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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:

Abstract

Keywords

Introduction (without author names and affiliations)

Methodology

Results and Discussion

Statement of Ethics

Conflict of Interest Statement

Author Contributions

Funding Sources 

Acknowledgments 

References

*Obligatory files are manuscript main document, title page, ethical approval, 
tables, figures for submission. If exist, supplementary files should also be add-
ed.

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The original articles accepted for publication must be unpublished work and 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.
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1.2 Manuscript Categories

Manuscripts can be submitted as Original Articles or Review Articles.

Original 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.

Each issue comprises 14 original articles and 1 review article, or 15 original 
articles in the absence of a review article.

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

The editorial board pursue the best practice guidelines of the Committee on 
Publication Ethics (COPE). To guaranty the integrity of the published pa-
pers, Acta. Pharm. Sci. editors are guided for using COPE’s flowcharts when-
ever they suspect an ethical issue about the paper they process. 

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 the consent of all coauthors must be 
obtained prior to the submission of manuscripts. If an author is removed after 
submission, the submitting author must obtain the removed author’s consent 
for the change by e-mail to the assigned editor.
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1.5.2 Plagiarism 

Manuscripts must be original in concept, content, and writing. It is not ap-
propriate for an author to reuse wording from other publications, including 
their own previous work, whether or not that publication is cited. Suspected 
plagiarism should be reported immediately to the editorial office, and the 
report should specifically indicate the plagiarized material within the manu-
script. Acta Pharmaceutica Sciencia uses iThenticate or Turnitin software to 
screen submitted manuscripts for similarity to published material. The maxi-
mum allowed plagiarism percentage is 20% or less. Please note that your man-
uscript 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-
thors. Studies submitted for publication must provide evidence that the de-
scribed experimental activities have undergone local institutional review, en-
suring the safety and humane usage of animal subjects. In the case of human 
subjects, authors must also provide a statement that study samples were ob-
tained with the informed consent of the volunteers, or, in the absence of that, 
under the authority of the institutional board that approved 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 state-
ment placed in the section of ‘Statement of Ethics’.

World Medical Association Declaration of Helsinki. Ethical principles for med-
ical research involving human subjects. Bulletin of the World Health Organiza-
tion, 2001;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.

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

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 representa-
tions. 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 abstract, all sections of the body of the paper, figure cap-
tions, scheme or chart titles, and footnotes and references) and tables 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 returned to au-
thors for correction.

Use A4 page size with all pages oriented vertically. Set a 2.5 cm margin on each 
side. There are no page limitations; however, the length should be kept to a 
minimum. The experimental procedures for all experimental steps must be 
clearly and fully included in the experimental section of the manuscripts.

2.1.1 Nomenclature 

It is the responsibility of the authors to provide correct nomenclature. It is accept-
able to use semisynthetic or generic names for certain specialized classes of com-
pounds, such as steroids, peptides, carbohydrates, etc. In such a case, the name 
should conform to the generally accepted nomenclature conventions for the com-
pound class. Chemical names for drugs are preferred. If these are not practical, ge-
neric names, or names approved by the World Health Organization, may be used.

Authors may find the following sources useful for recommended nomenclature:

•	 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/).

2.1.2 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.
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•	 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-
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.

2.1.3 Trademark Names 

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

2.1.4 Interference Compounds 

Active compounds from any source must be examined for known classes of as-
say interference compounds and this analysis must be provided in the General 
Experimental 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 com-
pounds with potential PAINS liability are specifically active and their apparent 
activity is not an artifact.

2.2 Manuscript Organization

Sections: (Capital letters should be used in) Abstract, Introduction, Methodol-
ogy, Results and Discussion, Statement of Ethics, Conflict of Interest State-
ment, Author Contributions, Funding Sources, Acknowledgments.

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. The 
title should be concise and informative. Minimal use of nonfunctional words 
is encouraged. The title should be concise and informative. Only commonly 
employed abbreviations (e.g., DNA, RNA, ATP) are acceptable. Code numbers 
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for compounds may be used in a manuscript title when placed in parentheses 
AFTER the chemical or descriptive name. Only the first letter of the first word 
of the title must be capitalized.

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 (*). E-mail be-
longing to the corresponding author is mandatory. The affiliations must be 
written in this order: Name of the University, Faculty, Department, City, Coun-
try. The ORCID numbers must be hyperlinked in title page for each author.

2.2.2 Abstract and Keywords 

Articles of all types must have an abstract following the title. The maximum 
length of the Abstract should be 200 words, organized in a findings-oriented 
format in which the most important results and conclusions are summarized. 
Abstracts should not be separated into categories; it should be written in a 
paragraph format. 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 the searching and indexing of the manu-
scripts. The ‘keywords’ must be given as below.

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 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-
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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.

Latin names of the plants and names of the microorganisms must be written 
in italic form.

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. 

2.2.5 Results and Discussion 

This section could include synthetic schemes and tables of biological, demo-
graphic, and statistical data. The discussions should be descriptive. Authors 
should discuss the analysis of the data together with the significance of results 
and conclusions. 

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 e-
mail addresses for each of the designated corresponding authors.

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

2.2.7 Statement of Ethics: Authors are requested to declare the identifica-
tion or case number of institution approval as well as the name of the licensing 
committee in a statement placed in the section of ‘Statement of Ethics’. If the 
study does not require any ethical approval, it could be stated as follows ‘No 
need for ethical approval for this study.’.
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2.2.8 Conflict of Interest Statement: Any conflict should be stated. If 
there is none, it could be stated as follows ‘There is no conlict of interest.’.

2.2.9 Author Contributions: Include statement such as “These authors 
contributed equally.”

2.2.10 Funding Sources: Provide the information of the financial support 
received for conducting the research, including grants, donations, or sponsor-
ships from institutions, organizations, or agencies.

2.2.11 Acknowledgments: Authors may acknowledge people, organiza-
tions, and financial supporters in this section.

2.2.12 References and Notes 

Vancouver style is used in the reference list and citations. Manuscripts avail-
able on Web with a DOI number are considered published. In-text citations 
should be given superscript numbers according to the order in the manuscript. 
Ensure that references that are included in the text in the correct numerical 
order, corresponding to the sequence of references list. Footnotes are not used. 
Begin your reference list on a new page and title it ‘REFERENCES’. Use Arabic 
numerals (1, 2, 3, 4, 5, 6, 7, 8, 9) as superscripts in the text. 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. 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. The use of a DOI 
URL at the end of the reference is strongly recommended and should be em-
bedded as a hyperlink.

2.2.12.1 For printed articles 

• Article with 1-6 authors: 

Author AA, Author BB, Author CC, Author DD. Title of the article. Abbreviated 
title of journal, Year;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. Doi:10. 
1016/j.bmc.2018.02.048 

* It is recommended to hyperlink the DOI in the reference section by embed-
ding the link in the DOI number provided.
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• Article with more than 6 authors: 

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

2.2.12.2 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;volume 
number(issue number):page numbers. Available from: URL DOI

2.2.12.3 For books and book chapters 

Books: a) Print book or b) Electronic book 

a) Author AA. Title of book. Edition. Place of Publication: Publisher; Date

b) Author AA, Author BB. Name of the book [Internet]. Edition number (if not 
the first edition). Publication city, publication country: Publisher; year [cited 
date]. Available from: URL.

Book chapters: a) Print book chapter or b) Electronic book chapter

a)	 Author AA. Title of the book chapter. In: Editor AA, Editor BB, editors. 
Title of the book. Publication city, publication country: Publisher; year. p. page 
numbers. 

b)	 Author AA. Title of the book chapter. In: Editor AA, Editor BB, editors. Title 
of the book [Internet]. Publisher; year. p. page numbers. Available from: URL. 
Accessed date: [accessed date].

2.2.12.4 For theses and dissertations 

Author AA. Title of the thesis. [Doctoral Thesis/Master’s Thesis]. City: Name 
of the University; Year.

2.2.12.5 For conference or symposium reports

Name of the Organization. Title of the report. In: Name of the symposium or 
conference; Year Month Day(s); City, Country. Publisher; Year.

2.2.12.6 For guidelines

Guildelines: a) Print guidelines or b) Electronic guidelines

a) Organization or Author(s). Title of the guideline. Edition (if applicable). 
Place of publication: Publisher; Year of publication. Total number of pages (if 
applicable).
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b) Organization or Author(s). Title of the guideline [Internet]. Edition (if appli-
cable). Place of publication: Publisher; Year of publication [cited date]. Avail-
able from: URL.

2.2.13 Tables

Table titles should not be abbreviated exp. tab. is not acceptable. It should be 
written as; Table 1. Tables should be centered, while table captions should be 
justified. When writing the table title, “Table 1.” should be in bold, followed 
by the caption in regular font.

Tabulation of experimental results is encouraged when this leads to more effec-
tive presentation or to more economical use of space. Tables should be numbered 
consecutively in order of citation in the text with Arabic numerals. The font used 
in tables should be Times New Roman, size 10. Footnotes in tables should be 
given as lowercase size 9 letter designations and cited in the tables as super-
scripts. 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. Table 
captions should be written on the top. Tables may be created using a word pro-
cessor’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. 

2.2.14 Figures, Schemes/Structures, and Charts

Figure titles should not be abbreviated exp. fig. is not acceptable. It should be 
written as; Figure 1. Figures should be centered, while figure captions should 
be justified. When writing the figure title, “Figure 1.” should be in bold, fol-
lowed by the caption in regular font.

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.

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 
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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.

2. Additional acceptable file formats are: TIFF, PDF, EPS (vector artwork) or 
CDX (ChemDraw file). When submitting individual graphic files and embed-
ding them in a Word document, make sure to name the files according to their 
graphic function (e.g., Scheme 1, Figure 2, Chart 3), not the scientific name.

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

2.2.15 Image Manipulation

Images should be free from misleading manipulation. Images included in an ac-
count of research performed or in the data collection as part of the research require 
an accurate description of how the images were generated and produced. Apply 
digital processing uniformly to images, with both samples and controls. Cropping 
must be reported in the figure legend. For gels and blots, use of positive and nega-
tive controls is highly recommended. Avoid high contrast settings to avoid overex-
posure of gels and blots. For microscopy, apply color adjustment to entire image 
and note in the legend. When necessary, authors should include a section on equip-
ment 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.
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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.

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).
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3.2 Registration to System 

It is required to register into the e-Collittera system for the first time while 
entering by clicking the “Create Account” button on the registration screen 
and the filling out the opening form with real information. Completing all the 
required fields in the form is essential for a successful registration. Without 
providing the necessary information, the registration process will not be able 
to proceed.

After the registration, a “Welcome” email is sent to the user by the system, 
reminding your user name and password. Authors are expected to return to 
the entry screen and log in with their user name and password for the submis-
sion. 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 e-mailed to you in a short while.

3.3 Submitting a New Article 

The author module’s main page is divided into various sections that display 
the status of your manuscripts in progress. Authors can initiate a new submis-
sion by clicking the “New Manuscript” button, which involves a series of nine 
consecutive levels. In the first 7 levels, information such as the article’s kind, 
institutions, authors, title, summary, keywords etc. are asked respectively as 
entered. Authors can move back and forth while the information is saved au-
tomatically. If the is transaction is discontinued, the system will move the new 
submission to the “Partially Submitted Manuscripts” part and the transaction 
can be continued from there.

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 
will be automatically assigned as “Partially Submitted Manuscripts”.

3.3.2 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.

3.3.3 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 
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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.

3.3.4 Abstract The summary of the article should be entered to the Abstract 
window. 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 from  the 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 the reviewers; 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.

3.3.5 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).

3.3.6 Cover Letter If the submitting article was published as a thesis and/
or presented in a congress (or elsewhere); all information about the thesis, 
presented congress (or elsewhere) should be delivered to the editor and must 
be mentioned in the “Cover Letter” section.

3.3.7 Adding Article This process consists of four different steps, beginning 
with the uploading of the article into the system. The “Browse” button under 
the “Choose a file to upload” tab is used to reach the article file. After finding 
and selecting the article file, you may click “Choose File” and the file will be 
uploaded.

Second step is to select a 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 the third step. The last step is submitting the prepared 
article into the system. Then, click the “Download” button.
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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 the previously defined 
format. After all required files are added, “Continue” button should be clicked. 
All details and features of the article can be reached from the Article Informa-
tion page.

This page is the last step of the transaction which ensures that the entered 
information is controlled.

3.3.8 Your Files After submitting the article you may find all information 
related to the 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 
that the file can be opened on a valid site and the second is to ensure that the 
submitted file can be downloaded to the computer.

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

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

3.3.9 Completing the Submission Last level is submitting the article and 
the files into the system. Before continuing the transaction; it is important to 
control the Article Information window so that you can easily go back and make 
any necessary corrections using the “Previous” button. Otherwise, by clicking 
the Send the Article button, you will successfully finalize the transaction.

3.3.10 Page to Follow the Article The Main Page tab of the author ensures 
possibility 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.

3.3.11 Articles Not Yet Completed for Submission 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, you may find 
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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.

3.3.12 Articles that Require Revision Articles, which were evaluated by 
the reviewer and accepted by the editor with revision, passes to Waiting for 
Revision tab.

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. All changes must be made in the registered file, and this changed 
file must be resent. In addition to the revised manuscript, Author’s most effica-
cious replies relating to the changes must be submitted  in “Cover Letter” part.

If the is transaction is discontinued, the system moves the revised article to 
Submitted Manuscripts tab and the transaction can be continued from there.

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

3.3.13 Submitted Manuscripts Information related to articles can be fol-
lowed through the Submitted Manuscripts tab. 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.

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-
submission (sent back to the author). Studies that have not been prepared us-
ing 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 edi-
tor-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 necessary.
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Studies found appropriate after language and 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 
comments, otherwise, at least two independent reviewers’ comments will be 
asked.

Authors should consider that this process may take time because of the re-
viewer assignments and acceptance for review may take time for some cases.

Our review system is double-blind. The editor, who evaluates according to the 
comments of the reviewers, submits his/her comment and suggestion to the 
editor-in-chief. In this way, the article receives a decision of either acceptance, 
rejection, or revision. After all the revision process, 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 inactive 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 homepage of 
the journal.



XXIV Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

EDITORIAL



XXVActa Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

The rising value of IoT in pharmacy 
operations: The future starts today
Editorial Article
Oğuz ÖZYARAL*

Antalya Belek University, Vice Rector, Antalya, Türkiye

Advancing technology is leading to profound changes in the healthcare sec-
tor. In the world of pharmacy, the Internet of Things (IoT) offers innovative 
solutions across a wide range of applications, from inventory management to 
patient monitoring systems. With smart sensors, automated processes, and 
real-time data analytics, pharmacy operations are becoming faster, more reli-
able, and more efficient. This rising value of IoT not only transforms pharmacy 
services but also lays the foundation for the future healthcare ecosystem. The 
future is no longer distant; it’s happening today.

1. Digital transformation of pharmacy operations with IoT: IoT has 
become the cornerstone of digital transformation in pharmacy operations. By 
integrating physical processes with digital monitoring and control systems, 
IoT reduces manual workloads, enhances efficiency, and minimizes errors. 
For instance, instead of manually tracking medication inventory, IoT sensors 
automate this process, allowing pharmacists to focus on more critical tasks 
such as patient care.

2. Smart inventory management: IoT-powered smart inventory manage-
ment enables the automatic monitoring of pharmacy stock. Sensors identify 
which medications are running low or nearing expiration, preventing stockouts 
or waste. For example, IoT devices placed on pharmacy shelves continuously 
track inventory levels. When a medication is low, the system automatically 
generates a purchase order or alerts the pharmacist, ensuring uninterrupted 
availability.

3. Temperature and humidity control: IoT devices monitor temperature 
and humidity levels to ensure that medications are stored under the right con-
ditions. These systems alert pharmacists in case of any anomalies, preventing 
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the degradation or loss of medication efficacy. For instance, vaccines requir-
ing cold storage are maintained at optimal temperatures through IoT sen-
sors, which immediately send an alarm if the temperature deviates, enabling 
prompt action.

4. Patient medication tracking and reminders: IoT devices simplify 
medication adherence by ensuring patients take their medicines on time and in 
the correct dosage. Smart pillboxes or mobile applications provide reminders 
and automatically track doses. This improves the effectiveness and consistency 
of treatment. For example, a patient using a smart pillbox receives alerts via 
light or sound to take their medicine. The system logs when the box is opened, 
and if the dose isn’t taken, a notification is sent to the patient or their caregiver.

5. Enhancing customer experience: IoT technology improves customer 
experience in pharmacies through personalized services. Smart kiosks, mobile 
applications, and connected devices guide customers with medication infor-
mation, potential side effects, and usage recommendations. For example, an 
IoT-enabled kiosk in a pharmacy provides detailed information about medica-
tions based on scanned prescriptions. It also displays alternative medications 
or promotions, boosting customer satisfaction.

6. Supply chain traceability: IoT allows real-time tracking of medications 
throughout the supply chain, from production to the pharmacy. This enhances 
drug safety, reduces counterfeiting risks, and ensures timely deliveries. For 
instance, a pharmacy using an IoT-based supply chain system can monitor the 
location and condition of medications, such as checking whether cold chain 
vaccines are stored under the correct temperature during transportation.

7. The future of IoT in pharmacies: The development of IoT promises 
faster, more reliable, and more personalized services in pharmacy operations. 
Combined with artificial intelligence and big data analytics, IoT enables the 
analysis of medication consumption habits, paving the way for more proactive 
healthcare services. In the future, IoT devices won’t just manage stock but also 
analyze patients’ health data to offer personalized health recommendations. 
For instance, a smart prescription system could optimize treatment plans 
based on a patient’s past health records.

8. Conclusion: Smart transformation in pharmacies – the power of 
IoT: IoT plays a key role in the digital transformation of pharmacy operations. 
Smart technologies not only enhance operational efficiency but also deliver 
safer and more personalized services to customers. These innovations position 
pharmacies as a critical component of future healthcare services. For example, 
investing in IoT solutions doesn’t just streamline processes but also improves 
customer satisfaction, contributing to long-term success.
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Recent epidemiological reports indicate that nearly 80% of the global popula-
tion incorporates complementary and alternative medicine into their health-
care practices. Herbs are frequently self-administered concurrently with 
therapeutic drugs. Consequently, clinicians are advised to proactively gather 
information regarding herb-drug combination in their patients and establish 
monitoring protocols, particularly for individuals with habitual and concurrent 
herbal consumption. Herbal products can competitively inhibit cytochrome 
P450 (CYP) isoenzymes, potentially elevating blood levels of prescription me-
dications and exposing patients to the risk of adverse effects. Studies by Bailey 
et al. revealed the modification of felodipine biotransformation in the presence 
of grapefruit juice. Recent investigations further suggest that herbal products 
may induce both pharmacodynamic and pharmacokinetics interactions of 
pharmaceuticals.

The majority of drugs, herbal products, and food constituent undergo are 
metabolism mediated by CYP enzymes. Interactions between herbal product 
and prescription drugs, manifested as co-medication, encompass the inhibi-
tion or induction of metabolizing enzymes and drug efflux proteins, such as 
P-glicoprotein (P-gp) and multiple resistance proteins (MRPs). The chemical 
structure of active herbal ingredient significantly modulates drug efflux and 
metabolism. Adverse effects may arise from the concominant use of herbal 
products with therapeutic drugs, owing to the alteration of drug metabolism 
and efflux pathways. Numerous herbal products demonstrate the capacity 
to induce or inhibit CYP isoenzyme, thereby influencing the metabolism of a 
broad spectrum of drugs. Predominant among the isoenzymes responsible for 
the biotransformation of herbal products are CYP3A4/5 and CYP2D6. CYP3A4 
metabolizes more than 50% of presently administered therapeutic drugs.

In the recent years, extensive investigation into herb-drug interaction have 
primarily concentrated on elucidating the pharmacokinetic and pharmacody-
namic effects associated with anticancer, anti-HIV, cardiovascular, antidiabet-
ic, antihypertensive, and neuropsychiatric medicines. However, there remains 
a substantial need for augmented data derived from comprehensive case re-
ports, in vitro and in vivo studies as well as clinical trials, focusing on the coad-
ministration of naturel products alongside conventional drugs. Moreover, the 
establishment of a phytovigilance database stands as a prospective initiative 
for systematically cataloging herb-drug interactions. Notably, the U.S. Federal 
Adverse Event Reporting System (FAERS) and the Center Adverse Event Re-
porting System (CAERS) emerge as pivotal conduits for sourcing critical infor-
mation pertaining to herb-drug interactions.
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ABSTRACT

Huntington’s disease is a fatal disease that occurs when the number of CAG trinu-
cleotides in the IT-15 gene repeats itself more than 35 times. In this study, modi-
fied chitosan polymers were synthesized and characterized. siRNA loaded nano-
particles were prepared and characterized. The results showed that the modified 
chitosan was successfully synthesized and targeted. As a result of the characteriza-
tion studies, the particle size, polydispersity index and zeta potential of the siRNA-
loaded nanoparticle were found to be 99.0 ± 5.1 nm, 0.3190 ± 0.004, and 14.9 ± 
3.04 mV, respectively. Lyophilization was successfully achieved with a trehalose 
rate of 20%. As a result of 12 months of stability, the particle size of the formula-
tions was found to be the highest 273.766 ± 8.957 nm, the highest polydispersity 
index was 0.324 ± 0.016, and the highest zeta potential was 45.35 ± 1.79 mV. In 
agarose gel electrophoresis studies, the siRNA:modified chitosan ratio was found 
to be 5:1. siRNA-loaded nanoparticles maintain the integrity of siRNA for 24h.

Keywords: Huntington’s disease, siRNA, chitosan, nanoparticle

mailto:ecevher@istanbul.edu.tr
https://orcid.org/0000-0003-2010-4918
https://orcid.org/0000-0002-6340-5107
https://orcid.org/0000-0003-2497-9359
https://orcid.org/0000-0002-3210-3747
https://orcid.org/0000-0002-1793-0859
https://orcid.org/0000-0002-0486-2252


250 Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

INTRODUCTION

Huntington’s disease (HD) is a progressive neurological condition resulting 
from the expansion of CAG repeats that encode polyglutamine at the N-termi-
nus of the huntingtin protein. The HD gene (IT-15) spans 180 kb and is classi-
fied into four categories according to the quantity of CAG repeats. Individuals 
possessing 26 or fewer repeats are considered healthy, whereas those with 27 
to 35 repeats exhibit intergenerational instability. Those who are more than 35 
synthesize the disease protein. The striatum is the predominant brain area as-
sociated with instability, experiencing particular deterioration1,2. 

HD induces involuntary movements, motor coordination impairments, cogni-
tive decline, and psychiatric issues. The pathogenic characteristic is the selec-
tive death of neurons in the basal ganglia of the brain. Symptoms encompass 
weight reduction, muscular debilitation, metabolic irregularities, and endo-
crine abnormalities. Atrophy is evident in multiple brain regions, particularly 
in severe instances3. 

HD, which is autosomal dominant; In American, European, and Australian 
societies, it affects about 5-10 out of every 100,000 people in the white race4,5. 
The age of onset of the disease may vary from childhood to the end of eighty 
years of age6. However, the most common age range of the disease is between 
30-505. The average time between the occurrence of the disease and death is 
between 17-20 years5,6. 

Treatment is carried out by symptomatic treatment of motor, behavioral, and 
psychiatric disorders. There is still no drug that modifies the disease5,6. Un-
fortunately, current pharmacotherapy in HD does not offer anything beyond 
temporary relief of symptoms and fails to stop both the underlying cause and 
progression of the disease. Therefore, it is very important to better provide 
standard care for Huntington’s patients and to develop a new treatment strat-
egy that will stop the progression of the disease.

RNA interference (RNAi) is a rapidly evolving field in biological research, po-
tentially treating certain diseases by blocking protein production by inhibit-
ing or degrading mRNA translation or degrading mRNA. This intracellular 
pathway allows cells to regulate gene expression through microRNAs, playing 
a crucial role in development7,8. siRNAs are loaded on RNA-based silencing 
complex (RISC), activated by thermodynamic selection or siRNA expansion. 
RISC targets specific complementary mRNA transcriptions, preventing pro-
tein production, and catalyzing numerous chain reactions, increasing the po-
tency of gene silencing compared to ASOs9,10. 
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The main pathways for transport from the nose to the brain are olfactory epi-
thelium, olfactory nerve, and blood circulation. The olfactory nerve pathway is 
formed by fusion of olfactory sensory nerve axons. It travels from the ethmoid 
bone to the cranial cavity, where it makes synoptical unions with epiplexus 
and mitral cells in the olfactory bulb. Drug molecules remain in the olfactory 
mucosa after intranasal administration, passing through olfactory epithelial 
cells and accumulating in Bowman’s gland and Sertoli cells in the brain. They 
also pass through intercellular gap junctions and accumulate in brain tissues. 
Chitosan, which is a semi- natural cationic biopolymer, offers advantages like 
biocompatibility, biodegradability, low toxicity, easy preparation, and high 
loading capacity for hydrophilic drugs, making it a useful carrier for plasmid 
DNA, siRNA, and cancer drugs11. PEGylation is a recognized method for cir-
cumventing the elimination of nanoparticles by macrophages. This technique 
involves coating nanoparticle surfaces with an anti-fouling polymer, such as 
polyethylene glycol, which is non-toxic and non-immunogenic; this process is 
referred to as “PEGylation.” PEGylation also entails the alteration of the di-
mensions and morphology of nanoparticles. PEGylation of nanoparticles has 
been identified as an effective strategy for prolonging nanoparticle circulation 
time while evading liver macrophages. PEGylation forms a hydrophilic barrier 
surrounding nanoparticles, safeguarding connections between complement 
proteins and immunoglobulins (opsonin proteins) through steric repulsion 
forces, therefore obstructing and postponing the early phase of the opsoniza-
tion process. Consequently, PEGylation has demonstrated a significant en-
hancement in the circulatory half-life of nanoparticles by multiple orders of 
magnitude12. For this reason, nanoparticles were PEGylated. In addition, since 
the number of N-methyl-D-aspartic acid (NMDA) receptors in HD is increas-
ing, the developed nanoparticles have been targeted with NMDA13.

For instance, Sava et al. found the particle size and zeta potential of siRNA-
loaded chitosan nanoparticle formulations developed for use in the treatment 
of HD between 103.7-205 nm and 42.5-54.7 mV, respectively. As a result of the 
study, when intranasally administered siRNA-loaded chitosan nanoparticles 
were compared with intranasally administered siRNA, they found that siRNA-
loaded chitosan nanoparticles inhibited the synthesis of mutant huntingtin 
protein at a rate of 77% compared to siRNA14.

This study aims to demonstrate the effectiveness of siRNA-loaded modified 
chitosan nanoparticles in treating HD, as a new treatment and to enhance the 
effectiveness and reduce side effects of current treatments.
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METHODOLOGY

Materials

Human siRNA Oligo Duplex (siRNA), trilencer-27 fluorescent-labeled trans, 
siTran 2.0 siRNA transfection reagent were purchased from Oligogene 
(USA). Low molecular weight chitosan (Chi) (75-85% deacetylated), gallic 
acid (GA), 3-dimethylamino-1-propylchloride hydrochloride (DAPC), N-(3-
dimethylaminopropyl)-N’-ethylcarboimide hydrochloride (EDAC), acetic acid, 
sodium hydroxide (NaOH), methoxy-PEG 2000 (MPEG), isopropanol, sodi-
um acetate, phosphate buffer solution (PBS) tablets, tris base, EDTA, agarose, 
ethidium bromide (EtBr), and bromophenol blue, in tris-acetate-EDTA buffer 
(TAE), tris-borate-EDTA (TBE), N-methyl-D-aspartic acid (NMDA) were pur-
chased from Sigma Aldrich (Germany). Sodiumtripolyphosphate (TPP), etha-
nol, fetal bovine serum (FBS), were purchased from Merck (Germany).

Methods

Synthesis of PEGylated and targeted of chitosan polymers

Firstly, Chi-GA was synthesized by the reaction between Chi and GA, then Chi-
GA product was reacted with DAPC for the preparation of the Chi-GA-DAPC 
product. Afterwards, Chi-GA-DAPC product was pegylated using MPEG and 
Chi-GA-DAPC-MPEG product was obtained. Finally, Chi-GA-DAPC-MPEG 
product was targeted with NMDA for the preparation of the targeted product 
Chi-GA-DAPC-MPEG-NMDA.

Chi was dissolved in 4% acetic acid solution as 1% (w/v). GA (1 mole of GA per 
1 mole of glucosamine unit) was dissolved in 10 mL of ethanol and EDAC was 
used to activate the carboxylic acid groups of GA. Since the concentration of 
Chi to be used in the synthesis is very high and the high solubility of Chi is de-
sired, the acetic acid concentration has been determined as 4% to obtain high 
solubility of Chi. The mixture was stirred at room temperature for 24 hours, 
and the pH was adjusted to 8.5-9.0 with 1 N NaOH for the precipitation of Chi-
GA product. To purify the Chi-GA, the precipitated product was centrifugated 
and washed. Synthesis of the Chi-GA-DAPC product was realized by the reac-
tion of Chi-GA with DAPC in alkaline pH 8.5-9.  In addition, DAPC (0.5 moles 
of DAPC per 1 mole of GA modified glucosamine unit) was dissolved in 1.176 
mL of isopropanol and this solution was added to the Chi-GA solution at a rate 
of 168 μL every 5 minutes and mixed for a period of 30 minutes. The mixture 
was stirred at 500 rpm for 4 h, and at the end of the incubation period, 60 mL 
of technical ethanol was added to stop the reaction.
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Pegilation of the Chi-GA-DAPC, this product was dissolved in 1% acetic acid, 
and MPEG was added to the solution. The mixture was stirred 50°C for 48 
hours, dialyzed against deionized water for 24 hours, and lyophilized at -50 ± 
1°C at a pressure of 0.01 mBar. The purified Chi-GA-DAPC-MPEG product was 
stored at +4°C. To obtain the targeted polymer Chi-GA-DAPC-MPEG-NMDA, 
Chi-GA-DAPC-MPEG was dissolved in 4% acetic acid, and NMDA (0.02 mol 
NMDA per 1 mole of glucosamine unit) was dissolved in ethanol, then this 
solution was activated with EDAC. EDAC-activated NDMA solution was added 
to the Chi-GA-DAPC-MPEG solution, mixed under the N2 gas for 24 hours, 
and the pH adjusted to 8.5-9 for the precipitation of the product. The Chi-GA-
DAPC-MPEG-NMDA product was purified by centrifuging at 6000 rpm for 5 
minutes, washed with deionized water, and lyophilized at -50 ± 1°C15.

Characterization of synthesized polymers

Determination of molecular weight of polymers

The study aimed to determine the molecular weight and molecular weight 
distributions of suitable polymers for nanoparticle preparation using the Gel 
Permeation Chromatography (GPC) method. The TOSOH EcoSEC branded 
GPC/SEC system was used to determine the average molecular weights and 
molecular weight distributions of modified polymers. The study used chitosan 
and modified chitosan products, which were dissolved overnight in a 1% acetic 
acid solution, diluted twice with sodium acetate, filtered through a 0.22 μm 
membrane, and transferred to vials16.

Determination of structural properties of polymers

The structural properties of the synthesized polymers were investigated by Fou-
rier Transform Infrared (FT-IR) Spectroscopy, 1H NMR and 13C NMR analyzes.

Fourier Transform Infrared Spectrophotometry (FT-IR)

The structures of all synthesized products were illuminated by Fourier Trans-
form Infrared Spectrophotometer technique. FT-IR analyses showed that the 
Cary 630 model (Agilent; USA) on the FT-IR device. Using tablets diluted with 
a product/KBr ratio of 1/200 mg, the spectra was recorded in the wavenumber 
range of 650-4000 cm-1.

Nuclear Magnetic Resonance (1H-NMR and 13C-NMR)

In addition to the FT-IR method, the UNITY INOVA nuclear magnetic reso-
nance spectrophotometer (Varian, Canada) was used to elucidate the struc-
tures of their products. Analyses were performed using MSO - d6:D2O sol-
vents and 500 MHz and 25°C parameters.
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Thermal analysis

Thermogravimetric analysis (TGA) was performed to determine the thermal 
degradation properties of the synthesized polymers. For this purpose, TGA 
analysis of the samples (15 mg) placed in aluminum crucible was carried out 
with a thermogravimetric analyzer (Linseis, STA PT 1750 model, USA) with a 
heating rate of 10°C/minute up to 1000°C by sending air into the system at a 
speed of 0.4 L/min.

Preparation and characterization of siRNA-loaded chitosan nano-
particles

Positively charged modified chitosan nanoparticles were prepared by ionic 
gelation technique using tripolyphosphate17. Stock chitosan solutions of 0.3% 
were prepared for the preparation of nanoparticles obtained from modified 
Chi polymers. Nanoparticles were obtained using a 0.1% TPP solution. The 
final concentration of 0.025% with the synthesized polymers was studied as 
shown in Table 1 with a Chi:TPP ratio of 6:1 for 5 mL Chi nanoparticles. TPP 
was added drop by drop to the Chi solution stirring at 300 rpm, with 3 seconds 
between each drop. 

Table 1. Preparation of modified Chi nanoparticles

Formulation Codes
Modified 

Chi solution  
(mL)

Modifed Chi 
TPP Ratio

TPP 
solution 

(mL)

Water  
(mL)

Chi-GA-DAPC  
Chi-GA-DAPC-MPEG 

Chi-GA-DAPC-MPEG-NMDA
0.417 6:1 0.208 4.375

The procedure applied for all modified Chi polymers.

The siRNA added to the nanoparticle by ionic interaction method. For this, 
the first nanoparticles were prepared as mentioned. Afterwards, for 30 min, 
nanoparticle and siRNA together stirred at 50 rpm.

Particle size, PDI and surface charges of nanoparticles

The particle size and poly dispersity index (PDI) of the nanoparticles were de-
termined using the photon correlation spectroscopy method (Malvern Zeta-
sizer, Nano-ZS). The zeta potential of the formulations was investigated with 
a Malvern Zetasizer at 25°C, 78.5 dielectric constant, 5 mS/cm conductivity, 
using DTS 1060C zeta cuvette, and 40 V/cm field power18.
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Lyophilization of formulations and moisture determination

After the addition of cryoprotectant (trehalose) at different ratios (5%, 10%, 
20%, 40%), 5 mL of formulations were frozen in 10 mL glass vials in the freezer 
at -20°C for 2 hours. Then, it was lyophilized with a VirTis AdvancePlus brand 
lyophilizer device under 17 mTorr pressure at -45°C for 48 hours. 

The lyophilized samples were re-dispersed and analyzed by measuring par-
ticle size, particle distribution and zeta potential at certain time intervals for 
4 hours. All measurements are the result of at least 3 parallel studies and the 
measurement has been repeated at least 5 times.

For moisture determination studies, lyophilized formulations were carefully 
weighed to determine the initial weight (IA). They were then heated in an oven 
from 30°C to 100°C. They were immediately weighed, and their final weight 
(FA) was found19. The % moisture content is calculated according to the fol-
lowing formula:

Equation 1. % moisture content determination

Moisture (%) = X 100
IA-FA

IA

Agarose gel electrophoresis studies

The study investigated the stability of siRNA loaded on nanoparticles in a for-
mulation using agarose gel electrophoresis. The agarose was dissolved in tris-
acetate-EDTA buffer (TAE), then EtBr was added. The gel was then placed in a 
tank with pH 8.0 TAE buffer and optionally mixed with 6x agarose gel loading 
dye. The electrophoresis process was completed in 1 hour at 100 V. The gels 
were then examined on a UV transilluminator16.

Evaluation of serum stability of nanoparticles

The study demonstrates the integrity of siRNA nanoparticles at different time 
intervals using polyacrylamide gel electrophoresis. The nanoparticle formula-
tion was enriched with 5% FBS, and 30 μL samples were taken at different 
times and stored at -20°C. Heparin was added to the formulations and waited 
for 1 hour for siRNA separation. The integrity of the siRNA was analyzed us-
ing 20% polyacrylamide gel electrophoresis stained with 1% EtBr. The gel was 
prepared by mixing 40% acrylamide with 10X TBE buffer and distilled wa-
ter, adding ammonium persulfate and tetramethylenediamine, and applying 
electrophoresis loading buffer with 6x agarose gel loading dye. Samples were 
conducted for 30 minutes at 200V amperes, and the gel was kept in TBE buffer 



256 Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

containing 1% EtBr for 30 minutes. The gels were then examined on a UV tran-
silluminator for polyacrylamide gel20,21.

Stability studies

Lyophilized Chi-GA-DAPC-MPEG-NMDA formulations were stored in a sta-
bility cabinet at 0, 3, 6, 9, and 12 months at 4 ± 2°C (in the refrigerator), 25 ± 
2°C and 60 ± 5% relative humidity and 40 ± 2°C and 75 ± 5% relative humid-
ity to measure particle size, polydispersity index, and zeta potentials. Stability 
studies were carried out in accordance with the ICH Guidelines22.

RESULTS and DISCUSSION

Molecular weight determination studies of synthesized polymers

The results of the determination of molecular weights of Chi-GA-DAPC-
MPEG, Chi-GS-DAPC-MPEG-NMDA polymers are shown in Table 2. When 
the molecular weights of Chi-GA-DAPC-MPEG polymer and the related PDI 
results were examined, it was seen that the Chi-GA-DAPC-MPEG obtained as 
a result of this study were in appropriate weights and showed a very good dis-
tribution (monodisperse). The average molecular weight of the Chi, which is 
commercially sold as “low molecular weight” by Sigma, which was obtained in 
previous studies, is 284.0 ± 2.9 kDa and the PDI is 2.62 ± 0.05, which confirms 
our result15. However, the reason why the molecular weight of Chi-GA-DAPC-
MPEG polymers is lower than the molecular weight of commercially sold Chi 
is thought to be that the chains of Chi are broken due to temperature and en-
vironmental factors during the modifications made, and then purification and 
removal processes are applied15. 

Table 2. Average molecular weight determination results of modified Chi polymers

 Formulation Mn (kDa) Mw (kDa) PDI (Mw/Mn)

Chi-GA-DAPC-MPEG 92.00 ± 0.53 99.00 ± 0.66 1.079 ± 0.01

Chi-GA-DAPC-MPEG-NMDA 31.84 ± 0.25 40.79 ± 0.27 1.281 ± 0.370

Determination of structural properties of polymers

FT-IR spectra

A careful comparison of the Chi-GA-DAPC-MPEG and the Chi-GA-DAPC-
MPEG-NMDA FTIR spectra presented in Figure 1 indicates definite differ-
ences about some absorption bands related to the reactions. 
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Figure 1.  FT-IR spectra of Chi-GA-DAPC-MPEG and Chi-GA-DAPC-MPEG-NMDA

When the FT-IR spectra (Figure 1) were evaluated, new secondary amide 
structure formation by the reaction between the primary amine (NH2) group of 
Chi-GA-DAPC-MPEG and the carboxyl (COOH) group in NDMA molecule was 
observed at about max. 1651 cm-1 corresponding to the stretching vibrations of 
the Amide I C=O bonds. It has also been observed that formation of the new 
ester structures (at about max. 1600, 1418, 1394, and 1316 cm-1 correspond-
ing to the stretching vibrations of the C-O/C=O bonds in the ester structure) 
by the reaction between the COOH groups of NMDA molecule and the unre-
acted methylol groups on the Chi skeletal structure or the free OH group in the 
MPEG structure. 

The data obtained according to the FTIR spectra results show that the Chi-GA-
DAPC-MPEG-NMDA product were successfully synthesized as expected.

Nuclear Magnetic Resonance (1H-NMR and 13C-NMR)

As a result of the structural characterization of Chi, Chi-GA-DAPC-MPEG and 
Chi-GA-DAPC-MPEG-NMDA polymers with 1H-NMR and 13CNMR spectros-
copy of selected polymer Chi-GA-DAPC-MPEG-NMDA by performing the 
reactions with MPEG and NMDA, it was seen that the reactions took place 
as expected (Figure 2). Accordingly, the intense observance of the peaks of 
protons belonging to the (-O-CH2-CH2) groups around 3.5 ppm in the Chi-
GA-DAPC-M-PEG graph showed that PEGylation reactions took place suc-
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cessfully. However, in these spectra, it was observed that the peaks of protons 
belonging to the groups around 3.2 ppm and 1.9 ppm (NH-CH2-CH2-NH-,CH2-
CH2-CH2-N-CH3-CH3-CH3) originating from DAPC compounds disappeared in 
the Chi-GA-DAPC-MPEG-NMDA graphs and/or interfered with other peaks , 
and a reaction took place between the unreacted methylol groups of Chi skel-
etal structure and NMDA.

Figure 2. A1) Chi; A2) Chi-GA-DAPC-MPEG, A3) 1H-NMR Spectrum of Chi-GA-DAPC-MPEG-
NMDA polymers, A4) 13C-NMR Spectrum of Chi-GA-DAPC-MPEG-NMDA polymer, Chi-GA-
DAPC-MPEG-NMDA polymer, 13CNMR (125 MHz, Acetic acid-d4; δ =19.99) [ppm]: δ = 22.03; 
55.62; 55.66; 59.79; 69.47; 69.95; 74.65; 76.24; 97.47; 110.53.

The results were found to be consistent with the results of FT-IR analysis.

Thermal analysis

The data obtained from the TGA curves of Chi-GA-DAPC-MPEG and Chi-GA-
DAPC-MPEG-NMDA polymers obtained by this study are given in Table 3. 
First, the TGA curves of Chi-GA-DAPC-MPEG polymer and the weight losses 
and final degradation temperatures obtained from these curves are given. In 
the range of approximately 115 to 208°C, corresponding to the initial degrada-
tion stage, a significant weight loss of 10% was observed for Chi-GA-DAPC-
MPEG-NMDA and Chi-GA-DAPC-MPEG, respectively. The middle stage took 
place in the temperature range of approximately 328-415°C with a weight loss 
of approximately 60-80% depending on the modified polymer structures and 
the main weight losses were observed at this stage. The final oxidative degra-
dation was completed at approximately 589-760°C due to modified products 
structures.
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Table 3. The weight losses (%) and the final degradation temperatures obtained from 
TGA data curves of Chi-GA-DAPC-MPEG, Chi-GA-DAPC-MPEG-NMDA polymers

Temperature (°C)

Weight Loss* (%) Chi-GA-DAPC-MPEG Chi-GA-DAPC-MPEG-NMDA

5 113 86

10 208 115

20 248 267

50 313 338

100 589 760

*Values calculated from TGA curves

As shown in Table 4, the thermal oxidative degradation properties of Chi-
GA-DAPC-MPEG-NMDA exhibit the same behavior. The decomposition of 
the polymer in air occurs in 4 stages, at temperature ranges very close to each 
other. Table 3 shows the degradation stages, temperature ranges, correspond-
ing maximum weight loss % amounts and final degradation temperatures of 
polymer. The polymer showed a weight loss of approximately 5-15% in the ini-
tial degradation interval due to the removal of the trapped water in their mol-
ecules. Subsequently, until the end of stage 2, the rate of degradation is very 
slow, and no significant weight loss is observed up to 200-270°C and main-
tains values of 10-15%. Stage 3 is the fastest step in degradation and a weight 
loss ranging from 47-65% is achieved in this region. Subsequently, the rate 
slows down in the final degradation zone and the degradation ends at 650°C 
for the last two products and at 760°C, which is the higher temperature for the 
other product, with the formation of CO, CO2, and similar gases. As a result, it 
is clearly seen that the attachment of NMDA ligand to chitosan-based modified 
products does not adversely affect its thermal oxidative resistance23.
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Table 4. Degradation stages of Chi-GA-DAPC-MPEG-NMDA

Polymer Chi-GA-DAPC-MPEG-NMDA

Degradation stage Temperature range (°C) Weight loss* (%)

1 25-120 10

2 120-270 15

3 270-300 47

4 300-760 100

Final degradation temperature (°C) 760

* Values calculated from TGA curves

Preparation of nanoparticles and results of characterization

The particle size and size distribution PDI of the nanoparticles were deter-
mined using the photon correlation spectroscopy method. Nanoparticle for-
mulations are ideally selected based on their particle size, size distribution, 
and zeta potential. Of the ideally selected nanoparticle formulations, the small-
est ones were determined as those with a particle distribution of 0.5 and below, 
and those with a zeta potential of +30mV and above. Table 5 shows the particle 
size, PDI, and zeta potential results of the formulations determined as ideal. 
As a result of these evaluations, it is aimed to obtain nanoparticle formulations 
that cross the blood brain barrier (BBB) without being attached to the reticu-
loendothelial system, show homogeneous distribution, can be loaded with all 
siRNA and have no toxic effects24-26.

Table 5.  Particle size, PDI, zeta potential results of blank, and siRNA loaded formulations

Formulation Code Particle Size 
(nm) ± SD PDI ± SD Zeta Potential 

(mV) ± SD

Chi-GA-DAPC 165.5 ± 2.6 0.343 ± 0.036 38.8 ± 1.4

Chi-GA-DAPC-MPEG 131.8 ± 9.0 0.311 ± 0.010 29.8 ± 1.0

Chi-GA-DAPC-MPEG-NMDA 146.8 ± 1.1 0.236 ± 0.011 45.3 ± 0.1

Chi-GA-DAPC-MPEG-NMDA-siRNA 99.0 ± 5.1 0.319 ± 0.004 14.9 ± 3.0

The PDI value of null and siRNA-loaded nanoparticle formulations was found 
to be substantially less than 0.5. 
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The surface composition of nanoparticles is essential for identifying cell en-
try mechanisms. It is explained that a highly positive surface charge shows a 
different bio-dispersion than a slightly negative nanoparticle surface charge. 
Small particle size and positive surface charge are physicochemical properties 
that aid cellular uptake by facilitating interactions with the negatively charged 
cellular membrane27,28. 

For nasal to brain drug administration, the size of the ideally sized nanoparti-
cles should be smaller than 200 nm. The particle size of the prepared delivery 
systems plays an important role in the formulation development and charac-
terization phase as it affects activities such as drug release, biodistribution, cell 
uptake, etc. Accordingly, Mantimadugu et al. prepared polymeric nanoparti-
cles with a particle size of ≈200 nm (139.52 ± 5.35 nm) and provided direct 
passage to the brain by transcellular transport along olfactory axons29. 

Several studies have shown a clear inverse correlation between nanoparticle 
size and BBB penetration30,31. Most of the studies in animal models of stroke 
and Parkinson’s so far have used nanoparticles with sizes between 50 nm and 
100 nm. Godinho et al. revealed that the low size (a hydrodynamic diameter 
between 100 nm and 350 nm) and positive surface charge of β-Cyclodextrin 
siRNA nano transporter formulations make them ideal for targeting to the 
brain32.

The fact that the PDI value was less than 0.5 showed that the particle size dis-
tribution of the prepared formulations was homogeneous18. Van Woensel et al. 
prepared siRNA-loaded chitosan nanoparticles for the treatment of glioblas-
toma. Particle sizes, particle distribution, and zeta potential were found to be 
141 ± 5 nm, 0.3, and + 32mV, respectively. As a result of the study, it has been 
shown that chitosan nanoparticle formulations administered intranasal route 
carry siRNA to the central nervous system in a short time33. 

