 21.63 613 612 259, 97
4-(2′-O-Acetyl-α-L-

rhamnopyranosyloxy) benzyl
glucosinolate

- - + -

10 22.21 338 337 191, 163 (100%), 
119 3-Coumaroylquinic acid + + + +

11 23.63 338 337 191, 163, 119 3-Coumaroylquinic acid isomer + + - +

12 24.63 613 612 259, 97 
4-(3′-O-Acetyl-α-L-

rhamnopyranosyloxy) 
benzyl glucosinolate

- - + -

13 25.97 354 353 191, 179 (100%), 
173, 135 3-Caffeoylquinic acid isomer + + + +

14 27.47 626 625 463, 301 Quercetin-di-O-glycoside - - + +

15 31.15 338 337 191, 173 (100%), 
163, 119 4-Coumaroylquinic acid - + - +

16 32.06 594 593 503, 473, 383, 353 Apigenin-6,8-di-C-glycopyranoside 
(Vicenin-2) + - + +

17 32.48 338 337 191, 173 (100%), 
163, 119 4-Coumaroylquinic acid isomer - + - -

18 32.73 613 612 259, 97
4-(4′-O-Acetyl-α-L-

rhamnopyranosyloxy) 
benzyl glucosinolate

- - + -

19 33.07 594 593 503, 473, 383, 353 Apigenin-6,8-di-C-glycopyranoside 
(Vicenin-2) isomer - + - -

20 33.23 368 367 193, 173 (100%), 
135 4-Feruloylquinic acid - + - +
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21 36.32 626 625 609, 463, 301 Quercetin-di-O-glycoside isomer - - + +

22 39.99 432 431 341, 311 (100%), 
283 Vitexin or isovitexin - - + -

23 41.50 432 431 341, 311 (100%), 
283 Vitexin or isovitexin - - + -

24 42.50 610 609 463, 301, 179 Quercetin-3-O-rutinoside + + + +

25 43.42 464 463 301 (100%), 271, 
179 Quercetin-3-O-glycoside + + + +

26 46.51 608 607 505, 463, 301 
(100%), 179

Quercetin-
hydroxymethylglutaroyl glycoside - - + -

27 47.01 506 505 463, 301 (100%), 
271, 179 Quercetin-3-O-acetyl-glycoside - - + +

28 48.18 448 447 285 (100%), 255 Kaempferol-3-O-glycoside - - + +

29 48.51 506 505 301 (100%), 271, 
179 Quercetin-3-O-acetyl-glycoside isomer - - + +

30 48.68 594 593 447, 285, 151 Kaempferol-3-O-rutinoside + + - -

31 49.43 624 623 447, 285, 151 Kaempferol-3-O-
glycoside-glucoronoid + + - -

32 50.18 478 477 315, 151 Isorhamnetin 3-O-glycoside + + - -

33 50.35 302 301 271 (100%), 165 Quercetin - - + -

34 52.60 286 285 255, 179 Kaempferol - - + +

35 54.61 490 489 285 (100%), 255 Kaempferol-O-acetyl-glycoside - - + -

36 55.44 520 519 421, 315 (100%), 
285 Isorhamnetin-O-acyl-glycoside - - + -

37 72.14 574 573 463, 301 (100%), 
179 Quercetin derivative - - + -

Flavonoids 

Flavonoids are the most abundant group of polyphenolic compounds detected 
in MO and MP extracts in which quercetin, kaempferol, apigenin and isorham-
netin derivatives are the major flavonoids.  Compounds 14 and 21 (tR=27.47 
and 36.32 min, respectively) had [M-H]- at m/z 625 which afforded main 
fragments at m/z 463 [M-H-162]- and 301 [M-H-(162×2)]- which means the 
presence of quercetin aglycon attached with two glycoside moieties. Thus, 
these compounds were assigned as quercetin-di-O-glycoside17. Compound 
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24 (tR=42.50 min) represented a precursor ion at m/z 609 along with other 
fragment peaks at m/z 463, 301 and 179 which characteristics for quercetin-
3-O-rutinoside. Compound 25 (tR=43.42 min) exhibited an m/z 463 [M-H]- 
which was assigned as quercetin-3-O-glycoside. Compound 26 (tR=46.51 
min) showed a deprotonated molecule at m/z 607 was assigned as quercetin-
hydroxymethylglutaroyl glycoside based on hydroxymethylglutaroyl moiety 
produced the ion m/z 463 [M-H-144]- and ion at m/z 301 [M-H-144-162]- of 
quercetin aglycone. Compounds 27 and 29 (tR=47.01 and 48.51 min) afforded 
a [M-H]- at m/z 505 and product ions at 463 and 301 (quercetin) which reflect 
the elimination of acetyl and glycoside moieties, respectively. Thus, they were 
identified as quercetin-3-O-acetyl-glycoside. Compound 33 (tR=50.35 min) 
was characterized as quercetin with m/z 301 along with product ions at m/z 
271, 165. In addition, compound 37 (tR=72.14 min) was annotated as a querce-
tin derivative with m/z 573 [M-H]- and product ions at m/z 463, 301, and 179.

Compound 34 (tR=52.60 min) was characterized as kaempferol with m/z 285 
[M-H]- and product ions at m/z 255 and 179. Compound 28 (tR=48.18 min) was 
assigned as kaempferol-3-O-glycoside due to the existence of [M-H]- at m/z 
447 and 285 [M-H-162]- due to the loss of the glycoside moiety. Compound 30 
(tR=48.68 min) was assigned as kaempferol-3-O-rutinoside with [M-H]- at m/z 
593 and product ions at m/z 447 [M-H-146]- and 285 [M-H-146-162]- due the 
elimination of the rutinoside moiety. Compound 31 (tR=49.43 min) was char-
acterized as kaempferol-3-O-glycoside-glucuronide which had m/z 623 [M-H]- 
and product ions at m/z 447 [M-H-176]- and 285 [M-H-176-162]- due to the 
loss of the glucuronide and glycoside units, respectively. Moreover, Compound 
35 (tR=54.61 min) was identified as kaempferol-O-acetyl-glycoside due to the 
appearance of m/z 489 [M-H]- and main signal at m/z 285 [M-H-204]- cor-
responding to the elimination of the acetyl-glycoside unit. Compounds 32 and 
36 (tR=50.18 and 55.44 min) were assigned as isorhamnetin 3-O-glycoside and 
isorhamnetin-O-acyl-glycoside which had precursor ion peaks at m/z 477 and 
519, respectively. Most of these compounds were identified before in MO leaf 
extracts. Most of these compounds were detected and identified in M. oleifera 
leaves which growing in different localities in the world as reported by Amaglo 
et al., Oldoni et al., Ralepelea et al.,and Abdel Shakour et al.17-20.

Compounds 16 and 19 (tR=32.06 and 33.07 min) exhibited a pseudomolecu-
lar ion peak at m/z 593 which fragments into 503, 473, 473, 383, and ions. 
These peaks represented characteristic fragment ions of an apigenin-6,8-di-C-
glycopyranoside (vicenin-2).  Meanwhile, compounds 22 and 23 (tR=39.99 and 
41.50 min, respectively) showed m/z 431 is consistent with the presence of the 
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apigenin 8-C-glucoside (vitexin) or and the apigenin-6-C glucoside (isovitexin) 
with a typical fragmentation pattern (m/z 341, 311 (100%) and 283), this com-
pound was reported in M. oleifera leaf extract17. 

Phenolic acids

The identified phenolic acids in both Moringa species were 10 hydroxycinnamic 
acids and 1 benzoic acid derivative. hydroxycinnamic acids such as compound 1 
(tR=2.92 min) showed the [M-H]- ion at m/z value 341 corresponding to caffeoyl-
O-glucoside17. Compound 6 (tR=13.94 min) had a deprotonated molecular ion 
peak at m/z 515 with a typical fragmentation pattern of 3-caffeoylquinic gly-
coside21. Compound 7 (tR=17.03 min) was characterized as vanillic acid-4-O-β-
D-glucopyranoside with characteristic m/z ion at 32922. Compounds 8 and 13 
(tR=17.53 and 25.97 min, respectively) were afforded ion peaks at m/z 353 corre-
sponding to 3-caffeoylquinic acid and its isomer. Compounds 10 and 11 (tR=22.21 
and 23.63 min, respectively) showed molecular ion peaks with m/z values of 337 
along with characteristic fragments at m/z 191, 163 (100%) and 119 of 3-cou-
maroylquinic acid and its isomer. Compounds 15 and 17 (tR=31.15 and 32.48 
min, respectively) showed the same molecular ion peaks with m/z 337 with frag-
ment ions at m/z 191, 173 (100%) and 119 characteristics for 4-coumaroylquinic 
acid and its isomer. Moreover, compound 20 (tR=33.23 min) was identified as 
feruloylquinic acid, which had a characteristic m/z value of 367. While only one 
benzoic acid derivative was detected, such as compound 2 (tR=3.00 min) which 
was assigned as quinic acid with an m/z value of 19123. Most of these phenolic 
acids were detected in M. oleifera and M. ovalifolia leaf extracts17,21-23.

Glucosinolates

Glucosinolates are a class of alkaloids whose structures are characterized by a 
β-D-glucoside unit and an O-sulfated anomeric (Z)-thiohydroximate function 
linked to a variable side chain based on the plant species’ metabolism of amino 
acids. Previous studies reported that, M. oleifera had several uncommon glu-
cosinolates compounds with a second saccharide residue in the aglycon side 
chain, which possess a promising antioxidant and anticancer activities24.

Compound 5 (tR=12.27 min) exhibited a deprotonated molecule at m/z 570 
which displayed fragment ions at m/z 424, 328, 275 and 97 corresponding to 
the deprotonated ion of glucomoringin. Compounds 9, 12, and 18 (tR=21.63, 
24.63 and 32.73 min, respectively) afforded a precursor ion peak at m/z 612 
with the same fragmentation pattern (m/z 259, 97) of three glucosinolates 
isomers and their structures similar to glucomoringin, except for the pres-
ence of an acetyl group at C-2′, C-3′, and C-4′ on the α-L-rhamnopyranosyl 
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unit. They identified as 4-(-2′-O-acetyl-α-L-rhamnopyranosyloxy) benzyl glu-
cosinolate, 4-(-3′-O-acetyl-α-L-rhamnopyranosyloxy) benzyl glucosinolate, 
4-(-4′-O-acetyl-α-L-rhamnopyranosyloxy) benzyl glucosinolate. In addition, 
compound 4 (tR=7.26 min) was assigned as a glucosinolate derivatives. These 
compounds possess promising antioxidant and anticancer activities as well as 
were reported in M. oleifera leaves but not reported in M. peregrina20,24.

Phenylethanoids

Just one compound (compound 3) was detected in both MO and MP extracts, 
with a precursor ion peak at m/z 195 and fragment ions at m/z 97 and 80. This 
compound was annotated as hydroxytyrosol acetate25.

In present results (Table 1 and Figure 1), it appears that the H2O ext. of both 
Moringa species (MO and MP) are rich in phenolic acids and the MP extracts 
are famous for quercetin and apigenin derivatives. In addition, the peak in-
tensity of quercetin-3-O-rutinoside is much higher in MO extracts than in MP 
extracts while the intensity of quercetin-3-O-glycoside peak is much higher in 
MP extracts than in MO extracts. Moreover, MP MeOH ext. is rich in glucosi-
nolate. Therefore, the presence of these phytochemicals in both species may be 
responsible for the plant bioactivities.

Figure 1. Total ion chromatograms (TIC) of (A) MP-H2O, (B) MP-MeOH, (C) MO-H2O and (D) 
MO-MeOH extracts
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Figure 2. Structures of some identified compounds in H2O and MeOH extracts of both 
Moringa species (MO and MP)

Effect of MO and MP extracts on cell viability 

The development of new drugs from herbal plant ingredients has been the ba-
sic agenda in the R&D of the drug industry for many decades. Despite recent 
therapeutic advances in cancer treatment, metastasis remains the principal 
cause of cancer death. Recent work has uncovered the unique biology of me-
tastasis-initiating cells that results in tumor growth in distant organs6.

The cell culture wound closure assay is a useful method to examine cell migra-
tion, in which a scratch is generated on a confluent cell monolayer. The speed 
of wound closure and cell migration can be quantified by taking snapshot pic-
tures with a regular inverted microscope at several time intervals26.
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Herein, the cytotoxic effect of MO and MP extracts on HCC, HepG2 cell lines 
was studied using various gradient concentrations of the two species of Morin-
ga extracts using the MTT assay. The different fractions have been treated with 
increasing concentrations (1.563 -100 μg/mL) for 24 h. The obtained results 
showed clearly that increasing the concentration of the MO and MP extracts 
adversely decreased the viability of the treated HepG2 cells. Moreover, the 
highest concentration applied (100 μg/mL) showed the highest decrease in cell 
viability in all fractions. The data were analyzed by the Pearson correlation co-
efficient (r), which is a measure of linear correlation between two sets of data.

For MO, the mean of the viability of H2O ext., MeOH ext. and n-BuOH fr. was 
52.1 ± 15.7, 62.5 ± 7.7 and 52.0 ± 11.1, respectively, with correlation coeffi-
cient (r) -0.771, -0.976, and -0.66 with a significant effect of p value=0.042 and 
0.107 for H2O ext. and n-BuOH fr., respectively. A highly significant effect was 
observed for MeOH fr. with p<0.001 (Table 2). In addition, the lowest viability 
percentage of cells was observed for the H2O ext. at concentrations of 100 and 
50 μg/mL (Figure 3).

Figure 3. Effect of MO extracts on viability of HepG2 cells 

While for MP, the mean of viability for H2O ext., MeOH ext., and n-BuOH fr. 
was 51.6 ± 9.6, 44.8 ± 8.5 and 56.1 ± 5.0, respectively, with a correlation coeffi-
cient (r) -0.959, -0.792, and -0.997, respectively. The H2O ext. and n-BuOH fr. 
showed a highly significant effect with p values=0.002 and <0.001, respective-
ly.  The non-significant effect was observed with MeOH ext. (p=0.06) as shown 

https://en.wikipedia.org/wiki/Linear
https://en.wikipedia.org/wiki/Correlation_and_dependence
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in Table 2. Hence, the results exhibited that the lowest viability percentage of 
cells was observed for H2O and MeOH extracts at a concentration of 100 μg/
mL (Figure 4). These results showed that treatment with MO and MP extracts 
decreased the viability of HepG2 cells in a dose-dependent manner. 

Table 2. The viability % of MP and MO extracts

Conc. (μg/mL)

Viability %

MP extracts MP extracts

H2O ext. MeOH ext. n-BuOH fr. H2O ext. MeOH ext. n-BuOH fr.

100 35.18 35.73 46.69 35.51 46.43 41.98

50 48.69 38.65 54.28 35.84 60.17 44.18

25 49.68 39.19 57.29 42.46 63.74 44.77

12.5 55.88 47.26 59.09 51.27 64.8 45.34

6.25 57 49.67 59.23 54.53 65.22 53.15

3.25 63.22 58.21 59.86 69.27 66.79 64

1.563 70.23 63.65 65.21 75.61 70.45 70.33

Mean of Viability 51.6 ± 9.6 44.8 ± 8.5 56.1 ± 5.0 52.1 ± 15.7 62.5 ± 7.7 52.0 ± 11.1

The correlation between the 
concentration and viability %

r=-0.959**, 
p=0.002

r=-0.792, 
p=0.06

r=-0.997**, 
p=<0.001

r=-0.771*, 
p=0.042

r=-0.976**, 
p= <0.001

r=-0.66*, 
p= 0.107

IC50 (μg/ml) 35.56 67.91 77.75 34.47 88.75 37.98

Viability is represented as Mean ± SD, while the correlation coefficient (r); the data were 
analyzed by Person correlation p=p. value.
*p. value<0.05 is significant, **p. value<0.01 is highly significant.
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Figure 4. Effect of MP extracts on viability of HepG2 cells 

The concentration of H2O ext., MeOH ext., and an n-BuOH fr. of both MO 
and MP required to inhibit 50% of the cells (IC50) was calculated. The results 
showed that the IC50 values of MO extracts on HepG2 cells were 34.473, 88.75, 
and 37.98 μg/mL for H2O ext., MeOH ext. and n-BuOH fr., respectively. While 
the values recorded for MP extracts were 35.56, 67.91, and 77.75 μg/mL for 
H2O ext., MeOH ext. and n-BuOH fr., respectively.

