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Aims and Scope of Acta Pharmaceutica Sciencia

Acta Pharmaceutica Sciencia is a continuation of the former “Eczacilik Biilteni”
which was first published in 1953 by Prof. Dr. Kasim Cemal GUVEN’s editor-
ship. At that time, “Eczacilik Biilteni” hosted scientific papers from the School
of Medicine-Pharmacy at Istanbul University, Tiirkiye.

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. Kasim Cemal GUVEN, 1995-2001, edited by Prof. Dr. Erden GULER,
2002-2011, edited by Prof. Dr. Kasim Cemal GUVEN)

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. Giilden 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

*QObligatory 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The original articles accepted for publication must be unpublished work and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.

Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025 | VI



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 1 (letter 1), o (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.

« JTUPHAR 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.

Acta Pharmaceutica Sciencia. Vol. 63 No. 3,2025 | IX



« 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 pa-
renthesized code number, e.g., “1 (JEM-398).” Subsequently, only the bold
Arabic number may be used. All code numbers in the text must have a cita-
tion 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

X | Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025



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, °C, K, min, h, mL, uL, g, mg, ug, cm, mm, nm, mol, mmol, umol, 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.’.

XI1 | Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025



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-yDthiazole 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
processor’s text mode or table format feature. The table format feature is pre-
ferred. 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-
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erences. Remove all color from illustrations, except for those you would like
published in color. Illustrations may be inserted into the text where mentioned
or may be consolidated at the end of the manuscript. If consolidated, legends
should be grouped on a separate page(s). Include as part of the manuscript file.

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

1. The preferred submission procedure is to embed graphic files in a Word
document. It may help to print the manuscript on a laser printer to ensure all
artwork is clear and legible.

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 c¢m) 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, pmol/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 (Wwww. 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
using the draft for submitting to Acta Pharmaceutica Sciencia “acta_msc_
tmp” and that have not been adapted in terms of format, will be directed to the
editor-in-chief, after the 3rd time, by giving the information that “the consist-
ency 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.
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Do current pharmacovigilance systems enable
early public protection?

Editorial Article
Semra SARDAS”

Istinye University, Faculty of Pharmacy, Department of Pharmaceutical Toxicology, Istanbul, Tiirkiye

Regional Pharmacovigilance (PV) systems, coordinated by regulatory au-
thorities, collect and analyze safety data, primarily through spontaneous
reporting (SRS) remains a cornerstone of PV. However, underreporting, de-
lays, and limited real-time analysis restrict their public health impact. Adverse
drug reactions (ADRs) significantly impact healthcare systems, leading to in-
creased hospitalization rates and costs.

Drug toxicity determination is a main step in drug design and involves identi-
fying the adverse events (AEs) of chemicals on humans, plants, animals, and
the environment. Pre-clinical evaluations are a necessity for preventing toxic
drugs from reaching clinical trials. Despite this, high toxicity is still a major
contributor to drug failure accounting for two-thirds of post-market drug with-
drawals and for one-fifth of failures during clinical trials. Thus, accurate toxic-
ity estimates are necessary for ensuring drug safety, and can help reduce the
cost and development time of bringing new drugs to market.

Animal studies have historically been the most conventional approach taken
to assess toxicity. However, these studies are constrained by cost, time, and
ethical considerations. Numerous computational, in silico, approaches have
demonstrated utility in estimating the toxicity of drug candidates. These ap-
proaches predict toxicity by evaluating various features of the drug and include
target-based predictions and Quantitative Structure- Activity Relationships
(QSAR).

With the growing adoption of Artificial Intelligence (AI) in healthcare, machine
learning models offer promising solutions for ADR prediction. While drug ap-
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proval requires rigorous clinical testing, many adverse reactions only become
apparent after widespread public use.

When we look at the global PV practices that emphasizes mandatory reporting
by manufacturers and healthcare institutions in Europe, the European Medi-
cines Agency (EMA) and EudraVigilance which is the EU’s central database for
adverse event reporting facilitates early detection of safety signals across EU
member states. The PV Risk Assessment Committee (PRAC) plays a key role
in assessing and managing risks. In the United States Food and Drug Admin-
istration (FDA) collects ADRs through MedWatch and the FDA Adverse Event
Reporting System (FAERS). Japan’s Pharmaceuticals and Medical Devices
Agency (PMDA) operates a robust PV framework, which includes reexamina-
tion and reevaluation of drugs based on post-marketing data.

WHO and the Uppsala Monitoring Centre (UMC) manages VigiBase, the glob-
al database of individual case safety reports (ICSRs). It promotes harmoniza-
tion of safety data and collaborates with more than 130 countries to enhance
global PV practices.

The question is; Do Current Systems Enable Early Public Protection?

While existing systems provide a vital safety net, they often fail to ensure early
intervention for several reasons;(i) Underreporting: It is estimated that less
than 10% of all ADRs are reported. (ii) Latency: Signal detection and regula-
tory action can take months or even years. (iii) Bias and Incompleteness: Many
reports lack crucial information, and rare or long-term side effects are easily
missed. (iv) Public Communication Gaps: Safety updates may not effectively
reach or influence public behavior. Consequently, while global PV systems are
essential, they do not consistently enable the public to take early preventive
measures before facing adverse effects.

AT can significantly improve PV. For example, by incorporating the present
large datasets rapidly to AI and detect complex tools for active surveillance.
Such contributions would not only reduce health risks but also place AI-driven
PV innovation for early signal detection and patient risk profiling. By the help
of this Predictive Modeling, Al systems can forecast which patient populations
are at higher risk of specific ADRs for early signal detection and patient risk
profiling. Privacy and Consent in using real-world data for PV must respect
patient confidentiality

In conclusion PV systems around the world have made remarkable progress in
identifying and managing drug-related risks. However, to empower the public
and minimize harm proactively, these systems must evolve beyond traditional
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spontaneous reporting. Al offers promising tools to enhance real-time moni-
toring, predictive risk assessment, and effective communication by developing
ethical and transparent Al solutions that protect public health and align with
global PV regulations. Since, PV is essential to post-marketing surveillance of
pharmaceuticals, ensuring that the benefits of medicines outweigh their risks
(AI) will improve signal detection, enhance real-time surveillance, and support
risk minimization by presenting opportunities and challenges for public health
which is yet unclear. Therefore, Al can have an emerging role of in PV for ad-
verse drug reaction prediction.
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ABSTRACT

Psychological resilience is the operational software of competencies that
enables us to cope positively with life’s drawbacks. As with all competencies
and associated skills, the level of psychological resilience may vary among in-
dividuals. This research addresses the neuropsychiatric dimension of psycho-
logical resilience and discusses its potential applications in improving public
health and pharmacy practices. To conduct a modeling study to identify, di-
agnose and disseminate to the society the individual characteristics that con-
stitute the building blocks of a resilient society that will cope with pandemics,
climate change, wars, waves of migration, inability to meet the basic needs of
the increasing population and infrastructure problems, global economic crisis,
technological challenges, digital transformation pressure, disruptive changes,
and the VUCA (volatility, uncertainty, complexity, ambiguity) world environ-
ment, led us to a detailed literature review. Neuropsychiatry of psychological
resilience is exemplified by recent global developments, biological underpin-
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nings, genetic variations, clinical perspectives, and developmental aspects.

Keywords: psychological resilience, neuropsychiatry, biological basis of re-
silience, genetics of resilience, pharmacist-led resilience

INTRODUCTION

Psychological resilience, often described as the “operational software” of hu-
man competencies, enables individuals to adapt positively and maintain
well-being amidst adversity. This capacity has drawn significant attention in
neuropsychiatry and mental health, especially given global stressors like the
Corona Virus Disease-19 (COVID-19) pandemic, climate crises, and socio-po-
litical upheavals'. These challenges underscore the need to understand resil-
ience both individually and as a societal asset.

Resilience research has evolved from focusing on innate traits to encompass-
ing dynamic, multifaceted constructs shaped by biological, psychological, and
social factors. Definitions range from “positive adaptation despite adversity”
to “dynamic processes enabling individuals to thrive,” reflecting the inte-
gration of neurobiological, genetic, and environmental perspectives. Foun-
dational theories include Michael Rutter’s (1987) protective factors frame-
work, Ann Masten’s (2001) “ordinary magic,” and Michael Ungar’s (2011)
socio-ecological model emphasizing context and culture+.

The neuropsychiatric dimension of resilience reveals roles for neural networks,
the HPA axis, genome-wide association studies (GWAS), and genetic varia-
tions like 5-HTTLPR polymorphisms'. However, gaps persist, including lim-
ited longitudinal and cultural research, particularly in low- and middle-income
countries. Promising digital interventions and strategies like mindfulness re-
quire robust validation across diverse populations. Additionally, there is grow-
ing interest in how resilience research can inform pharmacy practices, particu-
larly in patient care, medication adherence, and mental health support. This
review synthesizes global studies conducted from 1980 to 2024, identifying
gaps and proposing future directions for resilience research.

METHODOLOGY
Search strategy

A systematic review was conducted to assess the neuropsychiatric dimen-
sions of psychological resilience. PubMed, PsycINFO, Scopus, and Web
of Science were searched for peer-reviewed articles published from Janu-
ary 1980 to December 2024. Keywords included “psychological resilience,”
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“neuropsychiatry,” “biological basis of resilience,” “genetics of resilience” and
“pharmacist-led resilience.” Boolean operators (AND, OR) refined the search
strategy, ensuring diverse perspectives were included. Filters for language
(English) and article type (empirical studies, systematic reviews, meta-analy-

ses) were applied to enhance relevance.
Inclusion and exclusion criteria

Studies on resilience’s neuropsychiatric aspects, including biological, genetic,
or clinical dimensions, feature empirical research, systematic reviews, and me-
ta-analyses were included and grey literature, non-peer-reviewed studies, and
conference abstracts, articles not available in English and studies unrelated to
psychological resilience were excluded.

Screening process

Following the PRISMA 2020 flow diagram, a total of 1,200 articles were iden-
tified. After duplicate removal (n=300), 900 articles underwent title and ab-
stract screening, excluding 500 irrelevant studies. Full-text reviews were con-
ducted for 400 articles, resulting in 85 studies meeting all criteria.

Quality assessment

Methodological rigor was evaluated using the Critical Appraisal Skills Program
(CASP) checklists. Studies with robust designs, adequate sample sizes, and ap-
propriate statistical analyses were included. Weak studies were excluded to
maintain review integrity.

Data extraction and analysis
Data were systematically extracted using a template to capture objectives,

methodologies, findings, and limitations, with thematic synthesis categorizing
biological mechanisms, genetics, clinical implications, and trends.

Ethical considerations

This review adhered to ethical guidelines for systematic research. All studies
included were previously published and publicly available, ensuring compli-
ance with ethical standards. No direct data collection involving human, or ani-
mal subjects was undertaken.

Limitations

Non-English articles and grey literature were excluded. This exclusion may
have resulted in the omission of findings from diverse cultural or socio-eco-
nomic contexts. Reliance on published studies introduces potential publica-
tion bias, warranting cautious interpretation.
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RESULTS and DISCUSSION
Studies on psychological resilience

Resilience research lacks a definitive consensus on its conceptualization.
Studies in this field are categorized into three models: the stress-resilience mod-
el, the biopsychosocial model, and the dynamic systems theorys. Research on
resilience dates to the 1970s, with significant contributions shaping its devel-
opment. Michael Rutter pioneered resilience research, emphasizing protective
factors in reducing the impact of risk factors®. Norman Garmezy identified fac-
tors that enable individuals to thrive amidst adversity®. Ann Masten introduced
the concept of “ordinary magic,” highlighting resilience as part of normal life
processes3. Emmy Werner’s longitudinal study demonstrated that high-risk chil-
dren could achieve positive outcomes through protective factors’. Suniya Luthar
examined the interplay of risk and protective factors®, while Michael Ungar de-
veloped a socio-ecological model emphasizing the role of context and culture+.

Psychological resilience answers why some individuals experience trauma af-
ter events like earthquakes, while others adapt and recover. Despite numer-
ous definitions, operational consensus remains elusive®*°. Resilience broadly
refers to the ability to adapt positively to adversity, manage stress, and recover
from trauma®-3. It involves dynamic processes fostering mental health and ad-
aptation throughout life!4. Positive psychology underpins resilience, focusing
on human strengths like happiness and flourishing?.