Furthermore, the positive zeta potential can improve the stability of nanoparti-
cles intended to be used for siRNA administration. Nanoparticles with medium 
(up to 15 mV) or high positive zeta potential (above 15 mV) can cross the BBB 
and have been found to be effective as drug-delivery systems to the brain. For 
example, Jalluli et al. identified cationic nanoparticles prepared with malto-
dextrin, which has a high positive zeta potential, as effective in brain transport. 
In addition, high negative/positive (15 to 30 mV) values of the zeta potential 
prevent coalescence between particles, stabilizing nanoparticle dispersion due 
to electrostatic repulsions34. When the studies were evaluated, the particle size, 
particle distribution, and zeta potential of our chitosan nanoparticle formula-
tions were suitable for intranasal application.
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Lyophilization studies

Freeze drying is a good technique to improve the long-term stability of colloi-
dal nanoparticles. The poor stability of nanoparticles in an aqueous medium is 
a major obstacle to their clinical use35,36. The use of trehalose, mannitol or sorb-
itol as a cryoprotectant is an effective way to maintain the physical properties 
of nanoparticles during freeze-drying37,38. Among these cryoprotectants, one 
of the most preferred is trehalose39-41. The non-toxicity of trehalose increases 
its preferability42. Almalik et al. prepared chitosan nanoparticles by ionic gela-
tion method. They investigated the stability of these systems in terms of parti-
cle size using six different cryoprotectant species (sucrose, glucose, trehalose, 
mannitol, polyethylene glycol-2000, and polyethylene glycol-10.000) at con-
centrations of 5%, 10%, 20%, and 50%. They found that the cryoprotectants 
of sucrose and trehalose had the highest protective effect in chitosan nano-
particles43. As a result of all the optimization studies, the lyophilization of na-
noparticle formulations has been successful (Table 6). When the formulations 
were evaluated, the ideal cryoprotectant ratio was found to be 20%. However, 
lyophilized formulations were deposited in stability cabinets for 12 months to 
evaluate their stability.

Table 6. Particle size, polydispersity index and zeta potential values obtained as a result of 
redispersing formulations containing 20% D-(+)-trehalose

Time 
(min)

Particle Size 
(nm) ± SD PDI ± SD Zeta Potential 

(mV) ± SD

Chi-GA-DAPC-MPEG-NMDA

0 188.1 ± 9.5 0.290 ± 0.010 48.9 ± 0.7

5 203.1 ± 7.7 0.329 ± 0.066 55.3 ± 0.4

15 208.1 ± 0.0 0.338 ± 0.027 53.2 ± 1.5

30 222.6 ± 11.4 0.268 ± 0.044 52.5 ± 1.2

60 207.5 ± 0.0 0.275 ± 0.027 49.1 ± 0.2

120 229.9 ± 4.4 0.216 ± 0.182 51.0 ± 0.1

180 201.0 ± 10.1 0.247 ± 0.002 53.8 ± 2.4

240 200.5 ± 2.7 0.283 ± 0.033 52.5 ± 0.9
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Moisture determination of Chi-GA-DAPC-MPEG-NMDA formulation was 
performed. Determination of moisture content in lyophilized formulations is 
essential for predicting the quality and stability of freeze-dried products44. In 
the determination of moisture amount of lyophilised Chi-GA-DAPC-MPEG-
NMDA, moisture (%) was determined as 0.558%. For this reason, they found 
that the lyophilization technique used was a suitable and sufficient method to 
obtain dry powder.

Stability studies

When the twelve-month stability study was evaluated, it was observed that 
there were no major changes in particle size, polydispersity index and zeta 
potential of Chi-GA-DAPC-MPEG-NMDA formulation. For this reason, it is 
predicted that the prepared chitosan nanoparticles can be stored in a lyophi-
lized manner. The improved stability provided by the removal of water is used 
extensively by the pharmaceutical industry44. Üstündağ Okur et al. prepared 
nebivolol-loaded solid lipid nanoparticles and modified the nanoparticles with 
chitosan and PEG. They lyophilized the prepared nanoparticle dispersions by 
adding 11% trehalose. Then, they examined the effects of lyophilization on par-
ticle size, PDI, and zeta potential and determined the amount of moisture in 
nanoparticles after lyophilization. Particle size growth was seen in unmodified 
nanoparticles, but not specifically in chitosan and PEG-modified nanoparti-
cles45.

Table 7. Evaluation of the 12-month stability study of formulations in terms of particle size, 
polydispersity index and zeta potential

Chi-GA-DAPC -MPEG-NMDA-40C Chi-GA-DAPC -MPEG-NMDA-250C Chi-GA-DAPC -MPEG-NMDA-400C

Time 
(month)

Particle Size 
(nm) ± SD

PDI ± SD
Zeta 

Potential 
(mv) ± SD

Particle Size 
(nm) ± SD

PDI ± SD
Zeta 

Potential 
(mv) ± SD

Particle Size 
(nm) ± SD

PDI ± SD
Zeta 

Potential 
(mv) ± SD

0 243.8 ± 17.1 0.322 ± 0.054 49.5 ± 1.4 243.8 ± 17.1 0.322 ± 0.054 49.5 ± 1.4 243.8 ± 17.1 0.322 ± 0.054 49.5 ± 1.4

3 247.6 ± 5.2 0.333 ± 0.005 48.0 ± 3.6 241.9 ± 0.2 0.266 ± 0.035 45.0 ± 2.6 243.1 ± 1.6 0.393 ± 0.001 45.4 ± 3.3

6 239.2 ± 5.1 0.291 ± 0.013 40.9 ± 0.7 220.3 ± 1.6 0.382 ± 0.140 43.3 ± 1.3 196.6 ± 7.6 0.347 ± 0.042 34.6 ± 1.0

9 241.4 ± 11.9 0.333 ± 0.024 45.0 ± 0.6 252.2 ± 4.4 0.344 ± 0.087 44.8 ± 2.6 259.5 ± 7.9 0.303 ± 0.022 41.8 ± 2.4

12 273.8 ± 8.9 0.287 ± 0.024 43.63 ± 1.1 263.3 ± 3.1 0.309 ± 0.035 45.35 ± 1.8 270.8 ± 7.9 0.324 ± 0.016 45.3 ± 1.0
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The evolution of size during storage is ascribed to multiple factors, such as 
particle aggregation that promotes effective rearrangement, the interaction of 
free polymer chains with the particle network leading to the reorganization of 
intermolecular entanglements, syneresis, and swelling induced by TPP, which 
causes water influx via osmosis. The identical condition has been noted in the 
developed formulations. Consequently, as the nanoparticles underwent reor-
ganization over time, the particle size initially diminished and subsequently 
rose, exhibiting no substantial variation, as illustrated in Table 7.

Agarose gel electrophoresis studies

The polymer:siRNA ratio was determined by calculating milligrams of polymer 
and gene per microliter. The results of agarose gel electrophoresis are shown in 
Figure 3. As a result of the study, it was found that the polymer: siRNA reten-
tion ratio was 5:1 for for Chi-GA-DAPC-MPEG-NMDA. In this study, the desire 
is that the siRNA does not emit any radiation during imaging. In this way, it is 
proven that siRNA is retained by the prepared formulations. The results of the 
study are consistent with the literature46.

Figure 3. Gel electrophoresis images of nanoparticle formulations derived from 
Chi-GA-DAPC-MPEG-NMDA 

Serum stability results of siRNA-loaded nanoparticles

Nanoparticles interact with various biological environments, including pro-
teins and ions, affecting their physicochemical properties. These interactions 
can significantly alter colloidal stability and physicochemical properties. How-
ever, these interactions can sometimes be overlooked, making it crucial to 
understand their impact on drug transport, as they can significantly alter the 
physicochemical properties, colloidal stability, and nanoparticle-cell interac-
tions47. The study examined the stability of nanoparticles in serum, predicting 
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they might enter the bloodstream through intranasal administration. Table 8 
shows the changes in particle size, PDI value, and zeta potential, and siRNA 
integrity was examined over time by using polyacrylamide gel electrophoresis. 

Table 8. Particle size, size distribution and zeta potential values of nanoparticles in the 
presence of 5% FBS

Chi-GA-DAPC -MPEG-NMDA

Time (h) Particle Size (nm) ± SD PDI ± SD Zeta Potential (mv) ± SD

0 235.3 ± 8.4 0.349 ± 0.049 53.6 ± 2.9

0.5 586.8 ± 36.4 0.812 ± 0.032 12.8 ± 0.1

2 733.7 ± 20.1 0.695 ± 0.180 10.3 ± 0.2

4 770.2 ± 53.0 0.275 ± 0.054 9.85 ± 0.4

24 785.5 ± 11.8 0.263 ± 0.028 10.3 ± 0.2

The size, PDI value and zeta potential of the Chi-GA-DAPC -MPEG-NMDA na-
noparticle were found to be 235.3 ± 8.4 nm, 0.349 ± 0.049, and 53.6 ± 2.9 mV, 
respectively. As the process progressed, the zeta potential of the nanoparticles 
decreased due to the presence of proteins in the environment, while its size 
increased. After a while, when the zeta potential was fixed, the nanoparticle re-
generated and remained at a constant particle size as specified in the stability 
study. As a result of this study, it was observed that the particle size and poly-
dispersity indices of the formulations increased as they approached 24 hours.

Figure 4 shows examples of polyacrylamide gels. Polyacrylamide gel electro-
phoresis studies were also conducted in polyacrylamide gel, as it is a more sen-
sitive system to small particles of siRNA. 
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C: Control

Figure 4.  Electrophoretic action of siRNA loaded with ionic interaction to Chi-GA-DAPC-
MPEG-NMDA in 5% FBS in polyacrylamide gel

Malcolm et al.’s study found an increase in particle size and polydispersity in-
dex of nanoparticle-siRNA complexes in serum and nanoparticle-siRNA ag-
gregation. The study found similar results in environments with 0.5% and 1% 
FBS. The zeta potential of the nanoparticles also changed, but it was not of high 
value that affected stability48. However, in the medium containing 5% FBS, the 
nanoparticles showed relatively different properties due to increased protein 
concentration. The study found that formulations with larger particle sizes and 
polydispersity indices increased over 24 hours. Polyacrylamide gel electropho-
resis studies showed that all formulations maintained siRNA integrity for 24 
hours. Katas et al. developed chitosan nanoparticle formulations with smaller 
sizes to eliminate siRNA properties, which are rapidly metabolized and taken 
into cells. These formulations were completely broken down after 72 hours of 
application in serum21. In our studies with Chi-GA-DAPC-MPEG-NMDA na-
noparticle formulation, we found that siRNA integrity was maintained for 24 
hours.

As a result, nanoparticle formulations prepared from modified chitosan poly-
mers were successfully developed in this study, in which nanoparticle systems 
containing siRNA were prepared and evaluated. As a result of the characteriza-
tion studies, it has been determined that the ideal formulations obtained can 
be used in the treatment of HD intranasal route and as gene therapy due to its 
gene silencing effect. It has been determined that the obtained formulations 
have the desired particle size, zeta potential and particle size distribution and 
maintain their stability for a long time. The formulation showed a high rate of 
siRNA loading capacity. At the same time, it maintained siRNA integrity for 24 
hours. The developed formulation is promising in the treatment of HD.
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ABSTRACT

In this study, an innovation in the form of a hydrogel sheet containing Carica 
papaya seed extract was developed and assessed for wound healing activity. 
The hydrogel sheet was prepared by using sodium alginate, guar gum, glycer-
ol, methyl, and propyl paraben as excipients. Ninehydrogel formulations were 
prepared by varying the amount of sodium alginate (1.5%, 2.5%, and 3.5%), ex-
tract (8%, 10%, and 12%), and guar gum (0.8%, 1.2%, and 1.5%). The formula-
tions prepared were evaluated for physicochemical characteristics like colour, 
pH, weight variations, folding endurance, tensile strength. Surface character-
istics were studied by scanning electron microscopy. Wound healing potential 
was studied on wistar rats with hydrogel sheet (12%) showing 97.5% wound 
closure. All hydrogels containing seed extracts showed superior healing per-
formance vis-a-vis control hydrogel. It can be deduced from the in vivo evalu-
ation that the Carica papaya seed extract hydrogel sheet has wound healing 
properties comparable to the marketed hydrogel sheet.

Keywords: sodium alginate, innovation, Carica papaya extract, hydrogel, 
wound healing
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INTRODUCTION

The dynamic process of wound healing involves inflammation, epithelisation, 
collagen synthesis, and remodelling of tissue1. The process of wound healing 
starts from the moment the tissue injury occurs. The contact of platelets with 
the exposed collagen initiates the healing cascade. Clotting factors are released 
as platelets aggregate, emanating in the formation of a clot of fibrin at the in-
jury site. This clot acts as a temporary matrix and paves the way for further 
healing events2.

Inflammatory cells appear at the site of injury along with platelets and provide 
key signals in the form of cytokines3. Fibroblasts, the connective-tissue cells 
leading to collagen deposition, are required for tissue restoration. Collagen 
imparts structural integrity and strength to normal tissues. When tissues are 
damaged as a result of an injury, collagen is required to rebuild the damaged 
anatomic structure and restore its function. A therapeutic system could alter the 
wound healing process by interfering with any of the stages of wound healing4.

Carica papaya L. (Caricaceae) is widely used in conventional medicine as pa-
pain, a proteolytic enzyme, the active principal provides protection against ul-
cers5. The C. papaya seed extract has been reported to possess high phenolic 
and flavonoid content having free radical scavenging property which helps 
in reducing wound inflammation.  The papain and chymopapain present in 
Carica papaya seed extract cause proteolytic wound debridement, facilitating 
wound healing6,7. The presence of these phytoconstituents enables C. papaya 
to possess antimicrobial, antioxidant, and anti-inflammatory activities8 that 
may be valuable in the treatment of chronic skin ulcers9. It is extensively used 
as an efficacious and easily accessible substance for wounds, especially burns, 
in developing countries. Care of wounds and maintenance entails a variety of 
procedures, including dressing.

Alginate is a biopolymer with numerous biomedical uses owing to its bio 
compatibility, nontoxic nature, and ease of availability. These attributes are 
also favourable for wound healing application10. By virtue of hydrophilic na-
ture of alginate polymer, alginate-based hydrogel dressing have the potential 
to soak up unnecessary wound fluid, maintain an optimum hydration level at 
the wound site and reduce bacterial load at wound bed. Maintenance of moist 
milieu reduces the risk of scar formation, facilitates epithelisation of tissue 
and cell migration for wound healing. Also, moist conditions allow for effec-
tive debridement by clearing away of necrotic tissue, and foreign elements 
like microbes because of the sorption potential of hydrogel. Their mechani-
cal strength enables them to act as a barrier to entry of microbes and foreign 
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bodies. The porous polymeric network permits exchange of gases allowing the 
tissue to breathe as elaborated by Kohler et al. in their comprehensive review 
on Hydrogel based wound dressings11.

The present study was undertaken with the aim of developing a hydrogel sheet 
of sodium alginate loaded with bioactives of seed extract of C. papaya to ex-
pedite the wound healing process. Sodium alginate was chosen as the polymer 
as sodium alginate itself has been shown to possess wound healing properties 
and the hydrogel sheet would further aid in wound healing by absorption of 
exudates, allowing oxygen permeability, providing a protective covering over 
the wound and providing an optimum moist environment for better heal-
ing. Several studies have reported the use of sodium alginate either alone or 
in combination with antibiotics12 inorganic substances13 and plant extracts14 
for wound healing dressing. In fact, some alginate-based dressings have been 
commercialized like Nu-Gel (Systanix), Tegagel (3M GmBh)11. The novelty of 
the study lies in the fact that although alginate wound dressings have been 
developed earlier but none of the studies used a combination of papaya seed 
extract and sodium alginate as wound dressing, both being components aiding 
in expediting wound healing.

Several studies have been carried out on therapeutic effects of seed, pulp, peel 
extracts either in crude form or the form of dosage form. For example, seed ex-
tract has been investigated for contraception, antiulcerogenic activity in crude 
form and in the form of jelly for anthelminthic activity. Ethanolic seed extract 
of papaya has been studied for excision wound healing in rats by15. The results 
demonstrated hastened wound healing in comparison to the standard taken. 
Papain, an enzyme from the Carica papaya extract, added to sodium alginate 
membrane improved the healing wounds by improving debridement of ne-
crotic tissue16. Papaya leaf extract formulated in the form of tablets and syrup 
form have been studied and used for treatment of dengue. Spray gel of papaya 
leaf extract was investigated for wound healing by Wijaya et al. and it showed 
accelerated wound healing as compared to placebo17. The novelty of the work 
lies in the fact that no work has been reported on the wound healing potential 
of seed extract of papaya along with sodium alginate in a dosage form. It was 
hypothesized that papaya seed extract along with sodium alginate in the form 
of hydrogel sheet will promote healing of wounds as sodium alginate alone has 
been shown to assist wound healing.

Sodium alginate hydrogel sheets loaded with papaya seed extract were formu-
lated and evaluated for physicochemical characteristics like appearance, thick-
ness, pH, moisture content, gelation time, weight variation, tensile strength, 
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water vapour transmission rate, folding endurance and swelling capacity.  Ani-
mal studies were also carried out on rat model to study the effectiveness of the 
formulated hydrogel sheet in wound healing against the commercially avail-
able sodium alginate based wound dressings.

It was envisaged that the seed extract loaded hydrogel sheet would be an ef-
fective alternative to the usually used synthetic wound healing formulations as 
it would have the advantage of presence of sodium alginate, C. papaya seed 
extract and hydrogel sheet formulation.

METHODOLOGY

Chemicals and reagents

Glycerol was obtained from Fisher Scientific Pvt Ltd. Sodium alginate meth-
ylparaben, propylparaben and calcium chloride were procured from SD Fine 
Chem LTD. Ethanol and guar gum was procured from Loba Chemie Pvt Ltd.

Collection of seeds

The seeds of Carica papaya were collected from the local vendor, Solan.

Preparation of seed extract: 

For the extraction of seed extract, the method given by Nayak et al. was em-
ployed with some modifications15. The seeds of Carica papaya were collected, 
washed thoroughly under running water to remove dirt and finally washed 
with distilled water. Seeds were shade dried for 15 days at room temperature. 
Then the seeds were dried at 40°C to get a constant weight and were powdered. 
The dry powder (25 g) was exhaustively macerated with water and alcohol (1:1) 
as the solvent. The extract obtained was filtered using Whatman filter paper 
and then, the extract was partially concentrated at 60 ± 2°C in vacuum oven to 
obtain the semi dried form.

Phytochemical screening

Preliminary qualitative phytochemical screening of the hydroalcoholic extract 
was conducted to ascertain the presence of secondary metabolites like alka-
loids, glycosides, saponins, tannins and phenolic compounds, carbohydrates, 
terpenoids, and amino acids by using standard phytochemical screening and 
identification tests. Variation in color and form or formation of characteris-
tic precipitate was noted to determine the presence of these secondary me-
tabolites18-23. Hager’s test, Wagner’s test, and Mayer’s test were used to check 
for the presence of alkaloids. The presence of Saponin glycosides was checked 
for by the foam test and cardiac glycosides were determined by Keller Killiani 
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test and Legal test. Lead acetate and Ferric chloride test were utilized to es-
tablish the presence of tannins and phenolic compounds. Carbohydrates were 
checked by Molisch, Benedict and Fehling’s test and amino acids by Ninhydrin 
test. Salkowski and lead acetate tests were used to establish the existence of 
Terpenoids and Flavonoids respectively in the extract.

Physicochemical characterization of extract

Extract was characterized for pH, density and percentage yield. pH meter was 
calibrated at pH 4, 7, 9.2, and then pH was determined by directly dipping the 
electrode into the semi-dried extract till a constant pH was obtained. Density 
was measured by pycnometer/specific gravity bottle. The percentage yield of 
the extract was determined as percentage of the weight of the extract to the 
original weight of the dried powdered sample used.

Fourier Transform Infra-Red spectroscopy (FTIR):

The FTIR spectra were obtained by using ATR FTIR Spectrophotometer (Agi-
lent technologies; Model: CARY 630). FTIR spectra were recorded for hydroal-
coholic seed extract of Carica papaya and optimized formulation. The spectra 
were recorded in the range of 4000-650 cm-1 and were used to study extract-
excipient interactions by checking for major alterations in peaks.

Preparation of hydrogel sheet

Hydrogel sheet was prepared by ionotropic gelation method. Hydrogel sheets 
were prepared by using the composition as given in Table 1. The required 
quantity of sodium alginate was dissolved in 15ml of distilled water. The so-
lution was then continuously stirred for 30 min using a magnetic stirrer set 
at 300 rpm. The guar gum mixture was prepared in 5ml distilled water with 
specified amount of glycerol, propyl paraben, methyl paraben, and seed ex-
tract. Guar gum mixture was then added into the sodium alginate solution and 
stirred continuously. All weight calculations were done considering 30g as the 
final weight of hydrogel. For removal of air bubbles, the solution was placed in 
a bath sonicator for 10 min and then was poured into the petri dishes with 19 
cm2 surface area. Then 30 ml of 0.5% calcium chloride solution was prepared 
and poured over the petri dish containing extract-excipient mixture for the 
crosslinking of the sodium alginate polymer. The petri dishes were left undis-
turbed at room temperature for 12 h. Then the hydrogel sheet was removed 
from the petri dish. Finally, the hydrogel sheet was placed in the desiccator for 
drying and a clear thin hydrogel sheet was obtained24.
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Table 1. Composition of the hydrogel sheets

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9

Plant extract (w/w) 10% 10% 10% 10% 10% 10% 10% 10% 10%

Glycerol (w/w) 21% 21% 21% 21% 21% 21% 21% 21 % 21%

Methyl paraben (w/w) 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06% 0.06%

Propyl paraben (w/w) 0.02% 0.02% 0.02% 0.02% 0.02% 0.02% 0.02% 0.02% 0.02%

Sodium Alginate 
(w/w) 2.5% 1.5% 3.5% 2.5% 1.5% 3.5% 2.5% 1.5% 3.5%

Guar Gum (w/w) 1.2% 1.5% 0.8% 1.5% 0.8% 1.2% 0.8% 1.2% 1.5%

Distilled water (q.s) 30 g 30 g 30 g 30 g 30 g 30 g 30 g 30 g 30g

Physico-chemical characterization of hydrogel sheets

The hydrogel sheets were characterized as the following parameters:

Physical appearance: Physical parameters like color and appearance were de-
termined visually.

pH: pH of the sheet was checked after adding 1-2ml of distilled water to a small 
area of sheet to wet and swell the hydrogel. The pH was then determined by 
using digital pH meter after calibrating it with buffer pH 4, 7, 9.2.

Homogeneity: All the prepared hydrogel sheets were checked for homogeneity 
by visual inspection.

Gelation time: The gelation time of the hydrogel was observed by tilting the 
petri dish containing the formulation at an angle of 45ο periodically. The time 
at which the hydrogel did not flow at the tilted angle for at least 30s was taken 
as the gelation time25. 

Weight Variations: Analytical weighing balance was used for the study of 
weight variation of the formulated sheets. The data obtained was averaged for 
obtaining weight variation values. Three patches from each batch were taken 
for weight variation and result reported as (mean ± SD)26.  

Thickness: Vernier caliper was used for the evaluation of thickness of sheets. 
Sheet thickness uniformity was ensured by measuring its thickness at 6 dif-
ferent places. The values obtained were averaged and reported (mean ± SD)27. 

Folding Endurance: This test is conducted to ensure mechanical strength 
and plasticizer efficacy in hydrogel sheet. The folding of formulated hydrogel 
sheets at same place was carried out until breaking and cracking in the sheet 
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was observed and the number of folds till the sheet broke gave the folding en-
durance (n=3)28.

Swelling Index Evaluation: The individual weights of prepared hydrogel sheets 
were taken and then sheets were dipped in water until they started to almost 
disintegrate. The initial and final weight of formulated sheets was used for the 
calculation of swelling index for the formulated sheets. The following equation 
was used for calculating % swelling index: 

SI = (w2 - w1)/w1 × 100

Where w1 is the sheets initial weight, w2 is final weight. The result obtained 
were averaged and reported (mean ± SD, n=3).

Tensile Strength: The tensile strength was measured for formulated sheets us-
ing the tensiometer (UTM (servo & Vector Model). It consists of two load grips; 
the lower one being fixed and the upper one being mobile. Film strips 2*2cm 
were fixed between these grips, and force was gradually increased till the film 
broke. The tensile strength was read from the dial in kg (n=3)29.

Water Vapor Transmission Rate: Oven-dried bottles and individually weighed 
formulated sheets were used in this study to make transmission cells. Saturated 
solution of potassium chloride was kept in desiccator to maintain an approximate 
humidity of 85%, and 1 g of anhydrous calcium chloride was put in each bot-
tle. The transmission cells with their mouth covered with hydrogel sheet were 
weighed and kept in the desiccator. These were removed from the desiccator after 
specified intervals of time, i.e., 6, 12, 24, 36, 48, and 72 h. The transmission cells 
were reweighed at the end of the study to get the result as mean ± SD (n=3)30.

Water vapor transmission rate =W/ST

W = Final weight- initial weight

W is the increase in weight in 24 h; S is area of film exposed (m2); T is exposure time.

Percentage Moisture Content: Formulated sheets were weighed initially and 
then kept in desiccator. Silica was also placed in desiccator for 24 h. The patch-
es were kept in the desiccator till they attained a constant weight. The % mois-
ture content value was estimated from the difference in the initial and final 
weights of sheets. The following equation was used to calculate the value of % 
moisture content. (n=3)

 
%Moisture Content = x 100(5)

wi - wf 
wi

Where wi represents the initial weights, and wf represents the final weight31.
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Study of surface morphology

The surface morphological study of the optimized sheet was carried out by 
scanning electron microscopy (SEM). The mesh structures of the sample were 
observed using field-emission SEM (S-3000 N, Hitachi, Japan).

Accelerated stability study

Accelerated stability study for the optimized formulation was performed at a 
temperature of 40 ± 2°C and relative humidity of 75 ± 5% RH for 3 months. 
The hydrogel sheet was stored for the stability study for 3 months and was 
checked for physical appearance, physicochemical properties like swelling 
index, tensile strength by the methods used for the evaluation of formulated 
sheets stated above at 0, 1, and 3 months.

Incision wound model

In vivo protocol bearing number (LRIP/IAEC/2022/PH-03) for carrying out 
wound healing study was passed by IAEC of the institute. CPCSEA guidelines 
were followed for carrying out animal studies. Wistar rats (RattusNorvegicus) 
were purchased from National Institute of Pharmaceutical Education and Re-
search (NIPER) Mohali. The animals were anesthetized with Ketamine and 
Xylazine. The animals were kept on the operating table in the common posi-
tion. One paravertebral strength incision of six cm was made on either side 
of the vertebral segment with the help of the scalpel blade. The wound was 
cleaned with methylated spirit. The animals were kept in independent cages. 
The rats were divided into six groups and each group contained 6 rats. The 
experimental design of in vivo study is given in Table 2. The first group was 
normal control group on which 0.9% normal saline was applied, second group 
was the blank hydrogel group in which blank sodium alginate hydrogel sheet 
was applied, third group was standard control group on which a commercially 
available hydrogel (Tegaderm) was applied, and the fourth group was experi-
mental group on which formulated hydrogel sheet (8% extract) was applied. 
Two more groups for hydrogel sheets having 10% (fifth group) and 12% (sixth 
group) extract concentration were used. The wounds were created by following 
the method of incision wound model. Wounds of normal control group were 
covered with a simple gauze dipped in normal saline; wounds of the standard 
control group were treated with Tegaderm hydrogel (commercially available 
alginate dressing), and the wounds of experimental group were covered with 
formulated hydrogel sheets. Dressings were changed every day. Progressive 
changes in the wound length at the 0th, 3rd, 7th, and 11th days of the treatment 
were photographed with camera and measured with help of graph paper32-33.
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Table 2. In vivo experimental design

S. No Group Drug Route No. of animals

1 Control group Normal Saline Topical 6

2 Blank Hydrogel Sodium Alginate Hydrogel Topical 6

3 Marketed formulation Tegaderm Hydrogel Topical 6

4 Test group 1st 8% Ext Hydrogel sheet Topical 6

5 Test group 2nd 10% Ext hydrogel sheet Topical 6

6 Test group 3rd 12% Ext hydrogel sheet Topical 6

RESULTS and DISCUSSION

Preparation of seed extract

Fresh seeds of the papaya fruit were collected, washed and sorted. The seeds 
were shade dried for approximately 15 days, to prevent the loss of active con-
stituents and further dried in an oven at 40°C to get a constant weight and then 
powdered coarsely. The powder was sieved through sieve No. 40 and stored in 
an airtight container till used for extraction. The dry powder (25g) was exhaus-
tively macerated with water and alcohol (1:1) and extract obtained was filtered 
using Whatman filter paper. The extract was then partially concentrated at 60 
± 2°C in vacuum oven to obtain the semi dried form.

Phytochemical screening

Phytochemical screening of the extract obtained was carried out to check for 
the presence of alkaloids, glycosides, saponin glycosides, tannins, phenolic 
compounds, carbohydrates, flavonoids, cardiac glycosides, amino acids, and 
terpenoids. It was established that alkaloids, tannins, phenolic compounds, 
carbohydrates, and flavonoids were present while saponins, amino acids, and 
terpenoids gave negative results as shown in Table 315.
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Table 3.  Phytochemical screening of the extract

S. No. Phytochemical tests Result

1 Alkaloids

1.1 Hagers test +

1.2 Wagners test +

1.3 Mayers test -

2 Saponin glycosides

2.1 Foam test _

3 Cardiac glycosides

3.1 Killer killani test -

3.2 Legal test +

3.3 Kedde test -

4 Tannins and phenolic compounds

4.1 Lead acetate test +

4.2 Ferric chloride test +

5 Carbohydrates

5.1 Molish test -

5.2 Benedict test +

5.3 Felhing test +

6 Amino acids

6.1 Ninhydrin test -

7 Terpenoids

7.1 Salkowski test -

8 Flavonoids

8.1 Lead acetate test +
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Physiochemical evaluation of the extract

Results of physicochemical evaluation have been illustrated in Table 4. The 
extract after partial dehydration, gave a semi-solid product with a yield of 5.1 
± 0.25%, pH 5.8 ± 0.31, and density 1.2 ± 0.13 g/ml. The extract appeared to 
be brownish in colour.

Table 4. Results of physiochemical evaluation of the C. papaya seed extract

S. No. Parameter Observations (Mean ± SD*)

1 Percent yield 5.1 ± 0.25

2 Density 1.2 ± 0.13

3 pH 5.8 ± 0.31

*n=3

Preparation of hydrogel sheet

Hydrogel sheet was prepared by ionotropic gelation method by using a solu-
tion of calcium chloride. It was method of choice because the calcium ions ab-
sorbed during the process are exchanged for the sodium ions from the wound 
exudate and promote hemostasis by platelet activation. Also, this method is 
economical, simple and requires less equipment and time. Sodium alginate 
was selected because it was a bio compatible, non-toxic, non-immunogenic, 
biodegradable polymer and has an antimicrobial property with the advantage 
of gelation in presence of divalent cation34. Guar gum is a natural polysaccha-
ride that had the ability to form hydrogen bonds with water. It is also used as 
a thickener and a stabilizer. Glycerol was used as a humectant, plasticizer, and 
bacteriostatic agent that allows the exudate to dry out and keeps hydrogel hy-
drated overlong periods of time. The combination of methylparaben and pro-
pylparaben was used as preservative, and it is commonly employed to increase 
the shelf life. Using the mentioned excipients and method, hydrogel sheet 
loaded with Carica papaya seed extract was successfully prepared.

Physicochemical evaluation of hydrogel sheets

The outcomes of physicochemical characterization of hydrogel sheet are re-
vealed in Table 5. During the evaluation of the hydrogel sheet for different 
parameters, it was observed that the formulation F2, F5, and F8 were not suit-
able because minimal crosslinking has taken place in hydrogel due to the low 
concentration of polymer resulting in cracks and low mechanical strength35. 
Moreover, their gelation time was very long (48-49 h). It depends on the so-
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dium alginate concentration and the concentration of divalent cations used for 
cross linking. When the sodium alginate solution is brought in contact with 
calcium chloride (or any other divalent cation), the calcium ions diffuse into 
the solution and crosslink the alginate. Gelation time varied from 12 h to 49 
h. It was found to be longer in formulations composed of low concentration of 
sodium alginate35.The thickness of the remaining hydrogel sheets was in the 
range of 2.1 0 ±.3 to 4.1 ± 0.15 mm36. Tensile strength indicates the strength 
and mechanical property of the sheet. The results for tensile strength were be-
tween 0.81 ± 0.18 to 1.82 ± 0.13 kg/cm2 and the results of weight variation 
indicated uniformity of weight. The results revealed that change in the polymer 
concentration has effect on thickness and tensile strength37. With elevation in 
polymer concentration, thickness, and tensile strength were found to increase. 
The moisture content studies, showed less than 2.5% moisture in all formula-
tions except F3, F6, and F9. Low moisture content is desirable as this results 
in stable formulation, reduced bulkiness and minimized microbial contamina-
tion during long term storage. The pH of all formulations was less than 7 (6.5- 
6.9) making them non-irritant to skin22. The folding endurance indicates me-
chanical strength of the formulations, and it varied from 162 ± 1.7 to 310 ± 1.8 
for the various batches. These results indicate direct proportionality of folding 
endurance to polymer concentration14. F9 batch which has the highest polymer 
concentration (Sodium alginate + guar gum) has the maximum value of 310 
while F5 batch having lowest concentration of polymers developed cracks at 
initial stages only. WVTR results (912-2110) show that it is inversely propor-
tional to the polymer concentration in the formulation. The desirable range for 
WVTR is taken as 2000-2500 g/m2/day as values within this range prevent 
maceration of wound by collection of exudates and also prevent excessive dry-
ing up of wound, thus providing an optimum hydration level for healing38-39.
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Table 5. Evaluation of hydrogel sheet formulations

Testing
Parameter F1 F2 F3 F4 F5 F6 F7 F8 F9

Physical
Appearance Translucent Translucent Translucent Translucent Translucent Translucent Translucent Translucent Translucent

Color Brown Brown Brown Light brown Dark brown Light brown Light brown Dark brown Light brown

pH 6.9 ± 0.2 6.5 ± 0.12 6.8 ± 0.2 6.7 ± 0.12 6.8 ± 0.2 6.5 ± 0.3 6.9 ± 0.3 6.8 ± 0.2 6.9 ± 0.12

Thickness** 

(mm) 2.4 ± 0.1 ND 3.5 ± 0.2 2.8 ± 0.3 ND 4.1 ± 0.15 2.2 ± 0.2 ND 4.5 ± 0.1

Weight 
uniformity*(g) 4.5 ± 0.02 ND 5.9 ± 0.25 5.5 ± 0.17 ND 6.1 ± 0.3 4.3 ± 0.3 ND 6.3 ± 0.2

Folding
Endurance 215.67 ± 1.7 ND 254.33 ± 1.0 225 ± 1.89 ND 301 ± 1.7 192.67 ± 4.1 ND 310 ± 1.89

Swelling
Index*(%) 79 ± 0.1 ND 71 ± 0.3 69 ± 0.2 ND 49 ± 0.12 33 ± 2.34 ND 60 ± 2.12

Moisture
Content*(%) 1.7 ± 1.2 ND 3.2 ± 0.2 1.9 ± 2.1 ND 3.8 ± 0.2 2.1 ± 2.2 ND 4.5 ± 0.1

Tensile
strength 
(kg/cm2)

1.05 ± 0.20 ND 1.4 ± 0.02 1.21 ± 0.06 ND 1.54 ± 0.04 0.81 ± 0.18 ND  1.8 ± 0.13

Water vapor 
transmission* 

rate (g/m2/day)
2110 ± 0.2 ND 1200 ± 1.2 2025 ± 2.2 ND 990 ± 1.2 1080 ± 1.1 ND 912 ± 2.2

Gelationtime* 

(h) 12 48 10 12 49 10 12 48 10

ND=Not Determined, *n=3, **n=6

Selection of optimized formulation

Selection of optimized batch of hydrogel sheet was done on the basis of results 
of physiochemical characterization. Folding endurance, tensile strength, swell-
ing index, WVTR were considered as important parameters during selection as 
they influence the performance of the sheet. The selected batch was subjected 
to stability study, surface morphological study by SEM and would further be 
formulated at 2 more extract levels (8%, 12%) for in vivo study. F2, F5, and 
F8 were not evaluated further after initial characterization as they exhibited 
poor mechanical integrity and had developed surface cracks during the gela-
tion process. This could be due to the improper crosslinking because of low 
sodium alginate concentration35.
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F1 was selected as the final formulation for further stability, SEM and in vivo 
studies as it had optimum thickness (2.4 ± 0.1 mm) for the ease of applica-
tion, retention on skin and acceptability. It had adequate mechanical integrity 
exhibited by the results of tensile strength (1.05 ± 0.20 kg/cm2) and folding 
endurance (215.67 ± 1.7)14. It had excellent swelling and absorption capacity of 
79% for absorption of wound exudates and for providing a moist physiological 
environment for wound healing. Its water vapour transmission rate was also 
optimum between 2000-2500 to prevent maceration of wounds and for oxy-
gen exchange for rapid healing40. Its gelation time of 12 h was also optimum. 
F3, F6, and F9 had high alginate concentration and were thick with low WVTR 
and were therefore not considered appropriate. F1 was further formulated at 2 
more extract levels for in vivo studies.

Fourier Transform Infra-red (FTIR) study of extract and optimized 
formulation

FTIR spectra of the extract Figure 1(a) showed a broad peak on 3337 cm-1 due 
to presence of hydroxyl group, 1637 cm-1 due to presence of C=C stretching, 
1044 cm-1 manifested the presence of C-O stretching41. The spectrum obtained 
corroborated well with the spectrum obtained by Prasetya et al.31. In FTIR 
spectrum of optimized formulation, Figure 1(b), the characteristics peaks of 
seed extract were retained with only minor shifts and changes in intensity in-
dicating compatibility with excipients.
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Figure 1. FTIR spectrum of (a) extract (b) optimized formulation

Scanning electron microscopy

Scanning electron microscopy was performed for F1. It revealed the surface 
morphology of the hydrogel sheet to be porous, rough and irregular (Figure 
2[a] and [b]). These characteristics corroborate with the shrinkage occurring 
during the drying process. Based on SEM, formulation F1 was observed to pos-
sess optimum porosity, which would help prevent accumulation of exudates at 
the wound site and aid in exchange of gases42.
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Figure 2. SEM of optimized (F1) formulation at (a) 2500X (b) 700X magnification

Accelerated stability study for physical properties of hydrogel sheet

Stability study is performed to predict the shelf life of a product by hastening 
the rate of decomposition, ideally by increasing the temperature and relative 
humidity. The optimized formulation (F1) was put through stability study as 
per ICH guidelines by storing at 40oC/75% RH for 3 months and samples were 
analysed for changes in physiochemical properties at regular intervals. The re-
sults are shown in Table 6.

No major changes were found on the tested hydrogel sheet during stability 
study. The tested formulation was observed to be stable after exposure to ac-
celerated humidity and temperature environment for a period of 3 months 
confirming the stability of the formulation.

Table 6. Results of accelerated stability study

Stability 
Conditions

Sampling 
interval 
(month)

Color Thickness
(mm) pH

Moisture 
content

(%)

Tensile 
strength
(kg/cm2)

Swelling 
index
(%)

Water vapour 
transmission 

rate (g/m2/day)

40 ± 2oC / 
75 ± 5 % RH

0 No change 2.4 ± 0.1 6.5 ± 0.12 2.5 ± 1.2 1.05 ± 0.20 79 ± 0.1 2110 ± 0.2

1 No change 2.3 ± 0.1 6.6 ± 0.23 2.5 ± 3.2 1.07 ± 0.20 77 ± 1.1 2107 ± 0.2

3 No change 2.1 ± 0.1 6.6 ± 0.12 2.4 ± 0.2 1.09 ± 0.20 78 ± 1.2 2105 ± 0.2

In vivo evaluation (incision wound model)

The wound contraction rate was measured at every time interval. It is the 
percentage reduction of wound size. It can also be treated as a percentage of 
wound protection. By using a transparency paper and a suitable marker, pro-
gress of wound healing was assessed on 1st, 3rd,7th, and 11th day post wound 
creation. Length of the wound was traced by a placing a transparent tracing 
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paper over the wound and then this was placed on a sheet of graph paper (2 
mm) to count the number of squares within the wound length.

Wound closure % = X 100
(Wound length on day O – wound length on day N

Wound length on day O

 
Figure 3. Progress of wound healing in different groups

Perusal of the data in Table 7 reveals that the rats treated with hydrogel sheet 
(12%) were found to possess accelerated wound recovery as compared to con-
trol, blank, test group 1 and test group 2 animals. The wound length of differ-
ent groups was observed on 1st, 3rd, 5th ,7th, and 11th day for incision wound 
model and percentage wound contraction was calculated accordingly. The 
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standard group was treated with the commercially available TegadermTM. The 
control group, blank hydrogel group, test group 1 and test group 2 rats showed 
lesser wound contraction while faster wound contraction was observed in the 
animals in test group 3 (12%) (Figure 3). The shorter epithelization period in 
test group 3 (12%) as compared to control and test group 1, 2, and blank hydro-
gel group might be due to rapid regeneration of epithelial cells. Therefore we 
can conclude that the Carica papaya hydrogel sheet with 12% extract acceler-
ates wound healing more as compared to the control group, blank hydrogel, 
test group 1 and 2, and its wound healing potential was found to be insignifi-
cantly different from the standard group (Tegaderm) at 95% confidence inter-
val (calculated p=0.9984) making it comparable or similar to the commercially 
available formulation TegadermTM.

Table 7. Assessment of wound healing (Wound length in mm)

Groups Day 1 Day 3 Day 5 Day 7 Day 11

Control Group (mm) 60 ± 0.2
(0%)

55 ± 1.1
(8.3%)

47 ± 1.2
(21.6%)

38 ± 0.2
(36.6%)

31 ± 0.1
(48.3%)

Blank Hydrogel 60 ± 0.2
(0%)

52 ± 1.8
(13.3%)

43 ± 0.2
(28.3%)

35 ± 0.2
(41.6%)

28 ± 0.1
(53.3%)

Standard (marketed) 
Group (mm)

60 ± 0.3
(0%)

50 ± 1.2
(16%)

41 ± 1.1
(31%)

20 ± 0.3
(66%)

1 ± 0.2
(98.3%)

Test group 1 (mm) 60 ± 0.1
(0%)

54 ± 0.2
(10%)

45 ± 1.4
(25%)

26 ± 1.1
(56%)

11 ± 0.2
(81.6%)

Test group 2 (mm) 60 ± 0.1
(0%)

53 ± 0.3
(11%)

44 ± 2.1
(26%)

25 ± 0.2
(58%)

8 ± 0.1
(86.6%)

Test group 3 (mm) 60 ± 0.2
(0%)

51 ± 0.2
(15%)

42 ± 0.1
(30%)

21 ± 0.2
(65%)

1.5 ± 0.1
(97.5%)

n=6 for each group
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ABSTRACT 

This research aimed to evaluate the aminophylline neuroprotective benefits 
against Alzheimer’s Disease -like characteristics caused by lipopolysaccharide 
(LPS) in forty rats divided into four groups: control group, induction group 
received lipopolysaccharide single dose once a day for seven days, third group 
received donepezil orally once daily for 21 days and fourth groups received 
aminophylline once daily for 21 days, and both third and fourth group received 
LPS once. The Barnes Maze behavioral parameters evaluated, inflammatory 
cytokines, and oxidative stress indicators were measured in brain tissue sam-
ples and the results showed that primary latency and primary error for the three 
phases of Barnes Maze behavioral test and the levels of studied inflammatory 
cytokines (IL-1b, IL-6, and TNFa) in addition to malondialdehyde (MDA) were 
reduced significantly in aminophylline group comparing with induction group 
while SOD1 levels increased significantly in aminophylline group comparing 
with induction group which indicate that aminophylline has neuroprotective 
effects via antioxidant and anti-inflammatory properties.

Keywords: neuroprotective effects, aminophylline, LPS-induced Alzheimer’s 
disease
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INTRODUCTION 

Alzheimer’s disease (AD) is one of the most typical degenerative neurologi-
cal conditions in the world, with symptoms including decreased cognitive 
function, abnormal behaviour, psychiatric difficulties, and memory loss1. The 
etiology of AD is unknown, but it is linked to several pathological manifesta-
tions, including accumulation of microtubule tau protein, cholinergic neuron 
death, abnormal amyloid beta (Aβ), oxidative stress caused by metals, and ir-
regular acetylcholinesterase (AChE) activity2. Previous research demonstrated 
that Neurodegeneration considered one several pathological conditions that 
include also inflammation and cancer that related to lipid peroxides which are 
highly reactive elements, that participated in accelerating the chain reaction of 
reactive oxygen species (ROS) formation3. The degradation of lipid peroxide 
leads to producing 4-hydroxynonenal and malondialdehyde (MDA) which are 
commonly used for the quantification of lipid peroxidation in the obtained tis-
sue samples3,4. Catalase and Superoxide dismutase (SOD) enzymes provide the 
first line protection against the tissue injury which is caused by the ROSs as 
they have the ability to scavenge free radical along with the other nutritional 
antioxidants5. SOD protects the cell from the oxidative damage by catalyzing 
the conversion of superoxide into oxygen and hydrogen peroxide6. In the cases 
of SOD activity elevation, the possibility of lipid peroxidation become reduced5 

and the estimation of SOD’s activity and its relation with the lipid peroxida-
tion could help in understanding the prognosis of the neuronal damage and to 
provide an optimum treatment regimen7.

Microglial cells in the brain of patients with AD showed an enhanced Inflam-
matory process as they become activated and produce high levels of cytokines. 
In early stages, microglia cells when activated become able to phagocytize Aβ, 
but if the activation persist for an extended period, they loss this ability and the 
pro inflammatory cytokines they release such as are interleukin (IL)-1, IL-1, 
IL-6, and tumour necrosis factor (TNF) participate in propagation of patho-
logical tau proteins and neuron damage8.

The current treatment for AD involves usage of cholinesterase inhibitor (riv-
astigmine, galantamine, and donepezil) and memantine which is considered as 
N-methyl-D-aspartate (NMDA) antagonists9. Aminophylline which is a methyl-
xanthine derivative is considered as a competitive non-selective phosphodiester-
ase inhibitor that inhibits several types of the phosphodiesterase (PDE) enzyme 
family, mostly the PDE4 isoforms, and activates protein kinase. Also, it increases 
intracellular concentrations of cAMP and cGMP, inhibits the synthesis of TNF-
alpha and leukotriene, and decreases inflammation and innate immunity10.  
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The present research was aimed at investigating and evaluating the poten-
tial neuroprotective ability of aminophylline against AD-like characteristics 
caused by lipopolysaccharide in rats.

METHODOLOGY

Experimental groupings and treatments

A case-control study was conducted in the department of Pharmacology in the 
College of medicine, Al Nahrain University between June and December 2022 
that include forty male rats (250 to 500 g in weight) of 3 to 4 months old were 
accommodated under standard laboratory conditions at a temperature of 20-
22°C. Aminophylline vial (Radiant Pharma), lipopolysaccharide powder (LPS) 
(Sigma-Aldrich, USA), and donepezil (Pfizer) were dissolved in normal saline. 
The rats were split into four treatment groups and each group consist of ten 
rats as the following:

Group 1: which is consist of the control group.