However, our results revealed that all the extracts have significant cytotoxic 
effects, and increasing the concentration of MO and MP extracts adversely de-
creased the viability of the treated HepG2 cells.

The IC50 curves determine the drug concentration that can inhibit the growth 
of tumor cells by half when compared to the cells grown with no exposure to 
the drug, low IC50 value means that the drug is effective at low concentrations, 
and thus will show lower systemic toxicity when administered to the patient. 
Interestingly, the three extracts mentioned above showed similar IC50 values 
close to this concentration and exhibited cytotoxic activity against HepG2 cells.

Our results are in agreement with those of Jung et al.27 who reported that 
water extracts of M. oleifera leaves have been shown to inhibit the growth of 
liver cancer and also consistent with Mansour et al.28 who mentioned that M. 
peregrina and M. oleifera leaves ethyl acetate extracts exhibited the highest 
inhibition activity against HCC HepG2 cell line (78% and 80.7% inhibition, 
respectively). Furthermore, the results of the present study are close to Emami 
et al.29. results who proved that HepG2 viability methanolic ext. was decreased 
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with increasing of extract concentration. Also, he mentioned that the IC50 for 
the MeOH ext. of a leaf of MO was 12.89 μg/mL which differs from our result 
as it indicated that the IC50 of MO-methanolic ext. was 88.75 μg/ml and this 
difference in the IC50 values may be attributed to the type of solvents and meth-
ods of extraction used. A different fraction that was not included in our study is 
isothiocyanate from MO (MIC-1) was evaluated for anticancer activity against 
30 cancer cell lines including HepG2, which were treated with MIC-1 (0 or 10 
μM) for 48 h. The research, conducted by Xie et al.30 demonstrated that MIC-1 
considerably reduced the HepG2 cell line’s ability to proliferate and produced 
strong growth inhibitory effects on the cells with a high growth inhibitory rate.

It is clear from the current research why MO and MP extracts have potent anti-
cancer properties against HepG2 cells. This may be because the plant’s leaves 
contain promising polyphenolic compounds. As a result, it is evident that the 
polar solvents employed in the extraction procedure are capable of dissolving 
the active components from the source to the MP extracts, which demonstrat-
ed their anti-cancer effects in comparison to other extracts.

The anti-migration capacity of MO and MP extracts against HepG2 cells

Migration is a primary step in cancer metastasis. We studied the anti-migra-
tion potential of MO and MP extracts against the HepG2 cell line, wound heal-
ing assay was performed in the presence of various types of extracts. The 85% 
confluent HepG2 cell was wounded using a micro-pipette tip. After 24, 48, 72, 
and 96 h of incubation, the wound width was observed and imaged under an 
inverted microscope. The wound width was calculated as the average distance 
between the edges of the scratches.

Paired t-test was used to analyze the data, This test showed that the treatment 
with H2O extract of MO for 72 h demonstrated a significant dependent migra-
tion inhibition of HepG2 cells with p=0.049, while for H2O ext. of MP, the mi-
gration of HepG2 cells was inhibited and cells migrated slower following a 96 
h incubation period with a significant p=0.016 and a decrease in wound width 
was observed as cell migration was induced, as shown in Table 3 and Figure 5. 
On the contrary, MeOH ext. of MO showed no inhibition for HepG2 cell migra-
tion as the cells had migrated into the scratched area and the untreated cells 
showed a less extensive wound with a significant p=0.047 after 72 h incubation 
whereas the treated cells migrated significantly more, while no significant anti-
migration effect was observed for MeOH ext. of MP at all-time intervals (Table 
4). A significant anti-migration effect of n-BuOH fr. of MO was observed with 
p=0.019, while n-BuOH fr. of MP showed no significant migration inhibition 
for HepG2 cells (Table 5).
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Table 3. Comparison between H2O extracts of MO and MP species on HepG2 regarding the 
anti-migration effect

Time (h)
MO (H2O ext.) MP (H2O ext.)

Control Drug p. value Control Drug p. value

0 3.1 9 ± 0.06 3.56 ± 0.40 0.158 3.74 ± 0.11 3.77 ± 0.40 0.216

24 2.23 ± 0.19 2.87 ± 0.77 0.218 2.63 ± 0.22 2.90 ± 0.80 0.15

48 1.39 ± 0.51 1.91 ± 0.78 0.335 1.81 ± 0.21 2.17 ± 0.59 0.256

72 0.19 ± 0.18 0.87 ± 0.62 0.049* 0.70 ± 0.23 0.85 ± 0.56 0.16

96 0.00 ± 0.00 0.00 ± 0.00 - 0.00 ± 0.00 0.05 ± 0.09 0.016*

The wound widths are represented as Mean ± SD; the data were analyzed by paired t test.
*p. value<0.05 is significant, **p. value<0.01 is highly significant.

A)   MO B) MP

Figure 5. Effect of H2O extracts of MO and MP on HepG2 migration

Table 4. Comparison between MeOH extracts of MO and MP on HepG2 regarding 
anti-migration effect

Time (h)

MO (MeOH ext.) MP (MeOH ext.)

Control Drug p. value Control Drug p. value

0 4.02 ± 0.12 3.95 ± 0.13 0.97 3.90 ± 0.28 4.04 ± 0.73 0.128

24 3.28 ± 0.53 3.09 ± 0.11 0.115 2.13 ± 0.51 2.18 ± 0.99 0.216

48 2.30 ± 0.11 2.06 ± 0.13 0.795 0.44 ± 0.36 0.52 ± 0.89 0.092

72 1.05 ± 0.24 0.94 ± 0.05 0.047* 0.00 ± 0.00 0.00 ± 0.00 -

96 0.00 ± 0.00 0.00 ± 0.00 - 0.00 ± 0.00 0.00 ± 0.00 -

The wound widths are represented as Mean ± SD; the data were analyzed by paired t test.
*p. value<0.05 is significant, **p. value<0.01 is highly significant.
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Table 5. Comparison between n-BuOH fractions of MO and MP on HepG2 regarding the 
anti-migration effect

Time (h)
MO (n-BuOH fr.) MP (n-BuOH fr.)

Control Drug p. value Control Drug p. value

0 3.47 ± 0.02 3.57 ± 0.35 0.019* 4.76 ± 0.16 4.86 ± 0.20 0.393

24 2.32 ± 0.10 2.68 ± 0.27 0.09 2.76 ± 0.63 2.89 ± 0.21 0.099

48 1.76 ± 0.27 1.88 ± 0.10 0.112 1.16 ± 0.55 1.17 ± 0.16 0.147

72 0.47 ± 0.19 0.72 ± 0.31 0.337 0.00 ± 0.00 0.00 ± 0.00 -

96 0.00 ± 0.00 0.00 ± 0.00 - 0.00 ± 0.00 0.00 ± 0.00 -

The wound widths are represented as Mean ± SD; the data were analyzed by paired t test.
*p. value<0.05 is significant, **p. value<0.01 is highly significant.

Comparison between MO and MP fractions regarding their 
anti-migration effect

Student t-test was used to analyze data, it was observed that MP-H2O ext. gives 
a better anti-migration effect of HepG2 cells than MO-H2O ext. following a 96 
h incubation period with significant p=0.016 (Table 6, Figures 6 and 7). Also, 
a better effect was observed for MP-MeOH than MO at 0 hour with significant 
p=0.05, while at 24, 48, and 72 h, MO-MeOH showed a significantly better an-
ti-migration effect for HepG2 cells than MP-MeOH with p=0.041, 0.028, and 
0.041, respectively (Table 7). It was found that the MO-n-BuOH fr. Showed 
a better significant anti-migration effect than MP after 72 h incubation with 
p=0.033 (Table 8). 

Table 6. Comparison between MO-H2O and MP-H2O extracts regarding their anti-migration 
effect

Time (h) MO-H2O ext. MP-H2O ext. p. value

0  3.56 ± 0.40 3.77 ± 0.40 0.991

24 2.87 ± 0.77 2.90 ± 0.80 0.882

48 1.91 ± 0.78 2.17 ± 0.59 0.461

72 0.87 ± 0.62 0.85 ± 0.56 0.797

96  0.00 ± 0.00 0.05 ± 0.09 0.016*

The wound widths are represented as Mean ± SD; the data were analyzed by student t test.
*p. value<0.05 is significant, **p. value<0.01 is highly significant.
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0 h 24 h 48 h

72 h 96 h

Figure 6. Effect of MO-H2O ext. on cellular migration in HepG2 cells determined by wound 
healing assay (Images were taken at time zero, 24, 48, 72, and 96 h)

24 h 48 h0 h

72 h 96 h

Figure 7. Effect of MP-H2O ext. on cellular migration in HepG2 cells determined by wound 
healing assay. Images were taken at time zero, 24, 48, 72 and 96 hr.
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Table 7. Comparison between MO-MeOH and MP-MeOH extracts regarding their 
anti-migration effect

Time (h) MO- MeOH ext. MP- MeOH ext. p. value

0  3.95 ± 0.13 4.04 ± 0.73 0.05*

24 3.09 ± 0.11 2.18 ± 0.99 0.041*

48 2.06 ± 0.13 0.52 ± 0.89 0.028*

72 0.94 ± 0.05 0.00 ± 0.00 0.041*

96 0.00 ± 0.00 0.00 ± 0.00 -

The wound widths are represented as Mean ± SD; the data were analyzed by student t test.
*p. value<0.05 is significant, **p. value<0.01 is highly significant.

Table 8. Comparison between MO-n-BuOH and MP-n-BuOH fractions regarding their 
anti-migration effect

Time (h) MO- n-BuOH fr. MP- n-BuOH fr. p. value

0 3.57 ± 0.35 4.86 ± 0.20 0.231

24 2.68 ± 0.27 2.89 ± 0.21 0.522

48 1.88 ± 0.10 1.17 ± 0.16 0.221

72 0.72 ± 0.31 0.00 ± 0.00 0.033*

96 0.00 ± 0.00 0.00 ± 0.00 -

The wound widths are represented as Mean ± SD; the data were analyzed by student t test.
*p. value<0.05 is significant, **p. value<0.01 is highly significant.

In the present study, we demonstrated for the first time that the aqueous ex-
tracts of MO and MP significantly inhibit HepG2 migration, as MO-H2O ext. 
significantly inhibits the cell migration following 72 h incubation, whilst the 
significant anti-migration effect of MP-H2O was observed after 96 h incuba-
tion, these results showed that MO and MP treatment inhibits the migration of 
HepG2 cells in a time-dependent manner. 

Student t test proved a significant anti-migration effect of the MeOH ext. at 
all-time intervals and a non-significant suppression of cell migration for the 
n-BuOH fr. except after 72 h incubation; this means that the migration capac-
ity of HepG2 cells decreased at specific time intervals which confirm the time-
dependent manner of anti-migration.
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Cell migration plays an important role in many physiological and pathological 
processes, such as tissue repair and tumor cell metastasis. Our study used a 
wound healing assay to determine the migration velocity of the HepG2 cell line. 
Statistical analysis showed that the migration rates of HepG2 cells treated with 
MO-MeOH and the MP-H2O extracts were slower and significantly suppressed. 

Migration rate

The wound healing assay is used to investigate cell migration. Cell migration 
is the movement of individual cells, cell sheets, and clusters from one location 
to another. Migration is considered the rate-limiting process during healing, 
and therefore migration process is a key part of investigating wound healing.

In the present comparative study between MO and MP, the Student t-test 
was used to calculate the migration rates of HepG2 cells for all extracts, it was 
found that the MeOH ext. of MO has a slower significant migration rate with 
p=0.01 but for the other extracts, they showed faster significant migration rate 
than the untreated cells with p=0.01. While for MP, the HepG2 cells treated 
with water ext. showed a slower significant migration rate with p=0.01 but for 
the cells treated with methanol and butanol extracts of MP, the migration rate 
of HepG2 cells was significantly faster than the untreated control with p=0.01 
(Table 9 and Figure 8).

Table 9. The migration rate of both Moringa species extracts

Extract
MO MP

Control Drug p. value Control Drug p. value

H2O ext. 3.18 3.55 0.01* 3.73 2.90 0.01*

MeOH ext. 4.00 3.93 0.01* 3.89 4.03 0.01*

n-BuOH fr. 3.46 3.56 0.01* 4.74 4.84 0.01*

Migration rate was calculated by dividing the time spent in migration according to the 
formula: Rm = Wi−Wf / t; where Rm is the rate of cell migration, Wi is the average ini-
tial wound width, Wf is the average final wound width, and t is duration of migration (in 
hours). The data were analyzed by student t test.
*p. value<0.05 is significant, **p. value<0.01 is highly significant.
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Figure 8. Migration rate within control comparison of MO and MP

The anti-migration effects of MO and MP have not been demonstrated before 
on liver cancer cell lines and accordingly, there is no available published re-
search concerning this subject, so we discussed the migration effect of this me-
dicinal plant on other cell lines. The study of Xie et al.31 who examined the mi-
gratory inhibition of PC3 human prostate cancer cells by M. oleifera alkaloids 
(MOA) in vitro, they reported that MOA significantly suppress PC3 cell migra-
tion in a wound healing assay by inhibiting the expression of cyclooxygenase 
2 (COX-2), and inhibiting the production of prostaglandin E2 (PGE2), these 
results agreed with Xie et al.30 who assessed the effects of Isothiocyanate from 
Moringa oleifera (MIC-1) on the migration of renal cell carcinoma cell line 
(786-O and 769-P), the results showed that the exposure to MIC-1 (0, 1, and 
2 μM) substantially reduced the migration ability of 786-O and 769-P cells and 
they mentioned that the cell migration rate of 786-O and 769-P cells decreased 
in the wound healing assay. The above results support our findings regarding 
the anti-migration effect of different fractions of Moringa. Additionally, to the 
best of our knowledge, this research is the first to demonstrate a substantial 
inhibition of HepG2 migration by the aqueous extracts of MO and MP, a treat-
ment that may prevent the metastasis of HCC.

It can be concluded that the LC-ESI-MS analysis of H2O and MeOH extracts 
of MO and MP leaves in negative ion mode led to characterize of major chemi-
cal constituents as flavonoid (O-and C-glycosides), phenolic acids, glucosi-
nolates and phenyl ethanoid. The flavonoids consist mainly of the quercetin 
and kaempferol, isorhamnetin and apigenin derivatives including glycosides 
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and acetyl glycosides. The cytotoxic activity of MO and MP extracts on HepG2 
cell lines showed IC50 values ranging from 34.473 to 88.75 μg/mL, in which 
the H2O extracts of both Moringa species had the highest activities as well as 
exhibited significant antimigratory potential.

Hence, the promising cytotoxic and anti-migratory effects of MO and MP ex-
tracts could  contribute to  the development of a new anticancer drug for HCC 
from natural sources.
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ABSTRACT 

Activation of the α7 nicotinic acetylcholine receptor, an important part of the 
cholinergic anti-inflammatory pathway, is considered a target macromolecule 
in the treatment of many inflammatory disorders. However, there are no mo-
lecular studies on the use of α7 nicotinic receptor agonists in apical periodon-
titis. In this study, we identified some α7 nicotinic acetylcholine receptor ago-
nists that have been previously investigated for use mainly in diseases affecting 
the central nervous system. The selected ligands were examined in terms of 
binding affinity and receptor-ligand interactions on α7 nicotinic acetylcholine 
receptor using the molecular docking method. AutoDock Vina and GROMACS 
program packages were used in the molecular docking and simulation process. 
The results showed that B-973B, ABT-107, and GAT107 were the three most 
effective ligands in receptor binding affinity, respectively. This study explored 
the potential efficacy of α7 nicotinic acetylcholine receptor agonists in address-
ing apical periodontitis.
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INTRODUCTION

Inflammation resulting from pathological changes in the periapical tissue may 
result from the immunoinflammatory response of etiological factors such as 
microorganisms, toxins, harmful metabolic residues, or pulp tissue remaining 
in the root canal system associated with host infection1. Several inflammatory 
mediators such as cytokines, and growth factors begin to be altered by fibro-
blasts, endothelial cells, and immune cells with the spread of inflammation 
in periapical tissue2. Destruction of surrounding tissue occurs as part of the 
defense process, resulting in periapical bone resorption3. Host defense triggers 
an important complex process including diverse components such as cytokines 
and matrix metalloproteinases (MMPs)4. Various cytokines such as interleu-
kins (IL) and TNF-α, affect osteoclast differentiation and activation to initiate 
bone destruction2. In addition, many inflammatory mediators play a role in the 
bone remodeling process. A hyperinflammatory environment can cause loss of 
alveolar bone by disrupting the balance between bone formation and destruc-
tion. In this context, the effect of host response modulation in the treatment 
process is considered5. 