Resilience measurement tools included many scales'®*®. Research on resilience
surged during the COVID-19 pandemic, linking it to mental health and leading
to resilience-building interventions'2.. Applications extend to military train-
ing?2, health contexts like cancer?s, and sports performance4.

Trauma does not always result in post-traumatic stress disorder (PTSD) and
can sometimes lead to post-traumatic growth, often linked to psychological
resilience®. However, it was found that women exposed to physical, verbal, or
sexual violence showed high post-traumatic growth but lower-than-expected
resilience, with no association found between resilience and the type of vio-
lence®. A study defined resilience as a capacity, process, and outcome?, while
a different study described it as the ability to resist, bounce back from, or grow
through stressors2®, which may explain Arabaci and colleagues’ findings*.

Resilience negatively correlates with psychiatric symptoms?® and positively
with social support, adaptive coping, and optimism2°. Factors like secure at-
tachment and purpose in life enhance resilience'?. Men are reportedly more
resilient than womens3'. Resilience also varies by age, with older adults excel-
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ling in emotional regulation and problem-solving, while younger adults rely
more on social supports2.

In a study, it was concluded that individuals with mood disorders are less re-
silient compared to psychologically normal participants3s. Similarly, a differ-
ent study found a medium-level negative correlation between resilience and
depression3+. A previous study observed that individuals with major depressive
disorders in remission show lower resilience compared to the general popula-
tion35. Additionally, a study provided empirical evidence of a positive associa-
tion between psychological resilience and positive coping styles®.

Resilience ensures well-being and supports self-confidence, healthy relation-
ships, and achievement®. Researchers redefined resilience as a complex pro-
cess involving pre-adversity functioning, challenging circumstances, post-ad-
versity outcomes, and predictors. This multi-level process includes individual,
family, and community factors, yet family and community resilience remain
underexploreds®. Resilience is a complex phenotype shaped by personality,
mood, self-image, and adaptability39-4°. Traits like optimism, attachment, in-
tellectual functioning, and effective coping facilitate adaptation to adversity+.

Neurologically, the medial prefrontal cortex and amygdala play key roles in
stress and trauma reduction#. The left parietal lobule is linked to emotional
control“?. The central executive network (CEN) and salience network (SN) in-
tegrate sensory and emotional information for cognitive control and emotional
regulation#3+4. The hypothalamic-pituitary-adrenal (HPA) axis regulates stress
via cortisol secretion, and its malfunction can reduce resilience?”.

Genetic factors also influence resilience. Serotonergic and dopaminergic sys-
tems regulate mood and stress. Genetic variations in dopamine and serotonin
pathways impact resilience*. The NRG1 gene’s rs10503920 polymorphism
correlates with resilience, while serotonin (SERT) and dopamine transporter
(DAT?1) genes contribute to individual resilience differences3*4°. Genetic vari-
ability plays a crucial role in determining vulnerability to stress and resilience.
Monoamine oxidase A (MAOA) and the serotonin transporter gene (5-HTT)
influence susceptibility to depression and stress-related behaviors+. Specif-
ic genetic combinations, such as the two long alleles of the 5-HTT gene, are
linked to higher resilience#. Contributing genes include the serotonin trans-
porter gene (SLC6A4), brain-derived neurotrophic factor (BDNF), and cat-
echol-O-methyltransferase (COMT), which impact neurotransmitter function
and stress responses®. Epigenetic mechanisms, such as DNA methylation and
histone modification, mediate gene expression in response to environmental
stress, affecting biological pathways related to emotional regulation*®. Gene-
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environment interactions further shape resilience; early-life adversity may
amplify vulnerability in genetically predisposed individuals, while supportive
environments can mitigate these effects*.

A previous study highlighted the potential for identifying genetic markers for
PTSD to develop early treatments, focusing on neurotransmitters like sero-
tonin, dopamine, and cortisol®°. Studies have observed increased medial pre-
frontal activity in at-risk siblings of bipolar patients, suggesting a compensa-
tory resilience mechanism#. Furthermore, changes in beta coherence patterns
in patients with Major Depressive Disorder (MDD) indicate impairments in
emotional regulation and heightened psychological vulnerability+. Research-
ers explored resilience in children, noting short-lasting white matter changes
after traumas'. Their recent work links resilience to resting-state brain connec-
tivity, suggesting protective effects during concussion recoverys.

Mindfulness practices enhance the central executive and salience networks,
promoting cognitive control and emotional regulationss. They regulate the
HPA axis, lower cortisol levels, and support neurotransmitter balance, en-
hancing resilience>+5. Mindfulness also induces beneficial epigenetic changes,
potentially modifying gene expression associated with stress regulation®. By
fostering adaptive coping strategies, mindfulness reduces the impact of genetic
predispositions to stress?.

Brain regions such as the prefrontal cortex and amygdala are closely associ-
ated with resilience, as identified through functional MRI and PET scans. Twin
studies and genome-wide association studies (GWAS) have explored genetic
markers like 5-HTTLPR and BDNF polymorphisms. Psychometric tools such
as the Connor-Davidson Resilience Scale (CD-RISC) and the Resilience Scale
for Adults (RSA) are commonly used, though cultural adaptability remains a
challenge. High-resolution imaging and large genetic datasets enhance accu-
racy, but limitations include a lack of longitudinal designs and cultural biases
in assessment tools.

Case studies illustrate resilience across diverse contexts. For example, during
the COVID-19 pandemic, an anesthesiologist-maintained resilience through
social networks, including managerial and peer support, which helped manage
work stress®®. In another study, resilience emerged from internal and external
factors like benefit finding, empathy, self-belief, and gratitude in individuals
facing adversities such as domestic violence, health challenges, and loss®. A
coastal community repeatedly impacted by climate change achieved resilience
through flood defenses, education, and social capital, highlighting the impor-
tance of adaptive capacity and mental health support®. Economically, small
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businesses survived financial hardships by diversifying products and building
strong stakeholder relationships, driven by leadership resilience, innovation,
and stress management®.

The biological underpinnings of resilience include neural networks like the
Central Executive Network (CEN) and Salience Network (SN), which are criti-
cal for emotional regulation. Dysregulation of the hypothalamic-pituitary-ad-
renal (HPA) axis, however, lowers resilience. Genetic factors, particularly vari-
ations in serotonin transporter genes (5-HTTLPR), influence stress resilience.
Epigenetic modifications shaped by early adversity also affect resilience.

Clinically, resilience-enhancing interventions, including mindfulness-based
therapies, show promise but require further evidence. Digital tools like mobile
apps and online programs are gaining traction for resilience training, offering
accessible resources for stress management. Cultural sensitivity is crucial for
tailoring interventions to diverse populations.

Strategies to enhance resilience include expressive writing for emotional pro-
cessing, gradual fear exposure to build competence, and self-compassion to
reduce self-criticism. Techniques like mindfulness, meditation, physical activ-
ity, and cognitive restructuring improve emotional regulation and stress relief.
However, integrating multiple strategies should be approached cautiously, as
some individuals may struggle with unfamiliar practices like mindfulness and
self-distancing, potentially increasing frustration or anxiety and reducing ad-
herence. General perspectives for studies about psychological resilience were
given in Table 1.

Table 1. Perspectives about psychological resilience

Author(s) Year Focus Key Findings

Rutter 1987 Protective Factors :(Eszgtlge factors buffer against
Masten 2001 Ordinary Magic Ejftilljifendce Is common and can be
Sf:lt.hWiCk 2014 Models of Resilience ml;ﬁ?;ee(?ynamic models

Recent Studies | 2020-2024 | Mindfulness and Genetics 2’:}%%;“;225;333;%6: CEN,

Pharmacists have been shown to play a vital role in enhancing psychological
resilience at both the individual and community levels. Through their close
interaction with patients, pharmacists contribute to the provision of emotional
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support, health literacy, medication adherence, and stress management, which
are critical elements for fostering resilience. By providing clear guidance on
treatment plans, addressing concerns empathetically, and offering preven-
tive health advice, pharmacists help patients feel more empowered and better
equipped to manage chronic illnesses, mental health conditions, and acute cri-
ses. Furthermore, community pharmacists, who frequently function as the pri-
mary healthcare access point, contribute to the reduction of healthcare access
barriers, thereby promoting social support — a recognised protective factor
in resilience development?®. Interventions led by pharmacists, encompassing
medication therapy management, mental health first aid, and counselling for
chronic disease management, have been demonstrated to reduce patient anxi-
ety and enhance coping mechanisms®. The integration of mindfulness-based
interventions and psychoeducational programs into pharmacy practice has the
potential to enhance resilience among vulnerable populationss. The multifac-
eted role of the pharmacist has been demonstrated to enhance patient resil-
ience on an individual basis, as well as augmenting the community’s broader
capacity to contend with and recuperate from public health challenges.

Limitations

Significant gaps in resilience research include the scarcity of longitudinal stud-
ies crucial for understanding causal relationships and resilience progression®.
Factors like age, gender, ethnicity, and education affect resilience, with poverty
reducing it®. Genetic influences, such as 5-HTTLPR and BDNF, are under-
studied despite exceptions like previous researches+-%4, Additionally, research
in low- and middle-income countries and digital interventions requires further
exploration. Moreover, pharmacy-specific resilience interventions remain un-
derexplored.

In conclusion, psychological resilience is crucial for mental health and adapt-
ing to adversity. Electroencephalography (EEG) biomarker-based cognitive re-
training enhances resilience and cognitive function, particularly in high-stress
environments like space missions®. Neurofeedback targeting beta coherence
shows promise in improving emotional coping and neural patterns+. Resil-
ience stems from biological, genetic, and environmental factors, yet cultural
and temporal variations are underexplored. Future research should prioritize
longitudinal studies and validate digital resilience training for diverse popula-
tions.
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ABSTRACT

This study aimed to evaluate the in vitro anticancer activity and possible syn-
ergism of ethanolic propolis extract combined with quercetin, hesperidin, and
hesperetin. Propolis (EEP) was extracted with ethanol and analyzed via high-
performance liquid chromatography (HPLC), confirming major phenolic con-
stituents. Quercetin, hesperidin, and hesperetin were tested individually and
in combination with the extract. Cytotoxicity was assessed on MCF-7 using
the MTT assay. The chemical composition of the EEP was characterized by the
identification of 17 phenolic and flavonoid compounds. Among these, caffeic
acid phenethyl ester was the most abundant constituent, with a concentration
of 5733.58 ug/mL. When applied alone, quercetin reduced MCF-7 cell viability
to 59% at 31.25 ug/mL, 38% at 62.50 ug/mL, and 11% at 125.00 ug/mL. Co-
administration with EEP significantly enhanced the cytotoxic effect, reducing
viability to 28%, 22%, and below 10% at the respective concentrations. The
lowest combination index (CI) value, calculated as 1.06 (50 ug/mL propolis +
31.25 ug/mL quercetin), indicated a nearly additive interaction, while higher
concentrations resulted in antagonistic effects.
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INTRODUCTION

Propolis is a resinous substance collected by bees from plant buds and exu-
dates, enriched with beeswax and enzymes. It has been used since ancient
times for wound healing, as an antiseptic, and as an anti-inflammatory agent,
with reports of its application in embalming rituals in Ancient Egypt'. Today,
propolis is widely used in both traditional medicine and pharmaceutical prod-
ucts due to its immunomodulatory, anticancer, antimicrobial, antioxidant, and
anti-inflammatory properties>3. These biological activities are attributed to its
rich chemical composition, which typically consists of approximately 50% res-
in and vegetable balsam, 30% wax, 10% essential and aromatic oils, 5% pollen,
and other trace substances'. In the beehive, propolis serves as a natural sealant
and protective agent, helping prevent microbial contamination and infection
within the colony*4.