Group 2 (induction group): received a dose of 250 g/kg of LPS i.p. once a day 
for 7 days, to induce AD-like characteristics11.  

Group 3: in this group the animals received a prophylactic oral treatment with 
donepezil in a dose of 0.5 mg/kg once a day12, for 21 days, followed by LPS (250 
g/kg i.p. once a day) and the same dosages of donepezil for another 7 days. 

Group 4: administered prophylactic treatment with aminophylline (20 mg/kg 
i.p. once a day)13, for 21 days, followed by LPS (250 g/kg i.p. once a day) and 
the same dosages of aminophylline for another 7 days. 

After three days of treatment, a behavioural test, including cognitive testing 
utilizing the Barnes Maze, was performed. 

Behavioural test using the Barnes Maze procedure 

Barnes Maze was manufactured in Baghdad. The Barnes Maze was made up of 
a wood circular platform (122 cm diameter) with 21 similar and evenly spaced 
holes (10 cm wide) around it, one of which was connected to an escape box 
(35 cm x 12 cm x 12 cm), and the Maze was elevated 100 cm above the ground. 
Because all of the holes looked the same, the rats couldn’t tell the escape hole 
apart from the others until they were right next to it. The buzzer positioned 
in the center of the Maze was to give sounds that encouraged the escape from 
the platform to stimulate an effective escape response. The Barnes Maze pro-
cedure was conducted in line with the method of Kuzmin et al.14, with slight 
adjustments. The Barnes Maze procedure includes the following phases:
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Habituation phase: To lessen anxiety, the animals had become accustomed to 
the platform and the escape box a day prior to the acquisition phase. This fa-
miliarization procedure was conducted without the use of a buzzer. 

The acquisition phase: This phase started 24 hours following the Maze habitu-
ation phase. Three training sessions each day were included in the acquisition. 
Each training session lasted 180 seconds, with a 10-minute break after that, 
the animals were put back in the cage from which they came. Throughout the 
acquisition trials, the escape box and platform position were still fixed. In each 
experiment, the rats were placed in the platform middle, the buzzer was acti-
vated, and they were free to roam around the facility. The experiment ended 
180 seconds once the animal had gotten to the escape box. Then, the hole was 
immediately closed for 30 seconds, and the animal was brought back to its 
initial cage. The animal was led there slowly and given 30 seconds to explore 
it if it failed to reach the escape box within 180 seconds. After each session, 
the outer layer of the facility and the escape box were sanitized by employing 
a 100% (w/v) solution of ethanol for removing smell cues. Primary errors and 
primary latency were captured as parameters. Primary latency was defined as 
the time it took the rat to make first contact with the escape box. The primary 
error was the number of holes that were explored before coming into contact 
with the escape box14.

Probe trial: After 24 hours of acquisition, a probe trial commenced. This phase 
was distinguished by a duration of 90 seconds to assess spatial memory, and 
in this trial, the escape box was shut15. Therefore, the animals were permit-
ted to look around the Maze and the escape box, and neighbouring holes. The 
primary errors and primary latency also were recorded.

Reversal learning: Three reversal trials were held an hour following the conclu-
sion of the probe experiment (180 seconds for each trial). Except for the escape 
hole being rotated 180°, the reversal learning experiment was similar to the ac-
quisition experiment. As a result, despite the acquired spatial clues, the animal 
was unable to escape the Maze and was forced to remember the new position of 
the hole. The primary errors and primary latency required to get to the escape 
box were then calculated. The animals were anesthetized by inhaling diethyl 
ether after completing all phases of the behavioural test14. 

Sample collection and biochemical analysis

The animals were killed, and their brains were promptly rinsed in cold phos-
phate-buffered saline (0.02 mol/L, pH 7.2-7.4)16. The right hemisphere of the 
brain was washed with BSP and homogenized. The homogenized tissue was 
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utilized to evaluate oxidative stress indices which include malondialdehyde 
(MDA) and superoxide dismutase 1 (SOD1) and cytokines of inflammation that 
include tumour necrosis factor-α (TNF-α), interleukin-1β (IL-1β), and inter-
leukin-6 (IL-6) that estimated by using ELISA according to the manufacturer’s 
(Elabscience) recommendations.

Statistical analysis

The data of the study are presented as mean ± standard deviation. To com-
pare the means of two groups, the unpaired t-test was utilized, and analysis of 
variance (ANOVA) with a post-hoc Tukey test was employed to compare the 
means of three or more groups. The data were analyzed employing the Statisti-
cal Package for Social Sciences (SPSS) version 23. (p<0.05) or (p≤0.001) were 
regarded as significant or highly significant, respectively17.

RESULTS and DISCUSSION 

Behavioural pattern of the experimental rats

In the results obtained in the current work, the averages for primary laten-
cy and primary error for the three phases (acquisition, probe, and reversal) 
were increased significantly (p<0.001) in the induction group in relation to 
the control group. On the other hand, the parameters evaluated showed to be 
decreased significantly (p<0.001) in rats receiving either donepezil or amino-
phylline in contrast to the induction group and these averages demonstrated 
values comparable to that of control group which indicated by the non-signif-
icant (p>0.05) different in these parameters between groups receiving either 
donepezil or aminophylline and those of controls as illustrated in Table 1.  

Table 1. Effects of aminophylline on rats in the Barnes maze test

Group Control Induction (LPS) Donepezil Aminophylline

Acquisition
Phase

Primary Latency 99.14 ± 23.86 155.72 ± 13.99## 99.33 ± 24.0** 109.48 ± 17.94**

Primary Error 18.76 ± 4.85 28.43 ± 3.55## 18.76 ± 4.85** 17.57 ± 3.74**

Probe
Phase

Primary Latency 27.0 ± 11.62 69.29 ± 23.01## 28.57 ± 11.1** 44.14 ± 18.56**

Primary Error 7.43 ± 5.13 31.29 ± 7.87## 7.43 ± 5.13** 9.29 ± 2.69**

Reversal
Phase

Primary Latency 80.05 ± 29.39 159.76 ± 10.77## 80.19 ± 29.52** 135.33 ± 12.93**

Primary Error 10.14 ± 3.17 27.62 ± 7.56## 10.19 ± 3.18** 16.33 ± 7.27**

##: Highly statistically significant (p≤0.001) compared to control group; **: Highly sta-
tistically significant (p≤0.001) compared to induction LPS group.



298 Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

Inflammatory cytokine levels in the experimental rats

In the induction group, TNFa, IL-6, and IL-1b levels showed to be increased 
significantly (p<0.05) in a comparison with those levels in the control group. 
Meanwhile, the TNFa, IL-6, and IL-1b levels were significantly (p<0.05) re-
duced in rats receiving donepezil or aminophylline when compared to the in-
duction group. The levels of these pro-inflammatory markers in groups admin-
istered donepezil or aminophylline were non-significantly differ from those of 
controls as illustrated in Table 2. 

Table 2. Effects of aminophylline on inflammatory cytokines

Group Control Induction (LPS) Donepezil Aminophylline

IL-1b (pg/ml) 78.26 ± 32.95 177.51 ± 64.02## 91.57 ± 36.19** 98.83 ± 22.73**

IL-6 (pg/ml) 52.47 ± 9.5 144. 23 ± 64.09## 57.02 ± 9.82** 69.27 ± 12.53**

TNF-a (pg/ml) 110.92 ± 5.71 316.10 ± 30.178## 123.75 ± 6.88** 134.44 ± 7.83**

##: Highly statistically significant (p≤0.001) compared to control group; **: Highly sta-
tistically significant (p≤0.001) compared to induction LPS group.

Levels of oxidative stress in experimental rats
In relation to the control group, the induction group revealed a significant in-
crease (p≤0.001) in MDA levels and a significant decrease (p≤0.001) in SOD1 
activity, whereas the levels of these oxidative stress markers in donepezil or 
aminophylline groups showed a significant decrease (p≤0.001) in MDA levels 
with a significant increase (p≤0.05) in SOD1 activity compared to the induc-
tion group as demonstrated in Table 3. It was also noticed that the levels of 
MDA and the activity of SOD1 in rats received donepezil or aminophylline were 
achieved levels somehow comparable to that of controls.

Table 3. Effects of aminophylline on oxidative stress parameters

Groups Control Induction (LPS) Donepezil Aminophylline

SOD1(ng/ml) 0.97 ± 0.13 0.70 ± 0.06## 0.83 ± 1.36** 0.81 ± 0.05**

MDA (ng/ml) 115.279 ± 83.9 241.37 ± 29## 122.17 ± 3.03** 131.96 ± 4.35**

##: Highly statistically significant (p≤0.001) compared to control group; **: Highly sta-
tistically significant (p≤0.001) compared to induction LPS group.

The pathogenesis of AD is complex, involving the accumulation of cerebral 
(beta-amyloid and hyperphosphorylated tau proteins), an inflammatory re-
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sponse, and an increase in oxidative stress18. LPS was used to induce cognitive 
impairment in rats in this study because it induced memory loss and amyloi-
dogenesis in vivo and in vitro due to systemic inflammation, by stimulating 
the generation and release of pro-inflammatory cytokines including TNFa, IL-
6, and IL-1b19. Peripheral systemic infusion of LPS has been proven to cause 
oxidative stress as well as neuro-inflammation in the brain due to a rise in 
the Aβ level20. LPS treatment impaired both cognitive flexibility and spatial 
memory in the Barnes Maze test. Pre-treatment with cholinesterase inhibitors 
(donepezil) and aminophylline inhibited these LPS effects. Aminophylline has 
been demonstrated to have anti-inflammatory, anti-lipid peroxidation, and 
free radical scavenging characteristics21. Aminophylline has been reported to 
decrease levels of inflammatory cytokine’s MDA and increase SOD in homog-
enized rat brains, an observation similar to the results of this study. 

Many studies have shown that methyl-xanthine drugs have anti-inflammatory 
properties that act systemically as well as locally on airway inflammation22,23. 
By harvesting peripheral blood monocytes over 4 days, methyl-xanthine 
caused a progressive decrease in pro-inflammatory cytokine (TNFa, IL-8, IL-
6, and IL-1) production (20% to 80%). This feature appears to be mediated 
by an epigenetic process that activates histone deacetylase-dependent gene 
switches, causing them to flip to a more anti-inflammatory phenotype. Thus, 
these impacts appear to be due to theophylline-induced macrophage re-direc-
tion, and other immune cells toward an anti-inflammatory state, which has 
been demonstrated to have a plethora of dose-dependent gene switches that 
regulate several cytokines24. As a non-selective adenosine receptor antagonist, 
aminophylline can antagonize adenosine receptors and inhibit the release and 
production of inflammatory factors by inhibiting phosphodiesterase activity25. 
Results obtained in the current study revealed that Aminophylline have a clear 
anti-inflammatory effect against a lipopolysaccharide (LPS)-induced inflam-
matory model which is consistent with recent study which demonstrated that 
aminophylline have reduced the permeability of the endothelial cell by down-
regulating the related protein level in a lipopolysaccharide (LPS)-induced in-
flammatory model26. Aminophylline was discovered to effectively reduce lipid 
peroxidation in the rat brain, as evidenced by a considerable drop in MDA 
and pro-inflammatory cytokines generation as well as an increase in SOD ac-
tivity in several parts of the rat brain, such as (cortex, cerebellum, midbrain, 
and basal ganglia). Aminophylline is a salt made up of two molecules of theo-
phylline and one of ethylenediamine. Because of the ethylene diamine compo-
nent, aminophylline at therapeutic concentrations is capable of antagonizing 
hypochlorous acid (HOCl). Some studies have found that low concentrations 
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of aminophylline are capable of effectively scavenging hydroxide radicals27,28 
because the anti-inflammatory and antioxidant activities of aminophylline im-
prove cognitive flexibility spatial memory in the Barnes Maze task. 

In conclusion, the findings in this study demonstrate that aminophylline en-
hances learning and memory in LPS-induced AD-like rats, implying that ami-
nophylline has neuroprotective benefits via antioxidant and anti-inflammato-
ry mechanisms. 
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ABSTRACT

Selenium and manganese are antioxidant elements, are cofactors in the func-
tioning of enzymes. Obstructive sleep apnea (OSA) is the inability to breathe 
during sleep and may develop due to changes in oxidative stress, antioxidant 
defense system, and serum trace element levels. Therefore, we aimed to de-
termine the antioxidant enzyme activities glutathione peroxidase (GPx), su-
peroxide dismutase (SOD), as well as Se, Mn levels, in OSA patients (n=38) 
and healthy controls (n=27). Se and Mn were determined by Graphite Furnace 
Atomic Absorption Spectrometry (GFAAS), and GPx, SOD enzyme activities 
were determined by ELISA method in samples taken after polysomnography 
(PSG). Our results showed that Se, Mn levels in patients were significantly 
lower than in controls (p<0.0001). GPx activity in patients was lower than in 
controls (p<0.01), but serum SOD activity was lower than in healthy individu-
als but not significant (p>0.05). The results showed that the patients’ Se, Mn 
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levels, as well as GPx, SOD enzyme activities, were lower than the controls. In 
conclusion, our study showed that low levels of Se and Mn trace elements in 
OSA patients are associated with decreased antioxidant enzyme activities and 
increased oxidative stress. These findings suggest that trace elements affect 
the antioxidant enzyme activities in which they act as cofactors and that their 
deficiencies should be eliminated with supportive treatments in OSA patients.

Keywords: selenium, manganese, glutathione peroxidase, superoxide dis-
mutase, obstructive sleep apnea 

INTRODUCTION

Trace elements, which are essential minerals at the micro and macro levels, 
have very important functions in the body and play a part in the synthesis and 
structural stabilization of nucleic acids and proteins1. Hence, imbalances in the 
optimal levels of trace elements may adversely impress biological processes 
and are associated with many diseases2. 

Selenium (Se) is known as an important trace element for the body; however, 
its high concentrations have a toxic effect on the body. Low Se concentrations 
in the blood can lead to heart diseases3-4. Epidemiological studies have shown 
that Se has anti-inflammatory and antioxidant effects that can protect against 
cardiovascular diseases and reduce cardiovascular mortality and certain types 
of cancer5-6. Se is a microelement and cofactor for many enzymes and is also 
a component of the glutathione peroxidase (GPx) enzyme structure, which 
protects the organism from oxidative damage7. Se protects cells by the cata-
lytic activity of GPx from the damage caused by free radicals that formed from 
molecular oxygen and disrupts hydrogen peroxide (H2O2), and fatty acid per-
oxidases formed in the cells. Moreover, Se is present in kidney and liver more 
than in another tissues8-9. Se, manganese (Mn), copper, and zinc are essential 
trace elements in the activation of antioxidant enzymes, such as GPx and su-
peroxide dismutase (SOD) enzymes10. GPx contains a Se atom in its structure. 
The concentration of Se in the blood is 60–100 μg L−1 has been reported11.

The other microelement we studied, Mn is essential for the activity of many 
enzymes (hydrazines, kinases, decarboxylases, and transferases) and metal-
loenzymes (arginase, pyruvate carboxylase, and manganese superoxide dis-
mutase [MnSOD]) in the body involved in normal growth, reproduction, and 
skeletal development through nutrients, and plays an important role in car-
bohydrate, amino acid, and cholesterol metabolism. Mn is present in the mi-
tochondrial MnSOD composition, which exhibits antioxidant activity against 
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oxidative production. Mn has a toxic effect at high doses. It participates in li-
pid and carbohydrate metabolism, cell function, and the construction of cell 
membranes10,12. In people who are exposed to high levels of this metal, it can 
accumulate in different parts of the brain, causing neurotoxicity13. In an ex-
perimental study, brain cortical neurons, which are an important component 
of obstructive sleep apnea syndrome (OSA), were subjected to chronic inter-
mittent hypoxia. It was determined that the cells produced excessive amounts 
of reactive oxygen species (ROS), whereas the antioxidant defense system, es-
pecially MnSOD, was found to elicit them. These studies demonstrate that Mn 
acts as a cofactor of the MnSOD enzyme. There is a linear relationship between 
serum Mn and SOD activity14-16. Among the adverse health effects that results 
from increased Mn absorption are central nervous system effects. Symptoms 
that have been observed include dyspnea, tachycardia, fever, rigidity, and Par-
kinsonian muscle weakness. Conversely, Mn deficiency has been suggested to 
be associated with osteoporosis-like decalcification in bones17. Normal ranges 
of Mn levels in body fluids are 4.0–15.0 μg L−1 in blood18.

OSA is known for recurrent attacks of the upper airways and is associated with 
respiratory depression, repetitive sleep-stimulating outcomes, and episodic 
oxyhemoglobin desaturation. Sleep apnea syndrome is a risk factor for car-
diovascular and cerebrovascular morbidity and mortality, as well as daytime 
sleepiness and loss of cognitive performance19. The most common complaint of 
this syndrome is excessive daytime sleepiness and/or snoring. These attacks, 
especially with the temporary cessation of breathing during sleep, have been 
observed to increase oxidative stress and inflammation in OSA patients20-21. 
Oxidative stress can cause lipid peroxidation, including low-density lipopro-
tein (LDL) oxidation22. Major cardiovascular diseases results accompanying 
OSA are hypertension, coronary artery disease, metabolic syndrome, cardiac 
arrhythmia, left or right-sided heart failure, pulmonary hypertension, stroke, 
and sudden death19,23. The severity of obstructive sleep apnea is indicated by 
the apnea–hypopnea index (AHI) and divided into certain segments. The AHI 
is the sum of apnea and hypopnea in a 1-h sleep and has tensile polysomnogra-
phy as its gold standard. The severity of the syndrome of the AHI is as follows: 
AHI < 5, normal; AHI = 5–15, mild; AHI = 15–30, moderate; and AHI > 30, 
severe OSA19. 

Free radicals that also cause oxidative stress are high-energy, unstable com-
pounds that contain one or more pairs of electrons in their outer atomic orbit-
al. Organic free radicals formed during metabolic events can also be caused by 
external factors. They are very active and can interact with all cell components. 
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The organism has defensive systems that will neutralize the harmful effects of 
free radicals. This defense system protects the organism from the harmful ef-
fects of free radicals by keeping the rate of physiological activity neutralized by 
the formation of free radicals. The oxidant–antioxidant balance is provided to 
protect the organism from damage. Degradation of this balance leads to oxida-
tive stress24. 

GPx, SOD, glutathione reductase, and catalase enzymes are the principal en-
dogenous enzymatic defensive systems of whole aerobic cells. They work in 
this system, with some microelements acting as cofactors of these enzymes25. 
SOD enzymes are the first and most important line of antioxidant enzyme de-
fense systems against ROS and particularly superoxide anion radicals10. Three 
distinct isoforms of SOD have been identified in mammals, two of them have 
copper and zinc as cofactors and are localized in the intracellular compart-
ment. The third SOD has Mn as cofactor and is localized in the mitochondria. 
SOD enzymes transform superoxide into oxygen and hydrogen peroxide12. GPx 
is a selenoenzyme that converts hydrogen peroxide into the water with the ele-
ment Se. Additionally, it can transform other ROS into water. The effects of the 
elements associated with these enzymes and acting as cofactors are shown in 
Figure 1.

Figure 1. The kinetic mechanism of manganese superoxide dismutase (Mn-SOD) and 
glutathione peroxidase-Se (GPx-Se) as antioxidants

In this study we want to determine the levels of serum Se and Mn elements in 
OSA patients and also quantify the amounts of the antioxidant enzymes GPx 
and SOD, which are related to these elements. All results were detected in OSA 
patients, and these levels were compared with control groups.
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METHODOLOGY

Study population and data collection

The present study was approved by the Marmara University, Institute of 
Health Sciences, Ethics Committee of Clinical Research. Blood samples were 
collected from OSA (n=38) patients and AHI index>5 patients who applied 
to the Somnus Sleep Disorders Center, Istanbul for routine examination. And 
healthy volunteers (n=27) were taken as controls with an AHI < 5. All people 
who want to take part in the study gave written inform consent to participate 
in the study. Subjects participating in the study underwent a polysomnography 
(PSG) test19-20. Overnight PSG (Somnologica, Flaga, Iceland) was performed 
between 11 PM and 7 AM. PSG consisted of simultaneous recordings of two 
channels EEG (C3 A2 and C4 A1), left and right electro-oculography, and chin 
electromyography from surface leads for sleep staging. In addition, air flow 
from a nasal cannula, thoracic and abdominal strain gauges for respiratory ef-
fort, tracheal microphone for snoring, pulse oximetry for oxyhemoglobin level, 
and sensor for body position during sleep were used. Respiratory data includ-
ing AHI, minimum and mean oxyhemoglobin desaturations, were produced 
automatically by a computer program (Somnologica version 2.0.1, Flaga, Ice-
land). In the first hour, the blood samples were centrifuged at 3500 rpm for 
10 min to separate the serum. They were aliquoted into Eppendorf tubes and 
stored at −80°C until analysis.

Exclusion criteria

People with Diabetes Mellitus, any kind of neurodegenerative diseases, endo-
crinological diseases, cancer and acute or chronic infection were excluded from 
the study groups.

Measurement of trace elements

To measure these concentrations of Se and Mn were measured in a graphite 
furnace atomic absorption spectrometer (Shimadzu, AA-6800, Japan) with an 
autosampler (Shimadzu, ASC-6100, Japan) and refrigerated circulator (EYE-
LA CA1115A-1). Pyrolytic graphite platforms and furnaces were used. A back-
ground corrector (Zeeman) was used to prevent interference. Argon (99.996%) 
was applied as a protective gas. All reagents and standards were the analytical 
grades, and 0.5% (v/v) HNO3 was used in the dilutions of standard solutions 
and blank.

For sample preparation, 70% nitric acid (99.999% trace metals basis) (Merck) 
and Triton X-100 (Merck) were used. Because of the low sample sizes and high 
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protein structure, the samples were studied using a palladium matrix modifier 
Pd (NO3)2 (10.0 g L−1) in HNO3 0.1% and TritonX-100 0.1%). Triton acts as a 
detergent to eliminate carbonaceous residues formed inside the graphite tube 
and helps in the cleaning of the autosampler capillary between sampling25. 
Standard solutions were prepared the 1000 mg L−1 selenium titrisol (SeO2 in 
6.3% HNO3) and manganese titrisol standard (MnCl2 in H2O). The calibration 
curves were plotted at Se 196.0 nm and Mn 279.5 nm with a graphite furnace 
atomic absorption spectrophotometer (GFAAS) using an autosampler. GFAAS 
and furnace conditions are given in Table 1 and Table 2. 

Table 1. Graphite furnace atomic absorption spectrophotometer instrumental parameters for 
Mn and Se analysis in serum samples

Parameters Mn (II) Se (IV)

Wavelength 279.5 nm 196.0 nm

Slit 0.2 nm 1.0 nm

Lamp current 10.0 mA 23.0 mA

Calibration mode Absorbance, peak high Absorbance, peak high

Background correction Zeeman effect Zeeman effect

Light Mode BGC-D2 BGC-D2

Injection volume 20.0 µL 20.0 µL

Table 2. Graphite furnace atomic absorption spectrophotometer furnace conditions for 
Mn and Se determination in OSA patients and healthy control groups

Step TempoC 
Mn

TempoC 
Se

Ramp 
(s)

Hold 
(s)

Flow 
(mL min−1)

1 150 120 5 20 1.0

2 250 250 5 10 1.0

3 600 600 5 10 1.0

4 600 600 2 3 0

5 2300 2200 1 3 0

The slope values and R values of the curves were calculated as for Se: R = 0.9990;
for Mn: R = 0.9948. 
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Recovery and accuracy studies of trace element measurement

A recovery study was performed for these metals to better evaluate the accura-
cy and reliability of the results of the Se and Mn concentrations obtained from 
the analysis. In the absence of a reliable comparison method, recovery studies 
should be important26. Reference serum material Seronorm Serum level 1 (lot 
JL 4409) used for the accuracy of the developed analytical method was used. 
To determine the accuracy of the method for GFAAS, Se, and Mn were evalu-
ated in a serum sample using a spike recovery test. According to the accuracy 
studies, it was determined whether the results met the AOAC (2002) criteria27.

Biochemical analysis

Total lipid, total cholesterol, low-density lipoprotein (LDL) cholesterol, tri-
glyceride, and high-density lipoprotein (HDL) cholesterol levels were deter-
mined by Abbott Architect ci8200 auto-analyzer (Abbott Park, IL, USA). GPx 
and SOD enzyme activities were evaluated by using enzyme-linked immuno-
sorbent assay (ELISA) according to the manufacturer’s instructions (Cayman 
Chemical, Ann Arbor, USA). 

Statistical analysis

Statistical analysis was carried out using GraphPad InStat Software Inc. All 
data are expressed as the means ± SD. The student’s t-test was used to evaluate 
the group’s results; comparisons of more than two independent groups were 
undertaken by analysis of variance with Tukey’s post hoc test. Values of p<0.05 
were regarded as significant.

RESULTS and DISCUSSION

OSA has been increasing in the middle-aged population in recent years and is 
associated with obesity and heart diseases. It is known as a recurrent upper 
respiratory tract barrier and is a disease often accompanied by oxygen desatu-
rations during sleep28.

In our study we included 65 patients and 38 of them were OSA (AHI ≥ 5) 
whereas 27 were in the control group (AHI < 5). The age distribution was found 
to be in a similar range between the OSA group (41.8 ± 9.1 years) and the con-
trol group (41.0 ± 8.9 years). The AHI of OSA patients was 15.0 ± 8.0 while the 
oxygen desaturation index was 79.5 ± 21.2%. Patients with these findings are 
classified as mild to moderate OSA group. Because the healthy control group 
has an AHI level of 3.0 ± 2.0 and an oxygen saturation index 95.4 ± 11.2%, 
which were significantly different to the OSA group. The general anthropo-
metric, PSG and biochemical results of the OSA and healthy control group are 
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shown in Table 3.  

Table 3. Anthropometric, polysomnographic, and biochemical results in OSA and healthy 
control subjects 

Anthropometric 
results OSA group (n=38) Control group 

(n=27) P value

Age (years) 41.8 ± 9.0 41.0 ± 8.9 0.7210

Weight (kg) 91.4 ± 13.3 79.7 ± 16.6 0.0030

Size (m) 1.75 ± 7.0 1.71 ± 10.0 0.0659

BMI (kg m−2) 30.1 ± 4.3 27.3 ± 4.3 0.0137

Polysomnographic results

AHI 15.0 ± 8.0 3.0 ± 2.0 <0.0001

Oxygen saturation (%) 79.5 ± 21.2 95.4 ± 11.2 <0.0001

Biochemical results

Total lipid (mg dL−1) 570.2 ± 207.6 534.3 ± 126.9 0.4143

Triglycerides (mg dL−1) 219.3 ± 177.3 141.6 ± 74.3 0.0304

Total cholesterol (mg dL−1) 217.7 ± 41.8 210.0 ± 45.8 0.4765

LDL cholesterol (mg dL−1) 97.4 ± 23.2 137.3 ± 41.9 <0.0001

HDL cholesterol (mg dL−1) 35.8 ± 5.5 44.6 ± 11.0 <0.0001

BMI: Body mass index; AHI: apnea–hypopnea index; LDL: low-density lipoprotein; 
HDL: high-density lipoprotein.

According to the biochemical results in Table 3, when the cholesterol levels 
of the samples were examined, it was found that weight, total lipid, triglyc-
erides, and total cholesterol levels were higher in OSA patients compared to 
the control group. LDL and high-density lipoprotein (HDL) cholesterol were 
found to be significantly lower than the control groups. According to the poly-
somnographic results, the AHI index was found to be significantly higher than 
the results obtained in patients with OSA, and the oxygen saturation (%) was 
lower compared to the control group. Abnormalities in lipid metabolism are 
very commonly observed in patients who are obese. As shown on Table 3 BMI 
and weight of the OSA patients are significantly higher than the control group, 
which confirms the data. A reduction in LDL-cholesterol level and a higher 
HDL-cholesterol level in OSA patients with respect to the control group show 
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that these patients use medications against hypercholesterolemia19. 

The serum Se concentration in OSA patients were 35.06 ± 10.12 µg L−1 and in 
control subjects 59.73 ± 8.98 µg L−1, p<0.0001. Additionally, the Mn levels in 
serum samples of OSA patients were 7.09 ± 2.33 µg L−1 and 19.85 ± 9.14 µg L−1 
in control, p<0.0001 (Figure 2).

Figure 2. Serum Se and Mn values in OSA and control groups. The significance between OSA 
patients and control groups were p<0.0001 for both parameters.

The recovery results obtained in the serum sample for 13.00 mg L−1 Se, 24.00 
mg L−1 Se, 1.00 mg L−1 Mn, and 2.00 mg L−1 Mn were 91.30%, 98.10%, 95.38%, 
and 101.5%, respectively. According to the accuracy studies, the results were 
found to be appropriate because recoveries were within the range proposed 
by AOAC (2002) (70%–125%) upon the concentration series studied27. These 
findings demonstrate that the Se and Mn levels measured in our study are ac-
curate and valid. 

The major antioxidant enzymes -GPx and SOD- found in mammalian cells are 
thought to be essential for life in all cells that metabolize oxygen. As shown 
in Table 4 the GPx activity in OSA patients and healthy control groups were 
27.30 ± 11.70 U mL−1 vs. 34.90 ± 13.70 U mL−1, respectively. The minimum and 
maximum levels were 5.09 U mL−1 and 71.30 U mL−1 in OSA patients and 15.28 
U mL−1 and 81.49 U mL−1 in control subjects. There was a significant change 
between the groups (p<0.01). The mean serum SOD activity in patients with 
OSA were found to be 2.62 ± 1.83 U mL−1 and 3.03 ± 1.71 U mL−1 in the control 
group. The minimum and maximum levels were changed between 0.30 U mL−1 

and 9.00 U mL−1 in OSA patients and 1.00 U mL−1 and 7.60 U mL−1 in control 
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subjects. The meaningfulness between the groups was not significant (p>0.10)

Table 4. Statistical evaluation of serum GPx and SOD activities in OSA patients and healthy 
control subjects 

Statistical data

GPx Activity SOD Activity

OSA group
(n=38)

Control 
group
(n=27)

OSA group
(n=38)

Control 
group
(n=27)

Mean (U mL−1) 27.30 34.90 2.62 3.03

Standard deviation (SD) ± 11.70 ± 13.70 ± 1.83 ± 1.71

Standard error the mean (SEM) 1.90 2.50 0.30 0.32

Minimum (U mL−1) 5.09 15.28 0.30 1.00

Medium (U mL−1) 25.47 30.59 2.35 2.30

Maximum (U mL−1) 71.30 81.49 9.00 7.60

P value p<0.01 p>0.10

Se is one of the most important elements of our study and the GPx enzyme is an 
important part of our body and shows an antioxidant property. The low level 
of Se paralleled with decreased activity of GPx enzyme. In a study of moderate 
and severe OSA patients, GPx and SOD activities were found to be in parallel 
with our study. In this study serum zinc and erythrocyte Se levels were low, 
and serum Cu and Fe levels were high determined in OSA patients29. These 
studies strengthen our hypothesis and demonstrate that serum or erythrocyte 
trace element levels can alter antioxidant enzyme activities29-30.

Studies have reported that Se detoxifies heavy metal ions such as mercury and 
Mn in the human body and protects the nervous system by reducing ROS pro-
duction. OSA causes sleep hypoxia and low GPx and SOD activities in humans. 
The apnea/apnea index of OSA is negatively correlated with the amount of 
Se in red blood cells, suggesting that low Se levels increase OSA severity29. Se 
has different roles in different diseases6,8-9. Studies show that evaluation of Se 
levels in humans, low levels of Se can significantly trigger the disease, and the 
addition of Se to daily diet helps prevent and to treat the disease31.

Compared with the literature, the results were found to be compatible. According to the 
data obtained from our experimental studies GPx and SOD enzyme activities were also 
found to be decreased in the OSA patients, related to the low levels of Se and Mn levels, 
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which act as cofactors in enzyme systems in the participants. This can be considered one 
of the reasons for the emergence of OSA. Here in, it can be said that the possibility of 
low activities of enzymes is expected due to low Se and Mn amounts. In a study with cell 
culture and transgenic mice, overexpression of MnSOD was shown to reduce chronic in-
termittent hypoxia (CIH)-mediated cortical neuronal apoptosis. Together, data from in-
vitro and in-vivo experiments have shown that CIH-mediated mitochondrial oxidative 
stress can play an important role in neuronal cell loss and neurocognitive dysfunction in 
OSA. Therefore, therapeutic strategies aimed at reducing ROS from mitochondria may 
increase neurobehavioral morbidity in OSA14.

Research has revealed the role of trace elements, particularly Se and Mn, and the an-
tioxidant defense system in combating OSA. Se and Mn trace elements have a funda-
mental importance for human life1. Recent studies show that essential elements may be 
associated with various diseases and immune system diseases2.

Acute decompensated heart failure is a common cause of acute respiratory failure. 
When the studies conducted were examined, it was found in the articles that there was a 
relationship between acute decompensated heart failure and antioxidant enzyme levels. 
It has been observed that oxidative stress increases heart failure and is closely related to 
mortality32. Studies conducted to elucidate the effects of Se, and the antioxidant system 
have reported that Se decreases ROS production and increases the level and activity of 
antioxidant enzymes, such as GPx and thioredoxin reductase30. GPx, which contains 
four Se atoms in its structure, and is responsible for the removal of hydroperoxides 
formed in cells, is known as a selenoenzyme that protects cells against damage. Se de-
ficiency causes a decrease in GPx activity6. The inverse correlation between serum Se 
and C-reactive protein (CRP) suggests that low amounts of Se may be associated with 
oxidative stress leading to lipid peroxidation. The existing literature has a few studies 
investigating the pathophysiological role of Se and selenoenzymes in OSA. The inverse 
correlation between serum Se and CRP suggests that low amounts of Se may be as-
sociated with oxidative stress leading to lipid peroxidation33. It has been demonstrated 
that serum GPx concentrations are lower in individuals with OSA and are inversely cor-
related with average oxygen saturation and directly correlated with AHI20,22,34. A study 
by Chen and colleagues with OSA patients showed lower levels of antioxidant enzyme 
activity and lower erythrocyte Se concentrations in erythrocyte GPx levels compared 
with OSA patients and control groups. Erythrocyte Se levels showed a large reverse cor-
relation with the AHI ratio. In other words, when the AHI is high, the Se concentration 
was found to be low29.

Vitamins A, C, and E and minerals are essential microelements that act as 
antioxidants to protect lipids, proteins, nucleic acids, and other important 
biomolecules against oxidative stress damage24. Their antioxidant properties 



314 Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

are related to their ability to donate electrons. Se is present as selenoproteins, 
which are important in many reactions, such as the formation of thyroid hor-
mones and antioxidant defense8. In particular, the slow metabolism in the el-
derly slows the transition to blood in essential elements such as vitamins and 
minerals2. Additionally, respiratory events are slowing due to various diseases, 
such as heart diseases, lung diseases, and deformation in the upper respira-
tory tract. This prevents the passage of oxygen from the lungs to the blood, 
thereby reducing the enzymes and activities involved in the blood composi-
tion. As seen from the studies done, air, water, nutrient support, and balanced 
nutrition are needed for human metabolism to work properly and healthy35. 
Mineral entry into the human body should be achieved through the regular 
and balanced feeding of the people. Furthermore, activities such as sports and 
hiking, which are necessary for regular metabolism, are diminished in elderly 
individuals. Moreover, with the development of technology, people are con-
stantly being in a still position for a long time35. Consequently, various illnesses 
arise at early ages with various side effects. Considering that OSA is not treated 
and followed correctly for human life, it is very important, and its treatment 
is necessary. Therefore, although the roles of Se and Mn in different diseases 
are still different, low levels of these elements significantly induce disease and 
may help prevent and treat disease when supplemented. Considering that OSA 
is not treated and followed correctly for human life, it should be considered 
that it is very important, and its treatment should be done. Although ventila-
tors are provided in hospitals, it should be considered that the application of 
supportive treatment containing Se and Mn under the control of a doctor may 
contribute to recovery. It has been suggested that an increase in the intake of 
antioxidant-rich foods and supplements may lead to less exposure to free radi-
cals, thereby minimizing health problems35.

In conclusion, we found that Se and Mn levels in OSA patients decreased in 
parallel with GPx and SOD activities compared to the control group, the anti-
oxidant defense systems of the patients were weakened, and oxidative stress 
became clear. These results show that patients with OSA have a weakened anti-
oxidant defense system due to increased oxidative stress due to decreased SOD 
and GPx enzyme activities synthesized due to Se and Mn. Se and Mn, which are 
essential elements, play an important role in the synthesis of ROS by binding to 
the structures of SOD and GPx, which act as antioxidant enzymes in our body. 
Since ROS are harmful species that should not be produced in our body, in the 
management of patients with OSA, Se and Mn containing antioxidant food or 
antioxidant food supplements can be used as complementary treatments to pre-
vent complications and other serious diseases. There have not been illuminating 
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studies on the roles of Se and Mn in the progression of OSA and various related 
cardiovascular comorbidities, and more research is needed on this subject.

STATEMENT OF ETHICS

This study was approved by the Marmara University, Institute of Health Sci-
ences, Ethics Committee of Clinical Research (Project No:16.11.2012-16).

CONFLICT OF INTEREST STATEMENT

The authors declare that they have no conflict of interest.

AUTHOR CONTRIBUTIONS

Concept – G.E., S.K.; Design – G.E., S.K., M.Y.; Supervision – G.E., M.Y.; 
Resources G.E., S.K., M.Y.; Materials – G.E., M.Y., O.U.D., Z.P., H.K.O.; Data 
Collection and/or Processing – S.K., G.E., M.Y.; Analysis and/or Interpre-
tation – G.E., S.K., M.Y.; Literature Search – S.K.; Technical or Financial 
Support– Marmara University BAPKO; Writing – S.K.; Critical Reviews and 
Supervisions – G.E., M.Y.

FUNDING SOURCES

This study was supported by the Marmara University, Scientific Research Pro-
jects Commission (Project No: SAG-C-YLP-100413-0113).

ACKNOWLEDGMENTS

We would like to thank the Marmara University Scientific Research Projects 
Commission Chair for their support for the thesis.



316 Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

REFERENCES
1. Quintaes KD, Diez-Garcia RW. The importance of minerals in the human diet. In: de la 
Guardia M, Garrigues S, editors. Handbook of mineral elements in food. [Internet]. Wiley-
Blackwell; 2015. Available from: https://doi.org/10.1002/9781118654316.ch1 [Accessed 
Date: 2024 Mar 13].

2. Prashanth L, Kattapagari KK, Chitturi RT, Baddam VRR, Prasad LK. Review on role of 
essential trace elements in health and disease. J NTR Univ Health Sci, 2015;4:75-85. Doi: 
10.4103/2277-8632.158577

3. Wojewoda M, Duszyński J, Szczepanowska J. Antioxidant defence systems and generation 
of reactive oxygen species in osteosarcoma cells with defective mitochondria: effect of sele-
nium, Biochim Biophys Act, 2010;1797:890-896. Doi: 10.1016/j.bbabio.2010.01.035

4. Nève, J. Selenium as a risk factor for cardiovascular diseases. J Cardiovasc Risk, 1996;3:42-
47. Doi: 10.1097/00043798-199602000-00006

5. Beaglehole R, Jackson R, Watkinson J, Scragg R, Yee RL. Decreased blood selenium and 
risk of myocardial infarction. Int J Epidemiol, 1990;19:918-922 Doi: 10.1093/ije/19.4.918

6. Steinbrenner H, Sies H. Protection against reactive oxygen species by selenoproteins. Bio-
chim Biophys Acta, 2009;1790(11):1478-1485. Doi: 10.1016/j.bbagen.2009.02.014

7. Reunanen A, Knekt P, Marniemi J. Serum calcium, magnesium, copper and zinc and risk of 
cardiovascular death. Eur J Clin Nutr, 1996;50:431-437.

8. Avery JC, Hoffmann PR. Selenium, selenoproteins, and immunity. Nutrients, 2018;10:1-
20. Doi: 10.3390/nu10091203

9. Barrett CW, Short SP, Williams CS. Selenoproteins and oxidative stress-induced inflam-
matory tumorigenesis in the gut. Cell Mol Life Sci, 2017;74:607-616. Doi: 10.1007/s00018-
016-2339-2

10. Zelko IN, Mariani TJ, Folz RJ. Superoxide dismutase multigene family: a comparison 
of the CuZn-SOD (SOD1), Mn-SOD (SOD2), and EC-SOD (SOD3) gene structures, evo-
lution, and expression. Free Radic Biol Med, 2002;33(3):337-349. Doi: 10.1016/s0891-
5849(02)00905-x

11. Dennouni-Medjati ND, Harek Y, Tarik A, Lahcene L. Whole blood selenium levels in 
healthy adults from the west of Algeria. Biol Trace Elem Res, 2012;147:44-48. Doi: 10.1007/
s12011-011-9287-3

12. Islam MN, Rauf A, Fahad FI, Emran TB, Mitra S, Olatunde A, et al. Superoxide dismutase: 
an updated review on its health benefits and industrial applications. Crit Rev Food Sci Nutr, 
2022;62(26):7282-7300. Doi: 10.1080/10408398.2021.1913400 

13. Taylor MD, Erikson KM, Dobson AW, Fitsanakis VA, Dorman D, Aschner M. Effects of 
inhaled manganese on biomarkers of oxidative stress in the rat brain. Neuro Toxicology, 
2006;27:788-797. Doi: 10.1016/j.neuro.2006.05.006

14. Shan X, Chi L, Ke Y. Manganese superoxide dismutase protects mouse cortical neurons 
from chronic intermittent hypoxia-mediated oxidative damage. Neurobiol Dis, 2007;28:206-
215. Doi: 10.1016/j.nbd.2007.07.013

15. Farina M, Avila DS, da Rocha JBT, Aschner, M.  Metals, oxidative stress and neurode-
generation: a focus on iron, manganese and mercury. Neurochem Int, 2013;62:575-594. Doi: 
10.1016/j.neuint.2012.12.006

https://doi.org/10.1002/9781118654316.ch1
https://www.researchgate.net/publication/279232051_A_review_on_role_of_essential_trace_elements_in_health_and_disease
https://www.researchgate.net/publication/279232051_A_review_on_role_of_essential_trace_elements_in_health_and_disease
https://doi.org/10.1016/j.bbabio.2010.01.035
https://doi.org/10.1177/174182679600300106
https://doi.org/10.1093/ije/19.4.918
https://doi.org/10.1016/j.bbagen.2009.02.014
https://doi.org/10.3390/nu10091203
https://doi.org/10.1007/s00018-016-2339-2
https://doi.org/10.1007/s00018-016-2339-2
https://doi.org/10.1016/S0891-5849(02)00905-X
https://doi.org/10.1016/S0891-5849(02)00905-X
https://doi.org/10.1007/s12011-011-9287-3
https://doi.org/10.1007/s12011-011-9287-3
https://doi.org/10.1080/10408398.2021.1913400
https://doi.org/10.1016/j.neuro.2006.05.006
https://doi.org/10.1016/j.nbd.2007.07.013
https://doi.org/10.1016/j.neuint.2012.12.006
https://doi.org/10.1016/j.neuint.2012.12.006


317Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

16. Smith MR, Fernandes J, Go YM, Jones DP. Redox dynamics of manganese as a mitochon-
drial life-death switch. Biochem Biophys Res Commun, 2017;482:388-398. Doi: 10.1016/j.
bbrc.2016.10.126

17. O’Neal SL, Zheng W. Manganese toxicity upon overexposure: a decade in review. Curr 
Environ Health Rep, 2015;2:315-328. Doi: 10.1007/s40572-015-0056-x

18. Agency for Toxic Substances and Disease Registry (ATSDR). Toxicological profile for 
manganese. Atlanta (GA): U.S. Department of Health and Human Services, Public Health 
Service; 2012. Accessed July 12, 2022. Available from: https://www.atsdr.cdc.gov/toxpro-
files/tp151.pdf

19. Andrisani G, Andrisani G. Sleep apnea pathophysiology. Sleep Breath, 2023;27(6):2111-
2122. Doi: 10.1007/s11325-023-02783-7 

20. Yüksel M, Okur HK, Pelin Z, Ogunc, AV, Ozturk L. Arginase activity and nitric oxide levels 
in patients with obstructive sleep apnea syndrome. Clinics, 2014;69:247-252. Doi: 10.6061/
clinics/2014(04)05

21. Mancuso M, Bonanni E, LoGerfo A, Orsucci D, Maestri M, Chico L, et al. Oxidative 
stress biomarkers in patients with untreated obstructive sleep apnea syndrome. Sleep Med, 
2012;13:632-636. Doi: 10.1016/j.sleep.2011.10.030 

22. Okur HK, Pelin Z, Yuksel M, Yosunkaya, S. Lipid peroxidation and paraoxonase activity in 
nocturnal cyclic and sustained intermittent hypoxia. Sleep and Breath, 2013;17:365-371. Doi: 
10.1007/s11325-012-0703-5

23. Atılgan ZA, Abakay A, Ülgen S. Obstructive sleep apnea syndrome and cardiovascular 
problems. Dicle Med J, 2011;38(2):253-256. Doi: 10.5798/diclemedj.0921.2011.02. 007

24. Meliante PG, Zoccali F, Cascone F, Di Stefano V, Greco A, de Vincentiis M, et al. Molecular 
pathology, oxidative stress, and biomarkers in obstructive sleep apnea. Int J Mol Sci, 2023; 
13;24(6):5478. Doi: 10.3390/ijms24065478

25. Kuppusamy UR, Dharmani M, Kanthimathi MS. Antioxidant enzyme activities of human 
peripheral blood mononuclear cells exposed to trace elements. Biol Trace Elem Res, 2005; 
106:29-40. Doi: 10.1385/BTER:106:1:029

26. Westgard JO. Basic method validation: training in analytical quality management for 
healthcare laboratories. 3rd ed. Madison: Westgard Quality Corporation; 2008.