Acetylcholine (ACh) is a neurotransmitter that has a significant impact on in-
flammation by binding to specific receptors on immune and tissue cells. Cells 
with both vagus nerve and neuronal networks are counted as ACh sources. Non-
neuronal-derived ACh is also thought to be involved in the regulation of local-
ized immune responses6. It has also been reported by Fujii et al.  that oral epi-
thelial cells represent functioning parts of the cholinergic system7. It is believed 
that ACh produced by epithelial cells can regulate periodontal tissue function 
both locally and within the same cell6. ACh is one of the important components 
of the cholinergic system that binds to nicotinic and muscarinic receptors. These 
receptors are found in the vast majority of non-neuronal human cells8.

Nicotinic acetylcholine receptors (nAChRs) are ligand-gated ion channel pro-
teins, and they mediate the influx of Na+, Ca2+, and K+ ions. The increase of Ca2+ 
ions in the cell depends on the activation of nAChR. It also affects the activa-
tion of protein kinases A and C (PKA and PKC, respectively), Ca2+ calmodulin-
dependent protein kinase (CaMK), phosphatidylinositol 3-kinase (PI3K), and 
adenylyl cyclase (AC), which are calcium-sensitive signal transduction protein 
kinase models. The nAChR structure consists of seven α subtypes; α2, α3, α4, 
α5, α6, α7, respectively9.

The periodontal ligament fibroblasts express α7nACh receptors10. The anti-
inflammatory pathway is regulated by the cholinergic system, primarily the 
alpha7 nicotinic acetylcholine receptor (α7nAChR). This pathway begins with 
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the distinctive features of inflammation that activate the afferent vagus nerve 
and the transmission of an informational stimulus to the brain about the in-
flammation that has occurred. ACh release is increased in inflamed peripheral 
tissues proximal to the nerve in association with efferent vagal nerve activity. 
Free AChs bind to α7nAChRs on immune-competent cells and thus play an ac-
tive role in localized inflammatory processes. Essentially, the leading branch 
of the vagal nerve reflex is important in ensuring the activation of the immune 
system6. Whether the regulation of the vagal nerve on the periodontal immune 
response is not known yet. Thus, the anti-inflammatory effect of neuronal ACh, 
which is vagally released, on immune cells is controversial. There is evidence 
to suggest that ACh produced outside of neurons plays a role in regulating in-
flammation in specific areas11. 

Macrophages, monocytes, and B and T immune cells play an important role in 
the pathogenesis of periodontal disease. The α7nAChR found in immune cells 
in the periodontium is expressed during periodontal disease. A study observed 
high amounts of ACh in T cells and monocytes12.  In another study on α7nAChR 
deficient (α7nAChR−/−) animals, susceptibility to bacterial lipopolysaccharide 
(LPS) was noted13. In the same study, the production of proinflammatory cy-
tokines (TNF-α, IL-1β, and IL-6) was also observed. This observation proves that 
the α7nAChR is involved in the regulation of the anti-inflammatory pathway ini-
tiated by the cholinergic system and in the control of inflammation in response 
to pathogens13. Several research studies have noted that nicotine possesses the 
capacity to directly impact periodontal cells through nAChRs, resulting in patho-
physiological consequences and the progression of tobacco-related ailments 
within these cellular structures14. In the literature, there is a study reported that 
inhibited bone destruction and decreased TNF-α expression were observed in 
animals administered nicotine and that it remarkably decreases synovial inflam-
mation levels15. The α7nAChR agonist PHA 543613 was also shown to suppress 
IL-8 expression that was produced by Porphyromonas gingivalis. Although 
more investigation is required, it is hypothesized that ACh may be involved in 
the regulation of neutrophil chemotaxis in the periodontium6.

In light of this information, it has been hypothesized that nicotine suppresses 
immune response via a cholinergic anti-inflammatory pathway, causing per-
iodontal disease. There are no studies in the literature investigating the ef-
fect of nAChR agonists on the pathology of apical periodontitis. The selected 
ligands have shown efficacy as α7 nAChR agonists in previous clinical trials 
and many have been used as antidyskinetic agents in the treatment of Parkin-
son’s disease and the treatment of schizophrenia, mainly to improve cognitive 
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functions16. According to the information we obtained from the literature, the 
selected ligands have generally been tested in disorders affecting the central 
nervous system. In addition, molecular docking studies of the ligands have not 
been performed before. Thus, it was aimed to demonstrate their usability as 
anti-inflammatory agents through the cholinergic anti-inflammatory pathway 
in the treatment of apical periodontitis and similar endodontic diseases. The 
cholinergic anti-inflammatory signaling cascade and the activity of α7 nAChR 
agonists in apical periodontitis were summarized in Figure 1.

Figure 1. The cholinergic anti-inflammatory pathway and the role of α7 nAChR agonists in 
apical periodontitis

METHODOLOGY

Selection and preparation of data set

A molecular docking study was performed utilizing the crystallographic struc-
tures derived from the ligand binding domain of the α7 nAChR, an acetylcho-
line binding protein (AChBP) structure derived from Lymnaea stagnalis (PDB 
entry: 5J5I), and some selected α7 nicotinic acetylcholine receptor agonists 
were performed. The crystal structure of α7 nAChR, obtained from the Protein 
Data Bank (PDB) was illustrated in Figure 2. Before the docking procedure, 
we selected some specific α7 nAChR agonists as ligands; ABT-107 (PubChem 
CID 11151363), AZD0328 (PubChem CID 9794392), AQW-051 (PubChem 
CID 50914822), A-582941 (PubChem CID 11173546), B-973B (PubChem 
CID 137319851), NS1738 (PubChem CID 310378), GAT107 (PubChem CID 
6554040), and SEN12333 (PubChem CID 45484303) were selected. 
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Figure 2. The 2D (on the right) and 3D (on the left) binding interactions of α7 nAChR and 
B-973B ligand. Green dotted lines; hydrogen bonds, pink lines; hydrophobic interactions, blue 
lines; halogen bonding, orange lines; electrostatic bonding.

The 2D representations of the selected ligands were obtained from the 
PubChem database. The ligands were subsequently extracted and converted 
into mol2 files using OpenBabel software, a preparatory step for molecular 
docking. Before initiating the molecular docking process, meticulous refine-
ment was conducted on both the three-dimensional (3D) molecular structures 
of the ligands and the target protein, α7 nAChR. In this refinement procedure, 
all water molecules and heteroatoms were eliminated from the α7 nAChR 
structure. Subsequently, polar hydrogens were added, and Gasteiger charges 
were computed to enhance accuracy.

Following this structural refinement, the 3D conformation of α7 nAChR was 
saved as a PDBQT file. For the subsequent molecular docking analysis, Auto-
Dock Vina and Discovery Studio Visualizer programs were employed to facili-
tate the extraction of diverse docking poses, as well as the calculation of bind-
ing affinities (ΔG) and the generation of ligand-receptor interaction profiles 
for the selected ligands. To comprehensively evaluate the performance of the 
chosen agonists on α7 nAChR, the docking study was carried out separately. 
Consistency was maintained throughout all docking procedures by employing 
a grid box with dimensions of 30 × 30 × 30 × 30 Å.
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Molecular dynamics simulations

Utilizing the GROMACS molecular dynamics tool17, we conducted molecular 
dynamics simulations. To simulate the protein-ligand complexes, GROMOS96 
force field parameters were employed. To maintain charge neutrality within 
the protein-ligand complex, sodium ions (Na+) and chloride ions (Cl) were 
added. Additionally, a simple point-charged water model was utilized to repli-
cate water molecules.

The simulations were executed at a temperature of 310 K and a pressure of 1 bar, 
spanning a duration of 100 nanoseconds. This simulation protocol was consist-
ent with a previously published methodology18. Throughout the simulations, 
we monitored protein-ligand interactions and assessed root-mean-square de-
viation (RMSD) characteristics to pinpoint the optimal conformations.

RESULTS and DISCUSSION

While the selected α7nAChR agonists have been extensively studied in diseases 
affecting the central nervous system, their application and potential efficacy in 
modulating inflammatory responses in apical periodontitis represent an un-
explored and novel area of research. Our study is the first to investigate these 
ligands in this context, highlighting a new potential therapeutic pathway for a 
condition with a distinct inflammatory profile. 

Table 1. Critical amino acid residues of α7 nAChR active site interacting with selected 
agonists, and their binding affinities

Name of 
Agonist

Binding 
Affinity, 
ΔG (kcal/

mol)

Critical Amino Acid 
Residues

B-973B -9.8
LEU36, TRP53, TYR91, LEU116, LYS139, LYS141, TRP145, THR146, 

GLY163, TYR167, ARG182, TYR184, GLU185, CYS186, CYS187, 
TYR191

ABT-107 -9.1 TRP53, LEU116, LYS139, LYS141, THR146, TYR167, ARG182, 
TYR184

GAT107 -8.9 TRP53, TYR91, LYS141, TRP145, ARG182, TYR184, CYS186, 
CYS187, TYR191 

A-582941 -8.7 LEU116, TRP145, GLY163, TYR167, TYR184, CYS186, CYS187, 
TYR191

NS1738 -8.5 TYR91, CYS125, LYS139, ILE165, TYR167

AQW-051 -8.4 LEU36, TRP53, LEU106, TRP145, TYR184, GLU185, CYS186, 
CYS187, TYR191

SEN12333 -8.2 LEU36, TRP53, TYR184, CYS186, CYS187, TYR191

AZD0328 -7.4 ASP17, PRO79, SER81, TRP84, VAL85, LEU104 
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All ligands exhibited favorable binding affinities within the range of -9.8 to -7.4 
kcal/mol. Table 1 provides a comprehensive summary of specific information 
concerning the interacting amino acid residues, types of interactions, and the 
binding affinities of the agonists. The binding affinity results derived from the li-
gands are presented in Table 1. The docking outcomes revealed that both ligands 
bound to their respective target receptors primarily through interactions involv-
ing hydrogen bonding and electrostatic bonds (Figure 3, Figure 4, and Figure 
5). In this study, 3D and 2D receptor-ligand binding interactions obtained from 
molecular docking showed that all ligands interacted with amino acid residues 
which play critical roles in the sub- and complementary loops in receptor recog-
nition and signal transduction. The findings indicated that B-973B exhibited the 
highest binding affinity (-9.8 kcal/mol) among the ligands. In addition, B-973B 
manifested bonding interactions with the receptor among all ligands tested.

Figure 3. The 2D and 3D binding interactions of α7 nAChR with the ligands ABT-107 (a) and 
GAT107 (b). Green dotted lines; hydrogen bonds, pink lines; hydrophobic interactions, orange 
lines; electrostatic bonding.
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Figure 4. The 2D and 3D binding interactions of α7 nAChR and the ligands A-582941 (c) and 
NS1738 (d). Green dotted lines; hydrogen bonds, pink/purple lines; hydrophobic interactions, 
blue lines; halogen bonding, orange lines; electrostatic bonding.

Figure 5. The 2D and 3D binding interactions of α7 nAChR and the ligands AQW-051 (e), 
SEN12333 (f), and AZD0328 (g). Green dotted lines; hydrogen bonds, pink/purple lines; 
hydrophobic interactions, blue lines; halogen bonding, orange lines; electrostatic bonding.
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The conformational deviations in the receptor and the stability of the ligand 
in the receptor binding pocket were evaluated. A molecular dynamics (MD) 
simulation investigation was conducted to explore the interaction between the 
α7nAChR receptor and the most potent compound, B-973B ligand, which ex-
hibited promising outcomes in the prior molecular docking analysis. The find-
ings from this simulation reveal that the fluctuations observed throughout the 
100 ns simulation period remain within the acceptable range of 1 to 3 Å.

Macrophages play an important role in the periodontal immune system by strength-
ening the defense against pathogens. Through the secretion of ACh, α7nAChR reg-
ulates the transmission of activation states and immunological responses of mac-
rophages6. In the literature, several investigations have documented the utilization 
of macrophages for the identification of α7nAChR19. These studies have addition-
ally revealed that the activation of macrophages plays a crucial role in modulating 
signaling pathways, resulting in the inhibition of NF-κB nuclear translocation and 
the subsequent reduction in the transcription of proinflammatory cytokines19. Ad-
ditionally, it was discovered in research that modest dosages of nicotine had an 
inhibitory effect on the production of TNF-α and macrophage inflammatory pro-
tein 1 alpha (MIP-lα) in LPS-activated human peripheral monocytes20. All these 
states are moderated by 7nAChR, which in turn inhibits the NF-κB transcription 
factor by stopping the phosphorylation of IκBa (inhibitor of nuclear factor of kap-
pa light polypeptide gene enhancer in B-cells, alpha)20. In addition, in some in 
vitro and in vivo studies in the literature, it has been observed that the JAK-2/
STAT-3 pathway is also stimulated in α7nAChR activation. The release of STAT-
3 proinflammatory cytokines is inhibited by the binding of nicotine to α7nAChR 
and activation of α7nAChR21. Activation of STAT-3 by the IL-10 receptor mediates 
the anti-inflammatory effect of IL-10. Studies have reported that only the specific 
down-regulation of proinflammatory cytokines can be induced by the activation of 
α7nAChR since it does not inhibit the production of IL-1022.

Evidence on IgG-secreting B cells that have a role in the periodontal disease 
progression despite the effect of immune response on disease23. Under inflam-
matory conditions, T cells promote the differentiation of Th2 cells24. Th2 cells 
have anti-inflammatory responses and immune suppressive associated with 
periodontal disease24. While IL-17 production in CD4+ T cells in the blood is 
inhibited by Nicotine (nAChR agonist) through α7nAChR, α-bungarotoxin (α 
–BTX) provides the balance by showing an antagonistic effect25. The α7nAChR 
can differentiate into Treg cells, affect their immunosuppressive functions and 
nicotine increases the evidence of cytotoxic T-lymphocyte-associated antigen 
4 (CTLA-4) and forkhead box 3 protein (FoxP3) and increases improvement of 
Treg cells into the central nervous system (CNS)26.
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Side effects occur in people who are addicted to cigarettes due to their con-
tinuous and high-dose exposure to nicotine throughout their lives. As a con-
sequence of the location of nicotine in the central nervous system, it targets 
nicotinic acetylcholine receptors. In addition, there are non-neuronal nicotine 
binding sites in peripheral blood cells. Detailed examination of these regions 
has been proposed as an approach to understanding the pharmacological 
mechanisms in the tobacco addiction state27. The effects of tobacco on peri-
odontal tissues and the causality of smoking with periodontitis have been re-
ported by many researchers27-29. As a result of the inhibition of β-defensin by 
nicotine-induced Porphyromonas gingivalis LPS, it causes the progression of 
periodontal disease29. The increased IL-8 releases induced by P. gingivalis LPS 
or TNF-a decreases with nicotine activation29. This information implies that 
nicotine has a direct proinflammatory impact when present in the context of 
periodontal disease6. In previous studies, it has been observed that nicotine 
up-regulates IL-1β expression in periodontal cells6, 29.

The ligand-binding core and regions of the α7 nAChR structure that play an 
important role in the analysis of signal transduction are covered with α7 resi-
dues30. Therefore, it is also critical for the recognition of ligand binding to the 
receptor. Recognition of ligand binding to the receptor is mediated by residues 
in loops A-C, the main subunit of the receptor, and loops D-E of the subunits, 
respectively16,30. Some critical amino acids in loops A and B of the main subu-
nits are responsible for ligand binding and recognition. These amino acids are 
TYR91 in loop A and TRP145 in loop B. In loop C, the amino acids TYR184 and 
TYR191 play an important role in the transition to complementary subunits16. 
TRP53 in loop D, GLN114 in loop E, and LEU116 in loop E of the subunits en-
able ligand recognition mode and intra-unit communication inside the binding 
pocket. The ligand binding region of the receptor is surrounded by residues 
that are unique to the α7 subunit located throughout the C loop16. When the 
agonist binds to the receptor, these residues adopt a different conformation30. 
Conformational changes in the A, B, and C loops of the receptor during ligand 
binding led to the rearrangement of residues in the ligand binding site. The 
most important of these changes are the shifts of TYR91, TRP145, and TYR184. 
Also, TYR191 and TRP53 are the primary stabilizing residues16. 