Polyphenols are a large group of plant-derived secondary metabolites wide-
ly present in fruits, vegetables, tea, coffee, and red wines. Structurally, they
consist of one or more aromatic rings with hydroxyl groups, and over 10,000
distinct compounds have been identified®. These natural compounds are main-
ly classified into flavonoids, phenolic acids, lignans, and stilbenes, with fla-
vonoids being the most abundant in the human diet’. Flavonoids are further
subdivided into six major classes: flavonols, flavones, flavanones, flavan-3-ols,
isoflavones, and anthocyanidins®.

Polyphenols have attracted considerable scientific interest due to their wide
range of biological activities, including antioxidants, anti-inflammatory, an-
tiviral, and anticancer properties. Several studies have demonstrated that
polyphenols exert antiproliferative effects on various cancer cells with mini-
mal toxicity to normal tissues. Their anticancer activity is thought to involve
modulation of oxidative stress, inflammation, and cell signaling pathways.
Moreover, epidemiological data suggest that polyphenol-rich diets may help
reduce cancer risk®?.

Despite the well-documented biological effects of propolis and various poly-
phenolic compounds, limited data are available on their combined cytotoxic
activity and potential synergistic interactions. Understanding such interac-
tions may offer promising insights for the development of more effective natu-
ral compound-based therapies with enhanced efficacy and reduced toxicity. In
this study, we aim to evaluate the individual and combined anticancer effects
of propolis and selected flavonoids (quercetin, hesperidin, and hesperetin) on
MCF-7 using the MTT assay. Furthermore, this study explored the nature of
these combinations (synergistic, additive, or antagonistic) through Chou-Ta-
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lalay combination index analysis using CompuSyn software. To the best of our
knowledge, this is one of the few studies systematically assessing the interac-
tion between a chemically characterized propolis extract and individual flavo-
noids, offering a novel perspective on the combined therapeutic potential of
bee-derived and plant-derived bioactive.

METHODOLOGY
Chemicals and reagents

Quercetin, hesperidin, and hesperetin (purity>98%) were purchased from
Sigma-Aldrich, Alfa-Aesar and Santa Cruz, respectively. All solvents used were
of analytical grade. RPMI-1640 medium, fetal bovine serum (FBS), penicillin-
streptomycin, and trypsin-EDTA were obtained from Gibco (Thermo Fisher
Scientific, Waltham, MA, USA). MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyl tetrazolium bromide] powder was also obtained from Sigma-Aldrich.

Preparation of propolis extract

Raw propolis samples were obtained from Tiirkiye and stored at 4°C until ex-
traction. Ethanolic extract of propolis (EEP) was prepared by macerating 1 g
of ground raw propolis in 3 mL of 70% ethanol at room temperature. The EEP
was stored at —20°C for further use.

HPLC analysis of propolis constituents

The identification and quantification of phenolic compounds in the ethanolic
propolis extract were performed by high-performance liquid chromatography
(HPLC) following the method described, with minor modifications. A Shimad-
zu HPLC system (LC-20AD/SPD-M20A) equipped with a vacuum degasser,
binary pump, autosampler, and diode-array detector (DAD) was employed.

Chromatographic separation was achieved using a C18 reverse-phase column
(Inertsil ODS-3, 5 um, 4.6 x 150 mm) maintained at 30°C. The mobile phase
consisted of solvent A (0.1% formic acid in water) and solvent B (acetonitrile).
A gradient elution was applied as follows: 0—3 min, 10—-25% B; 3—15 min, 25—
30% B; 15—60 min, 30—50% B; 60—70 min, 50—60% B; 70—80 min, 60—90%
B; 80—85 min, 90—60% B; 85—90 min, 60—25% B; and 90—95 min, 25-10% B.
The column was equilibrated at 30°C for 15 minutes before each injection. The
flow rate was 1.0 mL/min, and the injection volume was 5 uL. Each sample was
injected twice under the same conditions®.
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Cell culture

Human Breast Cancer Cells (MCF-7) (ATTC HTB-22) were cultured in RPMI-
1640 medium supplemented with 10% FBS and 1% penicillin-streptomycin
under standard conditions (37°C, 5% COz2, humidified incubator). Cells were
subculture every 2—3 days and used for experiments at 70-80% confluency.

Cytotoxicity assay

This method is based on the reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) by mitochondrial dehydrogenases in viable
cells, resulting in the formation of purple formazan crystals. To assess the ef-
fect of propolis extract and phenolic compounds on cell viability, MCF-7 cells
were seeded at a concentration of 6,000 cells per well and incubated for 24
hours at 37°C. Subsequently, the cells were treated with various concentrations
of phenolic compounds, either alone or in combination with propolis extract,
for 24 hours.

After the treatment period, the wells were washed with PBS and incubated
with MTT solution at 37°C for 2 hours. Following incubation, the medium was
removed, and the formazan crystals were dissolved in DMSO. The optical den-
sity was then measured at 550 nm using the multiplate reader*.

Combination index (CI) analysis

The interaction between propolis and polyphenolic compounds (quercetin,
hesperidin, and hesperetin) was evaluated using the Chou-Talalay method
with CompuSyn software (Cambridge, UK). Cells were treated with each com-
pound individually and in combination at fixed doses of propolis (50 pg/mL)
and varying concentrations of each polyphenolic compounds. The cytotoxic ef-
fect was assessed using the MTT assay, and the percentage of inhibition was
converted to fractional effect values (Fa), ranging from o (no effect) to 1 (com-
plete inhibition).

Combination index (CI) values were calculated by the software based on the
median-effect equation. CI<1 indicates synergism, CI=1 denotes an additive
effect, and CI>1 represents antagonism. Statistical analysis'>.

Statistical analysis

Statistical analysis was performed using GraphPad Prism9.0 software (Graph-
Pad Software, La Jolla, CA). The data was analyzed using one-way Anova, with
post hoc Tukey’s multiple comparisons test. P-values<0.05 were considered to
indicate significance'+.
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RESULTS and DISCUSSION
Chemical characterization of propolis by HPLC

The chemical composition of the ethanolic propolis extract was determined
using high-performance liquid chromatography (HPLC), revealing a total of
17 phenolic and flavonoid compounds. The results are summarized in Table 1.
These compounds include a wide range of phenolic acids, flavones, flavonols,
chalcones, and flavanones, indicating a chemically diverse and biologically ac-
tive extract.

Table 1. Phenolic compounds identified in ethanolic propolis extract by HPLC analysis

Compound Amount (pg/mL extract)
Gallic acid 19.70
Epigallocatechin gallate 150.62
Caffeic acid 704.91
p-Coumaric acid 479.46
trans- Ferulic acid 209.65
trans-1soferulic acid 388.62
3,4-Dimetoxycinnamic acid 675.01
Quercetin 1216.20
frans-Cinnamic acid 38.63
Naringenin 1550.39
Apigenin 447.99
Kaempferol 90.36
Chrystin 2721.28
Pinocembrin 3330.40
Galangin 3645.52
Caffeic acid phenethyl ester 5733.58
frans-Chalcone 1644.20

Among the quantified compounds, caffeic acid phenethyl ester (CAPE) was
identified as the most abundant constituent, with a concentration of 5733.58
pg/mL extract. CAPE is a well-known bioactive component of propolis with
documented anti-inflammatory and anticancer activities. Other major con-
stituents included galangin (3645.52 pg/mL), pinocembrin (3330.40 pg/mL),
and chrysin (2721.28 pug/mL) - all of which are flavonoids known for their cy-
totoxic and antioxidant potential. These high concentrations suggest that fla-
vonoids major the chemical profile of the extract.
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Several phenolic acids were also detected in considerable amounts, particu-
larly caffeic acid (704.91 pg/mL), 3,4-dimethoxycinnamic acid (675.01 pg/
mL), and p-coumaric acid (479.46 pug/mL). In addition, several flavones and
flavanols such as quercetin (1216.20 ug/mL), naringenin (1550.39 ug/mL),
apigenin (447.99 pg/mL), and kaempferol (90.36 pug/mL) were identified.

Cytotoxic effects of propolis, quercetin, hesperidin, and hesperetin
on MCF-7

In the present study the cytotoxic effects of propolis extract and phenolic com-
pounds, both individually and in combination, on MCF-7 breast cancer cells
were investigated by using the MTT assay (Figures 1 and 2).

140+

120+

Viability %

Propolis pg/mL

Figure 1. Effects of propolis extract on MCF-7 cell viability as determined by MTT assay
Bars represent the percentage of viable cells relative to the control group, based on

three independent experiments. Statistical significance is denoted as follows: *p<0.05,
**p<0.01, ***p<0.001.
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Figure 2. Effects of phenolic compounds on MCF-7 cell viability either alone or combination
with 50 pg/mL propolis extract

Bars represent the percentage of viable cells relative to the control group, based on
three independent experiments. Statistical significance is denoted as follows: *p<0.05,
**p<0.01, ***p<0.001.
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The results showed that propolis extract exerted a dose-dependent cytotoxic
effect on MCF-7 cells. At the 25 pg/mL concentration, cell viability was re-
duced to approximately 85% compared to the untreated control group. As the
concentration increased to 50 pg/mlL, cell viability decreased further to around
50%. A more pronounced reduction was observed at 100 pg/mL, where cell
viability dropped to approximately 23%. Statistical analysis indicated that the
reduction in cell viability was significant at all concentrations tested, except for
12.5 pg/mL, suggesting a potent cytotoxic effect of propolis extract on MCF-7
cells.

Subsequently, the cytotoxic effects of quercetin, hesperetin, and hesperidin
on MCF-7 breast cancer cells were evaluated at three different concentrations
(31.25, 62.50, and 125.00 pg/mL), both individually and in combination with
50 pg/mL of propolis extract.

We found that quercetin exhibited the highest cytotoxicity among the tested
compounds. When used alone, quercetin reduced cell viability to 50% at 31.25
ug/mL,38% at 62.50 pug/mL, and 11% at 125.00 pg/mL. The combination of
quercetin with propolis extract significantly enhanced the cytotoxic effect, re-
sulting in cell viability reductions to 28%, 22%, and below 10% at the respec-
tive concentrations.

Hesperetin, in contrast to quercetin, showed relatively high cell viability when
used alone, especially at lower concentrations. At the lowest concentration of
31.25 pg/mlL, cell viability remained around 90%. As the concentration in-
creased to 62.50 pg/mlL, viability dropped to 63%, and at 125.00 pg/mL, vi-
ability decreased to about 18%. The combination of hesperetin with propolis
extract significantly enhanced the cytotoxic effect only at the highest two con-
centrations (62.50 and 125.00 pg/mL), where cell viability decreased to 39%
and 34%, respectively. At the lowest concentration (31.25 pg/mL), the combi-
nation did not significantly reduce cell viability compared to hesperetin alone.

Hesperidin displayed the lowest cytotoxicity among the three compounds, with
cell viability remaining around 80% at increasing concentrations. However,
the combination with propolis extract significantly reduced viability to 47%,
51%, and 45%, respectively (p<0.001), demonstrating a marked enhancement
in cytotoxicity compared to hesperidin alone.

Among the three phenolic compounds tested, quercetin exhibited the strong-
est cytotoxic effect, followed by hesperetin and hesperidin. The addition of
propolis extract significantly increased the cytotoxicity of all three compounds,
highlighting a potential synergistic or additive interaction.
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Combination analysis and synergistic evaluation

The potential synergistic or antagonistic effects of propolis in combination
with quercetin, hesperidin, and hesperetin were analyzed using the Chou-Ta-
lalay method via CompuSyn software. The results are presented in Table 2 and
Figure 3, showing the calculated combination index (CI) values for different
dose ratios.

Table 2. Combination index (Cl) values of different propolis-polyphenol combinations in

MCF-7

. Polyphenolic

Combination :”ro;)nt::-l)s compound Effect (Fa) Cl Value
Ho (ng/mL)
P+Q 50 31.25 0.72 1.06
P+Q 50 250 0.91 1.94
P+Hd 50 31.25 0.61 117
P+Hd 50 125 0.65 211
P+Ht 50 31.25 0.53 1.38
P+Ht 50 62.50 0.49 319
A B
C B M—

Figure 3. Dose—effect curves in propolis-polyphenol combinations

A: Propolis (P) and quercetin (Q); B: Propolis and hesperidin (Hd); C: Propolis and
hesperetin (Ht)

Propolis + quercetin combination

The combination of propolis with quercetin exhibited antagonistic effects at
all tested concentrations. The CI values were consistently greater than 1, indi-
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cating that the combination was less effective than the individual compounds
alone. The lowest CI value was 1.06 at 50 pug/mL Propolis + 31.25 uM Querce-
tin, suggesting a nearly additive effect. However, as quercetin concentration
increased, CI values increased (e.g., CI=1.94 at 50 pug/mL Propolis + 250 uM
Quercetin), confirming strong antagonism at higher doses (Figure 3A).