27. AOAC (Association of Official Analytical Chemists). Guidelines for single laboratory val-
idation of chemical methods for dietary supplements and botanicals. 1st ed. Gaithersburg 
(MD): AOAC International; 2002 [cited 2024 Mar 13]. Available from: [https://s27415.pcdn.
co/wp-content/uploads/2020/01/64ER20-7/Validation_Methods/d-AOAC_Guidelines_
For_Single_Laboratory_Validation_Dietary_Supplements_and_Botanicals.pdf]

28. Hopps E, Caimi G. Obstructive sleep apnea syndrome: links between pathophysiology and 
cardiovascular complications. Clin Invest Med, 2015;38:362. Doi: 10.25011/cim.v38i6.26199

29. Chen PC, Guo CH, Tseng CJ, Wang KC, Liu PJ. Blood trace minerals concentrations and 
oxidative stress in patients with obstructive sleep apnea. J Nutr Health Aging, 2013;17:639-
644. Doi: 10.1007/s12603-013-0023-x

30. Guo Q, Wang Y, Li QY. Levels of thioredoxin are related to the severity of obstructive 
sleep apnea: based on oxidative stress concept. Sleep Breath, 2013;17:311–316. Doi: 10.1007/
s11325-012-0692-4

31. Albuquerque R G, Hirotsu C, Tufik S. Why Should we care about selenium in obstructive 
sleep apnea? J Clin Sleep Med, 2017;13:931-932. Doi: 10.5664/jcsm.6674

https://doi.org/10.1016/j.bbrc.2016.10.126
https://doi.org/10.1016/j.bbrc.2016.10.126
https://doi.org/10.1007/s40572-015-0056-x
https://www.atsdr.cdc.gov/toxprofiles/tp151.pdf
https://www.atsdr.cdc.gov/toxprofiles/tp151.pdf
https://doi.org/10.1007/s11325-023-02783-7
https://doi.org/10.6061/clinics/2014(04)05
https://doi.org/10.6061/clinics/2014(04)05
https://doi.org/10.1016/j.sleep.2011.10.030
https://doi.org/10.1007/s11325-012-0703-5
https://doi.org/10.1007/s11325-012-0703-5
https://dergipark.org.tr/tr/download/article-file/54214
https://doi.org/10.3390/ijms24065478
https://doi.org/10.1385/BTER:106:1:029
https://s27415.pcdn.co/wp-content/uploads/2020/01/64ER20-7/Validation_Methods/d-AOAC_Guidelines_For_Single_Laboratory_Validation_Dietary_Supplements_and_Botanicals.pdf
https://s27415.pcdn.co/wp-content/uploads/2020/01/64ER20-7/Validation_Methods/d-AOAC_Guidelines_For_Single_Laboratory_Validation_Dietary_Supplements_and_Botanicals.pdf
https://s27415.pcdn.co/wp-content/uploads/2020/01/64ER20-7/Validation_Methods/d-AOAC_Guidelines_For_Single_Laboratory_Validation_Dietary_Supplements_and_Botanicals.pdf
https://pubmed.ncbi.nlm.nih.gov/26654519/
https://doi.org/10.1007/s12603-013-0023-x
https://doi.org/10.1007/s11325-012-0692-4
https://doi.org/10.1007/s11325-012-0692-4
https://doi.org/10.5664/jcsm.6674


318 Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

32. Ulaş T, Büyükhatipoğlu H, Sezen Y. The effect of acute decompansated hearth failure 
treatment on oxidative stress. J Clin Exp Investig, 2011;2:267-272. Doi: 10.5799/ahinjs.01. 
2011.03.0052

33. Molnar J, Garamvolgyi Z, Herold M. Serum selenium concentrations correlate signifi-
cantly with inflammatory biomarker high-sensitive crp levels in hungarian gestational dia-
betic and healthy pregnant women at mid-pregnancy. Biol Trace Elem Res, 2008;121:16-22. 
Doi: 10.1007/s12011-007-8018-2

34. Asker S, Asker M, Sarikaya E. Oxidative stress parameters and their correlation with 
clinical, metabolic and polysomnographic parameters in severe obstructive sleep apnea syn-
drome. Int J Clin Exp Med, 2015;8:11449-11455.

35. Mehri A. Trace elements in human nutrition (II) - an update. Int J Prev Med, 2020;11:2. 
Doi: 10.4103/ijpvm.IJPVM_48_19

https://doi.org/10.5799/jcei.2011.03.0052
https://doi.org/10.5799/jcei.2011.03.0052
https://doi.org/10.1007/s12011-007-8018-2
https://doi.org/10.4103/ijpvm.IJPVM_48_19


319Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

DFT, molecular docking, and ADMET prediction 
of compounds from Cinnamomum zeylanicum 
for dengue inhibitor DEN2 NS2B/NS3 
serine protease
Neni FRIMAYANTI*, Mustika FURI, Indriani SYAFITRI
University of Malaya, Department of Pharmacy, Pekanbaru, Indonesia

*Corresponding author: Neni FRIMAYANTI 
Email: nenifrimayanti@gmail.com
ORCIDs:
Neni FRIMAYANTI: 0000-0003-2369-6787
Mustika FURI: 0000-0002-4065-2068
Indriani SYAFITRI: 0009-0001-6415-4346
(Received 14 Nov 2023, Accepted 28 May 2024)

Acta Pharm. Sci. Vol 63:(2), 2025					                          
Original article
DOI: 10.23893/1307-2080.APS6320

ABSTRACT

Dengue, an infectious disease transmitted by Aedes aegypti and Aedes al-
bopictus mosquitoes, is caused by a virus. This study aimed to assess whether 
compounds isolated from cinnamon (Cinnamomum zeylanicum) possess anti-
dengue properties and whether the bonds formed after docking these com-
pounds are stable. Three compounds from the NADI database were chosen as 
samples, with panduratin A serving as the positive control. Molecular docking 
simulations were conducted alongside density functional theory (DFT) studies 
using Gauss View 5. The docking results indicated that delta-Cadinene (com-
pound 3) exhibited the lowest binding free energy of -4.93 kcal/mol, with a 
binding factor of 9. According to density functional theory (DFT) calculations, 
panduratin A, and compound 3 displayed gap values of -0.26 and -0.24, re-
spectively. Thus, compound 3 demonstrates potential as a highly stable inhibi-
tor of dengue DEN2 NS2B/NS3 serine protease.

Keywords: Cinnamomum zeylanicum, dengue, DFT, docking, ADMET

mailto:nenifrimayanti@gmail.com
https://orcid.org/0000-0003-2369-6787
https://orcid.org/0000-0002-4065-2068
https://orcid.org/0009-0001-6415-4346


320 Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

INTRODUCTION

Dengue virus is a positive single-stranded RNA virus transmitted through 
mosquito bites from the Flaviviridae family of the genus Flavivirus1. Dengue 
virus is transmitted through the saliva of infected mosquitoes2. Viruses use 
host cell ribosomes for the translation of genomic RNA into polyproteins. The 
translation of genomic RNA into polyproteins forms structural and non-struc-
tural proteins3. NS2B and NS3 proteins are attractive targets for new antiviral 
therapies. The N-terminal NS3 with its cofactor NS2B is a protease that can 
cleave the polyprotein in the virus. NS2B/NS3 functions as a link to the flavi-
virus replication complex and modulates viral pathogenesis and the host im-
mune response4. NS3 activity depends on its cofactor NS2B (47 amino acids) 
in forming the NS2B/NS3 complex5. Disturbances in NS2B and NS3 inhibit 
viral replication6.

Drug discovery is a time-consuming and expensive process. Molecular docking 
is a computational procedure used to predict the chemical bonding between a 
protein (receptor) and small molecule (ligand) in order to form a stable com-
plex. it aims to predict the complex intermolecular structures formed between 
two or more molecular constituents, which can ultimately be used to predict 
the binding affinities of two molecules7,8. Another computational method that 
can be employed is the density functional theory (DFT) method. DFT is a use-
ful approach for solving the Schrödinger equation in systems with multiple 
particles. The underlying principle of this method is that the energy of a mol-
ecule can be determined based on its electron density. Unlike traditional meth-
ods, DFT does not treat electrons as discrete entities. But rather calculates re-
sults based on the electron density. This method is convenient because it can 
produce results that are comparable to experimental data without requiring a 
significant amount of time.

Cinnamon (Cinnamomum zeylanicum), a tropical plant, is renowned for its 
culinary use and associated health benefits9. Its leaves and bark are commonly 
used as flavourings and cooking seasonings. Notably, cinnamon essential oil, 
derived from this plant, contains key compounds such as cinnamaldehyde 
(60.72%), eugenol (17.62%), and coumarin (13.39%)10. Research suggests that 
cinnamon essential oil can serve as an effective repellent against Aedes aegypti 
mosquitoes, which transmit diseases such as dengue fever. The strong aroma 
of essential oils is unappealing to mosquitoes, prompting them to avoid areas 
where such scents are present, thereby reducing the risk of mosquito-borne 
illnesses.
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This study involved acquiring compounds from the NADI database which is 
a repository of natural products. Three similar compounds (cadalene, cadi-
na-1(2), 4-diene, and delta cadinene) sourced from Cinnamomum zeylanicum 
were selected for computational analysis. Similar compounds in this context 
are chemical compounds with comparable structural or functional characteris-
tics that potentially influence their biological activities or chemical behaviors10. 
These compounds were chosen for their similarity in terms of chemical com-
position or properties, facilitating comparative analysis in this study. These 
compounds were subjected to docking simulations to assess their potential bi-
oactivity. In addition, their drug-likeness was evaluated to predict their phar-
macokinetic properties as potential drugs. Furthermore, density functional 
theory (DFT) calculations were performed on these compounds to ascertain 
their efficacy as inhibitors against dengue DEN2 NS2B/NS3 viruses. To date, 
although there has been research on the discovery of new dengue inhibitors us-
ing in silico tools, it has not been extensively studied. Thus, the primary aim of 
this research was to identify novel inhibitors derived from Cinnamomum zey-
lanicum that target the NS2B/NS3 serine protease against the dengue virus.

METHODOLOGY

Molecular docking

The structure of the isolated compound from Cinnamomum zeylanicum is ac-
cessible through http://www.nadi-discovery.com. Three similar compounds 
were selected as the ligands. Chemdraw Professional 15.0, was used to sketch 
the molecular structures of the ligands, and Panduratin A was used as a posi-
tive control. The 3D structure was then prepared using the Molecular Oper-
ating Environment (MOE) 2022.0901 software package with an MMFF94x 
force field and 0.0001 gradient. Figure 1 shows the molecular structure of the 
ligands.

http://www.nadi-discovery.com
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Figure 1. Molecular structure of ligands

The protein structure was obtained from the https://www.rcsb.org/ website, 
identified by the PDB code 2FOM. The crystallographic representation of this 
protein was generated using MOE 2022.0901 and DSV 2020 (Biovia). Chains A 
and B constitute two chains that form the 2FOM protein. Water molecules, nat-
ural ligands, and Cl- ions associated with the protein were excluded. The molec-
ular arrangement of the protein was established using the MOE 2022.0901 soft-
ware package. The construction of the protein involved setting the parameter, 
specifically the root mean square (RMS) gradient, to 0.01 kcal/mol/A, employ-
ing CHARMM27 as the force field. Energy minimization was applied to alpha 
the carbon, H, and backbone atoms11. Following this, the constructed structure 
was saved in the PDB format to facilitate its later use as a docking receptor.

A site finder was used to identify the protein’s active site prior to docking. Leu128, 
Asp129, Phe130, Ser131, Pro132, Ser135, Tyr150, Gly151, and Gly153 composed site 
whereas His51, Lys74, Asp75, Gly151, Asn152, Gly153, and Val154 composed site 13.  
Site 13 was established as a dummy atom to serve as the docking target site. 
Subsequently, the ligand structure, contained within an MDB file, was selected 
as the ligand, and the site was configured in the docking menu to function as 
a dummy atom. Following this, the refinement parameters were adjusted to 
rigid, the posture to 50 and 10, and the placement set to triangle visualization. 
Optimal docking sites, demonstrating similar binding interactions to the posi-
tive control, were identified based on several criteria, including binding free 
energy, root mean square deviation (RMSD), and binding factor. 

https://www.rcsb.org/
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Density functional theory

The Gaussian software was employed for molecular simulations. Density func-
tional theory (DFT) was utilized to optimize the molecular geometry of each 
molecule in the gas phase. All quantum chemical calculations were conducted 
at the B3LYP level using the 6-31G basis set.

Drug-likeness and ADMET properties

SwissADME, an online tool developed by the Swiss Institute of Bioinformat-
ics and accessible at http://www.swissadme.ch, was used for in silico ADME 
screening and drug-likeness assessment12. This screening process targeted com-
pounds with high binding free energy scores. Various physical and chemical pa-
rameters such as atom counts, polar surface area (PSA), molecular weight (MW) 
and molecular refractivity (MR), were calculated. The drug-likeness of candi-
dates was evaluated using the Rules of 5 (RO5) criteria established by many 
scientists. Abbot Bioavailability scores, based on the total charge, TPSA, and 
compliance with Lipinski’s filter, were computed to predict the likelihood of at 
least 10% oral bioavailability for a given chemical. Lipophilicity was assessed 
using the iLOGP, XLOGP3, WLOGP, MLOGP, and SILICOS-IT models, and a 
consensus log Po/w12 was derived. The solubility (log S) of the selected ligands 
was determined using three alternative models: ESOL13, Ali14, and SILICOS-IT12.

RESULTS and DISCUSSION

Molecular docking

Molecular docking is a computational method employed to predict the interac-
tion between a macromolecule (receptor) and small molecule (ligand) by sim-
ulating their chemical bonding based on their structures15. This technique is 
crucial in drug design as it enables the prediction of how small drug molecules 
bind to target proteins and facilitates the estimation of free binding energy and 
molecular activity16.

Through molecular docking, various parameters were derived, including root 
mean square deviation (RMSD) and binding free energy (ΔG) measured in 
kcal/mol. The binding free energy signifies the energy required for a ligand 
to bind to a protein, where smaller values indicate a more stable association 
between the ligand and the protein17. RMSD values, on the other hand, indicate 
discrepancies or errors in docking. Lower RMSD values suggest smaller devia-
tions or errors during the docking process. The selection of the best ligand-
protein complex poses was based on the combination of the lowest binding 
free energy and RMSD values. Additionally, Van der Waals interactions and 

http://www.swissadme.ch/
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hydrogen bonding were considered as supportive parameters to evaluate the 
stability of the ligand in relation to the receptor16.

Based on the docking results presented in Table 1, panduratin A was used as 
a positive control, it showed a binding free energy of -6.8354 kcal/mol and 
an RMSD of 0.8704. Panduratin A forms Van der Waals interactions with the 
amino acid residue Asp75, which facilitates its binding to other amino acids.  
Moreover, panduratin A interacts with amino acid residues including Tyr161, 
Gly 53, His51, Pro132, Asn152, Ser131, Leu128, Tyr150, Phe130, Ser135, and 
Gly151. The spatial arrangement of panduratin A the protein can be seen in 
Figure 2. 

Figure 2. Spatial arrangement of the binding site for panduratin A as positive control
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Table 1. Docking results

Compounds

Binding 
free 

energy 
(kcal/
mol)

RMSD Hydrogen 
bond

Hydrophobic 
interaction

Van der 
Waals 

interaction

Another 
interaction

Binding
factor

Panduratin A -6.83 0.87 - - Asp75 Tyr161,
Gly153,
His51,

Pro132,
Asn152,
Ser131,
Leu128,
Tyr150,
Phe130,
Ser135,
Gly151

12

1 -4.62 0.79 - Arg54 Asp75 Trp50, Val72,
His51,
Gly151,
Asn152,
Gly153,
Tyr161

6

2 -4.34 0.58 Tyr161 Arg54 Asp75 Val72, Trp50,
His51, Gly153

3

3 -4.93 1.29 Tyr161, 
His51

- - Ser135,
Ser131,
Gly153,
Gly151,
Pro132,
Asn152,
Tyr150,
Phe130,
Leu128

9

Based on the docking data for compound 1, an RMSD value of 0.79 and a bind-
ing free energy of -4.62 kcal/mol bind through Arg54, Asp75, Trp50, Val72, 
His51, Gly151, As152, Gly153, and Tyr161. Upon visualization, interactions 
were observed between compound 1 and the amino acid residues Arg54 and 
Asp75 through hydrophobic and Van der Waals bonds, respectively. Addition-
ally, other interactions were observed between compound 1 and the amino acid 
residues Trp50, Val72, His51, Gly151, Asn152, Gly153, and Tyr161.

Superimposition analysis of compound 1 with a positive control (panduratin 
A) showed that compound 1 did not bind to the active site. The size of com-
pound 1 is not able to penetrate deeply into the cavity of the NS2B/NS3 serine 
protease active site. Therefore, compound 1 cannot be classified as a potential 
inhibitor of NS2B or NS3. The spatial arrangement of compound 1 and its su-
perimposition with panduratin A is shown in Figure 3.
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Figure 3. Visualization of (a) spatial arrangement of compound 1 (b) superimposition of 
compound 1 (yellow) and panduratin A (brown)

Based on the docking analysis, compound 2 exhibited a binding free energy 
value of -4.34 kcal/mol, with an RMSD value of 0.5809. Comparatively, pan-
duratin A (used as the positive control) had a lower negative binding free en-
ergy than compound 2. It is important to note that no hydrogen bonding was 
observed between compound 2 and the amino acid residues surrounding its 
binding site. However, the compound did engage in hydrophobic interactions 
with the amino acid residue Arg54 and interacted with the catalytic triad Asp75 
through Van der Waals interactions. Despite these interactions, compound 2 
only demonstrated three binding factors with the positive control, suggesting 
that it may not penetrate deeply into the active site cavity of NS2B/NS3 ser-
ine protease. Consequently, compound 2 may not be a potential inhibitor of 
dengue virus DEN2 NS2B/NS3 serine protease. The spatial arrangement of 
compound 2 with the protein and superimposition is depicted in Figure 4.
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Figure 4. Spatial arrangement of compound 2 (a) and (b) superimposition of compound 2 
(green) and positive control (brown)

The docking method was verified by superimposing the ligand and the positive 
control. This demonstrated how several significant residues could effectively 
bind to the ligands during the binding process. Superimposition was also uti-
lized18-20 to determine the properties of the active components that can stabilize 
the interaction between the ligand and the protein target. Additionally, super-
imposition was used to simultaneously evaluate the orientation of the ligands 
and the receptor simultaneously20.

Based on the docking results in Table 1, compound 3 was found to have a bind-
ing free energy value of -4.93 kcal/mol and an RMSD of 1.62. Panduratin A had 
a more negative value than compound 3, indicating that it was more challeng-
ing for compound 3 to bind to the active site of the NS2B/NS3 serine protease. 
Based on visualization of the docking results, it was observed that compound 3 
interacted through hydrogen bonding with the amino acid residues Tyr161 and 
His51. In addition, compound 3 was able to interact with other amino acids 
(Ser135, Ser131, Gly153, Gly151, Pro132, Asn152, Tyr150, Phe130, and Leu128 
through different interactions). The presence of hydrogen bonding with one of 
the catalytic triads (His51) may potentially explain why compound 3 had a bet-
ter binding free energy compared to compounds 1 and 2. The spatial arrange-
ment of compound 3 and its superimposition with panduratin A are shown in 
Figure 5.
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Figure 5. Visualization of (a) spatial arrangement of compound 3 (b) superimposition of 
compound 1 (blue) and panduratin A (brown)

DFT calculation

The gas-phase structures of compound 3 and panduratin A were optimized us-
ing Density Functional Theory (DFT) with the B3LYP approach and the 6-31 G 
basis set19, implemented through the Gaussian program. The chemical stabili-
ties of these compounds were assessed using the highest occupied molecular 
orbital (HOMO) and lowest unoccupied molecular orbital (LUMO)21,22. Ener-
gy gap and chemical reactivity descriptors were determined using the DFT/
B3LYP/6-31G method, and the results are presented in Table 2. Figure 6 illus-
trates the HOMO and LUMO of compound 3 and panduratin A.

Table 2. DFT calculation

Compound Energy (au)
Structure Electronic 

Energy gap
HOMO LUMO

Senyawa 3 -507.44 -0.21 -0.02 -0.24

Panduratin A -130.97 -0.22 -0.04 -0.26
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Figure 6. HOMO and LUMO for (a) compound 3 and (b) panduratin

Drug-likeness and ADMET properties

In order for a molecule to be considered a potential drug candidate, it must 
possess appropriate pharmacokinetics and safety properties23. Additionally, 
it should exhibit the necessary biological action. Compound 3 as determined 
by ADME analysis has a molecular weight of 176.30 kcal/mol, but it has no 
hydrogen bond donors or acceptors. This compound has a lipophilicity value 
of 3.57, which indicates optimal lipophilicity and enables to achieve good bio-
availability when administered orally. Table 3 depicts the ADME analysis for 
compound 3.

(a)

(b)
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Table 3. ADME analysis

Compound Cpd 3

Physicochemical properties

Number of H-bond acceptors 0

Number of H-bond donors 0

Molecular weight (g/mol) 176.30

Number of heavy atoms 13

Number of aromatic Heavy atoms 0

Fraction Csp3 0.69

Number of rotable bonds 0

Molar refractivity 59.43

TPSA (Å2) 0.00

Lipophilicity

iLOGP 3.06

XLOGP3 3.01

WLOGP 4.09

MLOGP 4.11

SILICOS-IT 3.58

Consensus Log Po/w 3.57

Water solubility

ESOL -2.83

Ali -2.67

SILICOS-IT -3.08

Pharmacokinetics

GI absorption Low

BBB permeation Yes

Skin permeation Log Kp (cm/s) -5.24
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Veber and Muegge rules state that the maximum number of rotatable bonds 
in a molecule is 10 and 15, respectively. Compound 3 was examined using the 
Veber and Muegge criteria and was found to have a maximum of seven rotat-
able linkages. The aliphatic degree of a molecule is determined by the fraction 
of sp3 carbon atoms, which is also used to predict solubility. It is hypothesized 
that increasing saturation increases the clinical success rate 24, 25. In this 
study, Compound 3 had substantially higher degrees of saturation compared 
to the majority of other compounds studied, with a proportion of C sp3 of 0.69, 
which is higher than 0.25. Compound 3 had an XLOGP3 value of 3.01. PAIN 
analysis showed no alerts; in the Brenk analysis, only one alert was found, and 
no violations were observed in the lead-likeness analysis. The results indicated 
that the synthetic accessibility scores ranged from 1.60–4.55. The drug-like 
properties are presented in Table 4.

Table 4. Drug-likeness

Compound Cpd 3

Drug-likeness

Lipinski Yes

Ghose Yes

Veber Yes

Egan Yes

Muegge No

ABS 0.55

Medicinal chemistry

PAINS (Alerts) 0

Brenk (alerts) 1

Leadlikeness No (1)

Synthetic accessibility 3.94

Based on Pro-Tox II calculations, it appears that compound 3 falls into the 
five parameters used for predicting toxicity: size, lipophilicity, insolubility, in-
saturation, and flexibility. Furthermore, compound 3 was predicted to be an 
inhibitor of nuclear receptors, family A G protein-coupled receptors, and tran-
scription factors with probabilities of 33.3%, 26.7%, and 13.3%, respectively. 
The toxicity model report in Figure 7 demonstrates that compound 3 affects 
only the aromatase target.

The BOILED-Egg method proved effective in predicting the permeability of 
the human blood-brain barrier (BBB) and gastrointestinal absorption based 
on polarity (topological polar surface area, TPSA) and lipophilicity (WLOGP). 
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In this study, compound 3 exhibited a WLOGP value of 4. Molecules were de-
picted as points in the yolk of boiled eggs. Molecules positioned in the white 
region (BOILED Egg’s white) were expected to passively absorption through 
the gastrointestinal system, while points situated in the black region (BOILED 
Egg’s black) were predicted to actively penetrate the BBB. P-glycoprotein is 
presumed to expel certain chemicals from the central nervous system, as indi-
cated by the blue (PGP+) and red (PGP-) dots.

Figure 7. Toxicity results (middle left and bottom), prediction of drug (middle-right), BOILED-
Egg model (top-right) together with the bioavailability radar
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ABSTRACT

The current study’s goal was to assess the cardiovascular impact of Cucurbita 
maxima (CM) seed’s hydroalcoholic extract and, its ethyl acetate and n-butanol 
fractions, for potential usage in myocardial infarction. All of the resulting ex-
tracts underwent qualitative screening using techniques like High Performance 
Thin Layer Chromatography (HPTLC), Fourier Transform Infrared Spectrosco-
py (FTIR), and UV Visible Spectroscopy. In vitro studies revealed that the crude 
extract and fractions of Cucurbita maxima seeds have total antioxidant and free 
radical scavenging properties. The Chick Chorioallantoic Membrane Assay (CAM), 
an in ovo assay, was used to assess the cardiovascular activity of the crude extract 
and its fractions. The study illustrated the findings by demonstrating the angio-
genic impact, which indicated desired cardiovascular activity in the CAM Assay.

Keywords: Cucurbita maxima, HPTLC, antioxidant activity, fractionation, 
chick chorioallantoic membrane assay

INTRODUCTION

Cardiotoxicity is the term used to describe conditions when the electrophysiology 
of the heart is compromised, or its muscles are harmed. Some cancer treatments 
have the potential to cause cardiotoxicity. The most used chemotherapeutic medi-
cations are cytostatic anthracycline-class antibiotics. Utilizing a substance like per-
fluorooctanoic acid allows for the induction of cardiotoxicity in laboratory studies1.
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Angiogenesis, which is defined as the growth of new blood vessels from pre-
existing blood vessel networks, is crucial for extending the vascular bed that 
was first generated during vasculogenesis. For cardiovascular disorders to be 
successfully treated, blood flow must be restored. Therapeutic angiogenesis, 
which promotes the development of new blood vessels from pre-existing ves-
sels, is a useful approach for treating cardiovascular problems2-3.

The chorioallantoic membrane (CAM) assay, which involves the implantation 
of a substance or compound on the extra embryonic membrane of the develop-
ing chick egg, is one prospective method for improving animal experiments. 
Importantly, the CAM is not innervated; as a result, the chick feels no pain. 
One of the most effective and well-liked methods for evaluating the angiogenic 
potential of whole cells and purified components is the CAM model. The meso-
dermal layers of two embryonic structures—the Allantois and the Chorion of 
the avian embryo combine to produce the CAM4-7. 

In the current investigation, the cardiovascular activity was measured using 
Cucurbita maxima seeds, also referred to as pumpkin seeds, a plant in the 
Cucurbitaceae family. Various names for this squash include pumpkin, but-
tercup, autumn squash, etc. It is widely grown in India and most other warm 
countries for usage as both a vegetable and a medicinal8. Pumpkin seeds are a 
rich natural source of phytosterols, antioxidant vitamins including tocopherols 
and carotenoids, and unsaturated fatty acids like oleic and linoleic. The high 
quantity of fatty acids and proteins in Cucurbita maxima seeds nutritional 
composition is its primary distinguishing feature. In addition to tyros (pheny-
lethanoid), vanillic acid, vanillin, luteolin, and sinapic acid, pumpkin seed oil 
also contains other phenolic compounds. Lipid-lowering, hypertension, hypo-
glycemic, anthelmintic, and wound-healing effects are included in pumpkin 
seed oil supplements9-11.

METHODOLOGY

Preparation of extract and fractions

Dried CM seeds were procured from S.V. Bhandar, Vashi, Navi Mumbai and 
the same were sent for authentication. The same seeds were grinded to coarse 
powder. The powdered materials were extracted using soxhlet apparatus us-
ing hydroalcohol as the extraction solvent. The hydroalcoholic extract of CM 
(HECM) seeds was further fractionated using ethyl acetate (EACM) and n-bu-
tanol (NBCM) as the fractionation solvent. Fractionation procedure was car-
ried out using separating funnel.
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Phytochemical screening

Extract was subjected to preliminary phytochemical screening in order to 
identify the nature of constituents present in it i.e. flavonoids, tannins, phe-
nols, alkaloids, glycosides, carbohydrates etc.

Qualitative phytochemical screening

UV-Vis Spectroscopy is advantageous in qualitative analysis. It is one of the 
greatest techniques for figuring out what impurities there are in organic com-
pounds. The Shimadzu 1800 UV spectrophotometer was used to obtain the 
maximum wavelength of the crude extract and the fractions. The concentra-
tion used for the analysis was 100ppm solution of crude extract and fractions. 
The HECM, EACM, and NBCM samples were subjected to find out maximum 
wavelength14.

The analytical technique known as Fourier transform infrared spectroscopy 
(FTIR) is quick and non-destructive. It is an effective approach for identify-
ing functional groups and is connected to chemometrics. It is evolving into 
an effective method for studying herbal medicine. The primary chemical com-
ponents of the extracts were analyzed using FTIR, as well as the compounds’ 
structures. The Shimadzu FTIR spectrometer was used to record the herbal 
drug’s FTIR spectra. For FTIR spectra analysis, about 1 mg of the herbal medi-
cation is employed. The HECM, EACM, and NBCM samples were subjected to 
find out functional groups present in extract15.

The HECM extract and its fractions (EACM, NBCM) were subjected for finger-
printing using HPTLC. These studies were performed on pretreated silica gel 
60 F254, 50X50 mm HPTLC plates (Merck, Germany), with toluene: methanol: 
n-butanol 9:0.5:0.5 (v/v) as a mobile phase at 264 nm. Spotting of sample 
of concentration 500 μg/ml were applied to the plates as 5 mm bands, sam-
ple application with CAMAG-Linomat 5 automated spray on band applicator 
equipped with a 100 µL syringe and operated with following settings: band 
length 5 mm, application rate 150 nL/sec, distance between 6.2 mm, distance 
from the plate side edge 9 mm and solvent front of the plate 40 mm. CAMAG 
TLC Scanner 4 was used to densitometrically to quantify the bands using vi-
sion CATS software. The scanner operating parameters were: (Mode: absorb-
ance / reflection; Slit dimension; 4 x 0.45 mm; scanning rate: 20 mm/s and at 
an optimized wavelength 264 nm in visible range)16. 
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In vitro antioxidant assays

This study examined the antioxidant activity of CM seeds using three distinct 
scavenging assays. With the same seeds’ crude extract and its derived frac-
tions, DPPH, H2O2, and Reducing Power assays were conducted.

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity were deter-
mined by measuring the capacity to bleach purple colored ethanol solution of 
DPPH. 2 mL of varying concentrations (10-100 μg/mL) of the samples in etha-
nol were added to 2 mL of a 0.2 mM DPPH in ethanol. After a 30 min incuba-
tion period at room temperature, the absorbance was read against blank at 517 
nm. The blank solution was containing 0.2mM DPPH in ethanol17.

Percentage DPPH Inhibition (%I) = X 100
A0-As

A0

Hydrogen peroxide (H2O2) scavenging activity was determined according to 
the procedure described further. Briefly, 3.4 mL of varying concentration (10-
100 μg/mL) of fractions in phosphate buffer saline (pH 7.4) were mixed with 
0.6 mL of 40 mM H2O2. The absorbance was read at 230 nm after 10 min of 
incubation at room temperature. Blank readings were taken containing phos-
phate buffer without H2O2

17.

H2O2 Scavenging Activity (% H2O2) = X 100
A0-As

A0

1 ml standard and fractions of different concentrations (10-100 μg/ml) were 
mixed with 2.5 ml of (pH 6.6) phosphate buffer and 2.5 ml of (1%) potassium 
ferricyanide. Further this mixture was incubated at 50oC in water bath for 20 
min. After cooling, Aliquots of 2.5ml (10%) trichloroacetic acid were added to 
the mixture, which were then centrifuged at 3000 rpm for 10 min. The upper 
layer of solution 2.5 ml was mixed with 2.5 ml distilled water and a freshly 
prepared 0.5 ml of (0.1%) ferric chloride solution. The absorbance was meas-
ured at 700 nm in Shimadzu UV-visible spectrometer. A blank was prepared 
without adding extract. Ascorbic acid at various concentrations (10 to 100 μg/
ml) was used as standard18.

In ovo evaluation of cardioprotective activity

Embryonic Development Day (EDD-9) chick embryos were frequently used for 
testing irritants and medication compositions. The eight healthy, fully formed 
embryos (n=8) were divided into groups at random and intravenously injected 
into the CAM’s main blood vessels (CAM allantoic arteries). Using microliter 
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capillary syringes with 33-gauge needles and the necessary medication doses 
(Hamilton). After that, eggs were parafilm-sealed and kept in an incubator at 
37°C for additional monitoring at 24 hours, during which the mortality rate 
was reported19.

The experimental design for in ovo evaluation of cardioprotective activity by 
CAM Assay consists of nine different groups. Each group consists of 8 eggs. 
Group I (Vehicle Control) received 1% CMC as the treatment. The Group II 
(Disease Control) received Perfluorooctanoic acid (PFOA 2mg/kg)19. Group III 
(Standard Treatment) received Pyruvic acid (300 μg)20. Group IV and Group 
V the low and high dose of HECM respectively. Group VI and Group VII were 
treated as the low and high dose of EACM fraction respectively. Group VIII and 
Group IX were treated as the low and high dose of NBCM fraction respectively. 

Eggs from fertilized chickens were purchased and inspected for damage from 
Central Poultry development org. (WR), Aarey milk colony, Mumbai, 400065. 
Eggs were washed with 70% ethanol before being incubated at 37°C with 
continuous humidity. On the third day of incubation, an 18 gauge hypoder-
mic needle was used to remove 2-3 ml of albumin by piercing a tiny hole. The 
eggs were taped shut with adhesive / clear tape. A window was opened on the 
8th day of incubation, and medication was given on top of the membrane20. 
PFOA was administered intravenously on Day 12 to all treatment groups, in-
cluding the disease group. After injection, the window was once again taped 
shut and placed in an incubator set at 37°C. After 24 hours, the window was 
unsealed, and observations were made21.

Morphometric evaluation of CAM assay

The CAM area was calculated as;

Where A= longest length, B= is longest width. Image J- WIN R Fiji software 
was used to evaluate the length and breadth for the morphometric evaluation 
of CAM assay. Region of Interest (ROI) was selected in order to measure the 
length and breadth. Morphometric study of the number of secondary and ter-
tiary blood vessels were counted manually on computer image by counting 
branching points22.
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Angiogenesis index

After the 14th day the eggs were removed from the incubator. Adhesive tape 
was removed completely, and CAM area was captured. The number of vessel 
branch points contained region equal to the area was counted using Image J- 
WIN R Fiji software and findings from 8 CAM preparations were analyzed for 
each group. The resulting angiogenesis index is the mean ± SEM of new branch 
point in each set of samples23.

The results of angiogenesis by Cucurbita maxima crude extracts & active 
fractions were subjected to statistical analysis. Graph Pad Prism version 9.0 
was used to analyze the data with one-way ANOVA and evaluate the results 
using the Dunnett test.

RESULTS and DISCUSSION 

Phytochemical screening

The results indicate the presence of flavonoids, tannins, phenols, alkaloids, 
glycosides and carbohydrates (Table 1).

Table 1. The results showing the presence of flavonoids, tannins, phenols, alkaloids, 
glycosides, and carbohydrates

Sr. No. Phytochemical Test Test Methods/ Reagents Results

1 Alkaloids

Mayer’s Reagent Present

Hager’s Reagent Present

Wagner’s Reagent Present

2 Carbohydrates Molisch’s Present

3 Tannins & Phenols
Lead Acetate Present

Ferric Chloride Test Absent

4 Flavonoids
Alkaline Reagent Present

Sulphuric Acid Present

5 Glycosides
Keller-Killani Present

Baljet’s Test Absent
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Qualitative characterization

Figure 1(a), (b), and (c) shows the characteristic FTIR spectra of the HECM 
and its EACM and NBCM fractions.

Peaks at 3303.29 cm-1, 2921.04 cm-1, 2852.58 cm-1, 2361.94 cm-1, 1591.74 cm-

1, and 1044.04 cm-1 showed the presence of O-H, N-H/C-H stretching, C-H 
stretching, O=C=O, N-H bending, and CO-O-CO which signifies the presence 
of hydroxyl group, primary amine or alkane, alkane, carbon dioxide, amine 
group, and anhydride groups respectively.

Peaks at 2921.04 cm-1, 2852.58 cm-1, 2361.94 cm-1, 1740.07 cm-1, 1460.52 cm-1, 
1158.15 cm-1, and 718.85 cm-1 showed the presence of N-H/C-H stretching, C-H 
stretching, O=C=O bond, C=O stretching, C-H bond, C-O stretching, and C=C 
bond which signifies the presence of primary amine, alkane, carbon dioxide, 
carboxylic acids, alkane, tertiary alcohol, and alkene group respectively.

Peaks at 3337.52 cm-1, 1038.34 cm-1, 2926.75 cm-1, 2361.94 cm-1, 1648.79 cm-1, and 
1454.82 cm-1 showed the presence of O-H stretching, S=O stretching, C-H bond, 
O=C=O bond, C=O stretching, and CH2 bending which signifies the presence of  
alcohol, sulfoxide group, alkane, carbon dioxide, alkene and methylene group re-
spectively.

Figure 1. a: FTIR Spectroscopy of HECM; b: FTIR Spectroscopy of EACM; 
c: FTIR Spectroscopy of NBCMr
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A variety of mobile phases were tested, namely methanol: water (9:1 v/v), bu-
tanol: acetic acid: water (4:1:1), butanol: acetic acid: water (6:1:1 v/v), chloro-
form: methanol (8:2 v/v), n-hexane: ethyl acetate: glacial acetic acid (7.5:2:0.5 
v/v)12. The mobile chosen was Toluene: Methanol: n-butanol (9:0.5:0.5 v/v). 
Three peaks of Rf value 0.080, 0.513, 0.900 were seen in the crude extract. The 
ethyl acetate fraction showed three peaks of Rf value 0.230, 0.587, 0.800. The n-
butanol fraction showed three peaks of Rf value 0.823, 0.933, 0.980 (Figure 2).

Figure 2. The results showing a: HPTLC Chromatogram of HECM; b: HPTLC Chromatogram 
of EACM; c: HPTLC Chromatogram of NBCM.

Maximum antioxidant activity of DPPH, H2O2 scavenging, and reducing power 
assay was shown by EACM, at the highest concentration of 100 μg/ml. The 
scavenging activity of EACM was equivalent to ascorbic acid which was used as 
the standard (Figure 3).

The percent inhibition of DPPH radical scavenging activity was maximum with 
EACM i.e. 84.96% ± 0.010 at the highest concentration (100 μg/ml) which was 
comparable to ascorbic acid i.e. 91.88% ± 0.107.

Values are expressed as mean ± SEM (n=3).

Figure 3. The results showing the presence of DPPH radical scavenging assay of 
hydroalcoholic extract and ethyl acetate and n-butanol fractions of Cucurbita maxima.
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The percent inhibition of H2O2 scavenging activity was maximum with EACM 
i.e. 87.5% ± 0.008 at the highest concentration (100 μg/ml) which was compa-
rable to ascorbic acid i.e. 93.22% ± 0.036 (Figure 4).

Values are expressed as mean ± SEM (n=3).

Figure 4. The results showing the presence of H2O2 scavenging assay of hydroalcoholic 
extract and ethyl acetate and n-butanol fractions of Cucurbita maxima.

The percent inhibition of reducing power assay was maximum in EACM i.e. 
0.889 ± 0.041 at the highest concentration (100 μg/ml) which was comparable 
to ascorbic acid i.e. 0.91 ± 0.011 (Figure 5).

Values are expressed as mean ± SEM (n=3).

Figure 5. The results showing the presence of Reducing power assay of hydroalcoholic extract 
and ethyl acetate and n-butanol fractions of Cucurbita maxima.
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In ovo evaluation of cardioprotective activity of active fractions of 
hydroalcoholic extract of Cucurbita maxima seed powder

Toxicity study of active fractions of hydroalcoholic extract of Cucurbita maxi-
ma seeds powder. The HECM, EACM, and NBCM samples were evaluated for 
its Maximum Tolerated Dose (MTD).  The toxicity study was carried out using 
six different concentrations of doses such as 10 µg/mL, 20 µg/mL, 40 µg/mL, 
60 µg/mL, 80 µg/mL, and 100 µg/mL; eight eggs were administered with each 
of the doses. After the administration of the drugs observation was made after 
24 h. After all the observations made 10 µg/mL was used as the low dose and 
60 µg/mL was used as the high dose. This was observed based on number of 
dead embryos and number of surviving embryos. According to the data ob-
tained the % survival for the low dose was 83.33% for HECM & NBCM and % 
survival for high dose was 50.00% in HECM & NBCM. Whereas the % survival 
for low dose of EACM is 100% and for high dose it is 66.66%.

The disease group showed a significant decrease (p<0.001) in the CAM area 
and vascularization. All the treatment groups i.e. Group III, IV, V, VI, VII, VIII, 
and IX showed significant increase (p<0.001) in CAM area and vascularization 
when compared to disease control group (Table 2, Figure 6, Figure 7). Group 
VII (60 μg/ml) showed significant angiogenic response when compared to dis-
ease group where the results were comparable to the standard group. 
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Table 2. The results showing the Morphometric Evaluation & Angiogenesis activity of active 
fractions of hydroalcoholic extract of Cucurbita maxima seeds on the CAM assay after treatment

Group 
No. Groups Dose CAM area 

(cm2)
Eggs showing 

angiogenic response
Total 
eggs

% 
activation

Angiogenesis 
index

I Vehicle Control 1% CMC 8.908 ± 0.3721 8 8 100% 95.65 ± 4.246

II Disease Control 2 mg/kg 1.915 ± 0.291 # 6 8 75% 23.1 ± 1.736 #

III Standard 
Treatment 300 μg/egg 6.804 ± 0.2948 **** 7 8 87.50% 66.2 ± 3.397 *****

IV HECM LD 10 μg/egg 3.947 ± 0.198 * 5 8 62.50% 39.21 ± 4.054 **

V HECM HD 60 μg/egg 4.132 ± 0.4404 ** 6 8 75% 43.44 ± 2.641 **

VI EACM LD 10 μg/egg 4.385 ± 0.4487 ** 6 8 75.00% 45.15 ± 2.835 **

VII EACM HD 60 μg/egg 5.04 ± 0.8752 *** 7 8 87.50% 55.1 ± 4.561 ***

VIII NBCM LD 10 μg/egg 3.837 ± 0.2221 ** 5 8 62.50% 38.09 ± 3.736 **

IX NBCM HD 60 μg/egg 4.103 ± 0.4357 ** 6 8 75% 41.36 ± 4.902 **

Values was expressed as mean ± SEM (n=8). #p<0.0001 when compared to vehicle 
control, *****p<0.000001, ****p<0.00001, ***p<0.0001, **p<0.001, *p<0.05 when 
compared with disease control. Data was analyzed by one way ANOVA followed by Dun-
nett’s test.

Figure 6. The results showing the a: Morphometric Evaluation and b: Angiogenesis activity of 
active fractions of hydroalcoholic extract of Cucurbita maxima seeds on the CAM assay after 
treatment. 
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Figure 7. Cardioprotective effect of Cucurbita maxima seeds and its fractions by evaluating 
its angiogenesis potential on (AMOT) (a: Vehicle control; b: Disease Control; c: Standard 
treatment; d: HECM 10 μg/egg; e: HECM 60 μg/egg; f: EACM 10 μg/egg; g: EACM 60 μg/egg; h: 
NBCM 10 μg/egg and ı: NBCM 60 μg/egg).

Cucurbita maxima seeds are proven to have anti-diabetic, anti-obesity, 
hepatoprotective, and anti- hyperlipidemic properties. In the present study 
hydroalcoholic extract of Cucurbita maxima seeds, its fractions cardiovascular 
activity was tested in CAM assay by inducing cardiotoxicity with Perfluorooc-
tanoic acid (PFOA).

The yield obtained from hydroalcoholic extract was 3.34% w/w. The phyto-
chemical analysis showed the presence of alkaloids, carbohydrates, tannins & 
phenols, flavonoids, and glycosides. 

The UV and FTIR spectra of all the extracts and fractions were collected in 
order to ascertain the absorption at the maximum wavelength and the pres-
ence of a functional group, respectively. The maximum wavelength which was 
obtained was 270 nm for HECM and 264.22 nm for EACM and NBCM. HPTLC 
fingerprinting was used to assess the separation of compounds from extracts 
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and fractions. Three peaks of Rf value 0.080, 0.513, 0.900 were seen in HECM. 
The ethylacetate fraction showed three peaks of Rf value 0.230, 0.587, 0.800. 
The n-butanol fraction showed three peaks of Rf value 0.823, 0.933, 0.980.

The in vitro antioxidant assays proved the free radical scavenging activity of 
the crude extract and its fractions. The in vitro assays assessed were DPPH 
radical scavenging assay, H2O2 scavenging assay and reducing power assay. 
The in vitro assays showed better free radical scavenging activity with ethylac-
etate fraction followed by n-butanol fraction and lastly the crude extract.

Organogenesis and advanced embryonic and foetal development depend 
greatly on angiogenesis. Angiogenesis includes the formation of new blood 
vessels from the existing one which helps in the preparation of oxygen and 
nutrients for the cells, as well as the removal of waste materials. An important 
therapeutic goal has been to use angiogenic cytokines like VEGF or members 
of the fibroblast growth factor (FGF) family to promote collateral blood ves-
sel formation in the ischemic heart and limb, a method known as therapeutic 
angiogenesis. This has given rise to a particularly active pathogenic role for an-
giogenesis in atherosclerosis24. In the present study the angiogenic activity of 
hydroalcoholic extract and its ethylacetate and n-butanol fractions was evalu-
ated using CAM assay. PFOA was used as the inducing agent which showed 
anti-angiogenic property. As a result, the angiogenic activity of the crude ex-
tract and the fractions was assessed. This was evaluated based on the efficiency 
of the new blood vessels formation which were most prominent in the vehicle 
control. The disease control showed a poor growth of blood vessels. Among the 
treatment groups the high dose of ethylacetate fraction (60 μg/egg) showed a 
greater angiogenesis response. The study depicted better effect of the fractions 
as compared to the hydroalcoholic extract of Cucurbita maxima seeds.

The ethyl acetate fraction of CM seeds proved to have maximum cardiopro-
tective activity with all the evaluation parameters. As the CAM assay cannot 
be the most reliable model to assess the cardioprotective activity the results 
obtained may serve to evaluate the same in in vivo models.
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ABSTRACT 

Objective: This study aimed to investigate healthcare providers’ (HCPs) knowl-
edge and practice toward probiotics. Method: This cross-sectional study involved 
294 randomly targeted pharmacists, physicians, and dentists in different health 
care settings (Mosul/Iraq) using an online questionnaire forum from April 2023 
to July 2023. The questionnaire was divided into four main branches; demo-
graphic characteristics, familiarity, and experience, probiotic use perception and 
barriers against prescribing probiotics. Results: The majority (92.9%) of partici-
pants were aware of the definition of probiotics, over 77% were mindful of probi-
otics gastrointestinal health-effectiveness while 33.3% were aware of their dental 
usefulness. Around 26.8% indicated they would recommend probiotics to their 
patients, 4.0% refused to advise patients of using probiotics and 7.8% preferred to 
prescribe antibiotics over probiotics. The main reason of not prescribing probiot-
ics was unfamiliarity with the availability of probiotics products (22.1%). The ma-
jority of HCPs (72.4%) showed their interest in broadening their knowledge about 
pre- and probiotics. Conclusion: This study showed that participants have insuffi-
cient knowledge to make them confident of prescribing probiotics. Tutoring HCPs 
regarding the use of probiotics is substantial to boost patients’ wellbeing.
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INTRODUCTION

As it has been defined by the Food and Agriculture Organization (FAO) of the 
United Nations and World Health Organization, probiotics are “live microorgan-
isms that, when administered in adequate amounts, confer a health benefit on 
the host”1. The general concept of using probiotics has been increasing recently 
owing to their health-beneficial effects. These effects involve alleviating a num-
ber of gastrointestinal problems such as lactose intolerance, traveler’s diarrhea, 
gastritis, and enteritis2. Probiotics have also been shown effective in some oral 
health issues such as mal-odor, periodontitis, gingivitis, and dental caries3. In 
addition, probiotics have been investigated and demonstrated activity in a num-
ber of different diseases such as autoimmune diseases (allergy and type 2 dia-
betes mellitus) and chronic diseases such as chronic urogenital infections, skin 
infections, chronic liver diseases, over-weight, and hypercholesterinemia4-11. 