The results obtained in our study showed that the selected ligands interact 
with these critical amino acid residues through different bonds. In particular, 
ligand B-973B, which was found to have the most effective binding affinity, in-
teracted strongly with TYR184 and TYR191 via π- π stacked and π- π T-shaped 
interactions. Furthermore, TRP145 amino acid residue was observed to bind 
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with fluorine atoms in the ligand structure via halogen bonding. In addition, it 
is believed that the different interactions of the tested compounds with TRP53 
and LEU116 amino acids, which are important in ligand recognition and signal 
transduction, as well as different types of bonding with ARG182 and GLU185 
amino acids in the loop C region of the receptor, may affect the affinity of the 
α7-selectively bound agonist. 

In general, as seen from the two-dimensional interactions, stabilizing interac-
tions between the receptor and ligands were generally thought to consist of a 
π-cation bonding between the ligands and TRP145 amino acid residue due to 
the presence of an indole ring in its structure. The presence of the carbonyl 
functional group in the main chain of the amino acid TRP145 and the -OH 
group carried by TYR91 leads to the formation of hydrogen bonds between 
the ligands and the amino acid residues, which may constitute a component of 
stabilizing interactions. It is also concluded that extensive van der Waals con-
tacts between the aliphatic part of the azabicyclo moiety and TYR184, CYS186, 
CYS187, and TRP145 in ligands such as ABT-107, AZD0328, or NS6784 may 
enhance the interactions.

The limitation in silico studies is to make calculations about the effects of 
chemical substances using computer simulations and present scientific data 
with estimated values. However, from a future perspective, preliminary data 
obtained from the in silico study can be evaluated and supported for use in in 
vitro and in vivo studies. Therefore, this molecular docking study may shed 
light on future in vitro and in vivo studies for apical periodontitis.

In summary, the binding affinity values obtained from the agonists selected as 
a result of the molecular docking study were compared. B-973B ligand, which 
was found to have the most effective binding affinity among them and showed 
a stable receptor-ligand relationship as a result of MD simulation, may be ef-
fective in reducing inflammation in the treatment of apical periodontitis and 
similar endodontic diseases. The results obtained may shed light on the use of 
the α7nAChR-mediated cholinergic anti-inflammatory pathway in apical peri-
odontitis with effective α7nAChR agonists, mainly B-973B. In addition, this 
study may contribute to the design and synthesis of new α7nAChR agonists with 
halogen-substituted pyrazine propanamide derivatives similar to the molecular 
structure of B-973B, especially for use in LPS-induced apical periodontitis.
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ABSTRACT

Despite the understanding gained from scientific studies regarding Hexoki-
nase II (HK2)’s involvement in cancer cell metabolism, there are no reports of 
directly inhibiting HK-2 enzyme to affect tissue factor (TF) activity in cancer 
cells. This study primarily investigates the complex mechanisms triggering ne-
oplastic cell formation by examining the in vitro bioactivation of the Ikaruga-
mycin (IKA) molecule, commonly used as an antibiotic. The IC50 values for 
MDA-MB-231 (TNBC) and MCF-7 (TPBC) cell lines are 24.1 μM and 19.25 μM, 
respectively. Furthermore, TF activation in breast cancer cell lines was demon-
strated through Prothrombin Time (PT) analysis, showing that IKA effectively 
prolongs TF activation compared to Sodium Oxamate and Paclitaxel (Ptx), 
commonly used as a chemotherapeutic agent. Additionally, it was observed to 
be more effective in hormone-dependent MCF-7 breast cancer cell lines. Fu-
ture studies should focus on investigating the changes in protein, enzyme, and 
gene levels of TF following treatment with IKA.
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INTRODUCTION

Breast cancer is a prevalent malignancy typified by unregulated cellular pro-
liferation within the breast tissue. According to the latest data, it is the most 
diagnosed cancer in women1-2. Various therapeutic modalities, including sur-
gical interventions, radiotherapy, chemotherapy, and hormone therapy, may 
induce significant adverse effects that detrimentally impact the overall quality 
of life3. In this sense, it is important to search for new treatments that provide 
better results than current breast cancer treatment methods and at the same 
time reduce side effects.

Hexokinases (HKs) represent evolutionarily conserved enzymes pivotal in 
phosphorylating hexoses, six-carbon sugars. Their significance lies in medi-
ating essential processes within cellular metabolism and play crucial roles in 
Adenosine Triphosphate (ATP) synthesis, glucose storage, NADH pool enrich-
ment, and protein glycosylation. Among mammals, the well-characterized HK 
isozymes include HK1 through HK44-6. Recent investigations have brought to 
light a fifth isozyme known as HKDC1 (HexoKinase Domain Containing pro-
tein 1)7. Noteworthy is the cytosolic localization of all HKs, except HK-1 and 
HK-2, which possess a distinctive N-terminal motif facilitating binding to mi-
tochondria—an attribute absent in other isoforms. 

The binding of HK-1 and HK-2 to mitochondria manifests cytoprotective ef-
fects in both healthy and neoplastic cells, enhancing their proficiency in 
glucose utilization. This unique feature underscores the intricate regulatory 
mechanisms through which hexokinases contribute to cellular homeostasis 
and function. These insights contribute to a comprehensive understanding of 
the diverse roles played by hexokinases in cellular processes critical for meta-
bolic regulation and overall cellular health5,8-10.

A key feature of many cancers, especially the most aggressive, is the ability to 
metabolize glucose at a high rate, a phenotype that is clinically detected us-
ing positron emission tomography (PET). This phenotype gives cancer cells, 
including those involved in metastasis, a competitive advantage over normal 
cells8.

Especially, after the rapid entry of glucose into cancer cells through molecular 
glucose transporters, the overexpression of hexokinases, primarily HK-2, leads 
to high glycolytic activity through the interaction of numerous complex mecha-
nisms5. This situation contributes to the continued proliferation of cancer cells 
(Figure 1). Numerous complex mechanisms facilitate the activation of tissue 
factor (TF). The initiation of TF activation is instigated by adenosine triphos-
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phate (ATP), prompting the translocation of acid sphingomyelinase (A-SMase) 
to the plasma membrane. ATP stimulation augments the hydrolysis of sphin-
gomyelin (SM) within the outer leaflet. Impeding the expression or activity of 
A-SMase not only diminishes ATP-induced sphingomyelin hydrolysis but also 
impedes the ATP-triggered decryption of the transcription factor11-12. Addition-
ally, integrin mechanisms that trigger TF activation, particularly in breast can-
cers, are present. In breast cancer cells, TF plays a significant role in regulat-
ing the TF-VIIa-Protease-Activated Receptor 2 (PAR2) signaling pathway. TF 
is continually associated with β1 integrins on this pathway and participates 
in regulating the TF-VIIa-PAR2 signal. This signaling process is responsible 
for regulating the tumor microenvironment in breast cancer, supporting tu-
mor cell migration, and metastasis13 (Figure 1). It is believed that targeting TF 
signaling could be particularly important for the treatment of Triple-Negative 
Breast Cancer (TNBC) and disrupting TF/β1 interactions may help prevent re-
currence and improve overall survival14 (Figure 1).

Figure 1. The Hexokinase II enzyme’s role in the proliferation of neoplastic cells and its 
association with TF. HK-2 inhibition leads to cell death and inhibits ATP production. ATP 
activates tissue factor (TF), initiating its decryption and triggering sphingomyelin hydrolysis 
through acid sphingomyelinase. In breast cancer, TF, regulated by integrin mechanisms, plays a 
crucial role in the TF-VIIa-PAR2 signaling pathway, impacting the tumor microenvironment and 
metastasis. 

ROS: Reactive Oxygen Species; PAR-2: Protease-Activated Receptor 2; ASmase: Acid 
sphingomyelinase
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Cancer cells exhibit a distinctive metabolic phenotype wherein they preferential-
ly employ aerobic glycolysis over mitochondrial oxidative phosphorylation for 
glucose metabolism, in contrast to the normative metabolic patterns observed 
in normal cells. The sustained elevation in lactate production by cancer cells 
under oxygen-rich conditions, a phenomenon recognized as aerobic glycolysis, 
was originally identified more than 75 years ago by Otto Warburg (Figure 2)15-19. 
Since cancer cells require energy to sustain cell growth and proliferation, the 
high glycolytic activity must provide sufficient ATP levels to meet the demands 
of rapidly proliferating tumor cells within a hypoxic microenvironment20,21. This 
condition affects various mechanisms in the body abnormally; one of these 
mechanisms is angiogenesis, which can be triggered directly or indirectly.

Figure 2. The mechanism by which IKA quickly and efficiently kills cancer cells through rapid 
energy depletion. While these percentages may vary significantly based on growth rates and 
cancer types, it’s crucial to highlight that both glycolysis and mitochondrial ATP production 
are essential contributors to fueling cancer growth and facilitating metastasis. Malignant cells’ 
energy source is ATP and about 60% of the ATP is produced by glycolysis and the other 40% 
by the mitochondria22.
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TF, the third protein of the coagulation system, is found as a transmembrane 
protein in all tissues. Due to its structural feature, TF possesses a distinct ar-
chitecture and function compared to other coagulation proteins. Molecularly, 
it comprises three distinct domains, and it is also known as CD142 due to its 
signaling transmission effect. Present in the blood in micro-particles at con-
centrations ranging from 100 to 150 pg/mL, TF initiates the coagulation pro-
cess by forming the TF/VIIa complex. In an environment containing ionized 
calcium and the TF/VIIa complex, citrated plasma coagulates within 2-15 sec-
onds23.

The deficiency of TF is not observed in vivo, given its presence in varying pro-
portions as a structural and functional molecule in all tissues. This is attributed 
to its involvement in vascularization since the embryogenic period, and its ab-
sence has been reported to result in fatality24-28.

TF serves as the primary precursor within the extrinsic coagulation cascade, 
exerting a notable influence on the advancement and metastatic phases across 
various cancer types22. Research has shown that TF is involved in cancer in-
vasion, particularly through a unique pathway, independent of the coagula-
tion pathway, via PARs, which mediate intracellular signaling. These findings 
demonstrate that TF is both an initiator of the coagulation pathway and deeply 
involved in tumor progression and tumor angiogenesis (Figure 3)29-32.

Figure 3. Diagram of the direct and indirect effects of tissue factor on angiogenesis33-34
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Anticancer antibiotics are a class of chemicals that effectively fight against var-
ious types of cancer. These antibiotics exert their anticancer effects by interfer-
ing with various cellular processes involved in tumor growth and survival27. 
These groups of medicines are used to prevent and treat the spread of cancer 
by inhibiting DNA synthesis and repair through other mechanisms. Disrupting 
their structure by entering between DNA chains and/or causing stabilization of 
the microtubule, which prevents its depolymerization by binding to β-tubulin, 
are just some of these mechanisms35. Anticancer antibiotics can be classified 
according to their mechanism of action. These classes can be specified as; Aro-
matic Polyketides (Anthracyclines), Glycopeptides, Non-ribosomal Peptides, 
Mitosanes, Enediynes, Indolocarbazoles, Epothilones and Other Agents36.

In the treatment of breast cancer, anticancer antibiotics are often used as part 
of chemotherapy protocols. These antibiotics act by preventing the growth and 
division of cancer cells or by causing the cancer cells to undergo apoptosis in 
different ways. Certain anticancer antibiotics used to treat breast cancer in-
clude anthracyclines (e.g., Doxorubicin), Mitomycin C, and Bleomycin37,38.

Anthracycline derivatives cause DNA damage by increasing the formation of 
free radicals that damage breast cancer cells. Ikarugamycin is also an anthra-
cycline derivative, and its hexokinase-2 inhibitory effect was discovered re-
cently and showed therapeutic effect in pancreatic cancer39,40.

The present study aimed to demonstrate the in vitro bioactivation of IKA, 
which had been hypothesized to be biologically active in breast cancer treat-
ment manner, in MDA-MB-231 and MCF-7 cell lines. Additionally, the effect of 
TF and HK-2 inhibitor on cancer cell metabolism was investigated, and a com-
parison was made with the commonly used LDH-A inhibitor Sodium Oxamate 
in cancer studies and the chemotherapeutic agent Paclitaxel, widely employed 
in clinical settings.

METHODOLOGY

Chemicals and reagents 

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) to de-
termine bioactivity, hepes-buffered DMEM (Dulbecco’s Modified Eagle Me-
dium/High Glucose), fetal bovine serum (FBS), phosphate-buffered saline 
(PBS), penicillin-streptomycin (10,000 U/mL), L-glutamine, and ethanol for 
basic cell culture protocols. The Hexokinase 2 inhibitor Ikarugamycin (CAY-
MAN;15386), to compare therapeutic efficacy; Paclitaxel (Ptx) as a commonly 
used chemotherapeutic agent and Sodium Oxamate (NaOx), widely used in 
preclinical studies, (Figure 4) were also utilized.
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Figure 4. (A) Paclitaxel molecule(2α,4α,5β,7β,10β,13α)-4,10-Bis(acetyloxy)-13-{[(2R,3S)-3-
(benzoylamino)-2-hydroxy-3-phenylpropanoyl]oxy}-1,7-dihydroxy-9-oxo-5,20-epoxytax-11-en-2-yl 
benzoate  (B) Ikarugamycin molecule; (2R,3R,7Z,14S,19E)-3-ethyl-2,3,3aS,5aR,5bS,6,10,11,12,13, 
14,15,20aS,21,21aR,21bR-hexadecahydro-22-hydroxy-2-methyl-14,17-metheno-17H-as-
indaceno[3,2-k][1,6]diazacycloheptadecine-9,16,18(1H)-trione (C) Sodium Oxamate molecule 
(Oxalic Acid monoamide, Oxamic Acid, CAS Number: 565-73-1) | Cayman Chemical)

Cell culture

The MDA-MB-231 and MCF-7 (ATCC) breast cancer cell lines were cultured 
in Dulbecco’s Modified Eagle Medium/High Glucose (DMEM) supplemented 
with 10% (v/v) fetal bovine serum (FBS), 1% (v/v) penicillin-streptomycin, and 
1% (v/v) L-glutamine. The cells were incubated at 37°C in a humidified incu-
bator with 5% CO2. Subsequently, upon reaching confluency, the cells were 
subcultured into T-25 cell culture flasks to maintain uniform growth condi-
tions. Once a sufficient population was obtained, T-75 flasks were used for the 
experiments, and standardized cell passage techniques were employed by our 
team41.

Cell viability assay

Cell seeding was conducted in a 96-well plate at a density of 1.0 x 104 cells 
per well, with each well containing 200 μL of the specified medium and in-
cubated for 24 hours. To determine the IC50 values of IKA, a dose range vary-
ing from 0.1 to 1000 μM was applied to the cells, followed by incubation for 
the optimal incubation times (24 and 48 hours). After incubation, 5 mg/ml of 
MTT was added to each well according to the manufacturer’s instructions and 
incubated for 3 hours42. Subsequent to the removal of the medium contain-
ing 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), 100 
μL of dimethyl sulfoxide (DMSO) was introduced into each well, and a gen-
tle agitation period of 5 minutes ensued to facilitate reaction completion. Ab-
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sorbance readings at 570 nm were subsequently obtained using a plate reader 
(Synergy|HTX, BioTek, Agilent, USA). Each experiment was performed with 
3 replicates. IC50 values were calculated by log[IC50] using GraphPad Prism, 
and the experimental groups were formed accordingly: Control/ IKA (IC50)/ 
NaOx(IC50) Paclitaxel (IC50) (Table 1).