Propolis + hesperetin combination

Similarly, the combination of propolis with hesperetin resulted in antagonistic
effects (CI>1 at all tested doses). The highest antagonism was observed at 50
ug/mL Propolis + 125 uM Hesperetin (CI=2.11). A mild reduction in antago-
nism was noted at lower hesperetin doses, but no synergy was observed (Fig-
ure 3B).

Propolis + hesperidin combination

The combination of propolis with hesperidin also failed to exhibit synergistic
effects, with all CI values above 1. The strongest antagonistic interaction was
observed at 50 pg/mL Propolis + 62.5 uM Hesperidin (CI=3.19). A relatively
lower CI value (1.38 at 50 pg/mL Propolis + 31.25 uM Hesperidin) was noted,
but the combination remained antagonistic (Figure 3C).

In a recent LC-HRMS-based study, the chemical profiles of seven ethanol—
water extracts of propolis collected from different regions of Cyprus were
comprehensively characterized. The analysis revealed notable variation in
compound composition and abundance among samples. The most prominent
flavonoids identified across the samples included isosakuranetin, naringenin,
rhamnocitrin, diosmetin, chrysin, and acacetin, while chlorogenic acid and
verbascoside stood out among phenolic acids. Isosakuranetin was especially
abundant in propolis from Tirmen (102.75 mg/g), and diosmetin was detected
at high levels in most samples (18.13—81.91 mg/g), except Tirmen. Compared
to the present study, which also employed ethanol-based extraction and HPLC
analysis, several overlapping compounds were detected, particularly chrysin,
caffeic acid, hesperidin, and quercetin. However, the Cypriot samples showed
higher chemical diversity and concentration ranges, which may be attributed
to botanical origin, regional flora, or extraction differences. Notably, Tirmen
propolis, identified as the richest in flavonoids and phenolics, was suggested to
have stronger cytotoxic and antioxidant potential, aligning with the biological
relevance of similar compounds evaluated in our study®.

In comparison to the present study, where the chemical composition and cy-
totoxic effects of a propolis extract were analyzed along with selected polyphe-
nols, a comprehensive LC-HRMS-based investigation of 39 Turkish propolis
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samples revealed a broad chemical diversity. A total of 31 compounds were
simultaneously identified, including major flavonoids such as isosakuranetin,
diosmetin, chrysin, and naringenin, as well as phenolic acids like caffeic acid
and chlorogenic acid. Similarly, our study identified chrysin, quercetin, caffeic
acid, and hesperidin as dominant constituents, supporting previous findings.
However, the Turkish propolis samples exhibited much wider quantitative
ranges, with diosmetin levels reaching over 100 mg/g, while in our sample,
such high concentrations were not observed. Additionally, Turkish samples
displayed high triterpene content—notably oleanolic and tormentic acids-
which were not predominant in our extract. These differences can be attrib-
uted to botanical origin, extraction solvent composition, and geographical fac-
tors, highlighting the chemical variability of propolis across regions. Despite
these compositional differences, the presence of shared bioactive compounds
strengthens the rationale for evaluating combined anticancer effects, as ex-
plored in the current study*®.

In contrast to the current study, which identified a diverse range of flavonoids
and phenolic acids such as chrysin, quercetin, caffeic acid, and hesperidin,
the chemical profiling of Brazilian green propolis revealed a more standard-
ized composition. Using UPLC-ESI-QTOF-MS and HPLC, seven phenolic ac-
ids—including chlorogenic acid, caffeic acid, and artepillin C—were identified
and quantified. Among these, artepillin C was found to be the most abundant
compound (2.48 + 0.94%), while isochlorogenic acid B had the lowest content
(0.08 + 0.04%) (Brazilian study). Unlike the chemical variability observed in
our study, particularly in propolis samples from different regions, Brazilian
green propolis showed minimal variation in phenolic acid content across sam-
ples, which the authors attribute to the use of a consistent plant resin source.
Our results, in contrast, revealed noticeable differences in the concentration of
major flavonoids depending on sample origin, suggesting a greater influence
of regional flora. Furthermore, artepillin C, a characteristic marker of Brazilian
green propolis, was not detected in our sample, underscoring botanical and
geographical differences in propolis composition?.

The cytotoxic effect of our propolis extract on MCF-7 cells was found to be
dose-dependent, with viability decreasing from ~85% at 25 ug/mL to ~23%
at 100 pg/mL. These findings are in line with a study on Moroccan propolis
(PNM), which also demonstrated dose-dependent antiproliferative effects in
MCF-7 cells, reporting an ICso of 479.22 ng/mL. Notably, the propolis used in
our study showed a more pronounced cytotoxic effect at lower concentrations,
suggesting possible differences in chemical composition. While both studies
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identified chrysin and quercetin as major constituents, the higher potency ob-
served in our extract may be attributed to the presence and concentration of
additional active compounds such as hesperidin or pinocembrin. These differ-
ences underscore the role of geographical origin and phytochemical variabil-
ity in the bioactivity of propolis and highlight the necessity of standardizing
propolis extracts for therapeutic applications®.

The cytotoxic activity of the propolis extract on MCF-7 breast cancer cells dem-
onstrated a clear dose-dependent trend. Cell viability decreased from ~85% at
25 ug/mL to ~50% at 50 ug/mL and reached ~23% at 100 pg/mL, indicating
a potent antiproliferative effect. These findings are consistent with previous
studies demonstrating the anticancer activity of propolis in hormone-depend-
ent breast cancer models. Importantly, fibroblast cells exhibited significantly
less sensitivity at equivalent concentrations, suggesting a degree of selectiv-
ity toward cancer cells. In comparison to quercetin and paclitaxel, propolis
showed a milder but more gradual cytotoxic profile, which may be advanta-
geous in minimizing off-target effects. The observed selective toxicity supports
the potential of propolis as a natural, multitarget anticancer agent, particularly
when considering its complex composition rich in flavonoids such as chrysin
and quercetin. These results highlight the therapeutic relevance of propolis
and provide a rationale for further investigation into its use in combination
with standard chemotherapeutics®.

In the current study, hesperetin exhibited moderate cytotoxic activity on MCF-
7 cells, with a dose-dependent reduction in cell viability. These findings agree
with previous research demonstrating the pro-apoptotic potential of hespere-
tin in breast cancer models. Palit et al. (2015) reported that hesperetin induces
apoptosis in MCF-7 cells via activation of the ASK1/JNK signaling pathway,
increasing the Bax/Bcl-2 ratio, promoting cytochrome c release, and subse-
quently activating caspase-9 and -3. Although the present study did not explore
mechanistic pathways, the observed reduction in cell viability upon hespere-
tin treatment may reflect the activation of similar intrinsic apoptotic cascades.
The relatively lower cytotoxicity of hesperetin compared to quercetin observed
in our study may be attributed to differences in hydroxylation patterns and cell
permeability. Nonetheless, our data support hesperetin’s potential as a natu-
rally derived antiproliferative agent, warranting further mechanistic investiga-
tions in future studies®.

Quercetin markedly inhibits the nuclear translocation of Y-box binding pro-
tein-1 (YB-1), thereby enhancing the chemosensitivity of both MCF-7 and
doxorubicin-resistant MCF-7/dox cells to multiple chemotherapeutic agents?.
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In the referenced study, hesperidin demonstrated significant cytotoxic activity
against the MCF-7 breast cancer cell line. At a concentration of 80 pg/mL, cell
viability decreased to 11.25% and remained relatively low (15.6%) even at 160 pug/
mL, indicating a plateau in response. The calculated ICs0 was approximately
10 ug/mL, confirming potent antiproliferative effects. These effects were attrib-
uted to secondary cytotoxic mechanisms, primarily the induction of apoptosis.
The findings are consistent with the analyses conducted and are well-supported?2.

In conclusion, this study demonstrated that an ethanolic propolis extract, along
with selected polyphenolic compounds (quercetin, hesperidin, and hesperetin)
exerts dose-dependent cytotoxic effects on MCF-7 breast cancer cells. HPLC
analysis confirmed a flavonoid-rich chemical profile, aligning with previous
findings from both regional and international propolis samples. While each
compound displayed significant antiproliferative activity individually, combi-
nation index analysis revealed primarily additive or antagonistic interactions,
rather than synergistic ones. These results suggest that the complex interplay
among bioactive constituents in natural extracts can influence therapeutic ef-
ficacy. Moreover, comparisons with propolis from different geographic origins
underscored the pivotal role of botanical source and extraction methods in
shaping chemical diversity and biological activity. To the best of our knowl-
edge, this is the first study to investigate the combined cytotoxic effects of
propolis and individual polyphenols in a cancer model, offering novel insights
into natural product-based anticancer strategies. Overall, these findings high-
light the need for further mechanistic research to optimize the therapeutic po-
tential of polyphenol-propolis combinations.
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ABSTRACT

This study introduces a new three-layered buccal film for the controlled drug deliv-
ery of Sumatriptan. Sumatriptan was loaded in cationic liposomes and embedded
in a hyaluronic acid film. This film was sandwiched between a mucoadhesive layer
of carbopol® 934P/HPMC K4M and an ethylcellulose backing layer. The systems’
characteristics were evaluated, including thickness, weight uniformity, swellability,
mucoadhesive strength, etc. Also, the in vitro release kinetics of Sumatriptan were
assessed using DDSolver software. The nanoliposomes showed a spherical shape
with average size, zeta potential, and entrapment efficiency of 138.3 + 3.99 nm,
17.3 = 2.7 mv and 75% =+ 4.16, respectively. The final system exhibited a suitable
mucoadhesive strength (1225 Pascal) by altering the swelling and disintegration
of layers, the backing layer facilitated the unilateral drug release toward the mu-
cus, resulting in prolonged drug release. About 90% of Sumatriptan was released
within 24 h through predominant diffusion and polymer relaxation mechanisms.
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INTRODUCTION

Oral drug delivery is one of the most preferred medicine administration routes;
however, it must be formulated in a way to overcome absorption restrictions.
There are advantageous strategies that assist with this. Among them are oral
mucoadhesive films, which enhance the chance of drug absorption through
adhesion to the oral cavity mucosa and increase the drug residence time in
the absorption site'. They enable extended or rapid drug release for local or
systemic activities>+. These dosage forms can also be single- or multi-layered
to fulfill diverse medicinal purposes. Besides, they help the drugs to bypass the
hepatic first-pass effect or prevent them from degradation by enzymatic activi-
ty and severe pH changes in the gastrointestinal tract, which leads to increased
bioavailability of susceptible medications>¢. The ease of drug administration
and improved patient compliance are their other benefits7®. The limited sur-
face area in the mouth, the continuous washing by saliva, and the low penetra-
tion of hydrophilic molecules into biological membranes are among the main
challenges with oral mucoadhesive systems. So, increasing the loading capac-
ity of the drug into the dosage form, providing enough adhesion strength, and
exploiting penetration-enhancing strategies must be considered.

The restricted surface area in the mouth, the continuous washing by saliva,
and the low penetration of hydrophilic molecules into biological membranes
are among the main challenges with oral mucoadhesive systems. So, increas-
ing the loading capacity of the drug into the dosage form, providing enough
adhesion strength, and exploiting penetration-enhancing strategies must be
considered.

Generally, mucoadhesive polymers have a hydrophile nature with multiple
polar functional groups that interact with mucus components through physi-
cal entanglements and/or secondary chemical bonds, creating weak mutual
networks. These interactions maintain long-term contact between the formu-
lation and the oral mucosa. For example, the carboxyl and sulfate functional
groups have shown high mucoadhesive performance because they can make
hydrogen bonds with mucin oligosaccharide chains®®.