The global sales of probiotic products have been expected to grow by 48% (ap-
proximately from $2.7 billion in 2011 to $4 billion in 2016) and by 66% in 202012. 
In spite of this global sale expansion, marketing of probiotics is poorly evalu-
ated by the food and drug administration (FDA)13. Since healthcare providers 
(HCPs) have a substantial role in patients’ health-education, their knowledge 
and attitudes regarding probiotics as therapy or co-therapy is vital. Addition-
ally, exploring HCPs clinical practice trend of probiotics can aid in spotting the 
main obstacles preventing them from prescribing probiotics alongside prebi-
otics and help in addressing these barriers. HCPs knowledge, attitudes, and 
practice towards prescribing probiotics to their patients have been investigated 
in a number of studies all over the world14-18. However, no satisfactory data re-
garding HCPs of Iraq is available. Herein, the main aim of this survey-based 
study was to assess HCPs knowledge and attitudes toward probiotic use and to 
determine the potential barricades averting their clinical use in health settings. 

METHODOLOGY

Participants and questionnaire

The study was a network sampling cross-sectional study directed to the HCPs 
in Mosul/Iraq, including pharmacists, physicians, and dentists working in 
academia, hospitals, private health sectors or even retirees who were work-
ing in the medical field. The study was conducted using an online question-
naire forum19,20 from April 2023 to July 2023, starting with a pilot testing for 
content validity and rest-rest reliability (for memory and testing effect). The 
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questionnaire was delivered first to a small number of participants and ad-
justed gradually benefiting from the previous literature review and related in-
vestigations21,22 to chive a reliability and content validity indices (CVI) of 0.7 
for both. Basically, the questionnaire was divided into four main branches. The 
first one (demographic characteristics) was subdivided into further five ques-
tions about participants age, gender, profession, practice setting, and years in 
practice. Familiarity and experience was the second branch and this branch 
included questions regarding the participants’ general knowledge and back-
ground about probiotics and prebiotics definition and effectiveness. The third 
and fourth branches were about probiotic use perception and barriers against 
prescribing probiotics from the participants’ perspective. All questions were 
answered anonymously, and participants had the freedom to skip questions 
they did not want to answer. Ethical approval was obtained by the Ethical Ap-
proval Committee of the University of Mosul (EACUM) prior to performing the 
study, and all participants signed an online informed consent.    

Statistical analysis 

Microsoft Excel (2010) was used to tabulate the data. Percentage (%) and mean 
were used to express the result for categorical variables and continuous variables, 
respectively. Data analysis was performed using Jeffrey’s Amazing Statistics Pro-
gram (JASP) version 0.18.3. Chi-square test and fisher exact test were used to 
express statistical significance and a p value of <0.05 was considered significant. 

RESULTS and DISCUSSION

Demographic characteristics 

Table 1 demonstrates the demographic characteristics of the study sample. The 
total number of distributed surveys was 294 (considering an error rate of 5% 
and a confidence level of 95%), however different numbers of responses were 
obtained for individual questions (20% of non-respondents was taken into ac-
count). The maximum number of participants were in the age range of 24-34 
years (53.4%) followed by participants of the age group 35-45 years (34.6%) 
while only 35 (12.0%) participants were aged>45 years. The majority of study 
sample was females (68.4%). Pharmacists were the main contributors to the 
study (62.8%) while physicians and dentist accounted for 22.8% and 14.5% 
of the participants, respectively. One hundred fifty-nine (55.8%) participants 
were hospital-based health-care providers, 81 (28.4%) were academics, 41 
(14.4%) worked in private sector and only 4 (1.4%) were retirees. Consider-
ing the duration that was spent by the contributors in the medical field, 108 
(37.9%) were newly graduated with an experience duration between 1-5 years. 
Around 20% of the participants had 6-10 and 11-15 year-experience in practice 
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and 13.7% had been in practice for more than 20 years.  

This is a survey-based study aimed to assess the Iraqi HCPs knowledge towards 
the use of probiotics and the main obstacles stand against their prescription in 
Mosul city. Considering the study limitation, we experienced the inadequate 
number of HCPs who actively participated and that the study was run in one city 
which may affect its generalizability. Similarly, researchers who conducted an in-
ternational survey study in 2019 faced the same issue19 and justified this outcome 
by the poor probiotics’ knowledge of some HCPs or that the questioning style of 
the survey did not get much agreement by some of the participants causing them 
to be uncomfortable to fulfill the survey entirely. Male to female ratio was un-
equal (1:2) which additionally contributed to the inability to statistically evaluate 
the finding19. The higher percentage of female participation may be attributed to 
their general interest in dietary and nutritional supplementation.

Table 1. Demographic features of study population

Characteristics N (%)

Age range (mean, range)

24-34 156 (53.4)

35-45 101 (34.6)

>45 35 (12.0)

Gender

Male 93 (31.6)  

Female 201 (68.4)

Profession 

Pharmacist 182 (62.8)

Physician 66 (22.8)

Dentist 42 (14.5)

Practice Setting

Academic 81 (28.4)

Hospital 159 (55.8)

Private sector 41 (14.4)

Retired 4 (1.4) 

Duration in Practice (year) 

1-5 108 (37.9) 

6-10 55 (19.3)

11-15 59 (20.7) 

16-20 24 (8.4)

>20 39 (13.7) 
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Familiarity and experiences

By assessing the participants’ general knowledge and background information 
(Table 2), the majority (92.9%) rated themselves as being acquainted with the 
definition of the probiotics (160 pharmacists, 40 physicians and 21 dentists; 
p value=0.0001). The highest percentage (84.4%) of the study subjects were 
aware that probiotics are consumed as supplements or probiotics-fortified food 
products (156 pharmacists, 18 physicians, and 15 dentists; p value=0.0001), 
while around 8% of them did not know that. A minority of the participants 
(n=13, 5.9% and n=32, 15.0%) were unmindful that probiotics have proven 
clinical health beneficial effects on diarrhea and inflammatory bowel diseases, 
respectively while most of them (n=200, 91.3%, and n=165, 77.5%) admitted 
their knowledge of such effectiveness (168 pharmacists, 28 physicians, and 4 
dentists; p value=0.0001). Despite that, only 33.3% of the study population 
were familiar with the dental application of probiotics, however, more than 
half of them were not (24 pharmacists, 19 physicians, and 23 dentists; p val-
ue=0.268). Around 61% assumed that there are no high risks associated with 
the clinical use of probiotics for the patients (83 pharmacists, 15 physicians, 
and 21 dentists; p value=0.00001). Considering prebiotics, 69.4% of the par-
ticipants were aware of the definition of prebiotics (76 pharmacists, 41 physi-
cians, and 10 dentists; p value=0.00001) and 35.8% were confused between 
pre- and probiotics definition (10 pharmacists, 32 physicians, and 22 dentists; 
p value=0.00029). 

Though the majority of the participants rated themselves as familiar with the 
gastrointestinal effect of probiotics, more than half of them were unaware of 
the dental effectiveness of the probiotics. In a recent study, the majority of the 
participated dentists was found to be aware of the general probiotic term but 
when it comes to the in-depth knowledge of the dosing and uses they were 
found to be less knowledgeable23. This lack of confidence in prescribing pro-
biotics to oral/dental health issues might be due to the fact that most studies 
approved the clinical effectiveness of probiotics for gastrointestinal problems 
while assessment of their use for dental problems is still in its infancy.
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Table 2. Questions assessing participants’ probiotics knowledge and background information

Questions Total number 
of responses

N 
(%) Pharmacist Physician Dentist P value

Probiotics are live microorganisms that 
provide a health benefit when taken in 

adequate amounts
238

True 221 (92.9) 160 40 21

0.0001*False 9 (3.8) 1 4 4

Do not know 8 (3.4) 1 3 4

Probiotics are consumed as supplements or 
in probiotic-fortified foods 224

True 189 (84.4) 156 18 15

0.0001*False 18 (8.0) 3 7 8

Do not know 17 (7.6) 1 8 8
Some probiotic products have clinically 

proven beneficial effects on diarrhea 219

True 200 (91.3) 168 28 4

0.0001*False 6 (2.7) 2 1 3

Do not know 13 (5.9) 2 6 5
Some probiotic products are effective for 
inflammatory bowel disease and irritable 

bowel syndrome 
213

True 165 (77.5) 160 4 1

0.0001*False 16 (7.5) 3 5 8

Do not know 32 (15.0) 7 10 15
Probiotics along with prebiotics could be 
useful for periodontal diseases and oral 

malodor
198

True 66 (33.3) 24 19 23

0.268False 30 (15.2) 8 15 7

Do not know 102 (51.5) 35 30 37
There are high risks associated with the 

clinical use of probiotics for most patients 194

True 30 (15.5) 8 11 11

0.00001*False 119 (61.3) 83 15 21

Do not know 45 (23.2) 12 9 24
Prebiotics are food that you eat that can help 

the good bacteria in your body 183

True 127 (69.4) 76 41 10

0.00001*False 28 (15.3) 5 7 16

Do not know 28 (15.3) 2 13 13
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Prebiotics are live bacteria that are helpful to 
your health when you eat them 179

True 64 (35.8) 10 32 22

0.00029*False 76 (42.5) 34 18 24

Do not know 39 (21.8) 6 16 17

Prebiotics are harmful synthetic chemicals 176

True 9 (5.1) 1 3 5

0.00001*False 136 (77.3) 118 6 12

Do not know 31 (17.6) 1 14 16

Prebiotics are natural antibiotics 174

True 50 (28.7) 12 17 21
0.00001*False 72 (41.4) 53 8 11

Do not know 52 (29.9) 7 23 22

Percentage (%): Indicates the percentage of each answer of the total answer obtained 
for each question. 
*: The result is significant at p<0.05 using Chi-square test (to compare the answers in-
between professions: pharmacist, physician and dentist.

Probiotics uses perception and barriers against prescribing 
probiotics  

When participants were asked about their willingness of prescribing probi-
otics to their patients, 26.8% indicated they would recommend probiotics to 
their patients (14 pharmacists, 13 physicians, and 13 dentists; p value=0.99) 
and that 9.2% have no concerns of such use (p value=0.73 in-between profes-
sions). However, 4.0% refused to advise their patients of using probiotics (2 
pharmacists, 2 physicians, and 2 dentists; p value=0.99) and 7.8% preferred to 
prescribe antibiotics over probiotics in conditions treated by the two agents (2 
pharmacists, 4 physicians, and 5 dentists; p value=0.56). Regarding prescrib-
ing prebiotics, 23.1% didn’t mind to prescribe prebiotics to the patients along 
with probiotics. 

The majority of survey participants (72.4%) showed their interest in broad-
ening their knowledge about pre- and probiotics (45 pharmacists, 28 physi-
cians, and 32 dentists; p value=0.52) and 55.9% indicated they would benefit 
from related workshops (40 pharmacists, 18 physicians, and 22 dentists; p 
value=0.59). Data are shown in Table 3. 

Of the total participants in the current study, more than 90% defined probiot-
ics correctly. In accordance, a previous study conducted in the United State got 
a near percentage (86.7%)24, while a lower percentage (65.6%) was reported by 
Otuto et al.25 among the HCPs. On the other hand, we found that only 69.4% 
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of the HCPs defined prebiotics properly. Although that probiotic agents have 
a beneficial impact on the body health, still there is a need to increase HCPs 
knowledge about prebiotics.

From the respondents’ point of view, when they were asked about the main 
barriers that stand against probiotic uses, 13.7% justified it to the high cost 
of the commercial products (24 pharmacists, 15 physicians, and 15 dentists; 
p value=0.73), 13.0% attributed it to the lack of sufficient data on probiotics’ 
safety (pharmacists, 13 physicians, and 16 dentists ) and 12.7% doubted the 
quality of the available probiotic products (25 pharmacists, 9 physicians, and 
16 dentists). The relatively high percentage (22.1%: 15 pharmacists, 33 phy-
sicians, and 39 dentists) claimed that the lack of information regarding the 
availability of probiotic products made them unaware of such medication. 
Of all respondents, the excuse of 64 participants (16.3%: 9 pharmacists, 24 
physicians, and 31 dentists) for not prescribing probiotics was the limited or 
the non-availability of clinically proven probiotic products and 10.9% blamed 
themselves for knowing little or nothing about probiotics (10 pharmacists, 17 
physicians, and 16 dentists). 

When participants were questioned about their attitude of prescribing probi-
otics to their patients, 26.8% answered positively. In Canada, it has been re-
ported that around 60% of community pharmacists had already recommended 
probiotics for patients of different ailments26. Similarly, but opposite to our 
finding, prescribing probiotics in UK and India has attained a wider accept-
ance than in other parts of the world27-29. Practically, the relatively low rate of 
probiotic use that was concluded in our study may be attributed, in part, to the 
lack of information of the available products in the market as it was justified 
by the participants (22.1%). Similarly, around 70% of HCPs participated in a 
survey conducted in more than eight of the Middle Eastern countries (Jordan, 
Lebanon, Palestine, Syria, Iraq, Egypt, the Gulf, and Morocco) in 2023 stated 
that “lack of information regarding available probiotics products” was the main 
barrier to probiotic prescription or use14. Here, we can suggest that more ef-
forts should be made by the pharmacists who work as medical representatives 
to expand the HCPs awareness of these products. Jordanian HCPs were also 
reported to have the same probiotics marketing issue20. Moreover, the same 
study found that participants insufficient knowledge about probiotics was one 
of the barriers against using them which comes in accordance with our study. 
Academic specialists can introduce the concept of pro- and prebiotics to the 
undergraduate’s syllabus and HCPs can benefit from related workshops. Cost 
is another barrier that was claimed by 13.7% of the participants to stand against 
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their willingness to prescribe probiotics. Locally produced probiotic products 
could be a good solution to overcome the importation expenses of probiot-
ics products. A high percentage of the participants showed negative attitudes 
when it comes to preferring probiotics over traditional antibiotics. This point 
needs to get much attention since using probiotics as alternative or comple-
mentary therapy to antibiotics in certain infectious diseases has been reported 
to be as effective as antibiotics in addition to reducing the cost implied30-34. 
The study declared a shortage in the general knowledge and in practicing the 
use of probiotics by HCPs in Mosul/Iraq. The majority of participants showed 
their intention to learn more about probiotics; academic teachers and medical 
representatives may play a role in widening the awareness of the general popu-
lation and HCPs in this regard. However, the small sample size of the current 
study limits the possibility of generalizing these findings and future studies 
with a large sample size is essential to make a conclusive statement.  

Table 3. Questions assessing participants’ probiotics use perception and reasons preventing 
their use

Questions Number of 
responses

N 
(%) Pharmacist Physician Dentist P value

Do you believe probiotics are beneficial for 
health? 164

Not at all 11 (6.7) 2 4 5

0.0017*a
A little 11 (6.7) 1 5 5

Somewhat 48 (29.3) 7 21 20

Quite a bit 41 (25.0) 5 16 20

Very much 53 (32.3) 25 18 10

If supported by peer-reviewed literature, 
would you be willing to recommend 

probiotics to your patients?
149

Not at all 6 (4.0) 2 2 2

0.99a
A little 26 (17.4) 8 9 9

Somewhat 44 (29.5) 15 14 15

Quite a bit 33 (22.1) 12 10 11

Very much 40 (26.8) 14 13 13

Do you believe prebiotics are beneficial for 
health? 149
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Not at all 9 (6.0) 1 4 4

0.96a
A little 21 (14.1) 8 7 6

Somewhat 38 (25.5) 12 15 11

Quite a bit 41 (27.5) 13 15 13

Very much 40 (26.8) 13 14 13

Do you think that prebiotics are harmful to 
the health? 148

Not at all 87 (58.8) 56 19 12

0.99b
A little 40 (27.0) 10 15 15

Somewhat 17 (11.5) 5 6 6

Quite a bit 4 (2.7) 1 2 1

Very much 0 (0.0) 0 0 0

If supported by peer-reviewed literature, 
would you be willing to recommend 

prebiotics to your patients?
147

Not at all 14 (9.5) 4 5 5

0.98a
A little 28 (19.0) 8 9 11

Somewhat 38 (25.9) 14 12 12

Quite a bit 33 (22.4) 11 13 9

Very much 34 (23.1) 12 12 10

I am interested in learning more about 
pre- & probiotics 145

Not at all 4 (2.8) 1 2 1

0.52a
A little 12 (8.3) 2 5 5

Somewhat 11 (7.6) 3 5 3

Quite a bit 13 (9.0) 7 2 4

Very much 105 (72.4) 45 28 32

I would benefit from education or 
workshops related to the uses o 

 pre- & probiotics
143

Not at all 4 (2.8) 1 1 2

0.59a
A little 17 (11.9) 5 7 5

Somewhat 16 (11.2) 6 5 5

Quite a bit 26 (18.2) 8 8 10

Very much 80 (55.9) 40 18 22

I accept using pre- & probiotics in the 
management of medical conditions 142
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Not at all 5 (3.5) 1 3 1

0.79a

A little 15 (10.6) 5 5 5

Somewhat 35 (24.6) 12 11 12

Quite a bit 38 (26.8) 17 11 10

Very much 49 (34.5) 20 19 10

I recommend pre- & probiotics without 
any concerns 141

Not at all 42 (29.8) 16 12 14

0.73a

A little 40 (28.4) 16 8 16

Somewhat 30 (21.3) 7 12 11

Quite a bit 16 (11.3) 6 5 5

Very much 13 (9.2) 3 4 6

I prefer prescribing antibiotics more than 
probiotics in conditions which could be 

treated by both antibiotics and probiotics 
141

Not at all 48 (34.0) 20 10 18

0.56a

A little 31 (22.0) 7 13 11

Somewhat 32 (22.7) 11 10 11

Quite a bit 19 (13.5) 4 7 8

Very much 11 (7.8) 2 4 5

From your point of view, what are the 
most important barriers against probiotic 

use? (Please select all that apply)
393

I have little or no idea about probiotics 43 (10.9) 10 17 16

0.73a

Lack of information regarding available 
probiotic products 87 (22.1) 15 33 39

Limited or non-availability of clinically 
proven probiotic products 64 (16.3) 9 24 31

Clinical use of probiotics is controversial 44 (11.2) 11 16 17

I do not trust the quality of the available 
probiotic products 50 (12.7) 25 9 16

There is limited data on the safety of 
probiotics 51 (13.0) 22 13 16

The high cost of the available probiotic 
products 54 (13.7) 24 15 15

Percentage (%): Indicates the percentage of each answer of the total answer obtained 
for each question. 
*: The result is significant at p<0.05 using a: Chi-square test and b: Fischers exact test 
(to compare the answers in-between professions: pharmacist, physician, and dentist.
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ABSTRACT

Breast cancer is a prevalent malignancy that requires tailored treatments. Cis-
platin, a platinum-based chemotherapy agent, is widely used for its anti-pro-
liferative and pro-apoptotic properties. Understanding its molecular mecha-
nisms is crucial for optimizing its efficacy. We investigated cisplatin’s effect 
on the EMT6 breast cancer cell line across various doses and durations. Us-
ing MTT assay and qPCR, we examined cell survival and gene expressions of 
PTEN, MAPK, NFEL2L2, and Survivin after 24 h and 48 h of cisplatin treat-
ments. The highest viability was at 5 µM after 24 h and at 1 and 5 µM after 48 h, 
with significant decreases at higher concentrations. Significant changes were 
observed in MAPK, NFEL2L2 and Survivin, while PTEN remained unaffected. 
Notably, Survivin was upregulated at lower doses, while NFEL2L2 and MAPK 
showed no significant changes. Our findings indicate that cisplatin induces 
apoptosis and alters gene expression in a dose-dependent manner, providing 
insights into its molecular mechanisms in EMT6 cells.
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INTRODUCTION

Breast cancer is one of the most frequently diagnosed cancers and is the sec-
ond-highest ranked cancer type causing death in women1. Breast cancer occurs 
in different forms, including estrogen receptor-positive (ER-positive) breast 
cancer, progesterone receptor positive (PR-positive) breast cancer, HER-
positive (HER2+) breast cancer, triple-negative breast cancer (TNBC), and 
advanced breast cancer. Different treatments are preferred according to the 
specific subtype of breast cancer: hormone therapy is often used for hormone-
based breast cancers, while chemotherapeutic drugs are preferred for TNBC 
and advanced breast cancer2. Combining these treatments can increase effi-
ciency of the chemotherapeutic drugs by targeting different pathways and/or 
reduce serious side effects by lowering the drug doses.

Cisplatin is a platinum-based and one of the commonly used chemotherapy 
drugs2,3. It functions by forming DNA adducts that create crosslinks between 
DNA strands4. These crosslinks can lead to DNA replication errors and subse-
quent DNA damage, which, if not repaired, results in cell death due to apopto-
sis3,5. Therefore, cisplatin exhibits anti-proliferative properties and induces ap-
optosis. Cisplatin has been used to treat several cancer types including breast2, 
ovarian6, lung7, head, and neck cancer8. It is a cost effective, and easily accessi-
ble chemotherapy drug, making its application preferrable for different cancer 
types. However, it also causes serious side effects, limiting its application9. It 
has been shown that cisplatin treatment effects the levels of reactive oxygen 
species (ROS), the activity of mitogen-activated protein kinase (MAPK) and 
the phosphatidylinositol-3-kinase (PI3K)/Akt signalling pathways in various 
cancer cells types2,9-13. These pathways are believed to contribute to cisplatin-
induced cytotoxicity14,15.

In this article, we aimed to investigate the cytotoxic effects of cisplatin on the 
EMT6 murine breast cancer cell line across a range of doses, from low to high. 
We also sought to analyze cisplatin resistance and cisplatin-induced cytotox-
icity in these cells, utilizing EMT6 as a model which is well-suited for such 
investigations, given that it is an ER-negative and triple negative breast cancer 
cell line. To gain insights into the molecular mechanisms underlying cisplatin 
response, starting from very low concentrations, we analyzed the expression 
profiles of key genes involved in cell survival, drug resistance and cytotoxic-
ity—namely phosphatase and tensin homolog (PTEN), mitogen-activated pro-
tein kinase (MAPK), nuclear factor-erythroid 2-related factor 2 (NFEL2L2), 
and Survivin—following cisplatin treatment for 24 and 48 hours. 
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METHODOLOGY 

Cell culture

EMT6 cells16 (ATCC, CRL-2755) were cultured in RPMI-1640 (Invitrogen) me-
dium supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/strep-
tomycin. Cells were maintained at 37oC, with 5% CO2 and subcultured at 80-90% 
confluency.

Evaluation of cell viability by MTT Test

The MTT colorimetric assay was used to assess cell viability17. EMT6 cells were 
seeded into 96-well plates, at a density of 1.0 x 104 cells/ml in 0.1 ml complete 
medium. 24 hours (h) after seeding, the cells were treated with different con-
centrations of cisplatin. After incubation for 24h or 48h, 100 µl of MTT solu-
tion [0.5 mg/ml in DMEM w/o phenol red] was added to each well and cells 
were incubated for 4h at 37oC. After removal of MTT solution, the purple-blue 
MTT formazan precipitates were dissolved in 100 µl DMSO. The absorbance 
was measured at 540 nm using absorbance microplate reader. The relative cell 
viability was expressed as the ratio (%) of the absorbance in the cisplatin treat-
ed wells to that of non-treated control wells. The IC50 values for 24h and 48h 
cisplatin treatments were determined from the dose-response curves. 

Cisplatin treatment

1.0 x 105 cells/ml were seeded to six-well plates. 24h after seeding, cells were 
treated with cisplatin with various concentrations in addition to non-treated 
control cells: 0.1 µM, 1 µM, 5 µM, 10 µM, and 50 µM. Cells were incubated for 
24h and 48h before being collected for gene expression analysis. 

qRT-PCR analysis

EMT6 cells were collected, total RNA was extracted and synthesized into cDNA. 
qPCR reaction was performed according to the following protocol: (a) for pre-
incubation: 95oC for 10 minutes (min), (b) for amplification: 95oC for 10 seconds 
(sec), 57oC for 20 sec and 72oC for 30 sec, for 45 cycles. Samples were assayed in 
BioRad CFX Connect Real-Time System. ΔΔCt value was then calculated by sub-
tracting the average Ct from the corresponding average Ct. Relative expression 
levels were analyzed by calculating 2-ΔΔCt. GAPDH was used as an internal control.

Statistical analysis

Data were analyzed using GraphPad Prism 8 software (GraphPad Software 
Inc., La Jolla, California). Statistical analysis of the data was performed with 
two-tailed unpaired student’s t-test. For multiple comparisons, one-way anal-
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ysis of variance (ANOVA) followed by Dunnett’s multiple comparison. Data 
were normalized to GAPDH expression levels. P-values less than 0.05 were 
considered statistically significant. 

RESULTS and DISCUSSION

Elevated cell viability at lower doses of cisplatin treatment

To assess the cytotoxic effects of cisplatin on EMT6 cancer cells at different con-
centrations and treatment durations, we treated the cells with varying concentra-
tions of cisplatin and measured cell viability using MTT assay after 24 h and 48 h 
(Figure 1). In both 24 h and 48 h treatment groups, we observed highly significant 
change in cell viability in almost all concentrations of cisplatin, except 10 µM in 
24 h, and 5 µM in 48 h treatment groups. The highest cell viabilities were re-
corded at 5 µM after 24 h treatment (Figure 1[a]), and at 1 µM and 5 µM after 48 h 
treatment (Figure 1[b]). In 24 h and 48 h treatment groups, cell viability dramati-
cally decreases after 10 µM and 5 µM; respectively (Figure 1[a] and [b]). Thus, 
similar levels of cell survival are observed at higher doses (Figure 1[a] and [b]). 

(*: p<0.05; **: p<0.01; ***: p<0.001; ****: p<0.0001)

Figure 1. Cisplatin’s effect on EMT6 cell survival. Cells were incubated with different doses 
of cisplatin for 24h (a, c) and 48h (b, d). Cisplatin significantly improved cell viability in all 
concentrations below 10 µM after 24h (a) and below 5 µM after 48h treatments (b). Cisplatin 
significantly decreased cell viability in all concentrations above 10 µM after 24h (a) and above 5 
µM after 48h treatments (b). The data were normalized to the control and presented as mean ± 
SEM. (n=3). Asterisks indicate statistical significance compared with the corresponding control. 
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Next, we calculated the IC50 values for cisplatin in EMT6 cells after 24 h and 
48 h treatments (Figure 1[c] and- [d]). IC50 value for cisplatin in EMT6 cells 
after 24 h treatment was determined to be 22.5 µM (Figure 1[c]), and after 48 h 
treatment was determined to be as 10.7 µM (Figure 1[d]) (n=3).

Based on these cell viability results and calculated IC50 values for both treat-
ment durations, we selected five different cisplatin concentrations to perform 
gene expression analysis to understand the proliferative activity at lower con-
centrations and cell death at higher concentrations. Next, we analyzed the gene 
expression levels of PTEN, MAPK, NFEL2L2, and Survivin in both treatment 
groups. 

Cisplatin treatment shows no effect on PTEN expression in
EMT6 cells

PTEN gene encodes for a lipid and protein phosphatase, that acts on phosphati-
dylinositol-3-kinase (PI3K)/Akt signaling pathway12,13. PTEN acts as a tumor 
suppressor and has an important role in controlling cell survival, proliferation 
and migration12,18,19. In healthy cells, PTEN activity inhibits the PI3K signalling 
pathway, thereby supressing cell survival, proliferation and migration. Muta-
tions in the PTEN gene or reduced PTEN activity have been observed in vari-
ous types of cancer12,18,20. 

Here, we analyzed PTEN expression levels in EMT6 cells with increasing con-
centrations of cisplatin at 24 h and 48 h treatment durations. At both time 
points, we did not observe any significant decrease in PTEN expression com-
pared to the control (Figure 2). This observation supports the idea that cispl-
atin may promote cell survival and proliferation in EMT6 cells, as shown in 
Figure 1 (a) and (b). This could be due to an indirect effect of cisplatin on cell 
proliferation pathways, or suggest that EMT6 cells begin to exhibit resistance 
to cisplatin within 24 hours. Considering that many studies prefer a 24 h drug 
treatment to study drug resistance in cancer cells21,22, it is possible that we are 
observing the development of cisplatin resistance in EMT6 cells. 
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Figure 2. Relative mRNA expression levels of PTEN after 24h and 48h treatment with various 
cisplatin concentrations. No significant changes were observed in PTEN expression across all 
the tested concentrations in both treatment groups. Statistical analysis was performed using 
one-way ANOVA followed by Dunnett’s multiple comparison test relative to the control. p<0.05 
were considered statistically significant.

MAPK expression in EMT6 cells is elevated at higher doses of
cisplatin

The MAPK signaling pathway is another important intracellular pathway which 
plays a crucial role in regulating survival, differentiation, cell growth and apop-
tosis. The activation of the MAPK pathway in response to cisplatin treatment 
has been extensively studied in various cancer cells, and its activation has been 
documented in several studies10,11,23. Cisplatin is known to activate the MAPK 
pathway, increase MAPK protein levels, and induce apoptosis23. Conversely, 
some studies have suggested that cisplatin treatment leads to MAPK activa-
tion and associated autophagy, which may counteract the apoptotic effects of 
cisplatin11,24. 

In our study we observed a significant increase in MAPK levels in the 48h 
treatment group at concentrations of 5 µM and a notably strong expression 
at 10 µM (Figure 3). When we correlate this observation with the cell viabil-
ity results shown in Figure 1(b), we notice an association between increased 
MAPK expression and elevated cell death at these concentrations, likely due to 
apoptosis induction. Although we observed minor changes in MAPK levels at 
other concentrations in both the 48h and 24h treatment groups, these changes 
were not statistically significant.
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(*: p<0.05; ****: p<0.0001)

Figure 3. Relative mRNA expression levels of MAPK after 24h and 48h treatments with 
various cisplatin concentrations. A significant elevation in MAPK expression was observed at 
5 µM, with a notably strong expression at 10 µM after 48h treatment. Statistical analysis was 
performed using one-way ANOVA followed by Dunnett’s multiple comparison test relative to 
the control. 

Cisplatin treatment causes dose-dependent increase in
NRF2 expression

The NRF2 transcription factor, encoded by the NFEL2L2 gene, acts on Antioxi-
dant Response Elements (ARE) located in the promoters of several antioxidant 
genes and regulates transcription of many antioxidant and detoxifying genes 
in different cell types22,25. It is an important transcription factor overseeing the 
maintenance of the correct oxidative balance and regulating the expression of 
antioxidant genes in varying oxidative stress conditions25. As mitochondria be-
ing the main site of energy production of the cells, free radicals are constantly 
generated in mitochondria26. If these NRF2 mediated antioxidative gene ma-
chinery will not work properly, oxidation inside the cell due to ROS production 
leads to several diseases, like cancer27. In the basal condition of normal cells, 
NRF2 is expressed at lower levels. Elevated NRF2 expression in the cancer 
cells decreases the efficiency and toxicity of the chemotherapeutic drug, pro-
vides cyto-protection and potentiates cancer metastasis28,29. 

In our study, we observed a dose-dependent increase in NRF2 expression lev-
els following cisplatin treatment. After 24h of treatment, a nearly three-fold 
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increase in NRF2 expression was observed at a concentration of 10 µM of com-
pared to the control. Moreover, overexpression of NRF2 is at the highest level 
after 48h treatment with 10 µM cisplatin (Figure 4). 

(*: p<0.05; **: p<0.01; ***: p<0.001; ****: p<0.0001)

Figure 4. Relative mRNA expression levels of NRF2 after 24h and 48h treatment with various 
cisplatin concentrations. At the higher doses of cisplatin, that are 5 µM and 10 µM, strong 
increases in gene expressions were observed in both treatment groups. Statistical analysis was 
performed using one-way ANOVA followed by Dunnett’s multiple comparison test relative to 
the control.

It has been shown that cisplatin induces mitochondrial-ROS production in 
cancer cells at 24h treatment5. Thus, this has been proposed as a mechanism 
behind cisplatin-induced cytotoxicity observed in non-cancerous cells during 
chemotherapy with cisplatin5. Additionally, elevated ROS levels trigger the 
upregulation of NRF2 gene, through NF-κB pathway30. Here, in our results, 
higher levels of NRF2 expression are correlated with higher doses of cisplatin 
and supporting cisplatin-induced oxidative stress and cisplatin-induced cyto-
toxicity. In the 24h treatment group, there were tendencies for increased NRF2 
expression at lower cisplatin concentrations, but these changes were not sta-
tistically significant. At the lower doses of cisplatin in 48h treatment group, 
lower expression of NRF2 is observed, although slightly higher expressions are 
observed at the same doses of 24h treatment group. This suggests that at these 
lower concentrations, cisplatin may not induce oxidative stress to the same 
extent and may instead promote cell survival and proliferation.
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Moreover, observation of low ROS levels and oxidative stress adaptation of 
cancer cells in case of prolonged exposure to chemotherapeutic drugs, and 
subsequent occurrence of drug resistance have been suggested in the litera-
ture31-34. At 50 µM dose in 24h treatment of cisplatin, we surprisingly observed 
extreme and significant decrease in the ROS levels compared to 10 µM dose. 
Considering that a 24h exposure can be sufficient to induce drug resistance 
and that a 50 µM dose is relatively high, the result suggests that the observed 
low ROS levels at this concentration may indeed be indicative of cancer cells 
adapting to oxidative stress.

Cisplatin treatment at low doses increases Survivin expression in 
EMT6 cells

Survivin is a key member of the inhibitor of apoptosis protein (IAP) family, 
along with X-linked IAP (XIAP)35,36. These proteins play crucial roles in tu-
morigenesis, influencing various biological functions in cancer cells, and their 
expressions are found to be higher in some cancer types35-37. 

One of the significant functions of these proteins is their contribution to 
chemotherapeutic resistance by promoting cell proliferation, migration, and 
metastasis35,36,38-41. In the cancerous state, the interaction of XIAP and Sur-
vivin prevents XIAP from polyubiquitination and proteasomal degradation, 
and therefore inhibition of caspases and activation of NF-κB pathway occur42. 
These result in the occurrence of cancer cell metastasis and evasion from ap-
optosis35. 

In our study, we observed an increase in Survivin expression in almost all low 
doses of cisplatin in both 24h and 48h treatment groups (Figure 5). Statistical-
ly significant increases in Survivin expression were observed at concentrations 
of 0.1 µM and 1 µM in the 24h treatment group (Figure 5). Higher expression 
of Survivin correlates with increased cell viability observed in these concentra-
tions shown in Figure 1(a), supporting the literature.
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(*: p<0.05)

Figure 5. Relative mRNA expression levels of Survivin after 24h and 48h treatment with 
various cisplatin concentrations. A decreasing trend in gene expression levels was observed in 
a dose-dependent manner in both treatment groups. Statistical analysis was performed using 
one-way ANOVA followed by Dunnett’s multiple comparison test relative to the control. 

Moreover, higher doses of cisplatin led to decreased Survivin expression af-
ter 24 h treatment, potentially inhibiting cell proliferation (Figure 5). Similar 
trends, although not statistically significant, were observed in the 48 h treat-
ment group (Figure 5). We observed statistically significant decrease in Sur-
vivin expression at 50 µM in the 24 h treatment group. Silencing XIAP and 
Survivin expression using shRNA has been shown to significantly reduce cell 
proliferation, increase caspase-3/7 levels, and enhance the response to chem-
otherapeutics, consistent with existing literature36,43,44. Moreover, it has been 
shown that partial reversion of epithelial-mesenchymal transition (EMT) to 
mesenchymal-epithelial transition (MET) occurs when XIAP and Survivin ex-
pressions were inhibited, further confirming their active role in metastasis36. 

Based on these findings, we hypothesize that cisplatin may contribute to cell 
proliferation by upregulating Survivin expression at lower concentrations. 
These results suggest that Survivin plays a role in the cellular response to cis-
platin, potentially influencing cell viability and proliferation in a dose-depend-
ent manner. 

In conclusion, varying doses and durations of cisplatin treatment result in dif-
ferential expression of key genes regulating important molecular mechanisms 
in cancer cells, such as cell survival and apoptosis. Our findings indicate that 
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cisplatin induces apoptosis and alters gene expression levels in a dose-depend-
ent manner. However, lower doses of cisplatin may not be sufficient to change 
the cancerous state of EMT6 cells, potentially supporting their survival. Look-
ing forward, additional gene expression analyses could elucidate the molecular 
alterations induced by lower concentrations of cisplatin. To explore this fur-
ther, low concentrations of cisplatin can be combined with nanoparticles for 
enhanced delivery to the cell and effects can be investigated in terms of cell 
survival and gene expression. Such insights could be pivotal in devising more 
effective treatment strategies with reduced side effects for breast cancer.
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ABSTRACT

Breast and pancreatic cancers are among the leading causes of death world-
wide. In this study, the anticancer activities of natural-based montmorillonite 
and modified curcumin are examined in pancreatic and breast cancer. MRC-5, 
PANC-1, and MDA-MB-231 cell lines are used as healthy fibroblast cell lines 
(control), pancreatic and breast cancer respectively. 10-1000 μg/mL doses ap-
plied to each cell line. As a result, we obtained that montmorillonite has no 
significant reducing effects on cell viability in the MRC-5 cell line. IC50 values 
were 1456 μg/mL for MDA-MB-231 and 1166 μg/mL for PANC-1 cells. When 
modified curcumin therapy doses were applied, IC50 values were 215 μg/mL for 
MRC-5, 56.45 μg/mL for MDA-MB-231, and 72.34 μg/mL for PANC-1 cells. In 
conclusion, this study demonstrates that these two natural compounds have 
antitumoral effects on pancreatic and breast cancer. These compounds may be 
useful in the development of natural-based treatments for breast and pancre-
atic cancer.
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INTRODUCTION

Breast cancer (BC) and pancreatic cancer (PC) are two of the most lethal can-
cers worldwide, and effective treatment options for these diseases are urgently 
needed. Montmorillonite, a natural mineral, and curcumin, a natural com-
pound derived from the spice turmeric, have shown potential anticancer ef-
fects in vitro and in vivo. In this study, we examined the anticancer activities 
on pancreatic and breast cancer by using natural compounds of montmoril-
lonite and modified curcumin. 

Pancreatic cancer

PC ranks 12th among the most common types of cancer worldwide and 7th 
in terms of cancer-related mortality1. Some risk factors for PC can be altered, 
like smoking, obesity, diabetes, chronic pancreatitis, and exposure to specific 
workplace chemicals. However, there are immutable risk factors such as age, 
gender, race, family history, inherited genetic syndromes, and chronic pan-
creatitis stemming from a gene mutation2,3. Surgical removal is a potential 
treatment option for localized PC tumors, but early detection is challenging 
due to the lack of accurate and reliable detection methods. As a result, most 
patients with PC are diagnosed at advanced stages, and only 10-20% of them 
have tumors that are eligible for surgical removal. Adjuvant therapies, such as 
chemotherapy and radiotherapy, are commonly used after surgery to improve 
the survival rate of patients with PC4. Unfortunately, PC is known for its ag-
gressive nature and fast spread, which can lead to fatal outcomes. The 5-year 
survival rate for localized PC tumors is 42%, while for regional metastasized 
tumors, it is 14%, and for distal metastasized tumors, it is only 3%5. Despite 
advancements in medical technology, there is still no effective medical treat-
ment for metastasized PC.

Breast cancer

BC is the most common cancer and 5th in terms of cancer-related mortality1. 
Several BC risk factors can be changed, including alcohol consumption, being 
overweight or obese, physical inactivity, nulliparity, not breastfeeding, and the 
use of birth control or menopausal hormone therapy. Conversely, there are 
also BC risk factors that cannot be changed, such as being female, increasing 
age, inheriting specific gene mutations, having a family history of BC, having 
a personal history of BC, ethnicity, height, dense breast tissue, specific benign 
breast conditions, early onset of menstruation, late onset of menopause, expo-
sure to radiation to the chest, and exposure to diethylstilboestrol6. The 5-year 
survival rate of BC tumors is 90%7.  Due to the presence of numerous muta-
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tions, the development of resistance to treatments, and individual variations in 
treatment response in BC, there is a focus on alternative therapies. In addition 
to traditional treatments such as surgery, chemotherapy, and radiotherapy 
in BC treatment, receptor inhibitors and nanotechnological approaches are 
among the current therapies8-10. 

Effects of montmorillonite on breast and pancreatic cancer

Montmorillonite (MMT) is a natural nanomolecular clay11 that has been used 
for treatment for over 100 years and has been observed to have no side effects 
in phase 1 and phase 2 studies12,13. According to the WHO, MMT is mainly com-
posed of highly colloidal and plastic clays that belong to the Smectite Group 
and are predominantly made up of the clay mineral MMT. In the healthcare 
sector today, 99% of the clays used are from the Smectite Group. The most 
common subgroup among the Smectite Group is MMT (Bentonite). Its chemi-
cal formula is (Na, Ca)(Al, Mg)(Si4O10)(OH)14.  MMT has a large surface area of 
750 m²/gram, possesses high water absorption and swelling properties (2-20 
times its volume). Additionally, in suspension form, it has the ability to release 
a significant amount of negative (-) ions into the environment15,16. Most of the 
substances that threaten human health, from the air we breathe to the water 
we drink, such as heavy metals, toxins, viruses, bacteria, and radiation, are 
positively charged (+) ions. MMT has a nano-particle structure, and its par-
ticles are layered. Its particle size ratio is around 1000:1. It is not harmed by 
stomach acid and can easily pass through the intestines, skin, and blood-brain 
barrier17. It is excreted from the body without being metabolized, through faces, 
urine, sweat, and tears. MMT is not a chemically synthesized compound, but 
rather a natural substance that nature has provided us. MMT is classified as 
SCOGS Type 1 by the FDA, meaning that “there is no evidence to demonstrate 
or suggest reasonable grounds to suspect, a hazard to the public when they are 
used at levels that are currently in use or might reasonably be expected in the 
future”18. Due to its properties, MMT can be used in detoxification, immune 
system disorders, gastrointestinal system disorders, metabolic syndrome, skin 
diseases, radiation protection, and reducing the adverse effects of chemother-
apy and radiation therapy in cancer patients19-26. Preclinical and clinical studies 
on MMT have shown that it is antibacterial, antiviral, antifungal, antitumor, 
and radioprotective. Additionally, MMT is a good drug carrier. MMT has been 
modified with drugs used in cancer treatment such as Docetaxel, Irinotecan, 
5-fluorouracil, and Tamoxifen, and has been shown to increase their effects 
and reduce their side effects27. Recent studies on MMT have observed that it 
has antitumor properties25-28. A study by Cervini-Silva et al. in 2016 showed 
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that MMT inhibits the development of high-grade gliomas28. MMT has an an-
tiproliferative effect that is affected by both cell type and protein levels. In a 
2020 study conducted by Sabzevari et al., MMT was found to induce G0/G1 
phase arrest in MRC-5 and HT-29 cell cultures by modulating the expression 
of the P21, P27, and Cyclin D1 genes. Additionally, MMT induced S phase ar-
rest in HepG2 cell cultures by regulating the expression of the mTOR gene. As 
a result of this study, it has been demonstrated that MMT induces apoptosis in 
cells by modulating pro/anti-apoptotic genes25. In an in vitro study conducted 
by Abduljauwad et al., MMT exhibited a significant reduction in melanoma cell 
viability and proliferation in a dose-dependent manner. In the same study’s in 
vivo tumor model, treatment with MMT significantly decreased tumor mass 
and reduced cell mitosis26. Based on these studies, it has been proven that 
MMT has different effects on each tumor. There are no studies on the effect of 
MMT on pancreatic and breast tumors.

Effects of curcumin on breast and pancreatic cancer

Turmeric’s primary active compound, curcumin, has a long history of use in 
traditional medicine spanning centuries and has recently gained attention for 
its potential health benefits. The vibrant yellow compound, extracted from the 
Curcuma longa plant, is a member of the ginger family and exhibits power-
ful anti-cancer, antibacterial, anti-inflammatory, and antioxidant character-
istics29. Research findings indicate that curcumin exhibits tumor-suppressing 
properties across a range of cancer types, encompassing breast cancer, leuke-
mia, lymphoma, neurological cancers, gastrointestinal cancers, ovarian can-
cer, lung cancer, head and neck squamous cell carcinoma, melanoma, and gen-
itourinary cancers30. Research has shown that curcumin may be beneficial in 
the treatment of various conditions, including arthritis, diabetes, Alzheimer’s 
disease, and cancer31-33. Studies have demonstrated its ability to inhibit tumor 
formation in different cancer types by affecting multiple signaling pathways.

In PC cells, curcumin has been shown to inhibit KRAS expression and stabilize 
p53 to prevent mutations34. It also exhibits anti-angiogenic effects by inhibit-
ing the expression of VEGF and VEGFR1 genes and increases apoptosis by in-
hibiting COX-2 and EGFR35. Furthermore, it prevents metastasis by regulating 
miRNAs and blocking CAF-mediated EMT36. Curcumin also affects signaling 
pathways such as EGF-Akt, EGF-ERK, Hedgehog, Wnt-β-catenin, PI3K-Akt, 
and ATM-Chk1, thereby demonstrating anti-tumoral effects37. Additionally, it 
regulates pro-inflammatory cytokines (IL-8↓, IL-8R↑) and inhibits transcrip-
tion factors such as NF-κB, Sp1, Sp3, and Sp4, thereby exerting anti-tumoural 
effects38 (Table 1).
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Table 1. Effect of curcumin on pancreatic cancer

Prevent mutations Inhibit KRAS expression and stabilize p53

Anti-angiogenic effects Inhibiting the expression of VEGF and VEGFR1 genes

Increases apoptosis Inhibiting COX-2 and EGFR

Signaling pathways EGF/ERK↓, EGF/Akt↓, Hedgehog↓, PI3K/Akt↓, 
ATM/Chk1↑, and Wnt/b-catenin↓

Pro-inflammatory cytokines IL-8↓, IL-8R↑

Transcription factors Inhibits NF-kB and AP-1

In BC, curcumin has been found to inhibit the activity of ornithine decarboxylase, 
which is an enzyme that plays a role in cell proliferation39. Moreover, curcumin 
has been demonstrated to suppress the expression of various genes and enzymes 
in breast cancer cells, including the aromatic hydrocarbon receptor, cytochrome 
P450 1A1, COX-1, and COX-2 enzymes, and VEGF and b-FGF growth factors. Cur-
cumin also induces the expression of p-53-dependent Bax, which can lead to apop-
tosis (cell death) in cancer cells. Furthermore, curcumin has been found to reduce 
the expression of MMP-2 and increase the expression of TIMP-1, which can inhibit 
cancer cell invasion and metastasis. Ultimately, curcumin has demonstrated its 
ability to inhibit the activation of several transcription factors, including AP-1 and 
NF-κB, both of which are involved in the proliferation and growth of cancer cells40.