Table 1. Experimental Groups for both cell lines; MDA-MB-231 and MCF-7

Group I
MCF-7

Group II
MDA-MB-231

Section A Negative Control Negative Control

Section B HK-2 Inhibitor [IKA (IC50)] HK-2 Inhibitor [IKA (IC50)]

Section C LDH-A Inhibitor [NaOx(IC50)] LDH-A Inhibitor [NaOx(IC50)]

Section D Chemotherapeutic [Ptx(IC50)] Chemotherapeutic [Ptx(IC50)]

Ptx: Paclitaxel; NaOx: Sodium Oxamate; IC50:: the concentration of a particular drug 
that is needed to inhibit a given biological process to half of the maximum

Preparation of cell lysates

MCF-7 and MDA-MB-231 cell lines were collected by trypsinization and cen-
trifuged at 1500 g for 5 minutes. The cell pellets were washed twice with cold 
PBS and then homogenized for 5 minutes with the addition of metal beads. 
Subsequently, a second centrifugation step was performed. The supernatants 
containing the cell lysates were collected and prepared for further experimen-
tation41,43,44. 

TF activation - PT test / quick method

A total of 100 μL of plasma and 100 μL of cell lysate were incubated in a test 
tube at 37°C. After a 2-minute incubation, 100 μL of 0.025 M CaCl2 was added 
to the mixture. The thromboplastic activities were observed, and the time at 
which the first appearance was noted43-44. The clotting time demonstrates an 
inverse relationship with tissue factor (TF) activity, hence, elongation of clot-
ting time indicates a reduction in TF activity.

Morphological analysis of cells

MDA-MB-231 and MCF-7 cell lines were seeded at a density of 2 x 105 and 3 
x 105 cells, respectively, in 6-well plates. After 24 hours, the cells were treated 
with the required drugs at predetermined doses and incubated for an addi-
tional 24 hours. The control groups were washed twice with PBS and observed 
under a light microscope for morphology and colonization status.
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Statistical analysis

The study employed GraphPad Prism software for data analysis, with variables 
characterized by their standard deviation. A Student’s t-test was employed for 
the comparison of means exhibiting a normal distribution. Two-way Analysis 
of Variance (ANOVA) was utilized to compare groups and elucidate differenc-
es among subgroups in variables demonstrating variations. P values<0.05 (*) 
were accepted as significant.

RESULTS and DISCUSSION

The inhibition of HK-2 is known to halt cell proliferation and glycolytic ac-
tivity, leading to apoptosis in neoplastic cells45,46. IKA, which is used to treat 
bacterial infection primarily, has been found to exhibit in vitro bioactivation. 
The determined IC50 values for the MDA-MB-231 and MCF-7 breast cancer cell 
lines were 24.1 μM and 19.25 μM, respectively (Figure 5).

Figure 5. A) MDA-MB-231 cell viability of IKA application analyzed by MTT assay. B) MCF-7 
cell viability of IKA application analyzed by MTT assay.

Table 2. Tissue Factor Activation by using Prothrombin Time (PT) Analysis

MCF-7 TF Activation (s) MDA-MB-231 TF Activation (s)

Control *51.11 ± 4.08 Control 66.50 ± 3.00

IKA (IC
50

) *113.28 ± 9.53 IKA (IC
50

) 87.35 ± 6.45

NaOx (IC
50

) *60.45 ± 5.27 NaOx (IC
50

) 70.37 ± 3.67

Ptx (IC
50

) *98.52 ± 8.17 Ptx (IC
50

) *91.00 ± 2.50
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In the PT test conducted to determine tissue factor activation, it was found 
that the clot formation times were longer in both cell lines compared to the 
group treated with IKA, when compared to Paclitaxel, a commonly used clini-
cal agent. Furthermore, while Paclitaxel exhibited more effective elongation in 
MCF-7, which is characterized by triple-positive breast carcinoma, IKA pro-
longed the clot formation

The data were evaluated using ANOVA and Student’s t-test statistical analysis 
methods, and the graphs are represented as mean ± standard deviation and 
shown in Figure 6 (*p<0.05).

Figure 6. Comparison of MDA-MB-231 and MCF-7 cell lines’ sections. A) Comparison of the 
control group and Ptx treatment in the MCF-7 breast cancer cell line (p<0.05) B) Comparison of 
the control group and IKA treatment in the MCF-7breast cancer cell line (p<0.05) C) Comparison 
of the NaOx and IKA treatment in the MCF-7 breast cancer cell line (p<0.05) D) Comparison of 
the control group and Ptx treatment in the MDA-MB-231 breast cancer cell line (p<0.05) 
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When all the data were individually examined, for the MDA-MB-231 cell line, 
except for Ptx, the other two drugs were not statistically significant when 
compared to the control group. The relationship between IKA and both the 
control group and NaOx, which is used in clinical treatments, was not found 
to be statistically significant. The MCF-7 cell line is a cell type with a higher 
chance of response to treatment and a higher survival rate compared to MDA-
MB-231. When compared to the control group, all treatment groups were 
found to be statistically significant (p<0.05).

In the determined groups, predetermined doses of drug molecules were applied 
to MDA-MB-231 and MCF-7 cell lines. After the optimum incubation period of 
24 hours, images were captured using a light microscope (ZEISS, Germany). 
The obtained images revealed not only a quantitative decrease in cell viability 
but also qualitative changes in their morphological structures. Additionally, the 
ability of cancer cells to proliferate by clustering/colonizing, which is a distinc-
tive characteristic of cancer, was observed to be diminished (Figure 7).

Figure 7. I) Light microscope images of MCF-7 cell line A. Control group B. Ptx (IC50) group C. 
NaOx (IC50) group D. IKA (IC50) group II) Light microscope images of MDA-MB-231 cell line A. 
Control group B. Ptx (IC50) group C. NaOx(IC50) group D. IKA (IC50) group (10x).

The inhibition mechanism of Hexokinase 2 (HK-2) was first noticed in cancer 
treatment in the 1950s47, leading to research efforts in this area. However, the 
search for a more potent HK-2 molecule is ongoing, aiming to reduce undesir-
able effects and improve the patient’s quality of life compared to current clini-
cal agents. Sodium Oxamate, especially used in the treatment of breast cancer, 
ovarian cancer, and small-cell lung cancer, inhibits LDH-A, thereby halting 
the formation of lactate, the final product of glycolysis in cancer cells. It is also 
known that Taxol-resistant breast cancer cells can emerge in breast cancer pa-
tients. In this context, the unique molecule IKA suggests a potential advantage 
over Paclitaxel and Sodium Oxamate for cancer treatment48.
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The significance of invasive cancer cells communicating with the tumor micro-
environment is that it enables them to overcome environmental challenges, 
establish themselves, and colonize. In many cases, glucocorticoids are used to 
treat complications associated with cancer. The progression of breast cancer 
begins with an increase in stress hormones and glucocorticoid levels, which 
subsequently activate consecutive glucocorticoid receptors, enhancing cancer 
colonization and reducing survival rates. This suggests the need for caution 
when treating cancer patients with glucocorticoid therapy. Beyond this, while 
cytotoxic chemotherapy has been shown to be effective in breast cancer treat-
ment, it has also exhibited prometastatic effects. Paclitaxel and doxorubicin 
trigger tumor-derived extracellular vesicle production in chemoresistant breast 
cancer models. These vesicles facilitate tumor colonization in metastatic sites, 
particularly in the lungs. Therefore, caution is required when treating cancer 
patients with glucocorticoid therapy and certain chemotherapy drugs49,50.

Differences in cell morphology were observed under a light microscope in 
MDA-MB-231 and MCF-7 cell groups consisting of control and treatment 
groups, without staining. As shown in Figure 7, pronounced cell retraction 
and detachment of cells from the cell culture base were observed in all treated 
cell groups. These changes, which were not observed in control cells and are 
characteristic of apoptotic cell death, became visible in all treatment groups 
24 hours after treatment51. Morphological changes were more prominent in 
experimental groups created with IKA and Ptx drug treatment.

Apart from its role in the coagulation system, tissue factor (TF) plays a crucial 
role in embryogenesis, wound healing, inflammatory response, tumor growth, 
metastasis, and angiogenesis. TF is involved in various cellular functions on 
the surfaces of cells such as endothelial cells and monocytes. Therefore, TF 
is implicated in the pathophysiology of inflammation, atherogenesis, and car-
cinogenesis. Studies have shown the co-localization of TF and VEGF in tumor 
cells. Investigations suggest that abnormal vascular structure is associated 
with TF, and vascularization during the embryonic period is linked to TF24-28.

Bozkaya et al. propose that these findings indicate the potential utility of TF 
and VEGF levels in predicting thromboembolic complications in atheroscle-
rotic diabetic patients.TF and VEGF levels showed significant variations be-
tween diabetic and non-diabetic groups (p<0.001)52. The association between 
thrombosis and cancer was first noted in 1865 by Professor Armand Trousseau 
through his observations. Trousseau reported that a significant number of pa-
tients with idiopathic venous thromboembolism were subsequently diagnosed 
with cancer33.
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Another remarkable aspect of our study is that, while the individual effects 
of HK-2 and TF on tumoral formations were previously known in the cancer 
mechanism, their direct relationship has not been investigated in the litera-
ture before. In one of the studies where TF and HK-2 were examined together, 
histological analyses were conducted on tissues obtained from autopsies of pa-
tients who died due to acute myocardial infarction. The results indicated that 
the extent of plaque disruption and the expression of TF and HK-2 are crucial 
vascular factors in the onset of acute myocardial events53.

Overall, our research sheds light on the potential advantages of IKA in can-
cer treatment when compared to both Paclitaxel and Sodium Oxamate, and it 
explores the previously unexplored direct relationship between TF and HK-2 
in tumorigenesis, offering novel insights into the mechanisms of vascular fac-
tors in disease progression. To further investigate the mechanism of action of 
breast cancer treatment candidate molecule, IKA, advanced techniques will be 
employed. The continuation of positive results may lead to preclinical studies, 
opening the floodgates for in vivo experiments and clinical studies.
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ABSTRACT

The best sources of boron are fruits, vegetables, drinking tea and water. It is 
known that insufficient or toxic levels of boron intake may lead to disruptions 
in various metabolic pathways. Hence the increase of tea consumption in Tür-
kiye more than other countries day by day, the boron intake from tea has be-
come important too. This study aimed to determine the amount of boron in the 
most consumed teas in Türkiye and its health impact. Black bulk and bagged 
tea samples were used. All teas were pulverized to a certain size. Then, the 
teas were brewed under certain conditions and centrifuged. The boron con-
tent in pulverized and brewed tea samples was determined by the carminic 
acid method. The average boron level in dried tea samples was 10 ppm, while 
in brewed tea samples it was about 3.3 ppm. The boron levels transferred to 
the brewed tea sample decreased by approximately 3-4 times to around 30%. 
In conclusion, considering the daily upper limit level, our research supports 
the safety of tea consumption in terms of boron levels. It also helps fulfill our 
boron intake without surpassing the daily upper limit, thereby maintaining 
homeostasis and potentially helping with many health problems.
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INTRODUCTION

Tea is obtained by processing the buds and the upper two leaves as much as 
possible of the green-leafed Camellia sinensis (L.), belonging to the Theace-
ae family, plant with various methods. It turns into a commercial beverage 
through fermentation1. Unfermented tea is green tea, semi-fermented tea is 
oolong tea, and fully fermented tea is black tea2. Another type of tea is white 
tea, which is produced by being protected from oxidation, but differently con-
tains a high amount of bud leaves3. The most produced tea type worldwide is 
black tea, with a share of 78%4. During the fermentation step, polyphenol com-
pounds found in fresh black tea leaves undergo various hydrolysis, oxidation, 
transformation and polymerization reactions and transform into theaflavins 
and thearubigens that give black tea its color5,6. Apart from polyphenol oxi-
dase, which provides taste and color formation, the activities of many enzymes 
such as alcohol dehydrogenase enzyme, which provides the formation of some 
alcohols that contribute to aroma, transaminase enzyme, which provides the 
transformation of amino acids and the formation of terpenes, pectinase en-
zyme, which provides the breakdown of pectin substances, and peptidase en-
zyme, which provides the hydrolysis of proteins, play important roles in shap-
ing the characteristic properties of black tea7.

In Türkiye, tea is traditionally consumed widely at breakfast, after meals, in so-
cial environments, when hosting guests, during picnics, celebrations, evening 
conversations, and many other occasions. As a result, Türkiye surpasses other 
countries in terms of worldwide tea consumption. Consumption of tea bags 
and cup tea bags instead of bulk tea brewed in a teapot is becoming more com-
mon because it is more practical8,9. Although the teas in bulk tea and tea bags 
go through the same processes, they are different in terms of quality because 
they pass through different sieves just before packaging10.

Tea content is quite complex, with more than 2000 chemical components, and 
even among the same type of tea, different content can be observed depending 
on soil structure, climate characteristics, and storage conditions11. The amount 
of water in the dry form of fresh tea leaves, which contain approximately 25% 
water when fresh, is approximately 5%. Other components mainly include 
phenolic compounds, flavonols, amino acids + proteins, caffeine, simple car-
bohydrates, polysaccharides, and minerals.

Boron is an essential element for plants as it plays an important role in the 
growth and development of plant cells, the synthesis of the cell wall and the 
continuity of its structure, the transport of necessary ions and various metabo-
lites through membranes, and various enzymatic reactions12. Boric acid, which 
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can dissolve very well in the acidic soil where tea grows with the contribution 
of rain, is the main source of boron in tea. Thanks to its high membrane perme-
ability, boric acid infiltrates the roots and reaches the uppermost leaves13. It is 
known that as the acidity of tea soil increases, the amount of boron absorbed 
by the roots increases. Boron fertilizers, which are known to have a positive ef-
fect on the growth of tea, and boron drugs used to prevent pest formation are 
unnatural boron sources of tea14,15.

There is an increase in tea consumption in Türkiye compared to other coun-
tries, making the amount of boron taken with tea important. Therefore, this 
study aimed to determine the amount of boron in teas consumed most in Tür-
kiye and its health impact. 

METHODOLOGY

Chemicals

The chemicals used in this study were of analytical grade and were obtained 
from Merck (Darmstadt, Germany), Sigma-Aldrich (St. Louis, MO, USA) and 
Fluka (Buchs, Switzerland) companies. 

Tea samples 

The seventeen (six black bulk and eleven black bagged teas) frequently con-
sumed teas were purchased from large markets with high sales circulation, and 
their packages were checked. The quantities to be used were separated and 
numbered. Then, the tea samples were ground into powder using a blender. 
They were labeled.

Modified carminic acid method

The modified carminic acid method was used to determine the boron concentra-
tion16,17. Carminic acid and concentrated sulfuric acid were used to prepare the car-
mine solution (0,4 mM). Boric acid was used to prepare boron standard solutions 
(1-10 ppm). All solutions were freshly prepared. In this method, the absorbance at 
585 nm of the colored complex formed as a result of the reaction between boron 
and carminic acid in a sulfuric acid medium was measured. The boron concentra-
tion in the sample was determined using the boron standard curve. The lowest 
boron concentration that could be measured with this method was 0.25 ppm. 

Boron determination in dry and brewed tea samples

A dry tea sample (0.125 g) was placed into porcelain crucibles. Due to the high 
volatility of boron at low pH values, sodium hydroxide (100 μL, 1 M) was added 
and the mixture was left to dry in an oven overnight at 85°C. The dried sample 
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was then burned in an ashing furnace at 550°C for 4 h. After cooling in a desic-
cator, the sample was acidified with hydrochloric acid (0.4 mL, 6 M). Then it 
was diluted with distilled water to 1 mL and centrifuged at 4000 rpm for 10 
min. The supernatant was used for the carminic acid assay. Concentrated HCl 
(10 μL), concentrated H2SO4 (1 mL), and carmine solution (1 mL, 0,4 mM) were 
added to supernatant (0.2 mL) and to water blank (0.2 mL), respectively, and 
mixed. After incubation for 45 min at room temperature, the absorbance was 
measured at 585 nm wavelength in a spectrophotometer (Rayleigh-UV-1800). 
Measurements were repeated for two times. 

To determine the amount of boron in brewed teas, each powdered tea sam-
ple was weighed 0.5 g and brewed with 50 mL of hot water for 20 minutes. 
After 20 minutes, the liquid portion was immediately separated from the tea 
and centrifuged at 4000 rpm for 10 minutes. Supernatants were aliquoted and 
stored in the deep freezer (at −20°C). The amount of boron in the superna-
tants was determined using the carminic acid method as described for dried 
tea samples in the paragraph above. However, this time a sample blank was 
used instead of a water blank. To prepare a sample blank, concentrated HCl 
(10 μL) and concentrated H2SO4 (2 mL) were added to the supernatant (0.2 
mL). Carminic acid was not added.