Polyacrylic acid (PAA) is a well-known mucoadhesive polymer containing
carboxylic groups. Polycarbophil and carbopol are PAA derivatives used as
mucoadhesive platforms for drug delivery. They also have advantages in sus-
tained-release drug delivery systems due to their ability to form a good gelo*.

Hydroxypropyl methylcellulose (HPMC) is a polysaccharide polymer. The high
presence of —OR groups in HPMC plays a significant role in mucoadhesive
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strength through hydrogen bond interactions. Many studies have demonstrat-
ed that HPMC-containing films had appropriate mucoadhesive and adhesion
times on oral membranes while also displaying the desired release of drugs at
the appropriate time!*213,

Hyaluronic acid (HA) is a natural anionic polymer made of repeating units of
glucuronic acid and N-acetylglucosamine. Due to its high biocompatibility and
low immunogenicity, it has gained significant attention in the pharmaceutical
industry, particularly in film systems, over the last few years. HA is an excellent
choice for oral drug administration because of its significant adhesive proper-
ties, which enable the loaded drug to be delivered in a continuous pattern4°,

When systemic drug absorption is required guiding the drug molecules toward
the mucosa will increase the therapeutic yield7*®. For example, by placing a
backing layer, the bilateral medication release can be limited to unilaterally
toward the mucosal membrane®. Ethylcellulose (EC) is a water-insoluble de-
rivative of cellulose; having hydrophobicity, moderate flexibility, and drug im-
permeability, EC can be employed as a polymer for constructing the backing
layer in bioadhesive formulations to ensure unidirectional drug release2>=.

Nanoparticulate vehicles are shown to assist drug penetration through mucous
membranes. They can be tailor-made to offer benefits such as excellent cel-
lular crossing, deep tissue penetration, and sustained drug release+2>23. These
colloidal systems, such as micelles, liposomes, nanoemulsions, and polymeric
nanoparticles, can alter the drugs’ distribution in the body, increasing their ef-
fectiveness and decreasing their toxicity*.

Among nanoparticles, liposomes (LPs) have received significant attention for
their ability to carry both lipophilic and hydrophilic drugs?2¢ and their easy
crossing through the cell membranes due to their similarity to biological mem-
branes¥. By incorporating liposomes in mucoadhesive films, the advantages of
both can be taken; i.e., mucoadhesive buccal films extend retention time and
modify the drug release profile, and liposomes enclose the drug and improve
their release and permeability3+4.

Different mechanisms and rates are involved in drug release which can affect the
absorbed amounts of drug per time unit and duration of therapeutic effect. The
releaseassessmentisamongthemainteststhatmustbedoneforanewlydesigned
producttoensureitsquality. Generally,aconstantandextendedreleaseisdesired,
while varied release rates make systemic concentration predictions difficult.
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In this study, a three-layer mucoadhesive system was designed, synthesized,
and characterized. It includes the carbopol® 934P-HPMC mucoadhesive layer,
the hyaluronic acid middle layer containing Sumatriptan nanoliposomes, and
the ethylcellulose impermeable backing layer. The three layers were separately
synthesized and characterized in appearance, morphology, thickness, surface
pH, mucoadhesion, folding endurance, swellability, film disintegration time,
and content uniformity. Finally, the in vitro release mechanism of the Su-
matriptan from the final three-layer formulation was evaluated by fitting the
data to different kinetics models using DDSolver software.

METHODOLOGY
Material

Carbopol® 934P and ethylcellulose (EC) were gained from Sigma, Germany.
Hydroxypropyl methylcellulose (HPMC) K4M was acquired from Alfa Aesar,
United Kingdom. Hyaluronic acid (HA), octadecyl amine (stearyl amine), pro-
pylene glycol, glycerol, acid citric, chloroform, acetone, methanol, and agar
were purchased from Merck, Germany. Tehran Chemie Pharmaceutical Co.,
Tehran, Iran, provided Sumatriptan. Other reagents and chemicals were of the
analytical grade.

Preparation of nanoliposomes

For preparing liposomes, the thin film hydration method was used. Briefly, li-
pophilic compounds, namely phosphatidylcholine (17 or 25 mg), stearyl amine
(2 or 7 mg), and cholesterol (3 or 13 mg), were dissolved in a 4 mL solvent
mixture of 3:1 chloroform: methanol and delivered to a round bottom flask. To
form a thin lipid film on the flask wall, the organic solvent was evaporated in a
rotary evaporator (IKA® RV 10 basic/digital) under the condition of 58°C, 100
rpm, and slow declining pressure from 470 to 50 mbar to completely remove
all the solvent®®29, The dried lipid layer was then hydrated by a 4 mL aque-
ous phase (phosphate-buffered saline, PBS, pH=7.4) containing Sumatriptan
at different concentrations of o (blank), 0.1, 0.55, 1, or 1.25% w/v for one hour
under slowly rotating in the rotary evaporator (temperature 58°C; 50 rpm;
with opened vacuum screw to reach the ambient pressure). Subsequently, this
dispersion was sonicated in an ultrasonic bath for 10 minutes to become ho-
mogeneous. It was then kept at room temperature for about one hour to allow
intermolecular forces to form and strengthen the liposome membrane. For
further size reduction, the liposomal solution was sonicated for a 10-second
cycle by an ultrasonic probe (120 W) and freeze-thawed for at least ten cycles.
Afterward, the liposome dispersion was centrifuged (15,000 rpm for 1.5 hours
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at four °C); the supernatant was used in the next steps to determine the en-
capsulation efficiency and drug loading, and the precipitate (nanoliposomes)
was washed three times by distilled water and collected freshly for formulation
preparation.

Based on the liposomes evaluation, the formulation consisting of 17 mg phos-
phatidylcholine, 7 mg stearyl amine, 13 mg cholesterol, and 0.55% w/v Su-
matriptan was chosen.

Characterization of nanoliposomes
Liopsome size, PDI, and zeta potential studies

The surface charge, hydrodynamic diameter, and polydispersity index (PDI) of
drug-loaded nanoliposomes were assessed upon investigation with a zeta sizer
(DLS; HORIBA Scientific SZ-100, CA, USA).

Evaluation of the liposome morphology

Nanoliposome morphology and size were evaluated using scanning electron
microscopy (FE-SEM, TESCAN MIRA3, and the Czech Republic).

Entrapment efficiency (EE%) and drugloading (DL%) measurement

The supernatant obtained from nanoliposome centrifugation was subjected
to the determination of the unloaded drug. The concentration of Sumatriptan
was measured using spectrophotometry at a wavelength of 227 nm. The cali-
bration curve for Sumatriptan was acquired by plotting the absorbance against
the different drug concentrations in artificial saliva (pH=6.8).

Entrapment efficiency (EE%) and drug loading (DL%) were calculated using
equations 1 and 2, respectively:

EE (%) =WIT_W’(— x100  (Equation 1)

W, -w
DL (%) =(7f— x100  (Equation 2)

Where W,, W, and W_are the initial amount of drug, the amount of unloaded
drug measured in the supernatant, and the total amount of the nanoliposomal
system, respectively.
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Stability evaluation of liposomes

The stability of prepared liposomes was examined at three temperatures of
-20, 4, and 25 for three weeks. Briefly, liposomes, with or without (blank) drug,
were kept in a freezer (-20), refrigerator (4), and room temperature (25) for a
defined duration, namely three weeks, and the amounts of Sumatriptan that
were released in this period measured. Then the percentage of the drug re-
maining in liposomes was statistically compared between these three groups to
find out the effect of storage temperature on premature drug release.

Preparation of multi-layer mucoadhesive film

The designed final dosage form consisted of three layers: a mucoadhesive lay-
er, a layer containing drug-loaded nanoliposomes, and an impermeable back-
ing layer. Each layer was prepared using the solvent casting and then attached
to construct the final system.

The mucoadhesive layer was prepared according to the following steps. First,
carbopol® 934P (0.5, 1.5, or 3% w/v) and HPMC K4M (0.5, 1, or 1.5% w/v)
polymers were dispersed in 7 mL distilled water. The mixture was stirred until
it became a perfectly homogeneous solution. Propylene glycol (300 pL) and
glycerol (200 pL) with a ratio of 3:2 v/v were then added to the solution as
plasticizers. The resulting solution was held stationary until all of its bubbles
had disappeared, then it was poured into a glass Petri dish with a diameter of 7
cm and dried for 24 hours in a 40°C oven3°. Based on the produced mucoadhe-
sive film’s physical appearance, elasticity, and homogeneity, the optimal con-
centrations of 1.5% w/v and 0.5% w/v were ultimately chosen for carbopol®
934P and HPMC, respectively.

The middle layer was constructed by homogeneously dispersing various con-
centrations of HA polymer (1.5 or 2% w/v) in 7 mL of distilled water, followed
by adding Sumatriptan-containing nanoliposomes (containing an equivalent
of 16.5 mg of Sumatriptan) and 300 puL propylene glycol and 200 pL glycerol.
The bubble-free solution was then poured on top of the formed mucoadhesive
layer and dried entirely for 24 hours in an oven set at 40°C.

HA in a 1.5% w/v concentration was chosen based on superior physical charac-
teristics, flexibility, and consistency.

In order to create the EC impenetrable layer, different amounts of the polymer
(1.5, 3, or 5% w/v) were dissolved in 7 mL of acetone, and the polymer solution
was supplemented with 300 uL castor oil and 100 uL propylene glycol, as plas-
ticizers; it was then poured onto the previously prepared two-layer and then
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dried in the oven for 24 hours. The EC concentration greatly influences the
creation of a uniform impermeable barrier and the homogeneity of the final
formulation. It was determined that the 3% w/v EC was the best concentration
based on its physical characteristics, flexibility, and uniformity compared to
other concentrations.

Characterization of mucoadhesive system
The physical appearance of the film’s layers

The appearance of films was evaluated visually for having a smooth surface
and flexibility and being free of bubbles and wrinkles.

Weight and thickness uniformity

As layers must be uniform throughout, they undergo weight and thickness
uniformity. A digital scale (Mettler Toledo, ME303, Switzerland) was used to
weigh at least three different pieces of each film with an area of one cm?; the
mean weight SD was then calculated.

A digital micrometer was used to measure the thickness of three separated piec-
es, one in the center and two in the corners, of a film with a one cm? surface area.

Folding endurance

The film’s folding strength was measured by manually folding a one cm? piece
several times and counting the number of folds until cracking happened.

Surface pH

An agar plate (1% w/v of agar in artificial saliva, pH=6.8, as solvent) was used
to measure the film’s surface pH.

The artificial saliva consisted of 1.2 g of potassium chloride, 0.85 g of sodium
chloride, 0.05 g of magnesium chloride, 0.13 g of calcium chloride, and 0.13 g
of di-potassium hydrogen orthophosphate in one liter of distilled water; the
final pH was set to 6.83.

Agar powder was dissolved in the artificial saliva at 100°C; it was then put
onto a petri dish and allowed to cool down and gelled. Then, one cm? piece of
the film was placed on the agar gel’s surface, and after 10 minutes, the pH was
determined by placing the pH indicator paper on the swollen film’s surface.