Unfortunately, due to the breakdown of curcumin in the stomach, low absorp-
tion in the intestines, and rapid metabolism in the body, its efficacy in clini-
cal application was limited41. As a result, enhancing the drug delivery system 
becomes a crucial strategy to augment the bioavailability of curcumin and 
enhance its effectiveness. Several drug delivery systems, including micelles, 
liposomes, nanoparticles, and cyclodextrins, have been devised to enhance the 
solubility and stability of curcumin, thus improving its delivery to target tis-
sues42. MMT, a type of clay, has a high surface area and adsorption capacity, 
which allows it to bind to curcumin and protect it from degradation in the 
gastrointestinal tract. This, in turn, enhances the absorption of curcumin from 
the gastrointestinal tract into the bloodstream and increases its effectiveness 
in the body. In a study conducted by Karataş et al., it was shown that modi-
fied curcumin with montmorillonite passes through the intestine 2000 times 
more than PLGA and significantly increases the retention time in the body43. 
In preclinical studies, employing MMT as a carrier for curcumin has yielded 
promising results. Therefore, the modification of curcumin with MMT has 
been shown to improve its bioavailability and retention time in the body.
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As mentioned above, in the past decade, much research has focused on the 
effect of curcumin on cancer cells. However, there is no study in the litera-
ture about MMT and curcumin with enhanced bioavailability using MMT (as 
a drug carrier) on pancreatic and breast tumors. Hence, this study endeavors 
to examine the anticancer effects of modified curcumin with MMT and MMT 
alone on breast and pancreatic cancer cells, thereby offering novel insights to 
the existing literature.

METHODOLOGY

Cell culture and cell growth

Human pancreatic cancer cell line (PANC-1, CRL-1469, ATCC, Rockville, MD, 
USA), human breast cancer cell line (MDA-MB-231, HTB-26, ATCC, Rock-
ville, MD, USA), and healthy human fibroblast lung cells as control (MRC-5, 
CCL-171, ATCC, Rockville, MD, USA) were utilized in the study. All cells were 
cultured in high glucose DMEM (Pan Biotech, Aidenbach, Germany) supple-
mented with 10 % heat-inactivated FBS (Gibco Company, Grand Island, NY, 
USA), 100 IU/mL of penicillin, and 100 µg/mL of streptomycin (Pan Biotech, 
Aidenbach, Germany) in a humidified atmosphere at 37°C with 5% CO2. Upon 
reaching over 80% confluency, cells were harvested using 0.25% trypsin-ED-
TA (Gibco Company, Grand Island, NY, USA).      

Preparation of montmorillonite and montmorillonite (as a drug 
carrier) along with modified solutions

MMT (MediClay) and modified curcumin solutions were taken from Alya Min-
eral Company, Ordu, Türkiye. MMT solution was a liquid form and consisted 
of water and montmorillonite (5.4 g montmorillonite / 60 mL). Modified cur-
cumin solution consisted of 0.5 mg/ml Rosa canina L., 4 mg/ml Curcuma lon-
ga, 1 mg/ml Rosmarinus officinalis extracts, and 70 mg/ml MMT (To enhance 
the bioavailability of curcumin). Experiments were done for MMT and modi-
fied curcumin solutions separately. MMT dilutions were made with sterilized 
distilled water for 10, 25, 50, and 100 μg/mL doses. Following doses which 
were 500, 750, and 1000 μg/mL were made with DMEM. Preparing MMT 
along with modified curcumin solutions was mentioned in Figure 1. All of the 
modified curcumin testing doses were made in DMEM.
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Figure 1. Montmorillonite and montmorillonite along with modified curcumin solutions. The 
left one is the montmorillonite clay solution which is composed of montmorillonite and water 
(a). Right one is modified curcumin (Bentonizer) solution which is composed of Curcuma 
longa, Rosmarinus officinalis and Rosa canina L. (b). 100 mL of concentrated bentonizer was 
poured into a 400 mL montmorillonite bottle. It was shaken for 2-3 minutes. After 20 hours in 
the refrigerator at +4°C, it became ready for use.

Cytotoxicity assay

A cytotoxicity assay was conducted using an MTT solution. PANC-1 and MDA MB-
231 cells were seeded in 96-well plates at a density of 8x103 cells per well. MRC-5 
cells were seeded at a density of 1x104 cells per well due to their slower doubling 
time compared to the cancer cell lines. The cell lines were then incubated for 24 
hours. After incubation, the medium was removed, and the appropriate doses were 
applied to each well for an additional 24 hours. Following this incubation period, 
the supernatant was carefully removed, and MTT solution (5 mg/mL in 100 μL 
medium) was added to each well. The plates were then incubated for 2.5 hours. 
Afterward, the supernatant was removed, and 200 μL of DMSO was added to each 
well. The absorbance was measured at 570 nm using a spectrophotometer (Thermo 
Scientific, USA). The experiment was performed in triplicate for each condition.

RESULTS and DISCUSSION

The anticancer activities of natural-based MMT and MMT along with modified 
curcumin were measured depending on cell viability for MRC-5, PANC-1, and 
MDA-MB 231 cell lines by using an MTT assay. MRC-5 cells, PANC-1 cells, 
and MDA-MB-231 cells belong to healthy cell control, pancreatic cancer, and 
breast cancer respectively. The MTT assay is based on the metabolic activity 
that reduction of tetrazolium salts to formazan crystals. The results of MMT 
and modified curcumin are presented in concentration-dependent cell viabil-
ity graphs. The cell viability percentages for 10-1000 μg/mL doses of MRC-5, 
MDA MB-231, and PANC-1 cells of the MMT. The effect of MMT on MRC-5 
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cells showed that increased in 10, 50, and 100 μg/mL. The cell viability exhib-
ited a decrease below 100% specifically in response to the administration of 
doses at 750 and 1000 µg/µl. However, within the given dose ranges, no cyto-
toxic effect was observed, and the viability did not drop below 90%. In MDA 
MB-231 (human breast cancer cell line) cells, MMT demonstrated a consistent 
decrease across the administered doses. A 40% decrease in viability was ob-
served with the application of 1000 µg/µl of MMT. The cell viability decreased 
to below 80% when the smallest doses of 10 ug/ml were given to the PANC1-1 
cell line. MMT has shown a more effective result at lower doses in PANC-1 cells 
compared to MDA-MB-231 cells. IC50 values of MDA MB-231 and PANC-1 cells 
were approximately 1456 and 1166 μg/mL for MMT (Figure 2). 

 

Figure 2. Percentage cell viability graph according to the doses of montmorillonite applied to 
MRC-5, MDA-MB-231, and PANC-1 cells. 10-1000 μg/mL doses were applied to each cell line. 
Error bars show SEM.

The anticancer effects of modified curcumin for 10-1000 μg/mL doses of MRC-
5, MDA MB-231, and PANC-1 cells. The cell viability of the MRC-5 cell line 
reduced as of 25 μg/mL and sharply below 30% in 500 μg/mL. However, in 
MDA-MB-231 cells, a decrease in viability was observed at the lowest dose (10 
μg/mL), indicating cell viability decreased to 50% when a 50 μg/mL dose was 
applied. In PANC-1 cells, similar to MDA-MB-231 cells, a decrease in viability 
was also observed at the lowest dose of 10 μg/mL, with viability dropping to 
approximately 75%. Viability dropped below 50% when a dose of 100 μg/mL 
was applied. IC50 values of modified curcumin for MRC-5, MDA-MB-231, and 
PANC-1 cells were about 215, 56.45, and 72.34 μg/mL respectively (Figure 3). 
Looking at both graphs, it is evident that when MMT is applied alone, it pro-
motes an increase in viability in healthy cell lines. In cancer cell lines, however, 
viability decreased by approximately 50% with the application of the highest 
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dose. However, when MMT (as a drug carrier) is applied in combination with 
modified curcumin, decreases in viability in cancer cells have been observed 
even at low doses. Within the dose ranges that kill 50% of cancer cells, viability 
in healthy cells remains high. These results indicate that modified curcumin 
has been successful in killing cancer cells and MMT has been found to effec-
tively kill cancer cells without causing harm to healthy cells.

 

Figure 3. Percentage cell viability graph based on the doses of modified curcumin applied to 
MRC-5, MDA-MB-231, and PANC-1 cells. 10-1000 μg/mL doses were applied to each cell line. 
Error bars show SEM.

Based on the results of our study, it is evident that both MMT and combined 
therapy have cytotoxic effects on breast and pancreatic cell lines. It has been 
proven that MMT has no cytotoxic effects on healthy fibroblast cells, and in 
fact, it has been observed to increase cell viability at doses of 10, 50, and 100 
μg/mL. However, in the breast cancer cell line, MMT exhibited cytotoxic ef-
fects at a dose of 25 μg/mL and above, with an IC50 of 1456 μg/mL. Similarly, 
the pancreatic cancer cell line, exhibited cytotoxic effects at a dose of 10 μg/mL 
and above, with an IC50 of 1166 μg/mL. These findings indicate that the effects 
of MMT vary in different cell lines, and it even suggests that MMT is capable of 
distinguishing between healthy and cancer cells.

In a study conducted by Sabzevari et al., MMT was found to have a cytotoxic 
effect of around 40% on MRC5 healthy lung fibroblast cells at a dose of 1000 
μg/mL, whereas, in our study, cell viability was in the range of 98% at the same 
dose25. This study also showed that MMT increased cell viability at low doses, 
but then decreased it. In this study, it is hypothesized that the low cell growth 
observed at low doses is attributed to the interactions between MMT and the cell 
surface. The IC50 of MMT for MRC-5, HT-29, and HepG2 cells was approximate-
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ly 1000, 880, and 625 μg/mL, respectively. Thus, it can be inferred that cancer-
ous HT-29 and HepG2 cells exhibit greater susceptibility to MMT compared to 
normal MRC-5 cells. In a study by Javier Cervini-Silva et al., it was observed that 
low-dose MMT induced growth inhibition in the presence of U251 cells, while 
promoting growth in the presence of SKLU-1 cells28. Hence, it is clear that the 
interactions between MMT and cell surfaces are highly specific. Similar to our 
study, these findings also illustrate that MMT exerts varied effects on different 
cell lines at different dosage levels.

Several studies have explored the efficacy of curcumin against breast cancer using 
MDA-MB-231 cell lines in the literature. For instance, a study by Bimonte et al. 
revealed that curcumin, at doses of 50 μM, effectively eliminated half of the breast 
cancer cells within 48 hours, while enhancing the apoptotic effect at a concentra-
tion of 10 μM44. In 2018, Li et al. discovered an IC50 value of 37 μg/mL for free 
curcumin in MDA-MB-231 cell lines45. Following a 24-hour treatment with 15-100 
μM curcumin, the viability of MDA-MB-231 cell cultures decreased by up to 25%46. 
Treatment with 50 μg/mL curcumin resulted in a 55.2% decrease in the viability 
of MDA-MB-231 colonies. Additionally, other studies have reported apoptosis in 
MDA-MB-231 cells treated with curcumin concentrations ranging from 10 to 50 μM 
for durations of 24 and 48 hours47-49. It seems that in our study, modified curcumin 
was also effective in the MDA-MB-231 cell line, exhibiting an IC50 value of 56 μg/
mL. These findings align with other studies in the literature and endorse the po-
tential utility of modified curcumin as a cytotoxic agent against breast cancer cells.

It was first demonstrated by Li et al., that curcumin exhibits anti-tumour activ-
ity in pancreatic tumors50. It is known in the literature that curcumin induces 
apoptosis and significantly reduces proliferation, invasion, metastasis, viability, 
migration, and colony formation in the PANC-1 cell line51. Guo et al. showed that 
the IC50 of curcumin in the PANC-1 cell line is 68 μM52. Another study found the 
IC50 of curcumin in the same cell line to be 73 μM53. Consistent with the litera-
ture, our study found the IC50 of curcumin in the PANC-1 cell line to be 72 μg/mL.

It is known that curcumin exhibits antitumor effects when used alone or in combi-
nation with other treatment methods in vitro studies of breast and pancreatic tu-
mors54. However, due to its low bioavailability, curcumin is broken down and does 
not show these effects in in vitro and clinical studies. Therefore, studies to increase 
the bioavailability of curcumin are ongoing. In this study, modified curcumin with 
increased bioavailability was used, and its effect on breast and pancreatic tumors 
was proven in vitro. Our study is the first in the literature to show the anti-tumor 
effect of MMT in pancreatic tumors. Further in vivo and clinical studies should be 
conducted to investigate the effectiveness of MMT and modified curcumin.
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In this study, we aimed to study the anticancer activity of MMT and MMT (as a 
drug carrier) along with modified curcumin in MDA MB-231 and PANC-1 cancer 
cells and MRC-5 healthy cells. MDA MB-231 cell line was used for breast can-
cer studies, the PANC-1 cell line was used for pancreatic cancer studies and the 
MRC-5 cell line was used for healthy control fibroblastic cells. In conclusion, the 
findings of this study clearly show that MMT supports cell viability in MRC-5 
healthy cell lines and has a dose-dependent reduction effect on MDA-MB-231 
and PANC-1 cancer cell lines. In addition, IC50 values of MMT for MDA-MB-231 
cell was 1456 μg/mL and for PANC-1 cell was 1166 μg/mL. Whereas modified 
curcumin showed a reducing effect on cell viability depending on the given doses 
for MDA MB-231 and PANC-1 cancer cell lines. Our data showed that after the 
modified curcumin was applied, the intervals in which the viability of the cancer-
ous cells began to decrease, and the viability of the MRC-5 cell line used as the 
control did not affect the viability in the same way. For the MRC-5 cells, the via-
bility remained high. In addition, IC50 values of modified curcumin for the MRC-
5 cell were 215 μg/mL, for the MDA MB-231 cell was 56.45 μg/mL, and for the 
PANC-1 cell was 72.34 μg/mL. Contrary to heavy drugs and chemotherapies in 
cancer treatments, it is necessary to discover methods that use chemicals as little 
as possible and adverse cause side effects in the human body. Therefore, regard-
ing all data, our study presents that the MMT and modified curcumin have the 
potential to reduce pancreatic and breast cancer cells, which could be studied for 
future alternative therapies to treat other tumor cells using natural substances. 
Furthermore, the effects of MMT vary in different cell lines, and it even suggests 
that MMT is capable of distinguishing between healthy and cancer cells.
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ABSTRACT

The main treatment for Urea Cycle Disorder (UCD) and Maple syrup urine dis-
ease (MSUD) is low-protein diets and element deficiencies may develop related 
to dietary therapy. This study aimed to determine plasma trace element levels 
in patients with MSUD and UCD and to compare these results with those estab-
lished in a healthy pediatric population not undergoing any dietary treatment. 
The study was conducted with 30 patients diagnosed with MSUD and UCD, and 
a control group of 30 health age-matched children. Dietary treatment involved a 
natural protein-restricted diet supplemented with a special formula, depending 
on the specific metabolic defect. Significant differences were observed between 
patients and control values for magnesium, selenium, and copper (p<0.05). 
These results reinforce that patients under dietary treatment should be regularly 
monitored for these elements. Furthermore, fortifying these elements in special 
formulas (as they are the sources of essential amino acids) should be considered.

Keywords: trace element, children, MSUD, UCD, protein-restricted diet

INTRODUCTION

MSUD is an autosomal recessive inherited metabolic disorder (IMD) caused by a 
deficiency in branched-chain α-ketoacid dehydrogenase (BCKD), resulting in the 
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accumulation of branched-chain amino acids (BCAAs) such as leucine (LEU), iso-
leucine (ILE), and valine (VAL), along with their corresponding α-ketoacids (BCK-
As)1. The increase in BCAAs prevents the transport of large neutral amino acids to 
the brain and leads to increases in neurotransmitter synthesis and myelination2. 
MSUD has had a worldwide incidence, occurring in one in 185,000 live births3. 
Although the exact incidence in Türkiye is not known, as MSUD is not currently 
included in the newborn screening program, it is estimated to affect as many as 1 in 
50,000 newborns, particularly due to the high rate of consanguineous marriages4.  

MSUD treatment involves dietary leucine restriction, BCAA-free medical foods, 
moderate supplementation with isoleucine and valine, and regular clinical and 
biochemical monitoring1. Nutrition therapy plays a crucial role in restoring and 
maintaining metabolic homeostasis in MSUD5. In the diet, the most toxic effect 
is primarily caused by leucine. Therefore, priority is given to leucine content in 
the nutrition plan. When leucine is provided, usually isoleucine and valine are 
also provided. In cases where they cannot be provided, supplements are given3. 
In the diet, energy intake is provided from fruits (<30 mg leucine/100 g and 
0.3-1 g protein/100 g) and vegetables (<100 mg leucine/100 g) with low leu-
cine content, commercially available products with low leucine content (≤0.5 g 
protein/100 g), sugar, liquid oil, and starch6.

Urea cycle disorders (UCDs) are congenital metabolic errors resulting from 
defects in one of the six enzymes or two transporters involved in the detoxifi-
cation of ammonia into urea, which is excreted in the urine7. The overall inci-
dence of urea cycle disorders occurs in approximately 1:35.000 births and all, 
except for OTC deficiency, are autosomal recessive. Loss of function of the urea 
cycle causes the problem of inability to excrete ammonium produced during 
protein catabolism. The resulting hyperammonemia is harmful to the brain8.  

The maintenance dietary treatment of UCD involves providing a low-protein 
diet, supplementing with essential amino acids as necessary, and offering ap-
propriate nutritional support to prevent catabolic stress9.

Despite this supplemented diet, patients with IMDs on low-protein diets are 
at risk of deficiency in several micronutrients. Deficiencies in selenium espe-
cially in phenylketonuria have been reported10,11. Selenium deficiency was also 
reported in patients with UCD, despite their selenium intake being higher than 
the Recommended Daily Allowance (RDA)12. These findings suggest a poten-
tial issue of reduced selenium bioavailability in IMDs. In addition, deficiencies 
in various micronutrients have been reported in patients with MSUD due to 
protein restriction. In a case report, skin lesions related to zinc deficiency were 
noted in an infant diagnosed with MSUD13.  



398 Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

The objective of this study was to compare plasma levels of cobalt, copper, zinc, 
selenium, manganese, molybdenum, and magnesium between children under-
going low-protein dietary treatment and their age-matched healthy children 
without any dietary treatment. The aim was to explore potential deficiencies 
and their etiology, as well as to assess their association with nutritional status.

METHODOLOGY 

Study design and sampling

The study was conducted between January 2015 and May 2017 in Istanbul 
University Cerrahpasa Medical Faculty. The patient group consisted of indi-
viduals undergoing protein-restricted dietary treatment; 19 had MSUD, and 11 
had UCD, all of whom were being followed up by the Pediatric Nutrition and 
Metabolism Department. Inclusion criteria were: being under 18 years of age, 
undergoing low-protein nutrition therapy due to congenital protein metabo-
lism disorders, attending regular check-ups, having good dietary compliance, 
and not having malabsorption. Exclusion criteria were: being under bad meta-
bolic control, having malabsorption, not attending regular check-ups, and hav-
ing poor dietary compliance. Results from these patients were compared with 
control values established in 30 healthy children who applied to the Healthy 
Child Polyclinic. Exclusion criteria for control group were: the existence of 
chronic or acute disease, pharmacological treatments, the use of food supple-
ments containing trace elements, and special diets.

Dietary treatment

Dietary treatment involves a natural protein-restricted diet supplemented 
with a special formula containing different amino acids, vitamins and trace 
elements depending on the patient’s specific metabolic disorder and age. Par-
ticipants were asked to complete 3-day food diaries before blood samples were 
taken for monitoring trace elements. Food records were analyzed using the 
Nutrition Information System (BEBIS) program to quantify the average nutri-
ent intake14.

Biochemical analysis

Five milliliters of venous blood were drawn after an overnight fasting and blood 
was centrifuged for 10 minutes at 3000 rpm. The plasma was isolated and pre-
served in covered lithium heparin tubes, then stored at -20°C until the meas-
urement of trace elements was conducted. Plasma levels of cobalt, copper, zinc, 
selenium, manganese, molybdenum, and magnesium were examined utilizing 
ICP-MS (Inductively Coupled Plasma – Mass Spectrometry) at the Forensic 
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Toxicology Laboratory of Istanbul University Cerrahpasa Faculty of Medicine, 
Forensic Medicine Institute. The study protocol strictly adhered to all relevant 
national regulations, institutional policies, and ethical principles outlined in 
the Helsinki Declaration. Approval was secured from the Ethical Committee 
of Cerrahpasa Medical Faculty (01.07.2014/No:83045809/604.01.01), and 
informed consent was obtained from the parents of all participating patients.

Statistical analysis

Descriptive statistics including mean, standard deviation, median, minimum, 
and maximum values, as well as frequency and percentage, were utilized in the 
data analysis. The distribution of variables was assessed using the Kolmogorov-
Smirnov test. For the analysis of quantitative independent variables, the Mann-
Whitney U test was employed, while the Chi-square test was used for qualitative 
independent variables. Statistical analyses were performed by using Statistical 
Package for Social Sciences version 22.0 (SPSS Inc., Chicago, IL, USA).

RESULTS and DISCUSSION

The characteristics of the diet group and control group included in the study 
are shown in Table 1. There was no significant difference (p>0.05) in the ages 
and gender distribution of patients in the diet and control groups.

Table 1. Age and gender distributions of patients in the diet and control groups

 
 

Control Group 
(n=30)

Diet Group 
(n=30) P

Age Mean ± SD
Median

7.0 ± 4.6
7.0

5.7 ± 5.0
5.0 0.312 m

Gender Male (n, %)
Female (n, %)

14 (%46.7)
16 (%53.3)

18 (%60)
12 (%40) 0.301 χ²

*m= Mann Whitney U test, x²= chi-square test

Table 2 shows the concentration of plasma Mg, Mn, Co, Cu, Zn, Se and Mo in 
the diet and control groups. Statistical analysis showed that the diet group was 
significantly lower than the control group with regards to Mg, Cu, and Se levels 
(p=0.008, p=0.001, and p<0.001, respectively). Moreover, no significant dif-
ferences in Mn, Co, Zn, or Mo levels were observed in the diet group, as com-
pared to the control group (p>0.05) (Table 2). 
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Table 2. Comparison of plasma trace element concentration in diet and control groups

Control Group 
(n=30)

Diet Group 
(n=30)

Mean ± SD Median Mean ± SD Median P

Mg (x104) (µg/L) 1.3 ± 0.2 1.4 1.2 ± 0.2 1.2 0.008 m

Mn (µg/L) 9.9 ± 10.2 6.3 7.8 ± 5.8 6.5 0.918 m

Co (µg/L) 1.0 ± 1.1 0.7 0.8 ± 0.3 0.7 0.482 m

Cu (µg/L) 1162.0 ± 217.6 1170.0 970.1 ± 192.4 945.9 0.001 m

Zn (µg/L) 607.4 ± 92.5 623.1 648.8 ± 158.5 630.1 0.294 m

Se (µg/L) 64.8 ± 23.1 61.8 26.4 ± 35.4 13.3 0.000 m

Mo (µg/L) 0.2 ± 0.7 0.1 1.0 ± 2.7 0.1 0.281 m

*m= Mann Whitney U test

Average daily oral nutrient intake and energy were calculated for patients with 
dietary treatment and control group (Table 3). Since the natural protein-re-
stricted diet is a common treatment for these disorders, significant differences 
were observed between the values of IMDs and control groups compared to 
natural protein intake (p<0.05). In the IMDs and control groups, there was no 
significant difference in daily energy intake (p>0.05). Fat consumption in the 
IMDs group was significantly lower than in the control group (p<0.05). The 
carbohydrate consumption in the IMDs group was significantly higher than 
that in the control group (p<0.05).

In the IMD group and the control group, there was no significant difference 
in the dietary intake of magnesium (p>0.05) (Table 3). However, the plasma 
magnesium level of the IMD group was found to be significantly lower than 
that of the control group (p<0.05) (Table 3). For iron and zinc, the daily intake 
of patients with dietary treatment and the control group (iron: 13.5 ± 6.6 mg/
day, 9.4 ± 4.0 mg/day; zinc: 8.5 ± 5 mg/day, 8 ± 2.9 mg/day, respectively) was 
slightly higher than the recommended daily allowances (RDAs) (iron: 7-11 mg/
day; zinc: 4.3-7.4 mg/day, respectively) (Table 3).
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Table 3. Comparison of energy and nutrient intake with diet in the IMDs and control groups

Control Group (n=30) IMDs Group (n=30)

Mean ± SD Median Mean ± SD Median P

Energy (kcal) 1443.1 ± 367 1498.9 1396.6 ± 478.4 1336.5 0.836  m

Natural protein (gram) 55.6 ± 18.7 56.0 4.9 ± 2.0   4.5 0.000  m

Fat (gram) 68.7 ± 20.4 70.8 56.9 ± 17.8 57.7 0.025  m

Carbohydrate (gram) 146.4 ± 45.4 144.5 185.8 ± 74.1 192.6 0.028  m

Mg (mg) 213.1 ± 73.5 202.8 195.9 ± 107.0 184.2 0.132  m

Fe (mg) 9.4 ± 4.0 8.6 13.5 ± 6.6 12.5 0.009  m

Zn (mg) 8.0 ± 2.9 8.1 8.5 ± 5.0 7.1 0.416  m

*m= Mann Whitney U test

Results of different elements according to the type of disease in IMD patients 
under dietary treatment are shown in Table 4. Plasma Mg, Mn, Co, Cu, Zn, 
and Mo values did not differ significantly between the MSUD and UCD groups 
(p>0.05). However, in the UCD group, plasma Se value was significantly lower 
than in the MSUD group (p<0.05) (Table 4).

Table 4. Comparison of plasma trace element amounts in MSUD and UCD groups.

 
Control Group (n=30) IMDs Group (n=30)

Mean ± SD Median Mean ± SD Median P

Energy (kcal) 1443.1 ± 367 1498.9 1396.6 ± 478.4 1336.5 0.836  m

Natural protein (gram) 55.6 ± 18.7 56.0 4.9 ± 2.0   4.5 0.000 m

Fat (gram) 68.7 ± 20.4 70.8 56.9 ± 17.8 57.7 0.025 m

Carbohydrate (gram) 146.4 ± 45.4 144.5 185.8 ± 74.1 192.6 0.028 m

Mg (mg) 213.1 ± 73.5 202.8 195.9 ± 107.0 184.2 0.132 m

Fe (mg) 9.4 ± 4.0 8.6 13.5 ± 6.6 12.5 0.009 m

Zn (mg) 8.0 ± 2.9 8.1 8.5 ± 5.0 7.1 0.416 m

*m= Mann Whitney U test
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The amounts of energy, fat, magnesium, and zinc intake through diet did not 
show significant differences between the MSUD and UCD groups (p>0.05). 
However, in the UCD group, the intake of natural protein, essential amino ac-
ids, and iron through the diet was significantly lower compared to the MSUD 
group (p<0.05) (Table 5).

Table 5. Comparing the amounts of energy and nutrient intake in diets of MSUD and 
UCD groups

 
 
 

MSUD (n=19) UCD (n=11)

Mean ± SD Median Mean ± SD Median P

Energy (kcal) 1498.3 ± 538.6 1711.0 122 0 ± 296.7 1266.0       0.067 m

Natural Protein (gram) 4.3 ± 1.9 4.1 6.1 ± 1.7 6.0 0.010 m

Essential amino acids (gram) 36.8 ± 22.5 35.6 9.1 ± 1.9 9.1 0.000 m

Fat (gram) 57.4 ± 18.9 59.2 56.0 ± 16.3 53.8 0.651 m

Carbohydrate (gram) 198.2 ± 85.5 213.5 164.3 ± 44.1 163.8 0.168 m

Mg (mg) 219.3 ± 126.6 193.0 155.4 ± 38.6 134.8 0.168 m

Fe (mg) 15.5 ± 7.4 14.6 10.1 ± 2.9 10.0 0.027 m

Zn (mg) 9.7 ± 5.9 7.5 6.3 ± 1.6 6.0 0.077 m

*m= Mann Whitney U test

Since a natural protein-restricted diet is frequently employed in the treatment 
of IMDs, patients with these disorders may experience deficiencies in vitamins 
and trace elements15. Trace elements play a crucial role in metabolic processes 
and oxidation-reduction reactions within the central nervous system, poten-
tially influencing cognitive function. The treatment of IEMs involves restrict-
ing dietary intake of natural protein, which is balanced with a special formula 
fortified with trace elements, mineral salts, and vitamins16. The present study 
aimed to investigate the levels of trace elements (Zn, Cu, Mn, Se, Co, Mg, Mo) in 
children with MSUD and UCD, as well as in their age-matched healthy children 
without dietary intervention.

Previous studies have noted deficiencies in certain trace elements among indi-
viduals with IMDs, particularly those with phenylketonuria (PKU)15,17.

This study found plasma selenium levels were significantly lower in the diet 
group than in the control group (p<0.05). Similar to this report, Tondo (2010) 
found significant differences in selenium levels between IMDs ongoing dietary 
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treatment and control subjects12. The study revealed that the average dietary 
selenium intake among PKU patients exceeded RDA values slightly. How-
ever, selenium deficiency was also evident in patients with UCD and organic 
acidurias, despite their selenium intake surpassing RDA levels12. These find-
ings suggest a potential issue of reduced selenium bioavailability in both PKU 
and other IMD patients, as their average selenium intake exceeded the RDAs. 
In some studies, selenium deficiency has been reported, associated with de-
creased selenium intake10 which has also been documented in patients with 
PKU due to low-protein diet therapy11,15.

Van Bakel et al. observed significantly lower selenium levels in plasma samples 
from children with phenylketonuria compared to healthy children17. Unlike 
the current study and other studies in the literature, no significant differences 
were observed in plasma selenium levels among the PKU and mild hyperphe-
nylalaninemia (m-HPA) patients and the control group18.

Selenium deficiencies appear significant due to its involvement in numerous 
antioxidant metabolic pathways and hormone metabolism17. Reduced antioxi-
dant capacity was observed in individuals with PKU, prompting consideration 
of selenium supplements in relation to oxidative stress parameters19. Selenium 
deficiency has been suggested to be associated with impaired antioxidant func-
tion and alterations in thyroid hormone levels20-23.

Treated PKU patients exhibited decreased glutathione peroxidase activity due 
to low plasma selenium levels, leading to oxidative stress24. Furthermore, DNA 
damage has been reported, indicating elevated production of reactive spe-
cies25-27. This condition has been linked to increased free radical generation 
and reduced levels of antioxidant micronutrients28,29. These findings resulted 
in adding selenium, vitamins, and oligo elements to phenylalanine-free mix-
tures for PKU30. Additionally, selenium deficiency in PKU patients has been 
associated with some impaired cognitive functions31.

Some studies have associated oxidative stress with zinc deficiency32 and sele-
nium deficiency20,21, 33. Sitta and colleagues demonstrated that long-term sup-
plementation of selenium and carnitine can rectify protein and lipid oxidative 
damage and reinstate glutathione peroxidase activity19.

In the current study, plasma copper levels were found to be significantly lower 
in IMD patients compared to the control group. This contrasts with the findings 
of Gropper et al., who demonstrated no difference in plasma copper levels be-
tween children with PKU (19.2 µmol/L) and the control group (18.7 µmol/L)34.
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The other element that showed significantly lower values in IMD patients un-
der dietary treatment was Mg. Nevertheless, no significant difference was ob-
served in the dietary intake of magnesium between the IMDs group and the 
control group (p>0.05). This result can be attributed to the redistribution of 
mineral metabolic pools and disruption in intestinal absorption. 

A study conducted with PKU patients concluded that exhibits interactive as-
sociations with PKU, and serum magnesium levels decrease in PKU patients. 
Accordingly, this reduction in serum Mg levels in PKU patients may stem from 
decreased tubular reabsorption and increased urinary excretion35.

To our knowledge, apart from Tondo’s study12, no studies have been carried 
out on trace element status in patients with MSUD and UCD. The major limi-
tation of this study, is the correlation between nutrient intake and status is 
intricate, influenced by factors like nutrient bioavailability, interactions, and 
individual metabolism. Another limitation is that throughout the study, ad-
vancements in markers of nutritional status have been identified. For instance, 
while all studies reported plasma selenium concentrations as the status indi-
cator, more recently, plasma selenoprotein P (SEPP1) has been regarded as a 
more informative marker of status. Since studies on this subject are generally 
conducted in children with PKU, there is not enough data in the literature on 
trace element levels in patients with UCD and MSUD.

In conclusion, patients with IMDs on protein-restricted diets are at risk of de-
ficiency in magnesium, selenium, and copper. Due to the restricted intake of 
natural protein, the MSUD and UCD formulas provide a high percentage of the 
daily requirements for micronutrients. All these results show the importance 
of evaluating trace element intake levels in the nutritional follow-up of such 
patients and the necessity of supplementing these trace elements in case of 
deficiency. Additionally, there is a need to enrich formulas with trace elements, 
which serve as essential amino acid sources.

STATEMENT OF ETHICS

Our study was approved by Istanbul University Cerrahpasa Medical Facul-
ty’s local ethics committee (Ethical approval no: 83045809/604.01.01, Date: 
01.07.2014).

CONFLICT OF INTEREST STATEMENT

The authors declared no conflict of interest.

AUTHOR CONTRIBUTIONS

The authors contributed to the work equally.



405Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

FUNDING SOURCES

The Research Fund of Istanbul University supported the present work. Project 
No: 47337.

ACKNOWLEDGMENTS

This article is based on the master’s thesis prepared at Istanbul University 
Health Sciences Institute Cerrahpasa Faculty of Medicine Department of Child 
Health and Diseases Nutrition Program.



406 Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

REFERENCES 
1. Strauss KA, Carson VJ, Soltys K, Young ME, Bowser LE, Puffenberger EG, et al. Branched-
chain α-ketoacid dehydrogenase deficiency (maple syrup urine disease): treatment, bio-
markers, and outcomes. Mol Genet Metab, 2020;129(3):193-206. Doi: 10.1016/j.ymgme. 
2020.01.006 

2. Banjar HR. A smart monitoring system for self-nutrition management in pediatric patients 
with inherited metabolic disorders: maple syrup urine disease (MSUD). Healthcare, 2023;11 
(2):178. Doi: 10.3390/healthcare11020178

3. Blackburn PR, Gass JM, Vairo FPE, Farnham KM, Atwal HK, Macklin S, et al. Maple syrup 
urine disease: mechanisms and management. Appl Clin Genet, 2017;10:57-66. Doi: 10.2147/
tacg.s125962

4. Simon E, Wendel U, Schadewaldt P. Maple syrup urine disease-treatment and outcome in 
patients of Turkish descent in Germany. Turk J Pediatr, 2005;47(1):8-13.

5. Frazier DM, Allgeier C, Homer C, Marriage BJ, Ogata B, Rohr F, et al. Nutrition manage-
ment guideline for maple syrup urine disease: an evidence- and consensus-based approach. 
Mol Genet Metab, 2014;112(3):210-217. Doi: 10.1016/j.ymgme.2014.05.006 

6. Marriage B. Nutrition management of patients with inherited disorders of branched-chain 
amino acid metabolism. In: Acosta BP, editor. Nutrition management of patients with inher-
ited metabolic disorders. Sudbury: Jones and Bartlett Publishers; 2010. p. 175-236. 

7. Brusilow SW, Horwich AL. Urea cycle enzymes. In: Scriver CR, Beaudet AL, Sly WS, Valle 
D, editors. The metabolic and molecular bases of inherited disease. 8th ed. New York: Mc 
Graw-Hill; 2001. p. 1909-1963. 

8. Francini-Pesenti F, Gugelmo G, Lenzini L, Vitturi N. Nutrient intake and nutritional status 
in adult patients with inherited metabolic diseases treated with low-protein diets: a review 
on urea cycle disorders and branched chain organic acidemias. Nutrients, 2020;12(11):3331. 
Doi: 10.3390/nu12113331

9. Adam S, Almeida MF, Assoun M, Baruteau J, Bernabei SM, Bigot S, et al. Dietary manage-
ment of urea cycle disorders: European practice. Mol Genet Metab, 2013;110(4):439-445. 
Doi: 10.1016/j.ymgme.2013.09.003

10. Lombeck I, Ebert KH, Kasperek K, Feinendegen LE, Bremer HJ. Selenium intake of in-
fants and young children, healthy children and dietetically treated patients with phenylke-
tonuria. Eur J Pediatr, 1984;143(2):99-102. Doi: 10.1007/BF00445794 

11. Darling G, Mathias P, O’Regan M, Naughten E. Serum selenium levels in individuals on 
PKU diets. J Inherit Metab Dis, 1992;15(5):769-773. Doi: 10.1007/BF01800019 

12. Tondo M, Lambruschini N, Gomez-Lopez L, Gutierrez A, Moreno J, García-Cazorla A, et 
al. The monitoring of trace elements in blood samples from patients with inborn errors of me-
tabolism. J Inherit Metab Dis, 2010;33(Suppl. 3):S43-49. Doi: 10.1007/s10545-009-9015-8 

13. Uaariyapanichkul J, Saengpanit P, Damrongphol P, Suphapeetiporn K, Chomtho S. Skin 
lesions associated with nutritional management of maple syrup urine disease. Case Rep Der-
matol Med, 2017;2017(1):3905658. Doi: 10.1155/2017/3905658 

14. Bebispro for Windows [software]. Turkish Version (Bebis 4). Stuttgart, Germany; 2004. 
Data based on: Bundeslebensmittelschlüssel (BLS) 11.3 and USDA 15.

15. Acosta PB, Yannicelli S. Plasma micronutrient concentrations in infants undergoing ther-
apy for phenylketonuria. Biol Trace Elem Res, 1999;67(1):75-84. Doi: 10.1007/BF02784277

https://www.sciencedirect.com/science/article/pii/S1096719219312910?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1096719219312910?via%3Dihub
https://www.mdpi.com/2227-9032/11/2/178
https://doi.org/10.2147/tacg.s125962
https://doi.org/10.2147/tacg.s125962
https://www.sciencedirect.com/science/article/pii/S1096719214001607
https://www.mdpi.com/2072-6643/12/11/3331
https://www.sciencedirect.com/science/article/pii/S1096719213003132
https://link.springer.com/article/10.1007/BF00445794
https://link.springer.com/article/10.1007/BF01800019
https://onlinelibrary.wiley.com/doi/full/10.1007/s10545-009-9015-8
https://onlinelibrary.wiley.com/doi/full/10.1155/2017/3905658
https://link.springer.com/article/10.1007/BF02784277


407Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

16. Millet P, Vilaseca MA, Valls C, Pérez-Dueñas B, Artuch R, Gómez L, et al. Is deoxypyri-
dinoline a good resorption marker to detect osteopenia in phenylketonuria? Clin Biochem, 
2005;38(12):1127-1132. Doi: 10.1016/j.clinbiochem.2005.09.002 

17. Van Bakel MM, Printzen G, Wermuth B, Wiesmann UN. Antioxidant and thyroid hormone 
status in selenium-deficient phenylketonuric and hyperphenylalaninemic patients. Am J Clin 
Nutr, 2000;72(4):976-981. Doi: 10.1093/ajcn/72.4.976

18. Artuch R, Colomé C, Sierra C, Brandi N, Lambruschini N, Campistol J, et al. A longitudi-
nal study of antioxidant status in phenylketonuric patients. Clin Biochem, 2004;37(3):198-
203. Doi: 10.1016/j.clinbiochem.2003.10.017

19. A, Vanzin CS, Biancini GB, Manfredini V, de Oliveira AB, Wayhs CA, et al. Evidence that 
L-carnitine and selenium supplementation reduces oxidative stress in phenylketonuric pa-
tients. Cell Mol Neurobiol, 2011;31(3):429-436. Doi: 10.1007/s10571-010-9636-3

20. Wilke BC, Vidailhet M, Favier A, Guillemin C, Ducros V, Arnaud J, et al. Selenium, glu-
tathione peroxidase (GSH-Px) and lipid peroxidation products before and after selenium sup-
plementation. Clin Chim Acta, 1992;207(1-2):137-142. Doi: 10.1016/0009-8981(92)90157-l 

21. Sierra C, Vilaseca MA, Moyano D, Brandi N, Campistol J, Lambruschini N, et al. Antioxi-
dant status in hyperphenylalaninemia. Clin Chim Acta, 1998;276(1):1-9. Doi: 10.1016/s0009-
8981(98)00091-6 

22. Martinez-Cruz F, Pozo D, Osuna C, Espinar A, Marchante C, Guerrero JM. Oxidative stress 
induced by phenylketonuria in the rat: prevention by melatonin, vitamin E, and vitamin C. J 
Neurosci Res, 2002;69(4):550-558. Doi: 10.1002/jnr.10307 

23. Ercal N, Aykin-Burns N, Gurer-Orhan H, McDonald JD. Oxidative stress in a phenylke-
tonuria animal model. Free Radic Biol Med, 2002;32(9):906-911. Doi: 10.1016/s0891-
5849(02)00781-5

24. Reilly C, Barrett JE, Patterson CM, Tinggi U, Latham SL, Marrinan A. Trace element 
nutrition status and dietary intake of children with phenylketonuria. Am J Clin Nutr, 
1990;52(1):159-165. Doi: 10.1093/ajcn/52.1.159 

25. Sirtori LR, Dutra-Filho CS, Fitarelli D, Sitta A, Haeser A, Barschak AG, et al. Oxidative 
stress in patients with phenylketonuria. Biochim Biophys Acta, 2005;1740(1):68-73. Doi: 
10.1016/j.bbadis.2005.02.005 

26. Ribas GS, Sitta A, Wajner, M, Varnas, CR. Oxidative stress in Phenylketonuria: what is the 
evidence? Cell Mol Neurobiol, 2011;31(5):653-662. Doi: 10.1007/s10571-011-9693-2 

27. Dobrowolski SF, Phua YL, Vockley J, Goetzman E, Blair HC. Phenylketonuria oxidative 
stress and energy dysregulation: Emerging pathophysiological elements provide intervention-
al opportunity. Mol Genet Metab, 2022;136(2):111-117. Doi: 10.1016/j.ymgme.2022.03.012

28. Colomé C, Artuch R, Vilaseca MA, Sierra C, Brandi N, Lambruschini N, et al. Lipophilic 
antioxidants in patients with phenylketonuria. Am J Clin Nutr, 2003;77(1):185-188. Doi: 
10.1093/ajcn/77.1.185

29. Rocha JC, Martins MJ. Oxidative stress in phenylketonuria: future directions. J Inherit 
Metab Dis, 2012;35(3):381-398. Doi: 10.1007/s10545-011-9417-2 

30. Bortoluzzi VT, Dutra Filho CS, Wannmacher CMD. Oxidative stress in phenylketonuria-
evidence from human studies and animal models, and possible implications for redox signal-
ing. Metab Brain Dis, 2021;36(4):523-543. Doi: 10.1007/s11011-021-00676-w

https://www.sciencedirect.com/science/article/pii/S0009912005002596?casa_token=V8GhxkU4a-UAAAAA:ena9_ocr7xOmpIo1ewp0-1_uwLt_V8b5ylqrrEtPqavH5D0s9iD3rCDIPU19IQX4iXOuFK4iiKyt
https://www.sciencedirect.com/science/article/pii/S0002916523068090
https://www.sciencedirect.com/science/article/pii/S0009912003001991?casa_token=YTx2oxrusNkAAAAA:i8IM2eaKn6FCua9vTrvO-JND2i6CXy4YMJ73BSFvkgpTnXSWwRCseXUyiG6tv1n-vQI_G6LO4ofr
https://link.springer.com/article/10.1007/s10571-010-9636-3
https://www.sciencedirect.com/science/article/abs/pii/000989819290157L
https://www.sciencedirect.com/science/article/pii/S0009898198000916?casa_token=bFa31_s16aEAAAAA:xD_39Lk7QyA2AnbX6GwESo-d6uJUT9a9aKbJo2mRQet9FueMyQ0-C_KSO4g8zguJy_49BomWpKFL
https://www.sciencedirect.com/science/article/pii/S0009898198000916?casa_token=bFa31_s16aEAAAAA:xD_39Lk7QyA2AnbX6GwESo-d6uJUT9a9aKbJo2mRQet9FueMyQ0-C_KSO4g8zguJy_49BomWpKFL
https://onlinelibrary.wiley.com/doi/abs/10.1002/jnr.10307
https://www.sciencedirect.com/science/article/pii/S0891584902007815?casa_token=TLoJBSOazbAAAAAA:cae_Bl6pzi0GBhEKaUvonVzPpJrNqkjKoZiJhx6IILWmO4To6Zg0zObBOCRdqgutsjtkEBliNNj7
https://www.sciencedirect.com/science/article/pii/S0891584902007815?casa_token=TLoJBSOazbAAAAAA:cae_Bl6pzi0GBhEKaUvonVzPpJrNqkjKoZiJhx6IILWmO4To6Zg0zObBOCRdqgutsjtkEBliNNj7
https://www.sciencedirect.com/science/article/abs/pii/S0002916523168614
https://www.sciencedirect.com/science/article/pii/S0925443905000141
https://www.sciencedirect.com/science/article/pii/S0925443905000141
https://link.springer.com/article/10.1007/s10571-011-9693-2
https://www.sciencedirect.com/science/article/pii/S1096719222002827?casa_token=qaf2GyLo-BcAAAAA:xckYD9JQariXo4KYaec7Z3c7ylJ5Ty4sd9HwFS-oy9zuhS_nAKLxwAnQWYcuvCl3ZhoaWSG5yuGm
https://www.sciencedirect.com/science/article/pii/S0002916523055880
https://www.sciencedirect.com/science/article/pii/S0002916523055880
https://onlinelibrary.wiley.com/doi/abs/10.1007/s10545-011-9417-2
https://link.springer.com/article/10.1007/s11011-021-00676-w


408 Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

31. Gassió R, Artuch R, Vilaseca MA, Fusté E, Colome R, Campistol J. Cognitive functions and 
the antioxidant system in phenylketonuric patients. Neuropsychology, 2008;22(4):426-431. 
Doi: 10.1037/0894-4105.22.4.426

32. Eide DJ. The oxidative stress of zinc deficiency. Metallomics, 2011;3(11):1124-1129. Doi: 
10.1039/c1mt00064k

33. Barretto JR, Silva LR, Leite ME, Boa-Sorte N, Pimentel H, Purificação AC, et al. Poor 
zinc and selenium status in phenylketonuric children and adolescents in Brazil. Nutr Res, 
2008;28(3):208-211. Doi: 10.1016/j.nutres.2007.12.009

34. Gropper SS, Acosta PB, Clarke-Sheehan N, Wenz E, Cheng M, Koch R. Trace element sta-
tus of children with PKU and normal children. J Am Diet Assoc, 1988;88(4):459-465. 