Statistical analysis

The results were statistically evaluated using via GraphPad Prism 9.0. The 
values were expressed as means ± standard deviation. The Mann Whitney 
test was used for pairwise comparisons. A p<0.05 was considered statistically 
significant.

RESULTS and DISCUSSION

The main sources of boron in the human body include drinking water, tea, 
mineral water and food. Additionally, various industrial products such as 
antiseptics, preservatives, some drugs containing boron due to its plasticizer 
or flame retardant properties, cosmetic products, detergents, pesticides, ad-
hesives, and carpets also contribute to boron intake. Results obtained from 
studies suggest that boron, as a dynamic trace element, affects a broad range 
of biological functions18. This emphasizes the necessity of determining boron 
levels in biological samples, particularly those relevant to human nutrition.

Although the metabolism of boron is not yet fully understood, it is thought to 
be absorbed entirely by the human body through the digestive system and can 
also be absorbed through the respiratory tract and skin contact.
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Boron can accumulate in various organs and tissues of the human body at dif-
ferent rates. It is reported that boron, found at levels of 3-20 mg in the body, 
accumulates mostly in the heart (28 ppm), followed by the bones (4.3-17.9 
ppm) and liver (2.3 ppm). Although daily boron intake varies by country, it is 
generally considered to be 1-3 mg19,20.

In the present study, the average amount of boron in dried tea samples was 
found to be 10.21 and 13.06 ppm for black bulk tea and black bag tea, respec-
tively. There was a significant difference between the boron amount (p<0.05) 
(Table 1). However, this significant difference may not be meaningful due to 
the use of black teas from different brands.

Table 1. Comparison of boron contents of black bulk and bagged teas 

Boron
(ppm)

Black bulk tea
(n=6)

Black bagged tea
(n=11)

p

Mean 10.21 13.06 <0.05
Mann Whitney

testStandard Deviation 0.80 3.66

No significant difference was detected between the amount of boron in brewed 
black bulk and brewed bagged teas (p>0.05, Table 2)

Table 2. Comparison of boron contents of brewed black bulk and bagged teas 

Brewed Tea 
Boron (ppm)

Black bulk tea
(n=6)

Black bagged tea
(n=11)

p

Mean 3.29 3.26 >0.05
Mann Whitney

testStandard Deviation 0.88 0.86

The amount of boron in the brewed tea samples was about 3.3 ppm. The 
amount of boron transferred to the brewed tea sample decreased by approxi-
mately 3-4 times to around 30%. 

In a study, boron concentrations have been determined in water-soluble and 
acid-soluble fractions in black teas and fruit teas available on the Polish Mar-
ket using inductively coupled plasma-atomic emission spectrometry. The poten-
tial human health risk has been investigated. The mean total content of boron 
ranged from 8.31 to 18.40 mg/kg (ppm) in black teas. The degree of extraction 
of boron in black tea ranged from 8% to 27%. It has been concluded that it may 
not produce any health risks for human consumption, if other sources of metal 
contaminated food are not taken at the same time. The findings of Frankowska’s 



214Acta Pharmaceutica Sciencia. Vol. 63 No. 1, 2025

study were similar to this study21. The difference between this study and theirs 
was the method. They used the ICP method, while we used the spectrophotomet-
ric method (carminic acid method). However, the boron concentrations deter-
mined by ICP and by the carminic acid method were correlated with each other16.

The boron level of black tea found in our study was similar to the boron con-
centration mentioned as between 3.10–57.8 ppm in a review of surveyed the 
elemental analysis of teas22. It was also similar to the boron concentration 
mentioned in another review article about micronutrients (B, Co, Cu, Fe, Mn, 
Mo, and Zn) content in made tea and tea infusion23.

In the study examining the mineral nutrient composition of tea plants harvest-
ed at different shoot periods, changes in the composition of many elements, 
including boron, and their relationship with soil properties were examined. 
It was found that the boron content in tea leaves varied between 10.63-31.58 
ppm24. Our results are consistent with the findings of this research.

In a study conducted in Türkiye, the boron concentrations in brewed teas 
(black tea, chamomile tea, apple tea, rosehip tea, sage tea, linden tea, and 
green tea produced by Lipton) have been determined using Optical Emission 
Spectroscopy. The boron content in the tea infusions after five minutes have 
been varied between 0.084 and 2.023 ppm25. This amount was lower than our 
results for brewed teas. The variation in infusion time, 20 minutes in our study 
and 5 minutes in theirs, could explain this difference.

Other factors that affect boron intake include age, gender, and metabolic rate. 
Considering these factors, the daily boron intake recommended by the European 
Food Safety Authority (EFSA) is as follows: 3 mg for ages 1-3; 4 mg for 4-6 years 
old; 5 mg for ages 7-10; 7 mg for ages 11-14; 9 mg for ages 15-17; and 10 mg for 
adults. According to the World Health Organization (WHO), although the safe 
dose range for adults was defined as 1-13 mg boron/day, this value has been re-
vised to 28 mg boron/day for an adult weighing 70 kg. These calculations change 
over the years according to countries and organizations, and as a result, they 
have an impact on the limits imposed on the amount of boron in drinking water, 
tea and mineral water26,27,28. Assuming an individual consumes five glasses of tea 
(500 mL) daily, the average daily boron intake from bulk or brewed tea is 5.25 
mg or 1.75 mg, respectively.

 In conclusion, when considering the daily upper limit level, our research sup-
ports the safety of tea consumption in terms of boron levels. It also helps ful-
fill our boron intake requirements without surpassing the daily upper limit. 
Therefore, it has the potential to contribute to the maintenance of homeostasis 
and the prevention and treatment of many diseases.
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ABSTRACT

This study aims to assess the relationship between financial literacy levels 
and digital financial skills among pharmacy faculty students. Conducted with 
students from pharmacy faculties in Istanbul, the research utilizes a dataset 
comprising factors like demographic characteristics, financial conditions, and 
digital financial literacy levels. The analysis, employing Structural Equation 
Modeling, elucidates the connections between financial literacy and digital 
financial skills. Significant correlations have been identified between young 
adults’ financial behaviors and digital financial attitudes. This research con-
tributes to the broader understanding of financial literacy, particularly under-
scoring the interplay between traditional financial literacy and digital financial 
literacy. The findings reveal notable correlations and contradictions with exist-
ing literature in the domain of financial literacy, as related to digital financial 
literacy and pharmacy students’ financial behaviors. The multifaceted nature 
of financial literacy, especially in the context of intertwining traditional and 
digital aspects, has been expanded upon in this study.

Keywords: financial literacy, digital financial literacy, pharmacy student, be-
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INTRODUCTION

In today’s world, making financial decisions and increasing financial well-be-
ing have significant impacts on individuals’ lives. Young adults are at a critical 
stage in gaining financial independence and achieving future financial goals. 
Financial literacy is an important tool for individuals to make informed and 
effective financial decisions during this process. However, the level of financial 
literacy among young adults and its relationship with digital financial skills are 
still not fully understood.

Financial literacy includes more than one dimension; the focus is on the knowl-
edge itself as well as the ability to acquire and use knowledge1. Digital literacy 
can be defined as using the digital technologies that come into our lives and 
are presented to us. 

The competence to use the mentioned technologies together with the knowl-
edge to find, create, evaluate and communicate, the use of effective techno-
logical possibilities, therefore requires both cognitive knowledge and technical 
skills as prerequisites for the use of technology2. While the Organization for 
Economic Co-operation and Development (OECD, 2018) defines this concept 
in various ways, various aspects of digital financial literacy include informa-
tion about digital financial products and services, awareness of digital finan-
cial risks, and consumer rights and enforcement procedures. The multiplicity 
and importance of these definitions show the depth of the concept. Since all 
concepts require knowledge and conceptual literacy is required to use them 
effectively. Due to the prevalence and impact of financial know-how use, the 
financial services sector is trying to expand its existing financial literacy pro-
grams by taking advantage of the opportunities. Global economic investments 
increased rapidly in this area from 2017 to 2018. The approximate amount 
of investment in this field has increased from 12 billion US dollars to over 50 
billion US dollars. There is a constant expansion of the scope mentioned in 
the studies conducted by Collins and Urban3. Financial know-how will become 
more responsible for individuals’ economic well-being over time. Increasing 
these opportunities also has an increasing effect on perceived financial well-
being. Financial well-being can be defined as: the conditions a person can face 
are the ability to meet their financial obligations and have a positive financial 
forecast for the future3. In this context, financial literacy and digital financial 
literacy, which are associated with financial well-being, are increasingly the 
subject of comprehensive research.
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Although it has many different definitions, financial literacy is, in summary, 
considered as having some basic financial information and the ability to use 
this information to be successful in making the right financial decisions4. To-
day, the rapid development of communication technologies has caused finan-
cial instruments to enter our lives from many different points. People who 
have a certain level of financial literacy can utilize these opportunities more 
efficiently in terms of profitability and efficiency in economic activities. Today, 
at the level of financial literacy they have, it is essential to carry out financial 
transactions using complex and unconventional information that considers 
the developing and changing environmental conditions other than classical 
knowledge and practices. The concept of financial literacy has gained new di-
mensions with digitalization, and studies have shown that people are more 
successful as a result of having sufficient knowledge when applying financial 
information transactions5. When the literature is reviewed about the concept 
of financial literacy and digital financial literacy, it is stated that the concept of 
finance and digitalization is basically shaped around three elements: fintech, 
financial behavior in digital media and behavioral interventions. Fintech, one 
of these elements, in its most general definition, is the combination of technol-
ogy and finance in order to provide financial services faster, better and easi-
er. In other words, with the technology, financial services can be made more 
user friendly, and consumers can access financial services in new and differ-
ent ways. The rapid increase in mobile applications and the widespread use of 
the internet are among the factors that have created Fintech in recent times. 
That’s why consumers now expect to access fast, user-friendly and entertain-
ing financial services that they can easily access from any point. In order to 
meet all these expectations, competition and studies in this field are increasing 
day by day in our country as well as in the whole world. Although the Turkish 
fintech field is a competitive environment, it is also an environmental system 
where new working and collaboration opportunities are found. An example of 
this is the implementation of the digital wallet project in Türkiye in 2012, with 
all banks and leading e-commerce companies working together6. In addition, 
some applications are put into effect in order to gain financial literacy skills 
and the necessary awareness in this sense. Applications located at the intersec-
tion of financial literacy and technology skills can help children and young peo-
ple to acquire this awareness and parents who aim to teach children and young 
people savings and money management and saving. While the mentioned ap-
plications are being implemented one by one by banks or entrepreneurs, the 
opportunities offered by digital environments are used very efficiently in the 
context of creating a more conscious consumer base compared to others7.  
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Today, it is possible for individuals to access digital communication and in-
formation resources, identify, manage and evaluate the resources through the 
technologies used for communication purposes and the application tools de-
veloped accordingly. In addition, information needs to be analyzed, synthe-
sized and integrated with existing and new information. Apart from this, the 
phenomenon defined as the awareness, attitude and ability to use digital tools 
and digital environments appropriately in order to create new information, 
create expression in media channels and communicate with others, constitutes 
the broad framework of digital literacy8. When we evaluate the concept of digi-
tal literacy together with financial literacy, we see that individuals under the 
age of 18 have knowledge of money, budget, finance, etc. It is thought that it is 
necessary to develop the ability to use digital tools and related environments 
for virtual environment transactions by gaining the awareness of being able 
to act cautiously on issues. In this context, the concept of financial literacy 
emerges with its evolving dimension into digital processes and is offered with 
different models and applications8.

The main aim of the study is to assess students’ levels of financial literacy and 
digital financial skills, identify their strengths and weaknesses in these areas, 
and develop recommendations for financial literacy education programs. The 
methodology of the analysis focuses on revealing the relationships between 
financial literacy and digital financial skills using confirmatory factor analysis.

METHODOLOGY

This study was conducted to understand the level of financial literacy and its 
relationship with digital financial skills among students in pharmacy faculties 
at universities in Istanbul. The study focuses on providing an in-depth analysis 
of the demographic characteristics, financial situations, digital financial liter-
acy levels, and financial behaviors of pharmacy students. In this context, the 
dataset used in the analysis includes demographic and financial characteristics 
of participants such as gender, age, type of university, class, credit card usage, 
and internet banking habits.

The flow of the study initially examines the demographic characteristics of the 
participants, followed by addressing their financial situations and spending 
habits. Subsequently, confirmatory factor analysis is conducted to measure fi-
nancial literacy and digital financial literacy levels. The results have helped us 
understand the relationships between financial behaviors and digital financial 
attitudes of pharmacy faculty students.
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In the analysis part of the study, the data set was evaluated through Structural 
Equation Model. The research model was created and after the consistency of 
the fit indices was determined, the relationships between the sub-dimensions 
of financial knowledge, financial attitude, financial behavior, digital financial 
attitude and digital financial behavior suggested by the model were analyzed.

Research type

This study is a comprehensive evaluation exploring the relationship between 
financial literacy levels and digital financial skills among pharmacy students. 
It adopts a correlational research design to analyze the interplay between fi-
nancial behaviors and digital financial attitudes, using the Structural Equation 
Model for detailed analysis.

Data collection technique

The methodology employed involves an online survey to gather data. The sur-
vey is designed on a five-point Likert scale, with options ranging from “Strong-
ly Disagree” to “Strongly Agree.” It aims to assess participants’ demographic 
information, financial situation, digital financial literacy, and financial behav-
ior. The survey incorporates the Financial Literacy and Digitalization Scale de-
veloped by Kaya and Kılıç9.

Research universe

The research universe encompasses pharmacy faculty students from various 
universities in Istanbul. The study provides a detailed analysis of these stu-
dents’ demographic characteristics, financial situations, and levels of digital 
financial literacy. The study delves into factors such as gender, age, university 
type, grade, credit card usage, and internet banking habits, offering insight 
into the diverse backgrounds of the participants.

Dataset and sample structure

The sample size of the study is 600 participants, predominantly female, and 
primarily aged 21 and under. The participants are students from different age 
groups, genders, university types, and academic years within pharmacy facul-
ties. The study includes a detailed demographic distribution of participants, 
covering aspects such as household income levels and monthly expenses, fur-
ther enhancing the understanding of the study’s population.

The participants of this study are a sample of 600 students from the faculty of 
pharmacy of universities in Istanbul. Participants were selected from different 
age groups, genders, university types and grades. The data collection process 
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was carried out through online surveys. The survey form was prepared in a 
five-point Likert type as “Strongly Disagree” (1), “Disagree” (2), “Undecided” 
(3), “Agree” (4) and “Strongly Agree” (5). The survey forms were specifically 
designed to assess participants’ demographic information, financial situation, 
digital financial literacy, and financial behavior. Kaya and Kılıç developed the 
financial literacy and digitalization scale and in this research this scale was 
used9.

The collected data were analyzed using statistical techniques such as descrip-
tive statistics, correlation analyses, independent samples t-test, and analysis 
of variance (ANOVA). SPSS and R statistical software were used for statistical 
analysis. Data analysis was carried out in two stages. First, the validity of the 
scales was evaluated using confirmatory factor analysis. Then, the obtained 
data was analyzed using statistical methods. Correlation analysis was used to 
examine the relationships between financial knowledge, attitudes and behav-
ior and digital financial attitudes and behavior.

RESULTS and DISCUSSION

From a total population of 1,000 people, 600 people were reached and all of 
them completed the survey. There is no missing data. The survey form included 
variables determined to measure the digital financial literacy level of the par-
ticipants. These dimensions include Financial Knowledge, Financial Attitude, 
Financial Behavior, Digital Financial Attitude, Digital Financial Behavior.