Disintegration time

The films were placed in a beaker containing 10 mL of artificial saliva (pH=6.8)
and shaken at a rate of 400 rpm at 37°C. The disintegration time was verified
visually when the film started to fragment.
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Swellability study

The degree of swelling of the films was also determined in the agar plate (1%
w/v). The initial weight (W) of one cm? piece of film was first measured. The
agar plate’s surface was moistened with artificial saliva, and the samples were
then placed on it. The excess water was then removed from the surface of the
films with filter paper after ten minutes, and the weight of the swollen films
was measured (W,). The swelling percentage of the films was calculated using
Equation 3:

100 (Equation 3)

Swelling (%) = w X
1

In vitro mucoadhesive strength study

The mucoadhesion strength was tested for the final three-layered film and the
mucoadhesive layer alone. The examination was handled using a self-built
instrument (Figure 1)32. Sodium alginate (10% w/v) gel was employed as a
mucosal model. As illustrated in Figure 1, a piece of thread with appropriate
length was affixed to the surface of carbopol® 934P -HPMC film (or, in the case
of three layers, to the backing layer), and the other end was attached to a light
plastic cup (container). This connection was at a perpendicular angle using a
glass roller connector. The film’s surface was moistened with artificial saliva,
gently adhered to the gel, and then allowed to set for two minutes. After releas-
ing the container from the lab jack stage, water was slowly added at a constant
rate until the film separated from the sodium alginate gel’s surface. The weight
of the water-containing container was determined, and the film’s mucoadhe-
sive strength was calculated using Equation 4:

W (Kg)xg (msz)

" (cmz) (Equation 4)

Mucoadhesive strength (N / cmz) =

Where the W is the weight of the container plus the weight of water, g is the
acceleration of gravity (9.8 m/s?) and A is the surface area of the films.
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Figure 1. The apparatus designated for measuring mucoadhesive strength. Sodium alginate gel
(10% W/V) was molded into a rectangular plate and moistened with artificial saliva. The film was
then adhered to sodium alginate and connected to a thread. A lightweight container is fastened
to the thread at a perpendicular angle. The container is then gradually filled with water until such
a point that the film becomes detached. Ultimately, the weight of the container and water is
measured to determine mucoadhesive strength.

In vitro drug release evaluation

The drug release test was studied using a two-sided modified Franz cell and
dialysis bag (cut off=12 kDa). The apparatus consisted of two identical cham-
bers between which the holding area is located (Figure 2). A piece of film with
an area equal to the cross-sectional area of the sample hold area (4.5 cm? con-
taining an equivalent of 1.9 mg of Sumatriptan) was sandwiched between two
dialysis bags with the same dimensions. Each chamber was fully filled with 10
mL of artificial saliva. The device was placed in a shaker incubator and shaken
at 100 rpm at 37°C. During 48 h in defined intervals, 500 pL of the release me-
dium was withdrawn from both chambers and replaced with the same amount
of artificial saliva. The released Sumatriptan amounts at each time point were
plotted graphically to find the release behavior of the drug.

The final formulation without the drug was used as a blank sample to measure
Sumatriptan concentration more accurately.
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Figure 2. The modified Franz cell instrument for drug-release test

The mechanism of drug release

Sumatriptan release kinetics was analyzed by fitting the release data into dif-
ferent kinetic models: zero-order, first-order, and Higuchi. Other models,
namely Makoid-Banakar, Korsmeyer-Peppas, Weibull, and Peppas-Sahlin,
were also employed to find the involved mechanisms in Sumatriptan release.
The untransformed release results were analyzed using DDSolver (v 1.0; an
Excel add-in software). The best model was selected based on the highest ad-
justed and model selection criterion (MSC) and the lowest Akaike information
criterion (AIC).

Statistical analysis

All experiments were repeated thrice, and the findings were presented as mean
+ SD. The ANOVA was used to compare groups, with p-values<o0.05 indicat-
ing statistically significant differences. SPSS software (SPSS 16.0 Version) was
utilized for Statistical analysis.

RESULTS and DISCUSSION
Characterization of Sumatriptan-loaded nanoliposomes

Sumatriptan-loaded nanoliposomes were characterized based on their mor-
phology (Figure 3), size, polydispersity index (PDI), zeta potential, drug load-
ing (DL%), and entrapment efficiency (EE%) (Table 1).
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Table 1. Characteristics of the optimized Sumatriptan-loaded nanoliposomes

Characteristic | VOOVMAMIC | by on | Zetapotential | DL (%)£SD | EE (%)SD
size + SD
Value 1383399 | 034001 | 173:27 | 38%+183 | 75%=416

*DL and EE stand for drug loading and entrapment efficiency, respectively.
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Figure 3. SEM image of Sumatriptan-loaded nanoliposomes

The Sumatriptan calibration curve (Figure 4) was used to measure its concen-
tration.
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Figure 4. Calibration curve of Sumatriptan in artificial saliva (pH=6.8)

Data from the dynamic light scattering (DLS) method showed that the liposomal
Sumatriptan had an average particle size (z-average) + SD of 138.3 + 3.99. The
nanoliposome’s observed size and morphology under the scanning electron micro-
scope (SEM) photograph (Figure 3) displayed the particle’s average size was 88.25
nm with spherical shapes. The difference between the DLS and SEM results is
due to the presence of the double layer of charge on the surface of nanoliposomes
formed in the aqueous medium, i.e., the hydrodynamic diameter is determined
through DLS, whereas the projected area diameter can be seen in SEM image*.

The value of PDI is an index for determining nanoliposome size uniformity.
This parameter is important because, in nanometre size, the behavior of par-
ticles profoundly depends on their size and effective surface; in this sense, a
wide PDI reduces the control over the drug release rate and penetration®. The
PDI of 0.34 + 0.01 is acceptable for our Sumatriptan-loaded nanoliposome.
This size uniformity can also be seen in SEM images. Therefore, the release of
Sumatriptan from all particles is expected to be uniform.

The vesicle charge is an important parameter in drug permeability. Generally,
positively charged compounds interact more with the biosurfaces compared
to neutral or negatively charged ones. For instance, it was shown that coating
phosphatidylcholine and cholesterol-based liposomes with chitosan can en-
hance Sumatriptan nasal absorption3334,

The optimum entrapment efficiency (EE%) and drug loading (DL%) were 75%
and 33%, respectively. The key parameters in nanoliposome synthesis are the
water-to-oil phase ratio, temperature, drug concentration, the ratio of the dif-
ferent types of lipids, and other manufacturing process conditions®. In the
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case of water-soluble drugs, high EE% depends on the ability of liposomes to
entrap them during the vesicle formation. Actually, the hydrophilic drugs can
enter the interior compartment of the liposome along with the aqueous phase,
so this compartment’s volume plays an important role in imported medicine.
For example, single-wall liposomes have more water core volume than multi-
lamellar vesicles of the same size. It was shown that lamellarity can also affect
Sumatriptan EE% and unilamellar liposome was favored2235. The freeze-thaw-
ing can reduce the number of walls and lead to an increased internal volume.

For increasing the EE%, the temperature comes to the transition temperature
of amphiphiles during liposome manufacturing. This elevated temperature
gives energy to lipids and disrupts their interactions, so lets more drugs enter.
However, the temperature must be decreased again then.

On the other hand, the liposome must be able to confine and keep the entrapped
drug. The drug’s log p, the interactions between liposome membrane components
(lipid constituents), and the production temperature are of important parameters
for drug retention inside the vesicle3. Drugs with affinity to both lipid and water
can easily escape the liposome, while drugs with little partitioning to the lipid
membrane can retain more. The lamellae packing depends on the interaction of
its components. Based on the therapeutic goal, the type and ratio of the constitu-
ents must be chosen. For instance, cholesterol can increase the lipoid molecules’
interactions and rigidify the membrane, reducing the bilayer permeability and
hence drug scaping. However flexible vesicles are favorable when it comes to pen-
etrating the biological membrane. So, the cholesterol content must be optimized.

The interaction of the enclosed drug with liposome constituents is also im-
portant. By changing the membrane components, the affinity and distribution
of the drug would also be changed. For example, it was shown that depend-
ing on the liposome charge, Sumatriptan EE% varies. Compared to neutral
or negatively charged liposomes, the positively charged liposome containing
stearylamine (SA) had the highest EE%. Albeit the charge density is impor-
tant, by increasing the SA concentration, the repulsive forces can reduce the
membrane packing and reduce the EE%. Sumatriptan is mainly protonated in
neutral pH and below, which can electrostatically interact with anionic com-
pounds like the phosphate group in phosphatidylcholine or diacetyl phosphate
(DCP). It can also form hydrophobic bonds with the tails of phospholipids. The
interactions can cause the drug to be both in the core and bilayer membrane;
the presence of the drug in the membrane can perturb the bilayer and lower
the EE%. Their results also confirmed that positively charged liposomes had
smaller sizes, narrower size distribution, and more stability=*3.
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Stability of liposomes at different temperatures

The percentage of drug remaining in liposomes after three weeks of storage in
-20, 4, and 25 is presented in Figure 5. As is evident in Figure 5 in three groups
more than 90% of the drug remained in liposomes.

Statistical evaluation (using GraphPad Prism® g software) revealed that there
are no significant differences between these three groups; in other words, li-
posomes can be stably stored in these three temperatures.

100 s =
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HE 14 days
757 H 7 days

50
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Figure 5. The percentage of Sumatriptan remaining in liposomes after three storage at -20, 4
and 25

Characterization of the film layers

The weight, thickness, folding endurance, surface pH, swelling, and disinte-
gration time were evaluated for the mucoadhesive system; Table 2 shows the
physical characteristics of its three layers.
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Table 2. Physical characteristics of the three layers and final formulation

Weight Thickness | Folding | Surface | Swellability | Disintegration Mucoadhesion
Layer 0 . . strength
(mg) (um) endurance | pH (%) time (min) (Nfem?)
Mucoadhesive | 1842+ 207 | 23.00+1.47 N"scerearfks 5 [19242:480| 3825422 | 1225440
Nanoliposome-loaded No cracks
maonicad | 14302082 | 6021225 | 6| o0805:312) 602146
Impermeatle | 15.26+057 | 1966047 | NSRS | 0 Not
e e seen disintegrated
Final formulation | 45.37 £ 058 | 99,67 +4.73 N"sfafnc“s 7 - - 1274.+80.01

According to the results, all three layers of the optimized formulation have de-
sirable physical features. The required dose should be placed in the intended
dimensions; to reduce the sensation of foreign bodies on the oral mucosa and
to enhance patient compliance, oral mucoadhesive films should be flexible and
have appropriate thickness. Therefore, it is necessary to determine the thick-
ness of the mucoadhesive film. The final thickness of the synthesized mucoad-
hesive film was 99.67 + 4.73 um. The mucoadhesive film prepared in our study
has less than 100 pm thickness which is in the range of patient acceptances.

The oral mucoadhesive film must have strong strength and endurance against
the mechanical stresses in the mouth. The folding endurance test in this inves-
tigation demonstrated the appropriate films’ flexibility.

Having a similar pH to the oral environment is another characteristic of an
ideal mucoadhesive film”#3 The surface pHs of the films were between 5 and
7, which is within the range of saliva’s pH (5.6 to 7.4) and is compatible with
the buccal mucosa with no irritation or mucosal damage.

The swellability of the layers also has a favorable value. As EC is an insoluble
polymer, it cannot absorb water to its chains and swell; it cannot be disinte-
grated in an aqueous medium. Our data is consistent with this; no signs of
degradation were seen, even after three days of testing, nor did this layer swell.
These features of EC help this layer prevent the release of the drug in the oral
environment, and the whole drug diffusion is toward the mucosa2. The swell-
ing of the mucoadhesive layer shows the tendency of polymers to absorb water;
this is required because by drawing water to their strands, polymers can extend
in the aqueous medium and expose their functional groups for binding with
the mucin. In addition, the water can easily diffuse into hydrophilic polymers,
dissolve the drug, and facilitate its release out of the system. Although exces-
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sive water absorption might cause the loosening of the film attachment and
wash it away with water, so highly hydrophilic polymers are not ideal for being
mucoadhesive®4. The strength of the mucoadhesion has a significant effect on
the retention of the system on the mucus. The mucoadhesive strength should
be sufficient without damaging the mucosal membrane. Using a modified bal-
ancing method, the mucoadhesive strength of the three-layered mucoadhesive
film and the carbopol® 934P -HPMC layer were studied separately and com-
pared. Based on the findings, the mucoadhesion was strong enough. Besides,
no statistically significant difference was seen between the single-layer car-
bopol® 934P-HPMC and the final three-layer system mucoadhesive strength.
Therefore, adding HA and EC layers to the carbopol® 934P -HPMC mucoadhe-
sive layer did not affect its mucoadhesive strength (Table 1).

Sumatriptan release from the three-layered mucoadhesive film

The release of Sumatriptan from the final multi-layer system in artificial saliva
(pH=6.8) was followed up for 48 hours. Both the film matrix and the liposome
features could affect the release. As a carrier, the liposome can aid the bioab-
sorption of the drug molecules. The drug-containing liposomes can interact
with the mucus and resist washing by saliva which can enhance the chance
of the drug, alone or encapsulated in the liposome, to cross biological mem-
branes3®. So, the drug should remain inside the vesicle when it reaches the
mucosa.