35. Gok F, Ekin S, Dogan M. Evaluation of trace element and mineral status and related to lev-
els of amino acid in children with phenylketonuria. Environ Toxicol Pharmacol, 2016;45:302-
308. Doi: 10.1016/j.etap.2016.06.014

https://psycnet.apa.org/record/2008-08178-002
https://academic.oup.com/metallomics/article-abstract/3/11/1124/6016256
https://academic.oup.com/metallomics/article-abstract/3/11/1124/6016256
https://www.sciencedirect.com/science/article/pii/S0271531707002916?casa_token=L2IKibDkNJMAAAAA:t_76usx3crcI_WAhoo4W1ToftWzNEc8ppv0W68jtiCr8gyLZQ7ipS1M8odgkQRqAxl61Rk8uV0C5
https://www.sciencedirect.com/science/article/pii/S1382668916301521?casa_token=1Fe2oaw5eFUAAAAA:_QvZq_Ik9BUJqfptbFA9tY1Y1ISPr4Q4LenbFvRjfAX5t26hQ_I2Hk2Lwy-_GVWFem59Bz-tgBLc


409Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

Evaluation of the antimicrobial activity and 
cytotoxicity of Rhaponticoides iconiensis 
seed extract
Sumeyye OZYAMAN1*, Gamze Nur KOSOVALI2, Ibrahim OZTURKCI3, Merve SIMSAR4

1	Istanbul Medipol University, Graduate School of Health Sciences, Department of Histology and Embryology,
	 Istanbul, Türkiye

2	Bahcesehir University, School of Medicine, Istanbul, Türkiye

3	MEF University, Computer Science and Engineering, Istanbul, Türkiye

4	Marmara University, Institute of Health Sciences, Istanbul, Türkiye

*Corresponding author: Sumeyye OZYAMAN
E-mail: sumeyye.ozyaman@medipol.edu.tr 
ORCIDs:
Sumeyye OZYAMAN: 0000-0002-6077-7423 
Gamze Nur KOSOVALI: 0009-0003-1642-9952 
Ibrahim OZTURKCI: 0009-0005-0858-7226 
Merve SIMSAR: 0009-0002-8460-5447 
(Received 6 Jun 2024, Accepted 21 Jul 2024)

Acta Pharm. Sci. Vol 63:(2), 2025
Original article
DOI: 10.23893/1307-2080.APS6326

ABSTRACT

The goal of this study is to evaluate the antimicrobial and cytotoxic activities of 
aqueous extract from Rhaponticoides iconiensis seed. The Soxhlet extraction 
method was used to extract the seed in distilled water. It was tested for anti-
microbial activities against pathogenic bacteria Escherichia coli using the disc 
diffusion method. Additionally, the cytotoxic activity of the seed extract on the 
MCF7 breast cancer cell line was evaluated by MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) assay. R. iconiensis showed  strong 
antibacterial activity against Escherichia coli compared to Cefotaxime antimi-
crobial agents. Additionally, an effective in vitro cytotoxic activity against the 
MCF7 is observed (p<0.01). The present study is the first report of endemic 
Rhaponticoides iconiensis seeds exhibiting potential antimicrobial activity 
and cytotoxicity,  and  it requires further investigation and characterization. 
These findings may be applied as a guideline for selecting Turkish medicinal 
plant species for further pharmacological and phytochemical studies.

Keywords: Rhaponticoides iconiensis, antimicrobial, cytotoxicity, cancer, 
phytotherapy
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INTRODUCTION

Several plants are regarded as potential candidates for drugs due to their drug-
like characteristics1. Since Türkiye is included in three different flora regions, 
plant diversity is of great importance. Many plants belonging to these regions 
are distributed among the plant communities in Türkiye2,3. It is known that 
there are approximately 9000 different natural plant species in Türkiye and 
30% of these plants are endemic. Although there are many endemic plants, this 
diversity of plants cannot be utilized sufficiently4. 

Cancer is the primary cause of mortality in every nation worldwide5. Based on 
2019 estimates, the World Health Organization (WHO) indicated that in 112 of 
183 countries, cancer was the first or second most common cause of death be-
fore the age of 70, and in 23 countries, it was the third or fourth leading cause6. 
Although there is a significant decrease in stroke and coronary heart disease 
death rates compared to cancer, this is still the leading cause of death7. GLO-
BOCAN 2020 estimated that cancer claimed 10 million lives with 19.3 million 
new cases diagnosed in 20208. 

Asteraceae is a vast and globally distributed family of flowering plants, with 
over 1,100 genera and 2,500 species. Within this family, Centaurea L. genus is 
among the largest and the most significant genera within the Asteraceae family 
and the Rhaponticoides genus is a member of the Asteraceae family. Rhapon-
ticoides iconiensis (R. iconiensis), a species within this genus, is endemic to 
Konya, Türkiye9. It is widely used as herbal medicine due to its various proper-
ties6. In Türkiye, there are 8 species belonging to the Rhaponticoides genus 
with 7 of them being endemic. These species are known by the Turkish name 
‘Tülüşah’4,10. In our study, we focused on R. iconiensis which is one of these 
species.

There are few studies that reported chemical composition and bioactivity of 
R. iconiensis. Paşayeva et al. showed the antioxidant and antidiabetic activ-
ity of R. iconiensis flower11. Additionally, antioxidant properties, total phenol 
amounts and flavonoid amounts of the endemic Rhaponticoides species were 
determined. The mean percentage of DPPH (2,2-diphenyl-1-picrylhydrazyl) 
antioxidant free radical scavenging effect values is presented12. The antioxi-
dant properties, enzyme inhibition, and levels of phenolics and flavonoids in 
methanol extracts (obtained via maceration and Soxhlet extraction) and ex-
tracts of water (prepared through infusion) were assessed of leaves, roots, and 
flower heads of R. iconiensis. It was reported that the leaf extracts of R. ico-
niensis had higher levels of phenolic and flavonoid compounds compared to 
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the flower and root extracts. Also, the extract had 87 compounds, including hy-
droxybenzoic, hydroxycinnamic, and acylquinic acids, anthocyanins, flavones 
and flavanones. On the other hand, it has been indicated that R. iconiensis 
might be a valuable source of natural enzyme inhibitors for developing new 
drugs to address global health issues because of its enzyme inhibitory effects13. 

Despite all aforementioned data, there is no study evaluated effect of R. ico-
niensis seed extract. We aimed to uncover the antimicrobial activity and cyto-
toxicity of aqueous R. iconiensis seed extract.

METHODOLOGY

Plant material

The endemic R. iconiensis (Hub.-Mor.) M.V. Agab. & Greuter (Voucher No. 
11.048) used in our studies was obtained from the Nezahat Gökyiğit Botanical 
Garden with its species identification confirmed. A very small population of 
R. iconiensis was found between the canal and the highway near the village of 
Orta Karaören, 18 km from Seydisehir, by the expert of the subject Prof. Dr. 
Mecit Vural.

Solvent extraction of plants

R. iconiensis seeds were weighed to 10 g in a Soxhlet extractor thimble and 
placed in the extraction apparatus. Seeds were extracted in a 250 ml conical 
flask based on the feed-to-solvent ratio [1:10 (w/v)]. The extraction was per-
formed on 10 g of seed using 100 ml of water. A heating mantle was utilized to 
reflux the mixture for extraction periods spanning from 6 to 8 hours13. Once 
the extraction time was completed, the extract solution was cooled at room 
temperature. It was subsequently filtered using cone filter paper (Whatman 
no.1) and left in a water bath14. Powder sample was measured and stored at 
-4°C for further analysis.

Cell culture and cell line

For the assessment of the anticancer activity of the seeds, MCF7 human breast 
cancer cell line was used. L929 mouse fibroblast were used as a negative con-
trol in the study. MCF7 and L929 cells were cultured in Dulbecco’s Modified 
Eagle Medium/Nutrient Mixture (DMEM) medium supplemented with 10% 
FBS (Fetal Bovine Serum), 1% penicillin-streptomycin (P4458; Sigma, USA) 
and 1% L-glutamine at 37°C with 5% CO2 in a humidified incubator. Cells were 
suspended in medium with 1% penicillin-streptomycin (P4458; Sigma, USA) 
and 1% L-glutamine. Then, cells were counted (at a density of 2×104 cells/ml), 
transferred into a 96-well plate, and incubated for 24 hours prior to the addi-
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tion of extract. The seed extracts were dissolved in cell culture medium, then 
diluted to different serial concentrations. The cells were treated with 10, 50, 
100 μg/ml dilutions of the seed extracts and 1% Triton-x was added as a posi-
tive control. Untreated cells given the same volume of medium considered as 
the control.

Cell viability assay

For cell viability assay, it was measured using the standard colorimetric MTT 
(3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide) assay tech-
nique. After 24 hours incubation, 10 μL of MTT solution (5 mg/ml) was dis-
pensed into each well and incubated for 4 hours. Subsequently, 100 μL of 
DMSO was added to each well to dissolve the formazan crystals. Then absorb-
ance readings were recorded at 570 nm using a microplate reader for each cell 
line. The cytotoxicity was determined by comparing the absorbance levels be-
tween the serial dilutions and the control samples15.

Antimicrobial assay

Escherichia coli (E. coli) (ATCC 25922) was obtained from the Department of 
Clinical Microbiology, Faculty of Medicine at Istanbul University. The organ-
isms were kept in Nutrient agar at 4°C until analyses.  

Disc diffusion method

The antimicrobial effect of R. iconiensis was tested according to the disc diffu-
sion Kirby-Bauer technique, which complies with the standards recommended 
by CLSI, 201516. To prepare the bacterial inoculum, the bacterial strain was 
suspended in sterile dH2O, and the turbidity was adjusted to approximately 
106 CFU/ml, equivalent to 0.5 McFarland standards17. Nutrient agar (4018102; 
Biolife, Italy) was used for antimicrobial activity. Next, 28 g of agar was dis-
solved in 1 liter of dH2O, autoclaved and allowed to cool. Then, 20 ml of agar 
was poured into petri dishes. The sterile swab was immersed in the standard-
ized bacterial suspension and utilized to uniformly inoculate the bacteria onto 
Nutrient agar plates. The plates were left to air dry for 5 minutes and Whatman 
no.1 filter paper was utilized to produce discs with a diameter of 6 mm. These 
discs were sterilized via autoclaving and subsequently dried in a hot air oven at 
80°C for one hour. Circular discs measuring 6 mm in diameter were created by 
punching through a sheet of filter paper. Each disc was impregnated with 20 μl 
each of 1 g/ml R. iconiensis aqueous extract, Cefotaxime antimicrobial agents 
(dissolved in dH2O) as a positive control, or dH2O alone as a negative control. 
Following impregnation, all papers were dried, and the discs were maintained 
under sterile conditions until further use. Then, all discs were positioned on 
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the plates with flamed forceps and delicately pressed to guarantee complete 
contact with the agar. The plates were subsequently placed in an incubator 
at 37°C for a period of 24 hours. After incubation, the areas surrounding the 
discs where bacterial growth was impeded were measured and recorded in mil-
limeters. The experiments were replicated six times to ensure consistency and 
reliability.

Statistical analysis  

Statistical evaluations of the results were performed using the ANOVA test 
with GraphPad InStat (GraphPad Software Inc., San Diego, CA, USA). Tests 
were conducted with a 95% confidence interval, and p<0.05 was considered 
significant. Data averages for the groups are presented as means ± standard 
deviation (SD). To determine the concentration necessary for a 50% reduction 
in cell viability (IC50), regression analysis was used, and graphs were prepared 
using Microsoft Office Excel 2017.

RESULTS and DISCUSSION

Many studies show that plants have a potential for use in traditional medicines 
in numerous countries worldwide. Moreover, plants are identified as a crucial 
source for discovering new cytotoxic compounds, with many polyphenolic fla-
vonoids having antitumor effects18. Every part of the plant, including the leaf, 
flower, seed, and rhizome, is known to be used for both nutritional and me-
dicinal purposes19. Extracts from plant flowers, fruits, and seeds have shown a 
variety of biological activities in numerous studies20,21. Despite the limited re-
search has been conducted on endemic R. iconiensis to investigate its biologi-
cal activities with some parts of it, there is an absence of studies regarding the 
activity of the seed. Herein, we document the cytotoxic and antimicrobial ef-
fects of seed samples from the endemic R. iconiensis species to elucidate their 
biological activities.

Cytotoxic activity findings

In our study, MTT test was performed to reveal the cytotoxic effects of the 
aqueous seed of endemic R. iconiensis species on the MCF7 breast cancer cell 
line. 

Breast cancer is the leading cause of death and the most prevalent type of can-
cer among women globally, with over 10 million new cases identified annually. 
The disease’s progression, prognosis, and treatment outcomes are influenced 
by its heterogeneity. According to the WHO, breast cancer has the highest 
prevalence worldwide. In 2018, breast cancer caused to 2.09 million diagnoses 
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and 627,000 deaths among women. Moreover, around 1.7 million new cases 
were reported in 2020, resulting in an estimated 627,000 deaths22. Therefore, 
we showed that R. iconiensis could be a new potential candidate for MCF7 
breast cancer cell line. 

In a study, it is investigated the methanol extracts and sub-extracts derived 
from the leafy stems and flowers of R. iconiensis. Their cytotoxic effects were 
examined on A549, Colo 205, HepG2, Beas-2b and MCF7 cell lines using the 
MTT assay. The constituents of R. iconiensis extracts were identified and 
quantified using LC–MS/MS. Consequently, while the methanol extracts had 
no cytotoxicity against A549 cells, they showed cytotoxic effects on HepG2, 
Colo 205, MCF-7, and Beas-2b cell lines23. To determine whether seed of it has 
anti-cancer effect, we first explored the cytotoxicity of aqueous R. iconiensis in 
vitro and we showed the decreased % viability rate of the MCF7 cell line, and 
the results were statistically significant with increasing dose (Figure 1). 

*p<0.01 compared to the control group

Figure 1. Representing the percentage (%) cell viability of R. iconiensis on MCF7 cell line. 
p<0.05. Values in the groups are expressed as mean (X) ± standard deviation (SD). 
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To investigate the cytotoxic effects of R. iconiensis, it was tested on healthy cell 
lines. After treating the L929 mouse fibroblast cells with different concentra-
tion of seed extract, there was no significant difference in viability of L929 
compared to control (Figure 2).

Figure 2. Representing the percentage (%) cell viability of R. iconiensis on L929 cell line. 
Results compared to control group. Values in the groups are expressed as mean (X) ± standard 
deviation (SD).

The IC50 (the dose that inhibits cell growth by 50%) value of R. iconiensis was 
found 56.33 μg/ml in MCF7 cell line. Tugay et al. provided that sub-extracts 
of leafy stem and flowers of R. iconiensis were most effective against MCF7 
cancer cell line23. In a study, the cytotoxic effects of methanol extracts from 
the stem and flowers of R. iconiensis were showed against the A-549, HEPG2, 
MCF7, COLO-205, and BEAS-2b cell lines by MTT and SRB methods24. Hence, 
in present study we have proven that seed extracts of R. iconiensis have cyto-
toxic effect on MCF7 cell line.

Consequently, R. iconiensis showed cytotoxic effect on MCF7 cell line depend-
ing on increasing doses [50 µg/ml (p<0.05) and 100 µg/ml (p<0.01)] while it 
has not showed reduction in cell viability on L929 mouse fibroblast cell line.
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Antimicrobial activity findings

The type of E. coli used in molecular biology labs is a model commensal bacte-
rium that is prevalent in the mammalian intestine. However, some strains of 
this species can cause serious illnesses in humans25. Given this, the purpose of 
the present study was to determine the antimicrobial activity of R. iconiensis 
against E. coli and its antimicrobial activity has been demonstrated compared 
to Cefotaxime antimicrobial agents (Table 1). Paşayeva et al. reported the simi-
lar positive results, and they showed the antimicrobial effect with the microdi-
lution method using leafy stem extracts of R. iconiensis26. 

Table 1. Zones of inhibitions as shown by aqueous R. iconiensis seed extract against E. coli. 
Data represents Mean ± Standard error of mean (n=6).

Disc diffusion zone diameters (cm) ± SD

Microorganism Positive control 
(Cefotaxime) R. iconiensis Negative control 

(dH2O)

E. coli 4.9 ± 0,25 3,2 ± 0,2 —

*( — = no zone)

In summary, we have described robust antimicrobial activity and cytotoxic ef-
fect of seed samples from the endemic R. iconiensis which is extracted in dis-
tilled water by Soxhlet extraction method, we used only aqueous extract and 
focused exclusively on a single cell line and one bacterial strain. Hence, addi-
tional research encompassing a wider variety of cell lines and bacterial strains 
will provide a more thorough comprehension of their therapeutic potential.
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ABSTRACT

Rosa canina L., belonging to the Rosaceae family, is the most common Rosa spe-
cies found in Türkiye. Known commonly as rosehip, it is widely used in various 
traditional medicines. This study investigates the antioxidant activities of etha-
nol and water extracts of rosehip (Rosa canina L.) fruit samples naturally grown 
in Sivas. Using DPPH and ABTS assays, we measured the antioxidant capacities 
of the samples and compared results based on the solvents. Findings show that 
the ethanol extract exhibited a higher antioxidant capacity, with an IC50 value of 
13.28 ± 1.3 μg/mL in the DPPH assay and 24.98 ± 5.3 μg/mL in the ABTS assay, 
compared to the water extract with IC50 values of 18.099 ± 2.4 μg/mL and 38.47 
± 6.1 μg/mL, respectively. These results suggest that rosehip fruits could serve 
as effective sources for antioxidant-rich pharmaceutical products, with ethanol 
extracts demonstrating a stronger antioxidant effect than water extracts.

Keywords: Rosa canina, antioxidant activity, rosehip, DPPH, ABTS

INTRODUCTION

Rosa canina, belonging to the Rosaceae family, refers to the fruits of wild rose 
species that can grow in almost all regions of Türkiye. Rosa canina, which also 
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grows in Northeast Africa and Eurasia, is widely distributed in the Anatolian 
region. It grows wild along the edges of forests, ponds, shrublands, and grass-
lands1,2. Among the over 30 Rosa species in Türkiye, Rosa canina is the most 
widespread and is especially suited for processing due to its distribution and 
fruit characteristics. It is often found along forest edges, fields, and roadsides, 
especially in Türkiye’s colder, more mountainous regions3,4. Regionally, rosehip 
is also known by various names: wild rose, dog rose; Askil, Civil, Gül burnu, 
Gül elması, İp burması, İp burnu, İt burnu, Kuşburnu, Kuşburni, Asker gülü, İt 
gülü5,6. Rosehip is a highly beneficial food source with a rich nutritional value, 
commonly preferred by the public for various health purposes. Traditionally, 
rosehip fruits have been used for generations to treat kidney stones, gastroen-
teritis, hypertension, and respiratory infections7,8. Rosehip fruits contain vita-
mins C, P, A, B1, B2, E, and K and are used to produce products such as jam, 
marmalade, juice, and tea. Besides its anti-inflammatory properties, rosehip is 
an excellent natural source of vitamin C and lycopene. Due to its nutritional 
composition, rosehip supplementation has shown beneficial effects in managing 
chronic conditions such as osteoarthritis, rheumatoid arthritis, and cancer9,10. 
Due to its nutritional content, rosehip supplements have positive effects on cer-
tain chronic diseases such as osteoarthritis, rheumatoid arthritis and cancer10.

The fruits are rich in phenolic compounds such as apigenin, phloroglucinol, 
quercetin, gallic acid, and caffeic acid, with smaller amounts of catechin, res-
veratrol, and chlorogenic acid. The high antioxidant activity of rosehip is at-
tributed to its ascorbic acid, beta-carotene, tocopherol, anthocyanin, and other 
phenolic compounds. Studies report the phenolic compounds anti-inflamma-
tory, antioxidant, anticarcinogenic, antimicrobial, and antimutagenic proper-
ties. Additionally, rosehip fruits contain high amounts of Ca, Mg, Fe, Ag, Cu, 
Mn, Na, P, Sr, Zn, and pectin3,8,11-14.

Oxidative stress occurs due to an imbalance between free radicals and antioxi-
dants in the human body, a factor known to play a significant role in human 
health. Accumulation of free radicals in the body, reaching high levels, can dam-
age cellular components such as lipids, proteins, and DNA, leading to neuronal 
dysfunction, chronic diseases, and even death. Experimental studies show that 
oxidative stress plays a critical role in the progression of diseases such as cancer, 
cardiovascular diseases, neurodegenerative disorders, aging, and age-related 
diseases. The damage caused by oxidative stress can be prevented by endog-
enous (superoxide dismutase, catalase, and glutathione) and exogenous (phe-
nolic acids, flavonoids, and vitamins) antioxidant systems15-17. While antioxi-
dants are naturally produced by some plants and animals, this process differs 
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in humans, making a balanced and regular diet crucial for sufficient antioxidant 
levels18. In this study, the antioxidant activities of rosehip fruits obtained from 
the Rosa canina plant naturally growing in the Zara district of Sivas province 
and prepared with ethanol and water solvents were investigated, with results 
compared and interpreted according to the solvents used.

METHODOLOGY

Plant material

In this study, the fruits obtained from the Rosa canina L. plant were collected 
fresh from the Esenler Village region of Zara, Sivas, in September 2022. These 
fruits were then dried under suitable conditions and prepared for experimental 
use. Species identification was conducted by Assoc. Prof. Dr. Mustafa Sevindik.

Chemicals

All chemicals and reference standards utilized in the experimental protocols 
were obtained from Sigma Chemical Co. (St. Louis, MO, USA). The chemicals 
used were of analytical grade.

Extraction

The dried fruits were ground into coarse powder. A sample of 5g of plant ma-
terial was weighed and placed into an Erlenmeyer flask, to which 50 mL of 
ethanol was added. The flask was then sealed and left to macerate at room 
temperature, with occasional shaking to ensure thorough maceration. After 24 
hours, the macerate was filtered, new solvent (50 mL) was added to the plant 
material, and the maceration was continued for three days. The collected mac-
erates were then concentrated using a rotary evaporator at a low temperature 
(40°C) under vacuum19. The extracts were combined in dark-colored, capped 
glass containers and stored at -20°C in a refrigerator until use in experimental 
studies, with percentage yield calculations recorded.

For the water extract, an infusion process was used. A sample of 5g of plant 
material was weighed and placed into Erlenmeyer flasks, to which 50 mL of 
hot distilled water was added. The flask was sealed and left to stand at room 
temperature for 10–15 minutes with occasional shaking. After this period, the 
extract was filtered, and another 50 mL of hot distilled water was added to the 
plant material. After three repetitions, the collected extracts were placed in a 
lyophilizer (freeze-dryer) to ensure complete removal of water. After four days, 
the remaining extract in the freeze-dryer was transferred to a dark-colored, 
capped glass container, and the percentage yield was calculated. Extracts were 
stored at -20°C in a refrigerator until used in experimental studies.
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For biological activity, stock solutions at a concentration of 1 mg/mL were pre-
pared from each extract. The stock solution for the ethanol extract was pre-
pared in DMSO (dimethyl sulfoxide), and for the water extract, it was prepared 
in distilled water.

Determination of antioxidant activity

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical-scavenging activity

The DPPH free radical method20 is a practical and highly reliable technique for 
determining the free radical scavenging capacity of antioxidants. DPPH is a 
stable nitrogen radical that is commercially available; its ethanol solution ap-
pears purple and is measured at an absorbance of 517 nm. When antioxidants 
are introduced into the DPPH solution, they reduce DPPH, changing the solu-
tion from purple to yellow. This reaction is monitored using a spectrophotom-
eter21,22.

For this test, the stock solution of each sample was prepared in methanol 
(MeOH) at a concentration of 1 mg/mL. After filtration, 200 μL of the clear 
stock solutions were transferred to the first column of a 96-well microtitra-
tion plate. Using a multi-channel pipette, eight serial dilutions were made in 
equal amounts of MeOH, and the mixtures were vortexed for 5 minutes. The 
DPPH stock solution was prepared by dissolving 2 mg of DPPH in 25 mL of 
MeOH, yielding a final concentration of 80 μg/mL. To each well, 100 μL of the 
DPPH solution was added to initiate the reaction, which was then incubated 
in the dark at room temperature for 30 minutes23,24. Ascorbic acid at the same 
concentration was used as a positive control, DPPH + MeOH as the negative 
control, and MeOH alone as the blank. The UV absorbance was read at 517 nm 
using a microplate spectrophotometer (Epoch) at room temperature24.

The % inhibition value of DPPH was calculated using the following formula25,26:

% Inhibition = [(A Control – A Sample) / A Control] x 100

ABTS (2,2’-Azino-bis-3-ethylbenzothiazoline-6-sulfonic acid)
radical-scavenging activity

The ABTS radical-scavenging activity, which follows the standard TEAC 
(Trolox Equivalent Antioxidant Capacity) method, was performed by optimiz-
ing the procedures established by Papandreou et al. (2006), Re et al. (1999), 
and Ardağ (2008)27-29.

In the experimental protocol, a solution of 7 mM ABTS in distilled water (50 
mL) was mixed with a 2.45 mM potassium persulfate solution (25 mL) and left 
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in the dark for 12–16 hours to form the radical cation. This blue-green ABTS 
radical solution was diluted with ethanol to a 1:80 ratio until an absorbance of 
0.8–0.7 was achieved at 734 nm. Standard Trolox solutions were prepared at 
concentrations of 3, 2, 1, 0.5, 0.25, and 0.125 mM. Then, 10 μL of each sample 
was mixed with 990 μL of the prepared ABTS solution, and absorbance was 
measured at 734 nm. The absorbance results were used to create a linear re-
gression equation for Trolox24,26,30.

To perform the assay, 1 mL of the ABTS radical solution was added to num-
bered Eppendorf tubes, followed by 10 μL of each sample solution (100 μg/mL 
extract). Absorbance readings were taken at 734 nm at both 1 and 6 minutes. 
The difference in absorbance values between the first (A1) and sixth minute 
(A6) was calculated to yield ΔA values. Using these values, the percentage of 
inhibition was calculated using the formula below, and inhibition was plotted 
against sample concentration.

% inhibition= [(A6-A1)/A1] x 100

% inhibition= (ΔA/A1) x 100

The TEAC method, initially developed by Miller et al., measures the decrease in 
absorbance of the ABTS radical solution in the presence of antioxidants24,27,29-32.

Statistics

The results were expressed as mean ± standard deviation, and the statistical 
evaluation and calculations were performed using the GraphPad Data Analysis 
program. Data were analyzed at a 95% confidence level, and a p-value less than 
0.05 was considered statistically significant.

RESULTS and DISCUSSION

This study initially involved the preparation of ethanol and water extracts 
of Rosa canina fruits, followed by the determination of extraction yields. By 
measuring the amounts used initially and the final amounts obtained, the ex-
traction yields were calculated as percentages. It was found that the yield of the 
ethanol extract was higher at 10.41%, while the yield of the water extract was 
comparatively lower at 6.54% (Table 1).
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Table 1. Yield values of Rosa canina fruit extracts

Extract Yield %

Ethanol extract 10.41%

Water extract 6.54%

Antioxidant activity determination results

The antioxidant capacities of ethanol and water extracts from Rosa canina 
fruits were assessed using DPPH and ABTS radical-scavenging manual meth-
ods, with ascorbic acid, BHT (Butylated Hydroxytoluene), and Trolox as stand-
ard substances.

DPPH method activity results

The ability of the extracts to decolorize the DPPH solution was measured, with 
absorbance values obtained from the Elisa spectrophotometer indicating the 
extracts capacity to reduce DPPH radicals and overall antioxidant activity. Re-
sults showed that the antioxidant capacity of the ethanol extract was higher 
than that of the water extract, although the water extract still exhibited mod-
erate to high antioxidant capacity. Specifically, the DPPH radical-scavenging 
activity of the ethanol extract had an IC50 value of 13.28 ± 1.3 μg/mL, while 
the water extract had an IC50 value of 18.099 ± 2.4 μg/mL. Table 2 shows the 
DPPH radical-scavenging activities of the extracts and standard solutions.

Table 2. DPPH radical-scavenging activity values of standard antioxidants and 
Rosa canina fruit extracts

Extracts/Standard Substances IC50 (μg/mL)

Ethanol 13.28 ± 1.3

Water 18.099 ± 2.4

Ascorbic acid 5.35 ± 0.9

BHT 7.65 ± 1.8

Trolox 5.77 ± 1.6
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ABTS method activity results

The ability of the extracts to scavenge ABTS radicals was measured spectro-
photometrically and compared to standard solutions. Findings indicated that 
the antioxidant capacity of the ethanol extract was higher than that of the wa-
ter extract. Specifically, the ABTS radical-scavenging activity of the ethanol ex-
tract had an IC50 value of 24.98 ± 5.3 μg/mL, while the water extract exhibited 
an IC50 value of 38.47 ± 6.1 μg/mL. Table 3 details the ABTS radical-scavenging 
activities of the extracts and standard solutions.

Table 3. ABTS radical-scavenging activity values for standard antioxidants and 
Rosa canina fruit extracts

Extracts/Standard Substances IC50 (μg/mL)

Ethanol 24.98 ± 5.3

Water 38.47 ± 6.1

Ascorbic acid 7.48 ± 2.6

BHT 6.94 ± 1.1

Trolox 5.22 ± 0.9

In this study, the antioxidant activities of ethanol and water extracts of Rosa 
canina fruits were evaluated using the DPPH and ABTS methods, revealing 
that the ethanol extract demonstrated a stronger free radical inhibition capac-
ity compared to the water extract. This result likely stems from the higher con-
centration of phenolic compounds in the ethanol extract. It is well-document-
ed that the antioxidant activities of plant extracts are largely influenced by the 
diversity and quantity of phenolic and flavonoid compounds they contain. Sec-
ondary metabolites, through functional groups such as phenols and hydroxyls, 
donate hydrogen and electrons to radicals, playing a role in the reduction of 
oxidative compounds and consequently exhibiting antioxidant activity33.

One study highlighted the antioxidant effects of extracts from Rosa canina, 
Rosa sempervirens, and Pyrocantha coccinea. When assessing the ability to 
protect against DNA damage, Rosa canina exhibited the highest level of pro-
tection, followed by Rosa sempervirens and Pyrocantha coccinea. Further-
more, among these species, the extract of Rosa canina was found to signifi-
cantly reduce reactive oxygen species (ROS) in endothelial cells. Such findings 
suggest that Rosa canina extract could potentially serve as a dietary supple-
ment to prevent pathological conditions arising from oxidative stress34.
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Another study found that the vitamin C content of Rosa canina is considerably 
higher than that found in citrus fruits, with some sources indicating that it has 
the highest vitamin C content among fruits and vegetables, ranging from 30 to 
1300 mg per 100 g35,36. In a study aimed at confirming the antioxidant effects of 
Rosa canina, the vitamin C content, which partially contributes to its antioxi-
dant properties, was determined. Extracts were prepared separately from the 
peel, seeds, and entire fruit, with the antioxidant capacity measured using the 
DPPH method. The results revealed significant vitamin C content and potent 
antioxidant properties in Rosa canina. Notably, the peel extract showed the 
highest antioxidant capacity (IC50 = 2.05 μg/mL), followed by the whole fruit 
extract (IC50 = 2.59 μg/mL)37.

Further research involving dried wild Rosa canina fruits with three extracts 
(water, 50% ethanol, and 70% ethanol, all (v/v)). The content of ascorbic acid, 
tannins, and total phenolics was determined, and antioxidant strength was as-
sessed using DPPH, ABTS, FRAP, and CUPRAC methods. The highest ascor-
bic acid content was found in the 70% ethanol (v/v) extract, the highest tan-
nin content in the water extract, and the highest phenolic content in the 50% 
ethanol (v/v) extract. Overall, Rosa canina was recognized as a potent source 
of antioxidants38. Using total antioxidant status (TAS) kits, the TAS value of 
ethanol extracts obtained from the fruits of Rosa canina L. collected from Tür-
kiye was determined to be 4.602 mmol/L. As a result, R. canina showed high 
antioxidant activities39.

A similar study analyzed the antioxidant composition of ethanol extracts of 
Rosa canina fruits using HPLC-UV-MS and investigated their cytotoxic effects 
on HepG2 and SH-SY5Y cells. The results indicated that Rosa canina provides 
substantial protection against oxidative damage. Additionally, the antioxidant 
effect was attributed to compounds such as flavonoids, tannins, terpenoids, 
xanthonoids, and glycerol glucosides. Given its abundance of antioxidant com-
ponents, Rosa canina has been suggested as a potential additive in the food 
industry and as a dietary component to help control certain cancer types13. In 
a study, it was observed that the highest ascorbic acid content was in the 70% 
ethanol extract, the highest tannin content was in the water extract, and the 
highest phenolic content was in the 50% ethanol extract. The results showed 
that Rosa canina L. can be considered as a rich source of antioxidants and 
has a serious potential as food and herbal cosmetic preparations38. A study 
conducted in Russia revealed that pelargonidin-3,5-diglucoside, an anthocya-
nin derivative prepared from Rosa canina, has a significant radioprotective 
effect40.
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Rosa canina fruits, which is widely used among the public, should be con-
sidered for further in-depth studies to isolate and produce active compounds 
effective in mitigating damage caused by free radicals. This study is expected 
to contribute to the existing literature by determining the antioxidant activi-
ties of Rosa canina fruits, which hold an important position in both domestic 
and international markets. The findings demonstrate the potential for using 
the studied extracts as natural sources of antioxidants with health benefits. 
Additionally, the inclusion of Rosa canina extracts in the development of inno-
vative products may contribute significantly to the formulation of value-added 
food and cosmetic products.
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ABSTRACT

One of the most popular and successful antineoplastic drugs, Paclitaxel (PTX), 
comes from natural sources and is distinguished by its high lipophilicity. 
Sericin is a naturally occurring hydrophilic protein which become a popular 
choice for creating scaffolds for tissue engineering or drug delivery systems us-
ing nanocarriers. This work aimed to create and analyze sericin nanoparticles 
loaded with PTX to deliver lung drugs which synthesized utilizing a desolvation 
technique and were extensively analyzed to determine their physicochemical 
features, including particle size, Polydispersity index (PDI), entrapment effi-
ciency, zeta potential, and in vitro drug release profile. Additionally, in vitro 
aerosolization were conducted to assess the effectiveness of aerosolization and 
the possibility of delivering drugs to the lungs using PTX-loaded sericin nano-
particles. Cytotoxicity research was performed on these nanoparticles using 
the A-549 lung cell line. The findings indicated that the sericin nanoparticles 
loaded with PTX had appropriate particle size, negative zeta potential, high 
entrapment efficiency, prolonged drug release behavior, and compelling aero-
solization features. Moreover, the cytotoxicity assays on cancer cells demon-
strated that the sericin nanoparticles loaded with PTX had anticancer solid 
properties. In conclusion, the PTX-loaded sericin nanoparticles that have been 
produced show significant potential as an innovative pulmonary drug delivery 
system for cancer treatment.
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INTRODUCTION

Lung cancer is the first leading cause of cancer-related deaths worldwide, with 
an estimated 1.79 million deaths (18% of total deaths due to cancer in 2020). 
It is also the second most frequent type of malignancy, with more than 2.21 
million cases, 11.4% of cancer cases, diagnosed annually. Small and non-small 
cell lung cancer (NSCLC) are the two types of lung cancer; NSCLC makes up 
80–85% of all lung cancer cases1. 

Currently available conventional treatment methods include immunotherapy, 
chemotherapy, radiation, and surgery. Chemotherapy is a key treatment strat-
egy for metastatic lung malignancies, helping to manage symptoms and in-
crease patient survival. The cornerstone of chemotherapy for lung cancer is the 
intravenous delivery of chemotherapeutic drug2. 

Anticancer medications cause systemic toxicity, which includes nausea, vomit-
ing, hair loss, and fatigue, as well as ineffective drug accumulation at tumorous 
sites and undesirable distributions in normal organs. Systemic drug adminis-
tration eventually kills both cancerous and nearby healthy cells (lacks targeting 
capability)3. As a result, creating a treatment plan that can maximize effective-
ness while reducing systemic adverse effects is imperative.

Nebulization is a method of delivering medication directly to the lungs through 
inhaling a fine mist. This method has been shown to be effective in treating a 
variety of respiratory diseases, including asthma, chronic obstructive pulmo-
nary disease (COPD), and cystic fibrosis. Nebulization is also being investi-
gated as a potential method for delivering chemotherapy drugs to the lungs in 
the treatment of lung cancer4. 

Because of its tailored administration and lower risk of systemic adverse ef-
fects, inhaled chemotherapy is seen to be a very promising treatment for non-
small cell lung cancer. The advantage of using inhaled chemotherapy originate 
from the usage of a lower amount of the therapeutic agents which despite of 
that provide a high drug concentration at the cancerous cells which minimize 
the side effects of these agents because a lower concentration of antineoplastic 
drugs reaches the systemic circulation in comparison with other routes of drug 
administration like oral or IV routes. Lastly, compared to intravenous injec-
tion, it might also improve the patient’s compliance5. 
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One of the most popular and successful antineoplastic drugs, Paclitaxel (PTX), 
comes from natural sources and is distinguished by its high lipophilicity. It 
is a pseudoalkaloid whose nucleus is a taxane ring. By blocking the microtu-
bule depolymerization of free tubulins, PTX’s anti-proliferative mechanism is 
utilized to treat a variety of tumors, including ovarian, breast, prostate, and 
non-small cell lung cancer (NSCLC). Research has demonstrated that PTX 
suppresses the migration, proliferation, and release of collagenase associated 
with angiogenesis6. 

Because of their high drug loading capacity, stability in vitro or in vivo, con-
trolled release, and ability to maximize the availability of the drug at its in-
tended site of action for therapeutic benefit, nanocarriers are a class of drug 
delivery systems that have the potential to minimize the degradation of thera-
peutic agents. They have also attracted much attention in the field of tumor 
therapy. When a medication is administered to the site of therapeutic action, 
often smaller doses are required to get clinically effective results7. 

Safety concerns are a top priority when creating innovative drug delivery sys-
tems for the inhalation route. For a drug to be delivered locally through inhala-
tion, excipients included in the composition of an inhaled formulation must be 
well-tolerated by the respiratory system8. 

Natural polymers have garnered interest as viable materials for nanocarriers 
due to their superior biocompatibility, in vivo biodegradability, and plentiful 
renewable supplies9. 

A naturally occurring hydrophilic protein called sericin is extracted from silk-
worm cocoons. Its excellent biocompatibility with cells and tissues, biodeg-
radability, lack of immunogenicity, and variety of bioactivities have made it 
a popular choice for creating scaffolds for tissue engineering or drug delivery 
systems using nanocarriers10. 

This study aimed to develop self-assembled PTX-loaded sericin nanoparticles 
(NPs) made from protein sericin and poloxamer 407 by the modified desolva-
tion method. Poloxamer 407 is self-assembled as a hydrophobic core (PPG) 
loaded with paclit and a hydrophilic corona made from Pconjugatedates to the 
hydrophilic protein (sericin). The formulated nanoparticles were then evalu-
ated for their feasibility as carriers for the pulmonary delivery of PTX. 
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METHODOLOGY

Paclitaxel and sericin (lyophilized) were procured from Wuhan Senwayer Cen-
tury Chemical Co., China. Dialysis membrane M.wt. 100 kDa was procured 
from HiMedia laboratories in Mumbai, India. Dimethylsulfoxide (DMSO) 
and methanol were procured from BDH Chemicals, Ltd., Liverpool, England. 
Poloxamer 407 was procured from Sigma-Aldrich, Germany.

Analytical quantification of PTX using HPLC

PTX’s Quantification was determined by an HPLC method adapted from ref-
erence8. The chromatographic system (SIL-20A HPLC, Shimadzu, Japan) 
included an autosampler, a variable wavelength detector, and a quaternary 
pump. Shim-pack VP-ODS column C18 (5 μm, 250 mm x 6 mm) (Shimadzu, 
Japan) was used for the separations. The ultrapure water/acetonitrile (47:53 
v/v) mobile phase was supplied at a 1.0 mL/min flow rate. At 227 nm, the 
Quantification was carried out. PTX produced a six-point standard curve be-
tween 25 and 1000 ng/mL, used for Quantification within a validated standard 
curve. The detection and quantification limits were 6.0 ng/mL and 11.0 g/mL, 
respectively, based on the linear regression value of R2 = 0.999.

Preparation of PTX-loaded sericin NPs

PTX-loaded sericin NPs were prepared according to the previously reported 
procedure with modifications. Briefly, sericin powder, poloxamer 407, and 
PTX were dissolved in 1mL of DMSO at a final concentration of 1, 4.5, and 
0.6% (w/v), respectively. The three materials were wholly dissolved using a 
bath sonicator for 15 min. Subsequently, the resultant solution mixture was 
added dropwise to 10 mL of deionized water under stirring at 1000 rpm us-
ing a magnetic stirrer (Vision Scientific, Korea), permitting the construction 
of PTX-loaded sericin NPs by self-assembly. Using cellulose dialysis tubes, the 
resulting NP suspension has been dialyzed against deionized water (100 kDa 
for 72 h, with frequent changes of deionized water every 4–6 h), allowing the 
formation of SNPs by self-assembly11.

Particle size/ polydispersity index analysis

The particle size and PDI of PTX-loaded sericin NPs was measured using the 
dynamic light scattering (DLS) method (Zetasizer, Malvern, UK). The particle 
size and PDI of one milliliter of each preparation was measured using the Zeta-
sizer. We used quartz cuvettes and set the instrument refractive index at 1.33. 
The temperature was 25°C, and the scattering angle was 90°. We conducted 
the experiments three times12.
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Measurement of zeta potential 

The surface charge of the chosen NP formulation was calculated in terms of 
zeta potential by calculating their electrophoretic mobility. A Malvern instru-
ment (Zetasizer, Malvern, UK) connected to a laser Doppler anemometer con-
ducted the measurement. The instrument used a scattering angle of 90°13. We 
performed each test three times in the experiments.

Assessment of entrapment efficiency (EE%) 

To determine the EE% of the generated self-assembled NP formulations, we com-
bined 1 mL of NP suspension with 9 mL of methanol and sonicated it for 5 min 
using a bath sonicator (Powersonic 410, Hwashin Technology, Korea). This is con-
sidered “the actual drug content,” determined by the HPLC method described ear-
lier. In addition, we determined “the entrapped drug” by taking another 1 mL of 
the NP suspension and subjecting it to ultra-centrifugation for 60 min at 20,000 
RPM at four °C using a cooling centrifuge (Eppendorf AG, Germany). The remain-
ing supernatant was thrown away; then the remainder was dissolved in 10 mL of 
methanol and sonicated for 5 min in a bath sonicator to determine the amount of 
entrapped PTX using the HPLC method described earlier14. We performed all tests 
in triplicate. The EE% of each formulation was calculated using the equation below:

EE% = X 100
Amount of entrapped drug

Actual drug content

Transmission electron microscopy (TEM) 

The diluted sample was stained with phospho-tungstic acid, dropped on a cop-
per grid, dried at 60ºC, and then loaded onto the TEM holder to be imaged with 
a TEM detector (Joel JEM 1230; Tokyo, Japan). A clean petri dish with a copper 
grid hexagonal 200-mesh was attached to carbon tape for TEM examination15. 

In-vitro release study

The in-vitro drug release performance of PTX from self-assembled sericin-
based PTX NPs was investigated using the dialysis technique. In summary, a 
previously soaked dialysis bag was filled with 1 mL of NP dispersion, equivalent 
to 0.5 mg of PTX (the molecular weight cutoff was 8.0 to 14 kDa). After being 
hermetically sealed, the dialysis bag was incubated at 37 ± 0.5°C with moder-
ate shaking (100 rpm) in 75 mL of acetate buffer (pH = 5.4) containing brij-35 
(0.5% w/v). Two mL of the media were removed at each scheduled time and 
replaced with freshly released media that had been pre-warmed to 37°C. Centri-
fuging the extracted release medium for 15 min at 12,000 rpm was done. The su-
pernatant was collected for analysis using the HPLC method described earlier16. 
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The release of marketed PTX (Abraxane®) and free PTX was performed as fol-
lows: 10 mg of lyophilized powder was dispersed in 2 mL deionized water, and 
from this suspension 1mL (equal to 0.5 mg of PTX) was placed in a dialysis 
bag, and one the release same as the colloidal dispersion of NPs. For free PTX, 
5 mg was dispersed in 10 mL deionized water; from this suspension, 1 mL was 
taken and placed in the dialysis bag as in the method described for colloidal 
dispersion NPs and marketed product. The formula used to determine the re-
lease rate was RR% = (Wi/W total) × 100%, where Wi is the quantity of PTX 
measured at the given time, and W total is the entire amount of PTX loaded in 
the dialysis bag. A similarity factor (f2) was used to statistically verify the data 
obtained from the two release profiles using the equation below:

Where (n) is the number of dissolution time points. (Rt) Moreover, (Tt) are the 
reference (Abraxane® or free drug) and test (PTX loaded sericin NPs) release val-
ues at time t, respectively. The two release profiles are considered similar when 
f2 values are greater than 50 (50–100); otherwise, the profiles are not similar17. 

Attenuated total reflectance infrared spectroscopy (ATR-FTIR)

The drug’s compatibility with the excipients was validated by ATR–FTIR (Shi-
madzu). An IR Affinity-1S spectrophotometer with an ATR accessory was used 
to determine the spectra of pure PTX, excipients, a 1:1:1 physical combina-
tion (PTX: sericin: poloxamer 407), and the optimum formulation. FTIR/ATR 
spectra [4000–600 cm−1] were collected with a resolution of 4 cm−1 by co-add-
ing 256 scans for each spectrum at room temperature18. 

Differential scanning calorimeter (DSC)

The thermal behavior and thermotropic properties of pure PTX, poloxamer 
407, pure sericin, and PTX-loaded sericin NPs (lyophilized) were evaluated us-
ing differential scanning calorimetry (DSC/TA-60 instrument from Shimadzu, 
Japan), equipped with the intercooler two cooling system. Nitrogen was uti-
lized as a blank gas, and samples weighing 3-5 mg were heated in aluminum 
pans with scanning temperatures ranging from 50-250°C at a scanning rate of 
10°C per minute19.

In-vitro aerosol dispersion performance by the Next Generation 
Impactor™ (NGI)

By US Pharmacopeia (USP) Chapter <601> specifications on aerosols20, the in 
vitro aerosol dispersion properties of PTX loaded sericin NPs were determined 
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using (NGI) (M170 NGI: MSP Corporation, Shoreview, MN, USA) equipped 
with a stainless-steel induction port (USP throat), which used to connect the 
device to nebulizer reservoir (Omron NE-U780, Omron Healthcare UK Ltd, 
UK) through a customized rubber mouthpiece and equipped. Seven special-
ized stainless steel insert cups are included with the NGI. The NGI was linked 
to a Copley HCP5 vacuum pump via a Copley TPK 2000 critical flow controller, 
and a Copley DFM 2000 flow meter (Copley Scientific, UK) was used to meas-
ure and modify the airflow rate, Q, before each experiment21. Tween 80 was 
applied to every cup’s particle collecting surface to guarantee effective particle 
capture and avoid inter-stage losses brought on by particle bounce. In order 
to do this, each of the eight NGI collection cups was submerged in an ethanol 
solution containing 1% Tween 80. The coated cups were then put under the 
fume hood to evaporate the ethanol thoroughly22.

For the NGI flow rate of 60 L/min, the effective cutoff diameters for each impac-
tion stage were calibrated by the manufacturer and stated as Stage 1 (8.06 µm), 
Stage 2 (4.46 µm); Stage 3 (2.82 µm); Stage 4 (1.66 µm); Stage 5 (0.94 µm); 
Stage 6 (0.55 µm); and Stage 7 (0.34 µm)23.

The aerosolization starts by placing 2 ml of NP suspension (equivalent to 1 mg 
PTX) in a nebulizer cup and nebulizing for 10 min (according to European and 
Indian guidelines)24,25 at 25°C, 65% relative humidity, and 60 L/min flow rate.

Each stage of the NGI, the induction port, and the nebulizer device were rinsed 
with 10 mL of the respective HPLC mobile phase and collected for quantitative 
analysis by HPLC26. The experiment was done in triplicate (n=3), and data are 
represented as mean ± SD. The mass median aerodynamic diameter (MMAD), 
geometric standard deviation (GSD), fine particle fraction (FPF), respirable 
fraction (RF), and emitted dose (ED) were using CITDAS software (Version 3)27.

The fine particle fraction (FPF), respirable fraction (RF), and emitted dose 
(ED) were calculated as follows28.