When the distribution of participants by gender is examined, the rate of wom-
en is 82.7% and the rate of men is 17.3%. The rate of those between the ages of 
18 and 21 is approximately 73%, and the rate of those over 21 is 27%. When the 
distribution by university type is examined, the rate of those studying at a pub-
lic university is 24.5% and the rate of those studying at a foundation university 
is 75.5%. The rate of first graders is 36%, the rate of second graders is 30.8%, 
the rate of third graders is 10.8%, the rate of fourth graders is 14.8%, and the 
rate of fifth graders is 7.5%. 57.7% of the participants use credit cards. It was 
observed that 92.5% of the participants used internet banking. Table 1 shows 
the demographic characteristics and distribution of the sample group.
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Table 1. Demographic distribution table

  n %

Gender

Female 496 82.7

Male 104 17.3

Total 600 100.0

Age

18 122 20.3

19 92 15.3

20 149 24.8

21 75 12.5

21+ 162 27.0

Total 600 100.0

University Type

Public 147 24.5

Private 453 75.5

Total 600 100.0

Grade

1 216 36.0

2 185 30.8

3 65 10.8

4 89 14.8

5 45 7.5

Total 600 100.0

Credit Card 
Usage

Yes 346 57.7

No 254 42.3

Total 600 100.0

Internet Banking 
Usage 

Yes 555 92.5

No 45 7.5

Total 600 100.0

When the family monthly income distribution is examined, the rate of those whose 
income is less than 12,000 Turkish Lira (TL) is 13.7%, 12,000-16,999 TL is 19.8%, 
17,000-21,999 TL is 16.7%, and the rate of those whose income is 22,000-26,999 TL 
is 9.2%. The rate of those with 27,000-31,999 TL is 9.3%, with 32,000-36,999 TL is 
7.3%, with 37,000-41,999 TL is 7.2%, with 42,000-46,999 TL is 3%, with 47,000-
51,999 TL is 2.8%, with income of 52,000 TL and above is 11%. The rate of those 
who spend 3,000-4,999 TL is 64%, 5,000-6,999 TL is 13.3%, 7,000-8,999 TL is 
4.3%, 9,000-10,999 TL is 6%, 11,000 TL and more is 12.3%. When the distribution 
of sources where participants follow financial developments is examined, it is seen 
that the internet takes the lead. 94.7 % of the participants use the internet, 2.2% use 



225 Acta Pharmaceutica Sciencia. Vol. 63 No. 1, 2025

TV, and the remaining 0.7% use books, magazines, newspapers, etc. While using 
other resources, the rate of those using other resources is 2.5%. It is seen that the 
family ranks first with 64.8% in the distribution of resources acquired financial be-
havior towards spending money. It is followed by the social environment in second 
place with 16.7% and the school in third place with 6%. The rate of other sources is 
11.2%. Table 2 shows the distribution of income levels of the sample group.

Table 2. Distribution table by income status

  n %

Household Income

Less than 12,000 TL 82 13.7

12,000-16,999 TL 119 19.8

17,000-21,999 TL 100 16.7

22,000-26,999 TL 55 9.2

27,000-31,999 TL 56 9.3

32,000-36,999 TL 44 7.3

37,000-41,999 TL 43 7.2

42,000-46,999 TL 18 3.0

47,000-51,999 TL 17 2.8

52,000 TL and above 66 11.0

Total 600 100.0

Monthly Expenses

3,000-4,999 TL 384 64.0

5,000-6,999 TL 80 13.3

7,000-8,999 TL 26 4.3

9,000-10,999 TL 36 6.0

11,000 TL and above 74 12.3

Total 600 100.0

 
What is the financial 
terminal where you 

follow financial 
developments?

Internet 568 94.7

TV 13 2.2

Book, Journal, 
Magazine etc. 4 0.7

Other 15 2.5

Total 600 100.0

What is the source from 
which you acquired the 

financial behavior of 
spending money?

Family   389 64.8

Social Environment   100     16.7

School    36      6.0

Journal, Book etc.    8      1.3

Other    67    11.2

Total   600    100.0
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Structural equation model

It was examined with Structural Equation Model to determine the validity of 
the financial literacy and digitalization scale. The ratio of chi-square statistics 
to degrees of freedom obtained for model fit indices, root mean square error 
of approximation (RMSEA), Tucker-Lewis index (TLI) value and comparative 
fit index values were examined10. A model’s comparative fit index (CFI) and 
Tucker-Lewis index (TLI) values of 0.90 or above mean that it has a good fit. 
The fit indices calculated for the scales are given in the table below. When the 
model fit indices were examined, it was seen that the model had a good fit. 
Table 3 reflects the fit indices of the model used in the research.

Table 3. Model fit indices table

Acceptable Fit Indices Calculated Fit Indices

χ2/sd. <5 3.268

GFI>0.90 0.932

AGFI>0.90 0.921

CFI>0.90 0.901

TLI>0.90 0.927

RMSEA<0.08 0.079

RMR<0.08 0.076

The model fit indices in Table 3 are based on widely accepted standard thresh-
old values in structural equation modeling11,12,13. Values greater than 0.95 for 
the Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI) as indicative 
of a good fit, and values less than 0.06 for the Root Mean Square Error of 
Approximation (RMSEA) as indicative of a close fit11,12. Provide more detailed 
recommendations for these indices, and13 offers a comprehensive overview of 
model fit assessment in SEM, including a discussion of various fit indices and 
their acceptable thresholds. Table 4 of coefficients of the research model is 
given below.
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Table 4. Model coefficients table

  Coefficients Std. 
Coefficients S.E. C.R. P

s5 <--- Financial 
Knowledge 1 0.626

s4 <--- Financial 
Knowledge 1.24 0.752 0.087 14.323 <0.001

s3 <--- Financial 
Knowledge 1.449 0.73 0.103 14.038 <0.001

s2 <--- Financial 
Knowledge 1.41 0.763 0.097 14.461 <0.001

s1 <--- Financial 
Knowledge 1.165 0.698 0.086 13.604 <0.001

s14 <--- Financial 
Attitude 1 0.679

s13 <--- Financial 
Attitude 0.806 0.71 0.052 15.522 <0.001

s11 <--- Financial 
Attitude 0.999 0.715 0,064 15,62 <0.001

s10 <--- Financial 
Attitude 1.105 0.7 0.072 15.328 <0.001

s9 <--- Financial 
Attitude 0.984 0.739 0.061 16.072 <0.001

s8 <--- Financial 
Attitude 0.839 0.655 0.058 14.437 <0.001

s7 <--- Financial 
Attitude 0.958 0.606 0.071 13.453 <0.001

s6 <--- Financial 
Attitude 0.881 0.579 0.068 12.891 <0.001

s20 <--- Financial 
Behavior 1 0.484

s19 <--- Financial 
Behavior 1.591 0.601 0.16 9.952 <0.001

s18 <--- Financial 
Behavior 1.69 0.614 0.168 10.07 <0.001

s17 <--- Financial 
Behavior 1.592 0.774 0.142 11.18 <0.001

s16 <--- Financial 
Behavior 1.397 0.549 0.148 9.466 <0.001

s15 <--- Financial 
Behavior 1.312 0.621 0.13 10.125 <0.001

s29 <--- Digital Financial 
Attitude 1 0.544
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s30 <--- Digital Financial 
Attitude 0.962 0.505 0.101 9.513 <0.001

s33 <--- Digital Financial 
Attitude 1.284 0.804 0.104 12.38 <0.001

s34 <--- Digital Financial 
Attitude 1.034 0.488 0.111 9.277 <0.001

s35 <--- Digital Financial 
Attitude 1.182 0.644 0.106 11.154 <0.001

s22 <--- Digital Financial 
Behavior 1 0.355

s23 <--- Digital Financial 
Behavior 1.19 0.677 0.153 7.788 <0.001

s24 <--- Digital Financial 
Behavior 1.187 0.664 0.153 7.746 <0.001

s32 <--- Digital Financial 
Behavior 1.131 0.705 0.144 7.864 <0.001

When the coefficients of the items in the model were examined, it was seen that 
all of them were significant. When the levels of the coefficients were examined, 
it was seen that all item sub-dimension correlations were high, so no items 
needed to be removed from the model. Figure 1 provides a graphical represen-
tation of the research model.
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Figure 1. Research model

Relationships between sub-dimensions

The relationships between the sub-dimensions of the scale were examined by 
correlation analysis. Table 5 gives the analysis table of the sub-dimensions of 
the research scales.



230Acta Pharmaceutica Sciencia. Vol. 63 No. 1, 2025

Table 5. Scale sub-dimension analysis table

  Financial 
Knowledge

Financial 
Attitude

Financial 
Behavior

Digital 
Financial 
Attitude

Digital 
Financial 
Behavior

Financial 
Knowledge

r
1

.291** .358** .327** .352**

p .000 .000 .000 .000

Financial 
Attitude

r .291**

1
.669** .293** .485**

p .000 .000 .000 .000

Financial 
Behavior

r .358** .669**

1
.397** .501**

p .000 .000 .000 .000

Digital 
Financial 
Attitude

r .327** .293** .397**

1
.540**

p .000 .000 .000 .000

Digital 
Financial 
Behavior

r .352** .485** .501** .540**

1
p .000 .000 .000 .000

According to the table, the financial knowledge sub-dimension has a positive 
significant relationship with financial attitude at the level of 29.1%, with the 
financial behavior sub-dimension at 35.8 %, with digital financial attitude at 
32.7%, and with digital financial behavior at 35.2 % (p<0.05).

The financial attitude sub-dimension has a positive significant relationship 
with the financial behavior sub-dimension at 66.9%, with digital financial at-
titude at 29.3%, and with digital financial behavior at 48.5% (p<0.05). The 
financial behavior sub-dimension has a positive significant relationship with 
digital financial attitude at 39.7% and digital financial behavior at 50.1% 
(p<0.05). There is a 54% positive significant relationship between digital fi-
nancial attitude and digital financial behavior (p<0.05).

The findings of this research, conducted to understand the relationship be-
tween digital financial literacy and the financial behaviors of pharmacy faculty 
students, have revealed several significant correlations and contrasts with ex-
isting literature in the field of financial literacy. This research has extended 
the understanding of financial literacy’s multifaceted nature, particularly high-
lighting the intertwining of traditional financial literacy with digital financial 
literacy, as previously noted by Zait and Berata1 and Aydın and Artar5. Alexan-
der et al. emphasized increasing importance of digitalization in financial edu-
cation, and the observed proficiency in digital financial literacy among those 



231 Acta Pharmaceutica Sciencia. Vol. 63 No. 1, 2025

with higher traditional financial literacy levels not only corroborates these 
studies but also underscores this importance2.

Collins and Urban suggested that the predominance of female participants in 
this study sheds light on gender differences in financial literacy, aligning with 
the growing awareness of gender-specific needs in financial literacy programs3. 
This gender-based perspective in financial literacy is relatively underexplored 
in the literature, indicating a pivotal area for future investigation. Deloitte 
and Kızıloğlu identified that the extensive use of digital platforms for finan-
cial transactions and literacy among the study participants mirrors the shifting 
trends towards fintech and digital financial platforms6,7. This shift highlights 
the evolving landscape of financial literacy, where digital platforms are becom-
ing central to financial education and behavior.

Contrasting with the findings of Klapper and Lusardi who reported a non-
proportional relationship between financial literacy rates and economic de-
velopment in the United States, this study suggests a more direct correlation 
between financial literacy and socioeconomic factors within the context of Is-
tanbul’s pharmacy students14. This variance could be attributed to the distinct 
demographic and regional characteristics of this study, thereby indicating the 
influence of local contexts on financial literacy. The impact of digital literacy 
on financial decision-making, emphasized by Kakinuma as a contributor to 
quality of life, is further highlighted in this study with specific focus on its in-
fluence on financial behaviors and attitudes15. It is suggested that the role of 
digital literacy in financial decision-making is context-dependent and multi-
faceted, thus requiring further exploration.

These findings underscore the necessity for financial literacy programs to 
incorporate digital literacy elements, echoing the suggestions made by Kaya 
and Kılıç9. The distinct gender differences in financial literacy underscore the 
importance of developing tailored educational approaches. It is acknowledged 
that this study’s focus on a specific demographic—pharmacy students in Is-
tanbul—limits its generalizability. Therefore, future research should consider 
exploring the impact of digital financial literacy across diverse age groups and 
socioeconomic backgrounds, thus broadening the understanding of financial 
literacy in various contexts.

This study has significantly enhanced the understanding of financial literacy, 
particularly by exploring the intersection of digital and traditional financial 
literacy among pharmacy faculty students. A unique focus on this specific de-
mographic has been provided, underscoring how financial behaviors and lit-
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eracy skills are shaped within specialized academic contexts. The investiga-
tion into gender-based differences in financial literacy is a notable aspect of 
this research, highlighting the need for gender-specific approaches in finan-
cial education – a relatively new consideration in the literature. Moreover, the 
research has contributed localized insights into the impact of socioeconomic 
factors on financial literacy in the context of Istanbul, diverging from broader 
geographic studies and adding depth to the understanding of these influenc-
es. The adoption of digital platforms in financial transactions and education, 
aligning with the global trend towards digitalization, has been comprehensive-
ly addressed, emphasizing the integration of digital literacy in financial educa-
tion. Methodologically, the employment of Structural Equation Modeling has 
provided robust analysis, enhancing the research’s credibility and offering a 
methodological blueprint for future studies in the field. Additionally, practical 
implications for the design and implementation of financial literacy programs 
have been derived, particularly emphasizing the inclusion of digital literacy 
elements and addressing gender-specific needs. In essence, this study not only 
aligns with but also advances the current literature on financial literacy by pro-
viding new insights into the digital era’s dynamics and the nuanced role of 
gender in financial education, thereby shaping the future direction of financial 
literacy programs.

This study was conducted to understand the demographic characteristics, fi-
nancial situations, digital financial literacy and financial behaviors of students 
studying at the Faculty of Pharmacy in Istanbul. The analysis results show that 
the participants have various characteristics according to demographic fac-
tors such as gender, age, university type, grade, credit card usage and internet 
banking habits. When we look at the gender distribution, it is seen that the 
participation rate of women in the research is higher than that of men. This 
situation suggests that it may be useful to examine financial literacy educa-
tion and programs in relation to gender-based needs. In addition, it was de-
termined that the majority of the participants had the habit of using internet 
banking and followed financial developments on the internet. This highlights 
the importance of efforts by financial institutions to provide more information 
on digital platforms and to increase students’ digital financial literacy.

Confirmatory factor analysis results showed that there were strong and sig-
nificant relationships between financial knowledge, attitude and behavior and 
digital financial attitude and behavior. People who are proficient in financial 
literacy are also more conscious about digital financial literacy. It is important 
that financial literacy programs include not only basic financial knowledge but 
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also digital financial literacy. This is necessary so that students can make more 
informed financial decisions. Consequently, understanding the factors that in-
fluence students’ financial behavior is important to improve individuals’ finan-
cial well-being. This study provides important information that can guide the 
design and implementation of financial literacy education programs. Future 
research should evaluate more specific strategies and approaches to improve 
students’ financial literacy levels, including different dimensions.

The findings of this study point to various practices in the development and 
implementation of financial literacy programs. In particular, organizations 
that offer financial literacy education should update their programs to ensure 
integrity that including digital financial literacy topics. Additionally, it is pos-
sible to make financial literacy programs more effective by developing educa-
tional materials and strategies appropriate to gender-based needs.

Since this study was conducted in a certain time period and on a certain sample 
group, its general validity is limited. In addition, its limitations include the fact 
that it is based on participants’ statements, is not based on objective data, and 
contains a subjective evaluation. Future research may increase the generaliz-
ability of the results by conducting larger and more diverse sample groups.

This study provided a basic understanding of the financial behavior of phar-
macy school students. Future research should aim to evaluate the impact of fi-
nancial literacy programs on a long-term basis and understand the differences 
between different demographic groups. Additionally, studies that examine the 
need for digital financial literacy in more detail can better direct developments 
in the field of financial literacy.
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ABSTRACT

The study aims to examine the effect of Methotrexate (MTX) treatment on rat 
spleen and investigate the antioxidant properties of quercetin (Que) and lipo-
ic acid (LA) on MTX. Rats were divided into groups as Controls, MTX-given 
group, MTX+Que-given group, and MTX+LA-given group. At the end of the 
experiment, total protein, glutathione (GSH), lipid peroxidation (LPO), nitric 
oxide (NO), and total sialic acid (SA) levels, also superoxide dismutase (SOD), 
and catalase activities were determined in spleen homogenates. MTX increased 
oxidant parameters and both Que and LA effectively decreased LPO, SA, and 
NO levels. Administration of MTX increased GSH levels and decreased SOD 
activity, besides Que normalized GSH level and SOD activity, LA decreased 
GSH activity. Que and LA may be effective in recovering MTX-induced toxic-
ity by decreasing oxidative stress and can be useful in normalizing the damage 
situation in rat spleen.