Generally, extended drug release is preferred by patients because the frequen-
cy of dose uptake is reduced. However, for this issue, zero-order release with
a constant rate is preferential. The Sumatriptan release data demonstrate a
biphasic behavior in which 67% of the drug was released during the first four
hours, followed by a sustained release phase. As shown in Figure 6, approxi-
mately 90% of the drug is released from the system within 24 h and reaches the
maximum (100%) after 48 h. It means the drug release rate is fast at first and
reduced gradually. The fast release of surface-bound drugs and those in the
bilayer membrane can be the reasons for the biphasic nature of the releases®.
The rate constant (k) determines the maximum cumulative drug release time.
It is governed by the drug permeability across the liposome, which itself relies
upon the liposome constituents and drug physicochemical features.

In this study, the drug did not release from the EC layer side, which indicates
the optimal performance of this layer as an impermeable back layer of the film.

Based on the disintegration results, the carbopol® 934P -HPMC and HA layers
degradation are almost fast, however, the backing layer can change the disin-
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tegration behavior of the final film and pronounce the roll of film matrices in
drug release as well.
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Figure 6. In vitro release profile of Sumatriptan from the three-layered mucoadhesive film

Data was further fitted in various kinetics models to better understand the re-
lease mechanism.

Drug release kinetics

As drugs must reach the desired place in an appropriate and predictable
amount, realizing the drug release mechanism and rate for each newly designed
drug delivery system is necessary. A well-defined behavior of drug release ki-
netics is necessary for drug dosing. Drug release depends on the system’s char-
acteristics and environmental conditions, like temperature, pH, contents, etc.
So, for the in vitro study of drug release, the experiment conditions must be
strictly selected in a way to be similar to the real situation in the body.

System parameters, like the dosage form geometry, the accessible surface for
drug release, uniformity of the drug distribution in the entire system, inter-
actions between ingredients, and the way the dosage form is introduced to
the body, all contribute to drug release behaviour??. In polymeric matrices,
polymer microstructure, and crystallinity, swelling potency, polymer chain re-
laxation, polymer chain disentanglement (especially in non-cross-linked poly-
mers), and polymer dissolution can control drug release.
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Generally, diffusion, erosion, and swelling, alone or in combination, are the
main drug release mechanisms. For example, in hydrophilic matrices, swell-
ing is supposed to play a role in drug transport, and the water content of the
system can affect drug diffusivity. Still, other factors must also be considered.
For instance, the presence of a backing layer in mucoadhesive films can pre-
vent water diffusion into the system, hamper the swelling of the matrix, and
cause a unidirectional release of the article through a diffusion mechanism.
In this case, the swelling and polymer dissolution contribution may be less
substantial.

In our study, Sumatriptan is loaded in the liposome, and this nanoparticle is
embedded in a hydrophilic matrix, i.e., HA film. Therefore, the drug must pass
through the liposome bilayer and polymer gel to be released. A backing layer
was also applied to make the molecules’ movements unilateral toward the mu-
cous.

To find the kinetics of drug release, data were graphically fitted in zero-order,
first-order, Higuchi, and Korsmeyer-Peppas models, Figure 7. The best kinetic
model was determined based on the coefficient of determination (R2).
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Figure 7. The Sumatriptan release data fitted in (a) Zero-order, (b) Higuchi, (c) First-order,
and (d) Korsmeyer-Peppas kinetic models; GraphPad Prism is used for data graphing.
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Zero-order, first-order, and Higuchi are related to diffusion and Fickian re-
lease. If other mechanisms are involved, other models, like Korsmeyer-Peppas
and Weibull, can reveal them. Generally, Higuchi governs the molecule release
from polymeric insoluble matrices where the dimensions of the polymer re-
main constant, for example, in non-eroding polymeric films. The penetrated
medium into the matrix can dissolve the embedded drug hence Fickian drug
release happens.

As mentioned, polymer chain glassy/rubbery transitions, relaxation, disentan-
glement, polymer dissolution, and surface erosion can also happen.

When a membrane (like a liposome bilayer) is in the way of molecule move-
ment, the zero- or first-order is possible, depending on the molecule concen-
tration. Zero-order rate is commonly seen in depot systems, where the amount
is beyond release ability and the concentration gradient remains constant. In
the first-order phenomenon, the rate depends on the concentration gradient;
so the rate would be reduced as the drug is released over time.

In our designed system, all of these phenomena are likely to occur, which must
be evaluated.

The best kinetic model was chosen based on the highest R? values, determined
by the regression. According to Figure 7, R2 had the highest value in the first-
order model in which the rate is concentration gradient-dependent.

If the polymeric film does not limit the drug release and the release of Su-
matriptan from the nanoliposome is the rate-limiting step, then it can be con-
cluded that the drug concentration decreases inside the nanocarrier with time;
consequently, the rate of drug release from the system decreases. Indeed, the
R2 is not satisfactorily large, i.e., less than 0.9. It can be concluded that the
simple Fickian diffusion does not lonely govern the drug release, and probably
the HA matrix also collaborates in drug release.

DDSolver (v 1.0; an Excel add-in software) software was used to analyze the
untransformed data. Zero-order, first-order, Higuchi, Makoid-Banakar, Kors-
meyer-Peppas, Weibull, and Peppas-Sahlin models were considered. The best
model was selected based on the highest adjusted R2 and model selection crite-
rion (MSC), and lowest Akaike information criterion (AIC). As shown in Table
3, among the diffusion-based models, drug release behavior is based on the
first-order mechanism (adjusted R2=0.95, AIC=72.69, and MSC=2.76), which
is in accordance with the graphical result.
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Table 3. Sumatriptan release evaluation by fitting release data to mathematical kinetics
models; the model parameters are calculated using DDSolver to find out the goodness of fit.

Model Equation” Rate constant Model parameters
Fkxt R?_adj=-0.22
Zero Order D_— B4kt k,=2.972 AIC =108.98
=Pt MSC = -0.61
R?_adj=0.95
. F=100 (1-g*")) =
First-Order k =0.234 AlC =72.69
log C =log C, - k, t/2.303 1 MSC = 2.68
R?_adj = 0.66
Higuchi F=k_, xth? k,=19.287 AlC =94.58
MSC = 0.69

*k,, k, and k,; are zero-order, first-order, and Higuchi rate constants, respectively; t is
the time; F is the fraction of the drug that is released at the time t; D, is the amount of
the drug that is released at the time t; D, is the initial amount of the drug; C is the drug
concentration at the time t and C_ is the initial concentration of the drug in the medium.

Among the models for finding the underlying release mechanism, Table 4, the
Weibull model showed the best data fitting (R>_adj=0.95, AIC=73.69, and
MSC=2.59). Since the shape parameter (§) in the Weibull model is 0.864, which is
between 0.75 and one, it indicates the release rate is reduced over time, and a com-
bined mechanism, swelling along with diffusion, plays a role in drug release++.
The presence of the backing layer and the mucoadhesive layer can delay the fairly
fast disintegration time of the HA film and reinforce its effect on drug release.
This finding was also confirmed by n=0.56 in the Makoid-Banakar model (R _
adj=0.91). The n=0.563 (between 0.5 and one) implies the anomalous mechanism.

Table 4. The used mechanism models for Sumatriptan release evaluation;
DDSolver calculated the model parameters to find out the goodness of fit.

Model Equation’ Rate constant Other parameters | Model parameters
12 0563 R2_adj= 091
Makoid-Banakar | F=k e K= 27.719 e 0001 AIC = 81.06
o MSC =1.92
R?_adj=0.76
Korsmeyer-Peppas | F=k,t" k,=34.787 n=0.303 AIC = 80.84
MSC=1.18
] R2_adj = 0.95
Weibul F=100(1-¢" “gggj AIC = 73.69
%) p0. MSC = 259
_ R?_adj=0.91
Peppas-Sahlin F=k tm+k ton k,=30.741 m=0.558 AIC=815
1 2 k,=-2.313
2 MSC =1.88
*Kyp> Kyp» are Makoid-Banakar, and Korsmeyer-Peppas rate constants, respectively; k

and k, are Peppas-Sahlin constants t is the time; F is the fraction of the drug that is
released at the time t; n is exponent power; m is Fickian diffusional coefficient; a is the
scale factor, and [ is the shape factor.
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The data did not satisfactorily fit in the Korsmeyer-Peppas (R*_adj=0.76).

Peppas-Sahlin (R2_adj=0.91) approximates the contribution of diffusion and
polymer relaxation in an anomalous drug release. The model equation consists
of two terms: F = k t™ + k t™; the m exponent in this equation is the Fickian
diffusion exponent. The contribution of diffusion (F) and polymer relaxation
(R) can be calculated using the model equation or %= kzk‘[m . For our system, the
k and k, coefficients were 30.741 and -2.313, respectively, and m was equal to
0.5584. Figure 8 shows the contribution of each mechanism over time; the dif-
fusion is prominent in the early hours and reduced to 60% at the end of drug
release. As approximately 80% of the drug is released during nine hours, the

involvement of diffusion at this time is still about 80%.
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Figure 8. The % contribution of diffusion and polymer relaxation in drug release, based on the

Peppas-Sahlin model.

The correlation between the observed amount of Sumatriptan released and the
anticipated amounts by different kinetics models are shown in Figure 9 which
is in line with mathematical analysis data.
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From all these observations, it can be deduced that both the film and liposome
can control the drug transport; probably drug was released from the liposome
by diffusion (possibly by first-order mechanism), and film swelling at the next
step let the drug leach out. As the role of diffusion is more predominant, exit-
ing from liposome is the rate-limiting step. It is preferred the drug does not
leave the liposome readily; this is confirmed by extended drug release, which
is more dependent on the drug leaving the liposome.

It must be noticed that the liposomes with unreleased drugs can also penetrate
biomembranes, while in our release test, the dialysis film was in the way of
liposomes, and only the released drugs were evaluated.

In this study, a three-layered mucoadhesive buccal film for the delivery of Su-
matriptan was designed and characterized. A positively charged liposome was
used as the drug carrier as it can interact with mucus and enhance drug per-
meation. The system showed a good mucoadhesive feature which is helpful
to keep the drug in contact with the mucus and give it enough time to be ab-
sorbed. The backing layer made the drug transport unilateral and also affected
drug release behavior. The results showed that a predominant diffusion and
polymer relaxation mechanisms are involved in drug release which is mainly
dependent on the drug diffusion through the liposome bilayer (by first-order
mechanism) rather than being controlled by the polymeric matrices. In other
words, the system can help keep the drug sufficiently in contact with the muco-
sa, whereas liposomes can control the drug release and aid its penetration. As
the zero-order mechanism has the advantage of releasing drugs at a constant
rate, changing the first-order to zero-order can be achieved by increasing the
drug loading in liposomes and turning them into drug depots.