FPF% = X 100
Mass deposited on stage 2 through stage 7

Initial mass loaded in nebulizer

ED% = X 100
Mass recoverd from NGI
Initial mass in nebulizer

RF% = X 100
Mass deposited on stage 2 through stage 7

Initial mass on all stages
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In vitro cytotoxicity assay

The antitumor activity of Paclitaxel before and after loading with sericin-based 
NPs as well as blank NPs was performed by the Central laboratory in the Al-
Mustansiriya University using the following procedures.

Cell culture

Human lung adenocarcinoma cell line A-549 was obtained from the American 
Type Culture Collection (ATCC). The cells were grown as monolayers in RPMI 
1640 medium, supplemented with 10% FBS, 100 IU/mL penicillin, and 100µg/
mL streptomycin sulfate at 37°C with 5% CO2 under fully humidified condi-
tions29.

MTT assay

A-549 cells were seeded in 96-well plates at a density of 5000 viable cells per 
well and incubated for 24 h to allow cell attachment. After 24 h of incubation at 
37°C with 5% CO2, the growth medium was replaced with 100µL medium con-
taining either free PTX solution in DMSO, PTX–loaded sericin NPs, or blank 
NPs (same amount as PTX–loaded sericin NPs) equivalent to PTX concentra-
tions ranging from 0.1, 0.3, 0.5, 1.0, 3.0, 5.0, 10.0, and 30.0nM of PTX to each 
well then incubated at 37°C for 72 h. After 72 h of incubation with each com-
pound, 20.0 μL of the MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazo-
lium bromide) dye (MTT was dissolved in phosphate–buffered saline (PBS) at 
5.0 mg/mL) 180µL of fresh growth medium were added to each 96–well then 
kept in an incubator for four h at 37°C for the formation of formazan crystals. 
After incubation, MTT was aspirated off, and DMSO (100µL) was added to 
each well to dissolve the formazan crystals after mild shaking for 15 min. The 
absorbance of the soluble formazan dye was measured at 570 nm using a mi-
croplate reader. Absorbance was measured at 570 nm using a microplate read-
er. Untreated cells were taken as control with 100% viability, and cells without 
the addition of MTT were used as blanks to calibrate the spectrophotometer to 
zero absorbance30, 31.

Statistical analysis

The experiment’s results were reported as the mean ± standard deviation (SD). 
The samples were analyzed using one-way analysis of variance (ANOVA) to see 
if there was a significant difference between studied formulations at a signifi-
cance threshold of p<0.0531.
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RESULTS AND DISCUSSION

Preparation and characterization of the prepared NPs

The desolvation and accompanying dialysis procedures were used to create 
NPs. During the desolvation process, adding a DMSO mixture containing PTX, 
poloxamer 407, and protein sericin into the aqueous phase caused fast mis-
cibility of DMSO with water, and then NPs were synthesized by spontaneous 
self-assembly. Paclitaxel was successfully incorporated into the core of self-as-
sembled nanoparticles composed from hydrophobic (poly PPG) copolymers of 
poloxamer 407, as shown in Figure 1, which highlights the TEM of PTX-loaded 
sericin NPs. TEM confirms the spherical morphology of NPs, absence of parti-
cle aggregation, and core-shell structure. The particles appeared to be solid in 
structure with rounded outlines (i.e., hydrophobic core presumably containing 
PTX and a hydrophilic corona (poly PEG) to which hydrophilic protein is con-
jugated physically); this assumption is the same putative structure proposed 
by researchers Mandal et al.11. Because the corona-forming PEG chain block of-
fers steric protection against non-specific absorption by the phagocytic system 
and permits prolonged residence in the lung, this is particularly advantageous 
for local delivery to the lung32. The size of formulated PTX-loaded sericin NPs 
was 145.0 nm with nearly homogeneous and uniform particle distribution in 
solvent without any aggregation (PDI of 0.25). The EE% of PTX-loaded sericin 
NPs was 82%.

Zeta potential measurements can determine the stability of a system by as-
sessing the surface charges on particles. Large zeta potential values in absolute 
numbers often denote more stable systems. PTX-loaded sericin NPs in this 
study have a zeta potential of -30.16 ± 3.9 mV, suggesting that it has enough 
surface charge to be stable. Since the polypropylene oxide and polyethylene 
oxide segments in Poloxamer 407’s structure were both nonionic, the pres-
ence of the protein sericin should cause the shift in the NPs’ surface charge. 
The sericin structure has several negatively charged functional groups gener-
ated from various amino acid residues. The deprotonation of these carboxy-
late groups, which results in COO- groups, gave PTX-loaded sericin NPs their 
negative charge33.
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Figure 1. TEM of PTX-loaded sericin NPs merged with putative core-shell self assembles 
structure 

In-vitro release study of PTX loaded sericin NPs

The release profile study of PTX-loaded sericin NPs, marketed (Abraxane®) 
and free PTX, was shown in Figure 2. In contrast to Abraxane®, which only 
releases 76% of the medication after the same time, PTX NPs demonstrated a 
68% PTX release after 24 h in acidic solutions that mimicked the tumor micro-
environment. Because of PTX’s strong affinity toward the hydrophobic interior 
of the NPs, the formulation under study and Abraxane® showed a delayed and 
prolonged release of the drug. The drug included in these NPs may be released 
gradually owing to their capacity as drug reservoirs34. Although the drug re-
lease from Abraxane® was higher than observed in PTX NPs, both of them 
had similar release profiles (f2=65). The in vitro release profile for free PTX 
suspension showed only 40% drug release throughout 24 h. The PTX loaded in 
NPs showed significantly higher release (p<0.05) than pure PTX suspension. 
The calculated similarity factor (f2=36) indicates the difference between these 
profiles. The elaboration of this result relies on the fact that NPs have a larger 
surface area compared to the pure drug, which allows for more interactions 
with the surrounding environment; this, in turn, enhances PTX solubility and 
thus facilitates faster release of the drug. PTX is known for its poor solubility, 
but when encapsulated in NPs, it can be enhanced, leading to more efficient 
release from the NPs35. 
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Figure 2. In Vitro, the release profile of PTX NPs was compared with the marketed product 
(Abraxane®) and Pure PTX in acetate buffer (pH 5.4) at 37°C.

ATR-FTIR analysis

FTIR spectroscopy was used to examine the functional group components and 
structural alterations that occurred during the creation of NPs. Figure 3 dis-
plays the IR spectrum of PTX, poloxamer 407, sericin, and the physical combi-
nation of PTX, sericin, and poloxamer 407 (1:1:1), and PTX-loaded sericin NPs.

The characteristic peaks in the FTIR spectrum of pure PTX are found at 
3400–3500 cm-1 (N-H stretching), 3307 cm-1 (O-H stretching), 1734 cm-1 
(C=O) stretching of ester, 1707 cm-1 (C=O) stretching of amide, 1645 cm-1 (C-C) 
stretching, 1242 cm-1 (C-N) stretching, 1176 cm-1 (NC-O) stretching, and 1072 
cm-1 (C-O) stretching36. The spectrum of poloxamer 407 shows a band at 2881 
cm-1 (C–H) stretching vibration, a band at 1467 cm-1 (C–H) bending vibration, 
and its distinctive band at 1109 cm-1 (C-O) stretching37. Sericin showed char-
acteristic bands of C=O stretching at 1649 cm-1  and N-H bending at 1539 cm-1 
of amides I and II, respectively, and broadband peaked at 3342 cm-1 owing to 
the stretching of the N-H bond of amides in conjunction with the absorption of 
the O-H groups38. The majority of the distinctive peaks for both the drug and 
the protein were visible in the physical mix spectrum: PTX: sericin: poloxamer 
407 at a ratio of 1:1:1, suggesting that there was no drug-excipient interaction. 
The absence of all the primary peaks in the FT-IR spectrum of the optimum 
PTX-loaded sericin NP formulation is caused by PTX becoming entrapped in 
the self-assembled sericin-based PTX NPs. The following bands, which cor-
respond to the properties of poloxamer 407, were seen in the optimized for-
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mulation: a band at 2883 cm-1 from C-H stretching vibration, a band at 1467 
cm-1 from C-H bending vibration, and a distinctive band at 1112 cm-1 from C-O 
stretching. In addition, while they have moved to higher wavenumbers 1647 
and 1535 cm-1, respectively—the distinctive bands of the sericin N-H bond of 
amides 3362 cm-1, amide I, and II are still discernible, indicating the existence 
of the protein in the structure of the NPs.

Figure 3. FTIR absorption spectrum of pure PTX, sericin, poloxamer 407, physical mixture, 
and optimized formulation

DSC analysis 

The thermal analysis of PTX-loaded sericin NPs is shown in Figure 4. The DSC 
profile of PTX shows an endothermic effect at T peak = 220°C due to melting, 
indicating its pure crystalline state39. The DSC profile of poloxamer 407 also 
shows an endothermic effect at T peak = 60°C due to melting40. The DSC pro-
file of sericin shows a broad endothermic effect at T peak = 122°C associated 
with order → disorder transitions, which can be considered thermal signatures 
of protein (irreversible) denaturation41.

DSC profile of PTX-loaded sericin NPs shows the endothermic peaks of polox-
amer 407 and sericin (shifted to lower melting temperatures) due to the pres-
ence of the other excipients with an additional peak of mannitol (added as a 
cryoprotectant) at T peak = 157°C. Conversely, there was no peak for PTX at 
122°C, suggesting that PTX undergoes conversion to amorphous form (molec-
ularly dispersed) during formulation42. These effects in the DSC curve of PTX-
loaded sericin NPs confirm the presence of the protein in the structure of NPs.
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Figure 4. DSC profile of PTX-loaded sericin NPs

In-vitro aerosol dispersion performance by the Next Generation 
Impactor™

Nebulizers that can deliver formulations as minute droplets that will be depos-
ited in the lung airways based on their aerodynamic qualities, such as MMAD 
and FPF, can be used in the pulmonary route of administration. These aerody-
namic characteristics of nebulized particles reflect the in vivo deposition pro-
file in the alveolar portion of deep lung regions and the airways43. 

The aerosol dispersion properties of PTX-loaded sericin NPs were evaluated 
using the Next Generation Impactor™ (NGI™) coupled with the Omron NE-
U780 (Omron Healthcare UK Ltd, UK) nebulizer device. They are presented in 
Figure 5 and Table 1. 

The data obtained indicated that the particle size distribution’s normalcy, as 
shown by the MMAD (3.72µm) and GSD (2.06µm), was within the optimal 
range for pulmonary administration (1–5 and 1-3μm, respectively)27. The load-
ed dose in the device was emitted by an average extent of 81.5%, the average 
FPF% was about 54.83%, and the average RF% was 74.26%.
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Table 1. Aerodynamic properties of PTX-loaded sericin NPs

Formulation MMAD (µm) GSD (µm) FPF% RF% ED%

PTX-NPs 3.72 ± 1.08 2.06 ± 0.85 54.83 ± 2.05 74.26 ± 2.96 81.50 ± 2.23

It is expected that the particles on Stages 5-7, which had significant particle 
deposition and aerodynamic diameter values of less than 1 µm, would deposit 
in the deep lung alveolar region through a mechanism of deposition known as 
diffusion, or Brownian motion. The particles deposited on Stages 1-4 would 
primarily deposit through sedimentation owing to gravity settling in the mid-
dle-to-deep lung regions. 

The hydrophilic polymer in the NPs’ outer shell and the smallest particle size 
of PTX-loaded sericin NPs allowed for a repulsive steric interaction between 
the particles, effectively decreasing the overall adhesive forces. This allowed 
for more effective aerosolization and stabilization of the colloidal suspension 
in the air, which allowed the NPs to reach deeper stages of the NGITM device44. 

NPs that demonstrate the best in-vitro aerosol lung deposition can be inhaled 
to facilitate local delivery of PTX to the deep lungs. This allows the NPs to de-
posit in almost all lung regions, allowing for treatment of the entire tissue and 
minimizing adverse events and exposure to other organs.

Figure 5. The aerosol dispersion performance of the nebulized NPs as the % deposition on 
each NGI™ stage

In-vitro cytotoxicity

The MTT assay was used to examine and compare the in vitro cytotoxicity of 
PTX-loaded sericin NPs with that of unloaded blank NPs and free PTX us-
ing the human lung cancer cell line A-549. As demonstrated in Figure 6, no 
significant (p>0.05) cytotoxic activity was seen for the drug-free NPs at dif-
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ferent concentrations compared to others, suggesting that the synthetic blank 
NPs are harmless in cell culture. At all concentrations used (0.1-30 nM), PTX-
loaded sericin NPs significantly (p<0.05) outperform pure PTX and blank NPs 
in terms of cytotoxicity on the A-549 cancer cell line 72 hours after exposure. 
This indicates that the cells can cleave PTX, allowing the freed PTX to reduce 
cellular viability. PTX-loaded sericin NPs can enter cancer cells by endocytosis 
and avoid the efflux pumps that cause PTX therapeutic resistance, which is one 
reason for their superiority over free PTX. Moreover, unlike free PTX, which 
clears out quickly, PTX-loaded nanoparticles can release the drug gradually 
and maintain therapeutic levels for more time. Its continuous release profile 
may improve the medication’s ability to kill cancer cells45.

Figure 6. Viability of A-549 cells after 72 h of cell culture with different concentrations of PTX

It successfully manufactured PTX-loaded sericin NPs using desolvation and 
related dialysis processes with spherical morphology of the particles, the lack 
of particle aggregation, and the core-shell structure with a consistent surface 
charge. When compared to the reference PTX, it had extended-release behav-
ior. DSC analysis revealed that PTX was amorphous, and FTIR data showed 
no chemical interaction with the excipients. These particles improved PTX in 
vitro cytotoxicity on lung cancer cells and demonstrated strong aerosol per-
formance in vitro. According to the physicochemical and in vitro evaluation 
findings, NPs of PTX have great potential as a pulmonary delivery mechanism.
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ABSTRACT

The study examines how specific polyphenols influence in vitro human diges-
tion, focusing on their effects on short-chain fatty acids (SCFAs) profiles and 
antioxidant capacities. Aronia, Cornelian cherry, green tea, and Turkish coffee 
were digested, and changes in SCFAs and antioxidants were analyzed. Results 
showed variations in SCFAs levels before and after digestion, with Turkish cof-
fee displaying the lowest acetic acid levels post-digestion (16 ± 0.4 mg/100 g) 
and green tea showing the highest propionic acid levels (742 ± 19.6 mg/100 g). 
Cornelian cherry exhibited the greatest increase in butyric acid levels after di-
gestion (4.7 ± 0.12 mg/100 g). Additionally, Turkish coffee showed the highest 
increase in total phenolic content (TPC) post-digestion, while Cornelian cherry 
had the highest increase in total antioxidant capacity (TAC). Overall, the find-
ings suggest that polyphenols may positively impact digestion and potentially 
exhibit prebiotic effects.
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INTRODUCTION

Polyphenols constitute the predominant category among secondary me-
tabolites devoid of energetic properties, encompassing approximately 8,000 
distinct compounds that have been identified1,2,3. Polyphenols, including fla-
vonols, flavones, flavanones, flavanols, phenolic acids, lignans, and stilbenes, 
harbor bioactive compounds associated with advantageous physiological im-
pacts, including potential anticancer and anti-inflammatory attributes4,5.

Referred to as ‘essential elements for longevity,’ polyphenols play a significant 
role in health6. While numerous studies in the literature document the bioac-
tivity of polyphenols, understanding of the mechanisms driving their health 
effects is limited due to their poor oral bioavailability7.

The absorption and bioavailability of dietary polyphenols in the body de-
termine their health benefits8. Bioactive compounds undergo trans-
formations as they progress through the gastrointestinal (GI) tract, 
leading to the generation of various metabolites. In the colon, certain poly-
phenols undergo fermentation mediated by the gut microbiota, conse-
quently leading to elevated concentrations of short-chain fatty acids (SC-
FAs). This process specifically affects the microbiota utilized by the host9.  
SCFAs generated within the colonic environment during the fermentation of 
dietary fiber and specific food components serve various functions with posi-
tive effects on health10,11.

Polyphenols act as metabolic prebiotics12. Phenolics that remain unabsorbed in 
the colon exhibit effects similar to “prebiotics”13. Typically, dietary polyphenols 
exhibit limited bioavailability, with approximately 90-95% evading absorption 
in the intestine and instead reaching the colon14. Unabsorbed molecules un-
dergo biotransformation, being deconjugated, depolymerized, and metabo-
lized into phenolic metabolites with reduced molecular weight, which are then 
absorbed by colonic microbiota15.

There is increasing interest in the enzymatic modification of phenolic com-
pounds mediated by lactic acid bacteria (LAB), with several studies showcasing 
the capability of diverse LAB strains to carboxylate, demethylate, de-esterify, 
and glycosylate dietary polyphenols16,17. LAB can be used to convert polyphe-
nols into bioavailable and bioactivated compounds18.
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Polyphenols, found in legumes, cereals, vegetables, olives, fruits, and various 
other dietary sources, significantly contribute to overall dietary intake19. Nota-
ble examples of polyphenol-rich foods, distinguished by their unique flavors, 
cultural significance, and rich polyphenolic content, include Aronia (Aronia 
melanocarpa), Turkish coffee (Coffea arabica), green tea (Camellia sinensis), 
and Cornelian cherry (Cornus mas L.). 

The aim was to analyze the polyphenols found in Cornelian cherry, Aronia, 
green tea, and Turkish coffee during in vitro digestion and to evaluate their 
effects on SCFAs, along with their antioxidant properties.

METHODOLOGY

Chemicals

Methanol (product code: 106009), Folin–Ciocalteu reagent (product code: 
109001), ammonium acetate (NH4Ac) (product code: 101116), sodium carbon-
ate (Na2CO3) (product code: 106392) and Copper (II) chloride (CuCl2) (prod-
uct code: 102739) were obtained from Merck (Darmstadt, Germany). Alpha-
amylase (1.5 U/mg, from Aspergillus oryzae powder) (product code: 86250),), 
pancreatin (from porcine pancreas, meeting 8 × USP specifications) (product 
code: P7545), pepsin (≥250 U/mg solid, from porcine gastric mucosa, lyophi-
lized powder) (product code: P7000), bovine serum albumin, KCl (product 
code: 58221), lipase (100–500 U/mg protein, from porcine pancreas Type II) 
(product code: L3126NaCl (product code: S9888), CaCl2⋅2H2O (product code: 
223506), urea, uric acid, mucin, NaHCO3 (product code: S6014), acetonitrile 
(ACN) (product code: 34851), bile salts mixture, neocuproine (Nc) (product 
code: N1501), Trolox (6-hydroxy-2,5,7,8–22 tetramethylchroman-2-carboxyl-
ic acid), gallic acid, and 1,1-diphenyl-2-picrylhydrazyl (DPPH) were obtained 
from Sigma-Aldrich (St. Louis, MO, USA).

The sample preperation

The fresh Cornelian cherry and Aronia fruits purchased for the study were pro-
cessed into a puree using a 32-mm pore pulper machine. The lyophilization 
processes were carried out using the G-Ray 125 freeze-dry machine through 
sublimation20. Turkish coffee and green tea were purchased in boxes. For the 
Turkish coffee, 6 g of coffee was mixed with 65 mL of water and thoroughly 
blended before being brewed using a coffee machine21. Green tea, consisting of 
1.5 g, was prepared by adding 200 mL of boiling water and thoroughly mixing.
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In vitro digestion procedure 

The method outlined by Lee et al. was slightly adapted for in vitro digestion. 
Each sample containing 5 g of polyphenols (Aronia, Turkish coffee, green tea, 
and Cornelian cherry) was placed in 50 mL Falcon tubes22. In vitro human di-
gestion was simulated by adding solutions mimicking those in the oral, gastric, 
intestinal digestion (Figure 1).

Figure 1. Dynamic changes in polyphenol products of Aronia, Cornelian cherry, green tea, 
Turkish coffee during the in vitro gastrointestinal digestion

For the oral medium, NaCl, urea, uric acid, α-amylase, and mucin were dis-
solved in deionized water, with the pH adjusted to 6.8 ± 0.2. The gastric medi-
um included HCl, CaCl2.H2O, bovine serum albumin, pepsin, and mucin, with 
a pH of 1.5 ± 0.02. The small intestine medium contained KCl, CaCl2.2H2O, bo-
vine serum albumin, pancreatin, and lipase, adjusted to pH 8.0 ± 0.2. Lastly, 
the bile solution was composed of NaHCO3, CaCl2.2H2O, bovine serum albu-
min, and bile, with a pH of 7.0 ± 0.2. In each case, deionized water was used to 
make up the volume, and HCl or NaOH was used to adjust the pH22.

Five mL of salivary solution were added to the samples and incubated in a 
shaking water-bath (5 min, 37°C). Then, 12 mL of gastric juice was added to the 
samples and incubated at the same temperature for 30 min. Subsequently, 12 
mL of duodenal juice and 6 mL of bile juice were added to the mixture obtained 
after the addition of gastric juice. The mixture underwent an incubation period 
in a shaking water-bath (2 hours, 37°C)22.
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The liquid agar for Escherichia coli (E. coli) was prepared by mixing 2.5 g of 
Mueller–Hinton broth with 100 mL of deionized-distilled water (DDW), while 
the liquid medium for Lactobacillus plantarum (L. plantarum) involved com-
bining 5.5 g of Lactobacilli MRS Broth with 100 mL of double-distilled water 
(DDW). Frozen (-80°C) E. coli and L. plantarum were heated to 37°C. For 1% 
of the E. coli and L. plantarum stocks, 1 mL was added to 100 mL of suitable 
sterile liquid medium. The E. coli and L. plantarum liquid medium solutions 
were incubated at 37°C for 12 hours to activate them. For activated E. coli and 
L. plantarum, 100 mL of sterile liquid medium was again inoculated and in-
cubated at 37°C for an additional 12 hours. E. coli was allowed to grow for 24 
hours, and L. plantarum for 72 hours at 37°C. After incubation, the final num-
ber of E. coli and L. plantarum colonies was log 108-1010 colony-forming units 
(CFU). For the large intestine digestion phase, 38 mL of liquid agar containing 
E. coli and L. plantarum solutions were added to samples that had undergone 
small intestine digestion. The samples were then incubated (4 hours, 37°C)22.

HPLC analysis

The prepared samples were filtered through a 0.45-μm syringe tip cellulose 
acetate filter, transferred into 2-mL amber screw-cap vials, and then subjected 
to HPLC. The HPLC analysis for SCFAs determination, following the method 
by De Baere et al., was adapted for this study23. A Shimadzu Nexera-i HPLC 
system equipped with a Shimadzu DAD detector was utilized for separation 
of acetic acid, butyric acid, and propionic acid. The mobile phase consisted of 
methanol: water: acetonitrile (42:56:2 v/v/v), with detection at 210 nm. An 
Inersil ODS-3 column (5µm, 4.6x250 mm) was used in a column oven (30°C) 
with a flow rate (0.8 mL/min).

Total phenolic content analysis

The Folin-Ciocalteu method was employed to determine the total phenolic 
content (TPC) of the samples24. Pre-digestion samples underwent extraction 
with an extraction solution, followed by centrifugation. Then, 0.1 mL of the 
centrifuged samples was mixed with 0.75 mL of 6% Na2CO3 and 0.75 mL of 
Folin reagent. Post-digestion, samples were again extracted and centrifuged, 
and the process was repeated similarly. After incubating in the absence of light 
at room temperature (90 min), absorbance (760 nm) was determined using a 
UV-visible spectrophotometer (Shimadzu UV-1700 UV–Vis, Japan). Absorb-
ance values were compared to a gallic acid calibration curve (mg/L-1 gallic acid 
equivalent [GAE]).



456 Acta Pharmaceutica Sciencia. Vol. 63 No. 2, 2025

Total antioxidant capacity 

The DPPH (1,1-diphenyl-2-picrylhydrazyl) assay was used to evaluate the Total 
Antioxidant Capacity (TAC), with Trolox as the standard. Each assay was conduct-
ed in triplicate for the samples. The procedure followed the method outlined by 
Karunakaran and Kumaran25. Initially, 3.9 mL of 0.1 mM DPPH in methanol was 
combined with 100 μL of sample extract or standard solution. The blank sample 
comprised 100 μL of an 80% methanol solution and 3.9 mL of the DPPH solution.  
Following incubation at room temperature in the absence of light (30 min), ab-
sorbance was determined utilizing a UV-visible spectrophotometer, referencing 
against a blank measurement (at 517 nm).

Data analysis

Analyses were conducted using Minitab 18 software, involved applying one-
way analysis of variance (ANOVA) and Tukey post hoc tests to determine any 
significant differences (p<0.05). Triplicate analyses were conducted.

RESULTS and DISCUSSION

The effect of polyphenols on SCFAs

The production of SCFAs by microbiota in colon is essential for various physio-
logical processes, extending beyond the intestinal environment to affect peripheral 
tissues following absorption26. Acetic, propionic, and butyric acid are the primary 
fermentation products, significantly contributing to the overall SCFAs pool. Acetic 
acid serves as an essential energy substrate, being metabolized and absorbed by or-
gans. Propionic acid exhibits potential in reducing fatty acid levels in both the liver 
and plasma, thereby inhibiting cholesterol synthesis. Butyric acid maintains the 
immune function of the intestinal mucosa and suppresses cytokine production27. 

In this study, Aronia, Cornelian cherry, green tea, and Turkish coffee were sub-
jected to analysis for their acetic, propionic, and butyric acid contents pre- and 
post-in vitro digestion. The data depicted in Table 1, demonstrated variations in 
the levels of SCFAs among these polyphenol-rich foods. Prior to digestion, Cor-
nelian cherry and green tea exhibited the lowest acetic acid values, while Aronia 
displayed the highest. Upon in vitro digestion, Turkish coffee showed the lowest 
acetic acid levels, with a notable increase observed in green tea. Similarly, the ini-
tial propionic acid levels were lowest in Cornelian cherry and highest in Turkish 
coffee, with a substantial increase noted in green tea post-digestion. As for butyric 
acid, Cornelian cherry and green tea had the lowest initial values, whereas Aronia 
displayed the highest. Following digestion, Turkish coffee exhibited the lowest 
butyric acid levels, while Aronia demonstrated the most significant increase. 
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Table 1. Content of acetic, propionic and butyric acids in different types of polyphonels

Polyphonels

Acetic Acid 
(mg/100g)

Propionic Acid 
(mg/100g)

Butyric Acid 
(mg/100g)

Pre-digestion Post-digestion Pre-digestion Post-digestion Pre-digestion Post-digestion

Aronia 0.53 ± 0.03a 66.5 ± 1.8b 0.24 ± 0.00c 285 ± 7.5b 2.1 ± 0.05a 4.7 ± 0.12a 

Cornelian 
Cherry 0.19 ± 0.00c 62.4 ± 1.65b 0.15 ± 0.00d 279 ± 7.1b 0.18 ± 0.00c 3.7 ± 0.09b

Green 
Tea 0.17 ± 0.01c 177 ± 4.7a 0.32 ± 0.01b 742 ± 19.6a 0.17 ± 0.04c 3.7 ± 0.09b

Turkish 
Coffee 0.47 ± 0.02b 16 ± 0.4c 1.30 ± 0.04a 58.5 ± 1.5c 0.39 ± 0.01b 1.14 ± 0.00c

Outcomes are represented ± standard deviation (n=3). The distinct symbols within the 
same column displayed indicate a significant difference in mean values (ANOVA, Tuk-
ey’s test, p<0.05).

The investigation into the digestion process conducted in vitro demonstrated 
an increase in the acetic, butyric, and propionic acid content of these poly-
phenol-containing foods compared to their levels before digestion. Phenolic 
compounds have a limited absorption in the intestine, with 5 to 10% of the 
total ingested polyphenols undergoing absorption. Complex phenolics that re-
main unabsorbed in the small intestine undergo biotransformation by resident 
microbiota in the colon into smaller molecular weight metabolites, facilitating 
potential absorption15. Throughout this procedure, SCFAs are generated, ac-
companied by notable alterations in the composition of gut microbiota15. Dur-
ing in vitro gastrointestinal digestion, Aronia, green tea, coffee, and Cornelian 
cherry exhibited elevated levels of SCFAs (propionic, butyric, acetic acid). This 
observation may be connected to the effects of processes such as digestion, 
absorption, and metabolism on the bioavailability28. Moreover, gut microbiota 
exerts a crucial influence on the biotransformation of polyphenols, a process 
vital for their bioavailability29,30. Polyphenols may promote an increase in SC-
FAs production by exerting a prebiotic effect31. It has been found that unab-
sorbed phenolic compounds and their derivatives in the colon possess ‘prebiot-
ic-like’ effects32. In vitro gastrointestinal digestion of Aronia, green tea, coffee, 
Cornelian cherry exhibited prebiotic potential by promoting the production 
of SCFAs. Recent studies by Moorthy et al. and Alves-Santos et al. support 
this study’s findings, confirming that polyphenol intake affects gut microbial 
composition and enhances host health by promoting homeostasis, exhibiting 
prebiotic properties31,33. Polyphenolic compounds, including anthocyanins and 
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phenolic acids, are noted to promote fermentation, leading to an elevation in 
SCFAs concentration34,35. In the study, green tea was found to contain elevated 
levels of acetic and propionic acids, whereas Aronia demonstrated increased 
concentrations of butyric acid following digestion. In line with this study, Rha 
et al. suggest that specific stable polyphenols found in green tea have higher 
bioaccessibility in the gastrointestinal system, and their health-regulating ef-
fects are based on interactions with gut microbes36. The antioxidant properties 
of green tea and Aronia polyphenols may have created a synergistic effect.

The results of our in vitro digestion experiments reveal that polyphenol-rich 
foods significantly influence the digestive system, aligning with existing lit-
erature that highlights their potential to enhance SCFAs production and exert 
prebiotic effects. This finding corroborates previous studies, such as those by 
Sorrenti et al. and Dou et al., which have demonstrated that polyphenols can 
positively modulate gut microbiota and fermentation processes, thereby sup-
porting gastrointestinal health and function37,38. Our data extends these obser-
vations by confirming that diverse polyphenol sources, including those ana-
lyzed in our study, contribute to increased SCFA levels and exhibit prebiotic 
properties, reinforcing the role of dietary polyphenols in promoting beneficial 
microbial activity and overall digestive health.

The effect of polyphenols on TAC and TFC 

The evaluation and comparison of TAC and TPC of polyphenols pre- and post-
digestion revealed significant alterations (Figure 2). Aronia exhibited the high-
est TPC values initially, while green tea had the lowest. Turkish coffee showed 
the most considerable increase in TPC post-digestion, whereas green tea and 
Cornelian cherry displayed the lowest increments. Regarding TAC, Aronia had 
the highest initial value, while Cornelian cherry and green tea had the low-
est. Post-digestion, Aronia demonstrated the highest increase in TAC, whereas 
Turkish coffee showed the lowest enhancement.
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Figure 2. TPC and TAC values of the polyphenols before and after in vitro digestion. 
The distinct symbols displayed indicate a significant difference. 

The findings indicated that TAC and TPC levels of polyphenols were higher fol-
lowing in vitro digestion in comparison to pre-digestion levels. The increased 
TAC and TFC of polyphenols subsequent to in vitro digestion might be associated 
with enzymatic hydrolysis in the stomach and intestines as well as the increase in 
content39. Particularly noteworthy was the substantial enhancement observed in 
both TPC values and TAC of coffee following gastrointestinal processing. These 
results align with prior research by Campos-Vega et al., which suggests that co-
lonic fermentation enhances the antioxidant capacity of polyphenols derived 
from coffee grounds through the release of phenolic compounds40. Furthermore, 
coffee’s active compounds can be metabolized by gut bacteria, potentially en-
hancing their antioxidant properties and beneficial effects.

Vamanu et al. endorse the notion that the phenolic acids present in coffee 
grounds are instrumental in its observed antioxidant properties41

.  The evalua-
tion of antioxidant activities in coffee indicates that the active compounds pos-
sessing antioxidant capabilities withstand complete neutralization by digestive 
enzymes within the GI tract, facilitating their passage to the colon and main-
tenance of their bioactive effects, as evidenced in the study by de Cosío-Barron 
et al.42. This highlights the high bioaccessibility of polyphenolic compounds 
during digestion.

Aronia, green tea, Cornelian cherry, and coffee polyphenols on SCFAs produc-
tion are emerging. Preclinical and in vitro studies suggest potential synergistic 
effects on gut health. This study explores the antioxidant effects of these poly-
phenols, with digestion enhancing their bioaccessibility. These polyphenols 
also demonstrate prebiotic activity by increasing the production of butyric, 
acetic, and propionic acids. Gastrointestinal digestion releases bound phenolic 
compounds, boosting TPC and TAC. Understanding the nutritional value and 
potential applications of these polyphenols in functional foods provides valu-
able insights for consumers and the food industry.
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ABSTRACT 

This study evaluates the antimicrobial activity of European Pharmacopeia 
quality essential oils from Foeniculum vulgare Mill., Lavandula angustifolia 
Mill., Carum carvi L., and Pinus mugo Turra in mouthwash formulations with 
various combinations. These essential oils are ethnobotanically recognized for 
treating throat infections. Antimicrobial testing was conducted using microdi-
lution and disc diffusion methods against oral pathogens. The mouthwash for-
mulations were created as binary and quadruple combinations of the four oils. 
Formulations contains essential oils in the range of 0.5-0.55 mg/mL. Among 
the seven combinations tested, the most potent were the F. vulgare - P. mugo 
(25 mm zone diameter) and L. angustifolia - C. carvi (30 mm zone diameter) 
blends against Streptococcus mitis. While none of the formulations were ef-
fective against Moraxella catarrhalis, all were generally effective against S. 
mutans. Consequently, it is suggested that the mouthwash formulations devel-
oped with these essential oils may be particularly useful in preventing dental 
caries.

Keywords: mouthwash, disc diffusion, essential oil, European Pharmacopeia
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INTRODUCTION

The oral cavity is considered one of the most extensively studied ecosystems in 
the human body. The oral cavity is highly susceptible to infections and various 
pathologies, with common issues including dental diseases, periodontitis, oral 
mucosa infections, and oral cancer1. 

Mouthwashes play a key role in reducing microbial plaque, which helps in 
maintaining oral hygiene2. Mouthwashes are oral solutions designed to rinse 
the mouth, eliminate bacteria, act as astringents, deodorize the oral cavity, and 
provide therapeutic benefits by alleviating infections. The efficacy of mouth-
washes in controlling microbial plaque is important, but they should also be 
designed to offer a pleasant mouthfeel and flavor to encourage consistent use 
and consumer preference. They often contain antiseptics used for treating such 
infections3. Mouthwashes have the potential to function as targeted therapeu-
tic agents by addressing either the host’s inflammatory responses or specific 
pathogens. By focusing on pro-inflammatory pathways or specific bacterial 
targets, mouthwashes could effectively reduce inflammation and alleviate oral 
disease symptoms4. Many strategies focus on the biological activities of alter-
native natural products due to the increased microbial resistance of common 
antibiotics5.

Essential oils in mouthwashes are effective against oral pathogens6. In vit-
ro studies showed that an essential oil blend can more effectively eliminate 
Staphylococcus aureus and Streptococcus biofilms on hydroxyapatite discs 
than chlorhexidine7. Additionally, essential oils were reported to decrease 
plaque and bleeding scores when used by tooth brushing8. Additionally, it is 
well-established that essential oils possess antimicrobial effects on the gingiva 
while exhibiting low toxicity. It is highly significant in terms of enabling the 
development of new pharmaceutical formulations for oral hygiene2.

There are several reports on antimicrobial activity of Foeniculum vulgare Mill. 
(fennel, bitter fennel oil) essential oil that belongs to Lamiaceae family9,10. Es-
sential oil contains major 55.0 to 75.0% anethole according to European Phar-
macopeia. Fennel essential oil known, along with active compounds within it, 
has shown strong inhibitory effects in vitro against a diverse range of bacte-
rial and fungal pathogens. Lavandula angustifolia L. of the Lamiaceae family, 
is uses against insomnia and mental stress in the EMA monographs11,12. Also, 
previous studies demonstrated that lavender essential oil a wide range of bio-
activities, including antibacterial, antifungal, antioxidant, and anti-inflamma-
tory10,13,14. Lavender essential oil includes linalool (20-50%) and linaly acetate 
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(25-46%) as major components according to EMA monographs12. Caraway 
(Carum carvi L.), which are members of the Apiaceae family, widely used to 
flavor foods, enhance fragrances, and in medical preparations. Specifically, C. 
carvi essential oil is commonly found in liqueurs, mouthwashes, toothpastes, 
soaps, and perfumes due to its strong antimicrobial effects15,16. The main com-
ponents of essential oil were reported limonene and carvone17. Pine mugo 
Turra, also named mountain pine, studies were examined the chemical com-
position of dwarf pine essential oil. The major components of the mountain 
pine essential oil were found as obtained δ-3-carene, α-pinene, β-phellandrene 
previously18. 

In this study, the potential antimicrobial effects of 4 different (F. vulgare, L. 
angustifolia, C. carvi, P. mugo) European Pharmacopoeia quality essential 
oils were evaluated. The in vitro antimicrobial activity of essential oils mouth-
wash formulations consisting of a blend in various proportions were studied. 
To the best of our knowledge, this is the first study on mouthwashes composed 
of seven different combinations of Foeniculum vulgare, Lavandula angustifo-
lia, Carum carvi, and Pinus mugo essential oils. 

METHODOLOGY

Materials 

All essential oils were obtained from Caesar & Loretz GmbH (Germany). An-
timicrobial test materials and excipients of the mouthwash formulations (so-
dium chloride, sodium bicarbonate, sodium saccharin and ethanol) were pur-
chased from Sigma Aldrich (Germany). 

Antimicrobial activity 

The in vitro antibacterial activity was determined using the broth microdi-
lution assay following the methods according to the Clinical and Laboratory 
Standards Institute (CLSI) to determine the minimum inhibitory concentra-
tions (MIC)19. Staphylococcus aureus ATCC 6538, Streptococcus mitis NCIMB 
13770, Moraxella catarrhalis ATCC 23245 and Streptococcus mutans ATCC 
25125 strains were grown in Mueller Hinton Broth (MHB, Merck, Germany) 
in aerobic conditions at 37°C for 24 h. All microorganisms were adjusted to 
1 × 108 CFU/mL using McFarland No: 0.5 in sterile saline (0.85%) solution. 
Stock solutions and serial dilutions of the test samples were prepared in di-
methyl sulfoxide (DMSO). The minimum non-reproductive concentration was 
reported as minimum inhibitory concentration (MIC, as μg/mL). The MIC was 
calculated and reported as the mean of three repetitions compared to positive 
standards. 
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In addition, the in vitro antimicrobial activity of formulations was evaluated 
using the disc diffusion method following the methodology described by the 
Clinical and Laboratory Standards Institute (CLSI). The same human patho-
genic strains were used here as well. The inoculation of the pathogens was per-
formed using Mueller Hinton Broth (MHB, Merck, Germany) at 37°C under 
aerobic conditions for 24 h and standardized to 1 × 108 CFU/mL using McFar-
land No: 0.5 in sterile saline (0.85%). The mouthwash sample’s stock solution 
was prepared in dimethyl sulfoxide (DMSO) at 10 mg/mL concentration, and 
the antibacterial evaluation was performed in triplicates20, where the results 
were reported as average values.

Mouthwash formulations

The mouthwashes were prepared using combinations of the essential oils. Ini-
tially, the mouthwash solutions were formulated using 5.0-5.5% of essential 
oil. As sweetener saccharine sodium was applied. Furthermore, the essential 
oils were weighed and dissolved in ethanol while sodium chloride and sodium 
bicarbonate were added gradually using a mechanical stirrer (500 rpm, 30 
minutes), respectively. The combination blend was filtered, and the volume of 
the filtrate was completed to 10 mL by using distilled water. No preservative 
was added since the mouthwashes included high content of ethanol (>15%), as 
well as essential oils (Table 1)20.

Table 1. The mouthwash formulations containing the essential oils (EO)

Formulation 
code

F. vulgare
EO (%)

L. angustifolia
EO (%)

C. carvi
EO (%)

P. mugo
EO (%)

Sodium
Chloride

(%)

Sodium
Bicarbonate

(%)

Sodium
Saccharine

(%)

EtOH
(%)

Distilled
water

MF1 2.5 2.5 - - 0.1 0.05 0.001 60 q.s. 10 mL

MF2 2.5 - 2.5 - 0.1 0.05 0.001 60 q.s. 10 mL

MF3 2.5 - - 2.5 0.1 0.05 0.001 60 q.s. 10 mL

MF4 - 2.5 2.5 - 0.1 0.05 0.001 60 q.s. 10 mL

MF5 - 2.5 - 2.5 0.1 0.05 0.001 60 q.s. 10 mL

MF6 - - 2.5 2.5 0.1 0.05 0.001 60 q.s. 10 mL

MF7 2.5 1 1 1 0.1 0.05 0.001 60 q.s. 10 mL
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RESULTS and DISCUSSION

In this study, we report on the antibacterial activity of individual essential oils 
and combined mouthwash formulations. Seven different formulations exhib-
ited the same amount of the excipients, however, in different concentrations 
of essential oils.

The essential oil of F. vulgare used in the study should contains at more than 
55.0% anethole, 12.0% fenchone, and less than 6.0% estragole, according to 
Ph. Eur. monograph. The analysis study of the composition of essential oil of 
F. vulgare, cultivated from different places, reported predominant compounds 
estragole (60.01%-35.33%), anethole (22.15%-52.27%), and fenchone (6.50%-
4.32%)21. The main components of the L. angustifolia essential oil obtained 
through steam distillation are monoterpenes such as linalool (20-50%) and 
linalyl acetate (25-46%)22. In the analysis of volatile components of Lavandula 
aetheroleum of main components was identified linalool (20.0-45.0%) and li-
nalyl acetate (20.79-39.91%). According to the Ph. Eur., C. carvi essential oil 
should contain 50-65% carvone, 30-45% limonene, and a maximum of 2.5% of 
trans-dihydrocarvone and trans-carveol, respectively. The identification of the 
major components of C. carvi essential oil studies23,24 was found to be consist-
ent with the Ph. Eur. Essential oil of C. carvi obtained from the needles and 
twigs is used. This essential oil consists of monoterpene hydrocarbons such as 
α-pinene, δ-3-carene, myrcene, limonene, according to Ph. Eur. The phyto-
chemical analysis studies showed that the major components were consistent 
with in the pharmacopeia25,26.

In the present study, the antimicrobial activity of 4 different essential oils of 
pharmacopoeia quality at 1 mg/mL concentration was evaluated individually 
using the broth two-serial dilution method against oral pathogens, as shown 
Table 2. According to the result, essential oils at >1000 μg/mL concentration 
were comparatively ineffective against several oral pathogens as compared to 
the control group. 
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Table 2. Antimicrobial activity of Pharmacopeia quality essential oils 

Essential oils Minimum inhibitory concentration (mg/mL)

S. aureus S. mitis M. catarrhalis S. mutans

F. vulgare >1000 >1000 >1000 >1000

L. angustifolia >1000 >1000 >1000 >1000

C. carvi >1000 >1000 >1000 >1000

P. mugo >1000 >1000 >1000 >1000

Tetracycline 8 0.5 8 0.5

Anethole was reported as the major component of F. vulgare essential oil, and 
its antimicrobial activity was found to be of low efficacy27. In contrast, the anti-
microbial activity of F. vulgare essential oil was tested against various micro-
organisms, and the MIC value against S. aureus was found at concentration 
250 mg/mL. Additionally, this study reported that the main components of 
essential oil were α-pinene, estragole, and β-pinene28. The results of this study 
differ when compared to our findings. The differences in the MIC values ob-
served for the same microorganism could be attributed to the varying percent-
ages of the compounds in the essential oils. 

The antimicrobial effect of L. angustifolia essential oil was reported against 
human pathogens. Several studies have shown that Lavandula essential oil 
possesses significant antibacterial properties against a wide range of micro-
organisms. It was showed that formulations containing lavender essential oil 
demonstrate a stronger antimicrobial activity against S. aureus29. Other stud-
ies showed that C. carvi seems to have notable antibacterial activity23,30,31. 
Moreover, P. mugo essential oil was identified with outcomes varying based 
on the specific microbial pathogens targeted26,32,33. 

The oral cavity provides space for the colonization by various microorganisms 
that predominant components of microflora. The majority of the oral bacterial in-
fections are polymicrobial so the combination of antimicrobial molecules should 
be combined. Currently, there is an increasing demand for mouthwashes formu-
lated with combinations of essential oils. Studies demonstrated the effectiveness 
of Listerine® mouthwash, which is available in a combination of essential oils34.

The antimicrobial effects of the formulations against four oral pathogens were 
determined using the disc diffusion test. As a result of, it was determined that the 
combination of L. angustifolia-C. carvi provided a selective antimicrobial effect 
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against S. mutans than other combinations (Table 3). Additionally, the combina-
tion of F. vulgare-P. mugo was effective against S. mutans bacteria. According 
to the experimental results, mouthwash combination of F. vulgare-P. mugo, L. 
angustifolia-C. carvi, and quadruple combination (F. vulgare-L. angustifolia-C. 
carvi-P. mugo) showed that the combination has a significantly antimicrobial 
effect (Figure 1). In the evaluation of the three combinations effective against S. 
mutans, the percentage concentrations of essential oils in the formulations are 
of particular interest. Both the F. vulgare-P. mugo and L. angustifolia-C. carvi 
formulations contain 0.25 mg/mL each of essential oil. The quadruple combina-
tion contains 0.25 mg/mL of F. vulgare, while the other essential oils are present 
at 0.1 mg/mL each. The results show that the effectiveness of the L. angustifolia, 
C. carvi, and P. mugo essential oils decreases at lower doses.

Table 3. Growth of inhibition zones of mouthwash formulations (in mm)

S. mitis M. catarrhalis S. mutans S. aureus

F. vulgare- L. angustifolia 18 - 17 8

F. vulgare-C. carvi 14 - 12 10

F. vulgare-P. mugo 12 - 25 7

L. angustifolia-C. carvi 12 - 30 8

L. angustifolia-P. mugo 14 - 17 8

C. carvi-P. mugo 10 - 18 8

F. vulgare-L. angustifolia 
C. carvi- P. mugo 19 - 22 9

Tetracycline 24 19 22 20

Figure 1. Disk diffusion test results against S. mutans
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In the combination study of lavender essential oil with Artemisia herba alba 
and Rosmarinus officinalis essential oils, a synergistic effect was observed 
against the tested microorganisms35. A combination study of lavender and fen-
nel essential oils also revealed an additive effect against S. aureus10. In our 
study, the combination of lavender and fennel essential oils showed greater 
effectiveness against S. mitis than the positive control in antimicrobial activ-
ity. Based on these findings, it can be inferred that the formulations exhib-
ited a synergistic effect resulting from the various combinations. Essential 
oils used in the combinations found to have antibacterial activity exhibited 
a synergistic effect against S. mutans. Furthermore, it can be concluded that 
the combinations exhibiting a synergistic effect could be considered for use as 
mouthwashes. The first report on the antimicrobial activity of mouthwashes 
prepared from different combination of F. vulgare, L. angustifolia, C. carvi, 
and P. mugo essential oils. As a result, it is thought that mouthwash formu-
lations developed with these pharmacopeia quality essential oils can be used 
especially in preventing dental caries.
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