Keywords: methotrexate, oxidative stress, quercetin, lipoic acid, spleen

INTRODUCTION

Methotrexate (MTX) (4-amino-N10-methyl-pteroylglutamic acid), a weak bi-
carboxylic organic acid, acts as an anticancer agent and immunosuppressant1,2. 

mailto:nihal.oktay@marmara.edu.tr
mailto:nsehkar@yahoo.com
https://orcid.org/0009-0001-7580-0956
https://orcid.org/0000-0002-2878-288X


237 Acta Pharmaceutica Sciencia. Vol. 63 No. 1, 2025

It was developed based on its structural similarity to folic acid and its capacity 
to inhibit folate-dependent enzymes3. After its initial use in the treatment of 
acute leukemia, MTX has also been used to treat various types of cancer, as 
well as autoimmune and inflammatory diseases1,3.

The primary pharmacological mechanism of MTX is to competitively inhib-
it dihydrofolate reductase, an intracellular enzyme that reduces folic acid to 
tetrahydrofolate cofactors4. MTX has 100x greater affinity to dihydrofolate 
reductase than folic acid, which effects the conversion of folic acid to tet-
rahydrofolate which is required for DNA synthesis5. Inhibition of purine and 
pyrimidine thymidylate synthesis by MTX leads to deoxynucleotide pool im-
balance, decreased folate, purine, and thymine deficiency in actively proliferat-
ing cells such as tumor cells, leading to blockage of DNA and RNA synthesis, 
and eventually cell death4,5.

MTX has a toxic effect on the body since either monoglutamate, the natural 
form of the drug, or polyglutamate are inhibitors of several enzymes. The poly-
glutamated forms are stored in the cells and kept in the body for weeks, result-
ing in a decrease in folate levels and both drug forms are not specific to malig-
nant cells3,5. The toxicity caused by MTX may vary depending on the dose and 
duration of use according to the disease and patient profile6. These side effects 
may be life-threatening such as a decrease in the immune system, dysfunction 
of blood cells, various liver complications and organ involvement. The exact 
way in which MTX causes toxicity in the body is not completely known. How-
ever, it is mainly linked to the generation of oxidative stress in organs such as 
the kidney, liver, and heart7. This is caused by an increase in reactive oxygen 
species (ROS), which leads to high levels of neutrophil infiltration and release 
of pro-inflammatory cytokines8. 

Quercetin (Que) is a potent antioxidant belonging to the flavonol subclass of 
flavonoids. It is not synthesized in the body but is taken from various veg-
etables and fruits through diet and the best-known source of Que is onion9,10. 
Que is known to have anti-oxidative effects as well as anti-inflammatory, anti-
diabetic, anti-proliferative, anti-viral, and anti-carcinogenic properties11-13. By 
possessing hydroxyl groups within its structure, Que has lipophilic properties, 
and it demonstrates an exceptional ability to cross the blood-brain barrier eas-
ily and therefore it has been reported to protect from neurodegenerative dis-
eases10. Que shows a strong antioxidant property and can scavenge many ROS 
due to the presence of the phenolic hydroxyl group and the double bonds in 
its structure9,14. These hydroxyl groups in its structure act as active hydrogen 
donors and reduce free radicals. Thus, Que makes them stable and prevents 
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unsaturated fatty acid oxidation14,15. Que also protects the organism from oxi-
dative damage by taking an active role in maintaining the oxidant/antioxidant 
balance9,14.

Lipoic acid (LA, 1,2-dithiolane-3-pentanoic acid) is a natural dithiol compound 
synthesized enzymatically in mitochondria16,17. LA is a crucial cofactor for the 
mitochondrial enzymes, therefore it is critical in mitochondrial energy metab-
olism16,18. Unlike other antioxidants, LA is soluble in both water and fat, so it 
can act anywhere in the body19. In addition, its small size and high lipophilicity 
allow it to easily cross biological membranes6.

The spleen is the largest of the lymphoid tissue organs.  It is the center for the 
destruction of red blood cells and platelets. It also filters out old blood cells 
that are coated with antibodies or incorrectly produced. It plays an active role 
in the immune system by filtering out foreign bodies such as bacteria as well as 
abnormal erythrocytes. It is also the organ where red blood cells are stored20,21.

There are limited studies focused on the oxidative effects of MTX on spleen 
tissue. Thus, we aimed to examine the protective benefits of Que and LA on 
MTX-induced oxidative stress in the spleen tissue of rats. 

METHODOLOGY

Experimental groups

This study was approved by the Marmara University Animal Experiments Lo-
cal Ethics Committee (MÜHDEK) (Protocol No: 01.2023mar). In the study, 
Wistar albino rats (2 months old, 200-250 gr.), taken from Istanbul Univer-
sity Aziz Sancar Experimental Medicine Research Institute, were used. The 
animals were housed in cages at room temperature with a maximum of 4 rats. 
They were fed ad libitum and consumed standard rat feed and tap water. MTX 
(50 mg/5 ml) was obtained from Koçak Farma Pharmaceuticals and Chemicals 
Industry Inc., Türkiye. Lipoic acid (catalog number: 1077-28-7) and quercetin 
(catalog number: 117-39-5) were obtained from Sigma-Aldrich Chemical Com-
pany (St. Louis, MO, USA). Experimental groups were created as follows:

Control group (n=6): 0.1 cc/100 g saline i.p. was administered to each rat for 
5 days. 

MTX-given group (n=6): Given 20 mg/kg MTX i.p. on day 1st, followed by 0.1 
cc/100 g saline i.p. for 5 days.

MTX + Que- given group (n=6): Given 20mg/kg MTX i.p. on day 1st, followed 
by 50mg/kg Que i.p. dissolved in 0.1 cc/100 g saline for 5 days.
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MTX + LA-given group (n=6): Given 20 mg/kg MTX i.p. on day 1st, followed 
by 50 mg/kg LA i.p. dissolved in 0.1 cc/100 g saline for 5 days.

Administration dose, timing, and experimental protocol were determined 
based on previous studies22,23. On the 6th day, anesthesia of the animals was 
performed by intraperitoneal injection of sodium pentothal (50 mg/kg). Af-
ter euthanasia by taking cardiac blood, spleen tissues were taken and homog-
enized with saline solution (0.9% g NaCl). Total protein24, lipid peroxidation 
(LPO)25, nitric oxide (NO)26, total sialic acid (SA)27, glutathione (GSH)28 levels, 
and superoxide dismutase (SOD)29, and catalase (CAT)30 activities were deter-
mined in 10% (w/v) homogenates prepared from spleen tissue.

Statistical analysis

Graph-Pad Prism 9.0 (GraphPad Software, San Diego, CA, USA) software was 
used for statistical analysis. The one-way ANOVA method and Tukey’s test 
were used for the comparison of more than two group averages and the inter-
pretation of the differences between them. The t-test was used for the compari-
son of two groups. P<0.05 was accepted as significant.

RESULTS and DISCUSSION

The study focused on examining the effects of Que and LA on MTX-induced 
oxidative stress on rat spleen tissue. Since the spleen plays an important role 
in regulating blood cells in the body, when it is damaged, the immune system 
is also affected. Despite its widespread use in the treatment of cancer, autoim-
mune, and inflammatory diseases, MTX is known to have toxic effects, but 
studies on its effect on the spleen tissue are limited. Due to mice, one of the 
frequently preferred experimental animals, synthesize folic acid in their intes-
tines31, they were not suitable for the present study.

Oxidant parameters; LPO, NO, and SA levels results are shown in Figure 1.
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Figure 1. Levels of LPO, NO, and SA in spleen tissue. Values are given as mean±standard 
deviation, Control: Control group; MTX: Methotrexate-given group; MTX-Que: Methotrexate 
and Quercetin-given group; MTX-LA: Methotrexate and Lipoic acid-given group; LPO: Lipid 
Peroxidation; MDA: Malondialdehyde; NO: Nitric Oxide; SA: Sialic Acid. **p<0,01, ***p<0.001 
significantly different from Control group; αp<0.05, ααp<0.01, αααp<0.001 significantly different 
from MTX group.

LPO levels of the spleen tissues increased significantly in the MTX group 
compared to the controls (p<0.001) and also decreased significantly in the 
MTX+ Que and MTX+LA groups compared to the MTX-given group (p<0.05, 
p<0.001, respectively). Splenic NO level increased significantly in the MTX-
given group compared to the controls (p<0.01), while significant decreases 
were observed in the MTX+Que and MTX+LA groups compared to the MTX-
given group (p<0.001, p<0.01, respectively). A significant increase in the SA 
level of the spleen tissue was detected in the MTX group compared to the con-
trols (p<0.001), while significant decreases were observed in the MTX+ Que 
and MTX+LA groups compared to the MTX-given group (p<0.001, p<0.01, 
respectively).

Antioxidant parameters; GSH level, SOD, and CAT activities results are shown 
in Figure 2.
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Figure 2. Level of GSH, activities of CAT and SOD in spleen tissue. Values are given as 
mean±standard deviation, Control: Control group; MTX: Methotrexate-given group; MTX-Que: 
Methotrexate and Quercetin-given group; MTX-LA: Methotrexate and Lipoic acid-given group; 
GSH: Glutathione; CAT: Catalase; SOD: Superoxide Dismutase, *p<0,05, **p<0,01 significantly 
different from Control group; αp<0.05 significantly different from MTX group.

GSH level of the spleen tissue increased significantly in the MTX-given 
group compared to the controls (p<0.05) and decreased significantly in the 
MTX+Que and MTX+LA groups compared to the MTX-given group (p<0.05). 
SOD activity decreased significantly in the MTX group compared to the con-
trols (p<0.01). Administration of Que significantly increased SOD activity 
compared to the MTX-given group (p<0.05). Although there was a slight in-
crease in the MTX-LA group, the result was insignificant.  

No significant change was observed in the CAT activity of the groups. 

Although MTX is preferred in the treatment of various cancers and autoim-
mune diseases, serious side effects up to organ involvement may be observed 
in patients due to long-term and high dose use32. In addition, while MTX-
polyglutamate forms accumulate in intracellular stores with MTX use, folate 
stores decrease. These MTX-polyglutamate can act for weeks even if MTX ad-
ministration is stopped, which increases the toxic effect of the drug32,33. The 
main reason for the side effects of MTX is that it can harm healthy cells as well 
as cancerous ones. MTX can also cause oxidative damage in the surrounding 
tissues and organs because the antioxidant system is unable to eliminate the 
reactive species that increase during treatment. The oxidative stress may cause 
involvement or loss of function in various organs such as the spleen.

Que reacts directly with radicals and neutralizes them. It also shows antioxi-
dant properties by inhibiting LPO by breaking down lipid peroxyl radicals and 
chelating metals15. In many studies on animals and cells, it has been document-
ed that Que induces GSH synthesis, increases CAT and SOD activities, and de-
creases MDA content9,14,34. Likewise, external supplementation with LA acts as 
a potent antioxidant and can reduce oxidative stress both in vitro and in-vivo35.  
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It has been reported that LA protects DNA, membrane lipids, and intracellular 
proteins from oxidative damage33. In addition to its antioxidant capacity, LA 
has been proven to participate in the regeneration of oxidized forms of other 
endogenous antioxidant agents such as vitamin E, C, and GSH, which are de-
pleted especially during oxidative stress17,35.

In our study, significant increases were found in oxidant parameters consist-
ing of LPO, NO, and SA in the spleen tissue of MTX-given rats compared to the 
controls. Besides, administration of Que and/or LA to the MTX-given group 
was effective in reducing and/or normalizing these parameters. In studies con-
ducted with serum and different tissues of animals treated with MTX, it has 
been proven that the MDA level, which is an indicator of LPO, is increased33,36. 
In parallel with the results of our study, Soliman et al.7 reported that the ad-
ministration of MTX increased LPO levels in the spleen tissue. Also, in previ-
ous studies with different tissues, decreased MDA levels were found with the 
administration of Que15 and LA in MTX-given groups17.

NO is one of the nitrogen-derived reactive species in the organism. Previous stud-
ies showed that MTX administration increased NO levels in rat spinal cord37, se-
rum36, liver38,39, heart40, and kidney41. Excessively produced NO in the cell can 
react with superoxide radicals and cause nitration of proteins and the formation 
of peroxynitrite radicals. In addition, the production of NO in the organism leads 
to rapid depletion of GSH, which is an antioxidant in the cell38. In our study, MTX 
increased NO levels in spleen tissue. Besides, we found that the NO level in spleen 
tissue was significantly reduced by the antioxidant effects of Que and LA com-
pared to the MTX-given group. Thus, we can suggest that Que and LA may be 
effective in preventing NO-induced oxidative damage in spleen tissue. 

SA, found at the terminal end of many glycoconjugates in all biological mem-
branes, is an acetylated derivative of neuronic acid40. SA is also a marker of oxida-
tive stress and a more accurate indicator of inflammation since it shows little vari-
ability between individuals42. In our study, a significant increase was observed 
in the SA level of the MTX group compared to the controls. Consistent with the 
literature, SA levels decreased significantly with the treatment of Que and LA 
compared to the MTX group43. Increased SA levels following MTX treatment may 
be a response of spleen tissue to protect itself against oxidative damage.

In previous studies, GSH levels were examined in various tissues of animals 
treated with MTX, and decreases were found compared to the control group. 
Besides, treatment with antioxidants, such as LA and Que, leads to an increase 
in GSH level6,7,15. However, in our study, GSH levels increased significantly in 
the spleen tissue of MTX-given rats. We suggest that this increase is due to 



243 Acta Pharmaceutica Sciencia. Vol. 63 No. 1, 2025

the activation of the antioxidant defense mechanism in the spleen, which is an 
important part of the immune system and develops an immune response to 
radical formation. Besides this, we found that GSH levels in the MTX+Que and 
MTX+LA groups decreased significantly compared to the MTX group and ap-
proached the control levels. Based on our experimental design, we believe that 
starting antioxidant treatment following the MTX administration on the first 
day and continuing the treatment for five days resulted in mild MTX-induced 
oxidative damage in the spleen. Additionally, the use of Que and LA may help 
protection of spleen tissue against oxidative damage by increasing GSH levels. 

Considering the animal trials in which MTX treatment was applied, a decrease 
in SOD activity was found17,39, and a significant elevation was observed with 
the administration of Que34,43 and LA6,35. Following these studies, we found a 
decrease in SOD activity in the spleen tissue of the MTX group. The inhibition 
of cellular NADPH by as a result of MTX-induced oxidative stress may cause 
a decrease in SOD activity. Although a significant increase was observed with 
Que treatment, LA did not change SOD activity. In some previous studies CAT 
activity, an antioxidant enzyme in various tissues, decreased with MTX admin-
istration, while an increase was observed after Que and LA treatment35,44-46. In 
the present study, no difference was found in the CAT activity of the groups; 
this may be a result of the animals developing an immune response to a single 
dose of 20 mg/kg MTX administration and tolerating the oxidative damage 
caused by MTX. In the literature, SOD and CAT activities have been found 
to decrease with MTX administration, but there are also studies with differ-
ent results. In the study conducted by Armağan et al. increased levels of liver 
SOD and CAT activities were detected and the administration of LA decreased 
SOD and CAT activities slightly compared to the controls47. Besides, in kidney 
tissue, SOD activity level was observed to decrease compared to the control 
group, while CAT activity level was observed to increase compared to the con-
trols, but these results were insignificant.  Uzar et al. administered MTX to 
rats at a dose of 20 mg/kg and found that cerebellum SOD and CAT activities 
were significantly increased in the MTX-treated group compared to the con-
trol group37. Additionally, Devrim et al. applied MTX to 60 mg/m2 body sur-
face area to rats for 7 weeks and detected a non-significant increase in SOD 
and CAT activities in kidney tissue compared to the control group48. However, 
Soylu Karapınar et al. measured a significant decrease in CAT activity of the rat 
ovarian tissue after MTX administration compared to the controls, but after 
LA treatment there was a slight increase in the MTX+LA group compared to 
the MTX-given group49.
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The current study showed that MTX-induced oxidative stress causes tissue 
toxicity and damages spleen tissue. Que and LA were able to restore the oxida-
tive state by fixing the damage. Que and LA protected the antioxidant system 
by regulating GSH levels and SOD enzymes, both of which were useful in de-
creasing oxidant parameters.
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