As our system showed desirable features, it can also be used for other hydro-
philic drugs. Although ex vivo and in vivo studies, like cytotoxicity, mucoadhe-
sion using animal models, and drug penetration through epithelial cells, need to
be performed to empower the data, which are now underway in our laboratory.
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ABSTRACT

Hypericum perforatum L. has been used for centuries as a herbal remedy
against variety of diseases for its biological activities. It has been also used
as an antibacterial agent against different bacteria. The aim of this study is to
investigate the antibacterial properties of the H. perforatum L. extracts against
several clinical isolates and explore their chemical composition. In terms of
S. aureus strains, n-hexane extract demonstrated the best activity against
XU212 strain, with the MIC of 256 pL/mL. The MIC was 512 pL/mL for other
S. aureus strains for n-hexane and dichloromethane extracts. n-hexane extract
demonstrated activity against E. coli ATCC 25922 with the MIC of 1 uL/mL.
UPLC was performed for dichloromethane and methanol extracts. The main
compounds were identified as catechin, hyperforin, and rutin from methanol
extract, and hypericin and luteoskyrin from dichloromethane extract. S. aureus
demonstrated good antibacterial activity against tested MRSA and Bacillus
subtilis strains.
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INTRODUCTION

Staphylococcus aureus commonly presents in the mucosal surfaces and the
skin of the human body, and it is a Gram-positive bacterium*. When there is a
breach on the mucosal surfaces or the skin, S. aureus enters the body, and the
infection is initiated. For centuries, S. aureus has been one of the widespread
and life-threatening causes of infections in health-care settings, because the
bacteria mostly spread to the adjacent organs and cause severe invasive infec-
tions such as bacteremia or pneumonia. S. aureus has been identified as one
of the six bacteria that are the most dangerous nosocomial infections in many
countries, including the USA, the UK, and Canada, by The Infectious Diseases
Society of America. According to a report published by WHO in 2014, which
is about antibiotic resistance surveillance, S. aureus spread is increasing in all
continents. Some countries reported the number of S. aureus infections up to
80% which results in longer hospital stays or the use of a second-line antibiotic
treatments. Significant number of the bacteria that have been isolated from the
patients mostly in ventilators or from the surgical site of the patient, approxi-
mately 43-58%, was identified as Methicillin Resistant Staphylococcus aureus
(MRSA)4. According to a survey which was carried out by the European Centre
for Disease Control and Prevention (ECDC), which includes 33 different coun-
tries in Europe, it has been recorded that E. coli is the first and S. aureus is the
second most common cause of nosocomial infectionss.

Bacteria can acquire resistance against antibacterial therapeutics via different
routes such as efflux pump activation, enzymatic destruction of the bacteria,
modification of antibacterial agent’s enzymes, and target site alteration of
the antibacterial agents. Efflux pumps have a crucial role in bacterial resist-
ance mechanisms as they work as an export system for antibacterial agents.
Throughout the efflux pumps, an antibacterial agent is pushed out of the bac-
teria faster than it gets in, as a result, antibiotic resistance is seen in bacteria.
Because of this mechanism, efflux pumps are one of the most important target
sites for potential antibacterial therapeutics against multidrug-resistant bac-
teria. Therefore, developing novel antibacterial therapeutics that can prevent
bacteria to efflux the antibacterial agent is an emerging issue today.

Several synthetic antibacterial agents are widely used around the world; however,
plant-based antibacterial agents still attract many of the researchers®. Antibac-
terial compounds derived from natural sources have shown significant results
against several multidrug-resistant bacteria’. Depending on the chemical struc-
tures of these naturally derived antibacterial compounds, they can be mainly clas-
sified as alkaloids, terpenoids, polyphenols, and sulphur containing compounds?.
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Hypericum perforatum L. is a perennial shrub and has yellow flowers. It has
five sepals and petals in its flowers. The plant has opposite leaves, and, in its
stamen, it has five bundles®. H. perforatum L. is in the family Clusiaceae, which
includes around 400 different species worldwide*. Hypericum perforatum L.
is mainly native to Western Asia, North Africa, and around Europe, however,
it is also distributed among Australia and North America®. For centuries,
Hypericum perforatum L. has been used as a herbal remedy for several
diseases such as skin lesions, gastrointestinal tract diseases, anxiety and
depression, mucosal lesions, and superficial injuries, and as a nursing remedy*'.
Today, different preparations of dried and fresh Hypericum perforatum L. are
used for various purposes. Fresh plant species are used as a mother tincture
in homeopathy as drops. Also, oil of the plant species is used for ointments
and capsules. Dried extract of Hypericum perforatum L. is used for tablets
and capsules, fluid extract is used for ointments and tinctures, and dried
raw preparations are used as tea'®. The aim of this study is to investigate the
antibacterial properties of H. perforatum L. extracts against clinical isolates of
MRSA and determine its chemical composition by Ultra Performance Liquid
Chromatography (UPLC) analysis.

METHODOLOGY
Plant material

Hypericum perforatum L. plant’s dried aerial parts were obtained from Herb-
al Apothecary, UK, with batch number 15522, in October 2012.

Preparation of plant extracts

14 grams of plant material was grinded and used for extraction, and the Sox-
hlet extraction method was used. Increasing polarity of 150 mL of 3 different
solvents were used to obtain extracts, including n-hexane, dichloromethane,
and methanol, respectively. After the extraction, the residual solvent was evap-
orated with a rotary evaporator (Heidolph, Germany).

Bacterial strains

The standard Gram-positive bacteria (S. aureus ATCC 25923 and B. subtilis
ATCC 6633) and Gram-negative bacteria (E. coli ATCC 25922) were used in
this study. Additionally, a series of MRSA strains such as S. aureus SA 1199B
and S. aureus XU212 were used. S. aureus XU212 is a tetracycline resistant
strain as it overexpresses tetK efflux pump'2, and S. aureus SA 1199B is an Muti
Drug Resistant (MDR) strain that overexpresses norA MDR efflux pump?3.
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Antibacterial assay

Recommended protocol by the British Society for Antimicrobial Chemothera-
py (BSAC) was followed to determine the Minimum Inhibitory Concentration
(MIC) of the plant extracts and the antibiotic, against all the tested bacteria®.
The broth microdilution technique was performed in duplicate.

The bacteria were sub-cultured on nutrient agar (Oxoid) prior to the antibacte-
rial assay and incubated at 37°C for 18 hours. Cation levels of Mueller-Hinton
Broth (Oxoid) were adjusted to include 20 mg/L of Ca** (Acros Organics) and
10 mg/L of Mg?* (Acros Organics). Norfloxacin (Sigma Chemical Co.) was used
as an antibiotic for positive control. To prepare the stock solution, Norfloxa-
cin was dissolved in DMSO (Dimethyl Sulfoxide) (Sigma-Aldrich), and then
further dilution was done with Mueller-Hinton Broth to obtain a final concen-
tration of 128 pL/mL. Extracts were dissolved in DMSO to prepare the stock
solutions for the extracts. Then, further dilution was done with Mueller-Hin-
ton Broth to obtain a final concentration of 512 pL/mL. Test organisms were
prepared in saline water (0.9% NaCl) with 5 x 10° cfu inoculum density and
compared with 0.5 MacFarland turbidity standard.

96 well plate was used for the determination of MIC against each bacterium.
100 pL of Mueller-Hinton Broth was dispensed to the wells from columns 1 to
11. 100 pL of samples were dispensed to the first column as follows; wells A
and B for n-hexane extract, wells C and D for dichloromethane extract, wells E
and F for methanol extract, and wells G and H for Norfloxacin. Serial dilution
was done starting from the first column up to column 12 by skipping column
11 which was used as growth control. 100 uL of bacterial suspension was dis-
pensed to all wells except column 12 which was used as sterility control. All the
plates were incubated at 37°C for 18 hours. After that, 5 mg/mL methanolic
MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (Alfa
Aesar) solution was prepared, and 20 uL was dispensed to all wells. Then in-
cubated for 20 minutes at 37°C to observe the color change. The blue color
indicated bacterial growth, and the MIC of all the extracts and antibiotics was
recorded. The antibacterial activity of extracts was evaluated in comparison
with the positive control, Norfloxacin. The MIC of the extracts and the antibi-
otic were determined by looking at the lowest concentration where no bacte-
rial growth was seen. The results of the antibacterial assay are provided in the
“Table 1”.
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UPLC analysis

Chromatographic separation was done with normal phase Ultra Performance
Liquid Chromatography technique for dichloromethane and methanol extracts.
Sample concentrations were prepared as 1 mg/mL initially with HPLC grade
methanol, then further diluted with the ratio of 1:4 with the same solvent. A 0.22
um pore size filter was used to filter samples before the analysis. Agilent Tech-
nologies 1260 Infinity Series was used with Agilent Technologies Poroshell 120
EC-C18 column with the column size of 3 x 50 mm, and 2.7 um particle size. Two
elution binary gradients were used. As a mobile phase, HPLC-grade water was
used as an aqueous, and HPLC-grade acetonitrile was used as an organic phase.
They were acidified with Trifluoroacetic acid (TFA) with 0.01% ratio, and then
further filtered with a 0.22 pm pore size filter. The flow rate was 0.750 mL/min,
and the pressure was 242.43 bars. Column temperature was between 18.61°C
to 18.85°C. The injection volume was 5.00 pL, and full loop injection was used.
From 0 to 2 min 100% A (0.01% TFA in water), from 2 to 3.5 min 100% A, from
3.5to 5.5 min 100% B (0.01% TFA in acetonitrile), from 5.5 to 6 min 100% B and
at the min 6 100% A was used. A Photodiode Array (PDA) detector was used to
detect chemical compounds. Separation was performed under 3 different wave-
lengths which were 210 nm, 260 nm, and 350 nm, and all the chromatograms
were recorded. The run time was 6 minutes for each sample.

RESULTS and DISCUSSION
Antibacterial assay

All the plant extracts were tested for in vitro antibacterial activity with broth
micro-dilution assay to determine the MIC. All the antibacterial activity was
evaluated in comparison with the positive control, Norfloxacin. Among all
extracts, n-hexane extract demonstrated the highest antibacterial property
against all the tested bacteria, whereas methanol extract did not have activity
against any of the tested bacteria.

n-hexane extracts showed the best activity against the S. aureus XU212 strain
which is the tetracycline resistant strain. MIC against S. aureus XU212 was 256
pL/mL for n-hexane extract. MIC of n-hexane extract against S. aureus ATCC
25923 standard strain and S. aureus SA 1199B strain, which overexpress norA
MDR efflux pump, was same and 512 puL/mL. MIC of dichloromethane extract
against all the tested S. aureus strains was the same, which was 512 uL/mL. The
MIC of the Norfloxacin was recorded as 16 uL/mL for S. aureus XU212 strain,
and 64 uL/mLfor S. aureus ATCC 25923 standard strain and S. aureus SA 1199B.
Methanol extract was not effective against any of the tested S. aureus strains.
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n-hexane extract demonstrated the best antibacterial activity against tested B.
subtilis ATCC 6633 strain. MIC was between 64 — 128 uL/mL. And the MIC of
dichloromethane extract was between 256 — 512 uL/mL. The MIC of Norfloxa-
cin was recorded as 8 puL/mL, and methanol extract was not effective against
this bacterium. One bacterium was used as a Gram-negative bacterium which
was E. coli ATCC 25922. n-hexane extract had the best activity with the MIC of
1 pL/mL. The MIC of Norfloxacin was recorded as 0.25 pL/mL. Dichlorometh-
ane and methanol extracts did not show any activity against this bacterium.

The summary of the results of the antibacterial assay is provided in “Table 1” below.

Table 1. MIC of the plant extracts and the antibiotic

MIC (uL/mL)
Bacteria Description
n-hexane  Dichloromethane  Norfloxacin
S. aureus ,
ATCC 25023 Standard strain 512 512 64
S. aureus tetK efflux pump, tetracycline-
Xu212 resistant 256 512 16
S. aureus norA efflux pump,
SA 11998 MDR strain 512 512 64
B subtils Commonly used strain 64-128 256512 8
ATCC 6622
£ col Commonly used strain 1 - 0.25
ATCC 25922 y :
UPLC analysis

The chemical composition of dichloromethane and methanol extract of Hyperi-
cum perforatum L. was determined with normal phase UPLC analysis using a
gradient mobile phase consisting of HPLC grade water as an aqueous phase
and HPLC grade acetonitrile as an organic phase. The analysis was conducted
with 3 different wavelengths including 210 nm, 260 nm, and 350 nm. The run
time was 6 minutes for each extract and all wavelengths. UPLC analysis was not
carried out for n-hexane extract because of its highly non-polar nature.

Different compounds were observed with different wavelengths for methanol
extract. 4 peaks and 6 peaks were observed under 210 nm and 350 nm, re-
spectively. However, the best separation for methanol extract was seen under
260 nm. There were 8 different compounds with different peaks. The highest
peak was observed at the retention time (RT) of 3.659 min, and determined
as the major compound, as Hyperforin, which is the fourth compound in the
chromatogram.
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Figure 1. UPLC chromatogram of the methanol extract under 260 nm

Previous studies have been performed to investigate the chemical composition
of the methanolic extracts of H. perforatum. Depending on those studies, com-
pounds found with UPLC were determined by comparing the retention time.
Previous studies have shown that the methanolic extract of the plant species
includes catechin which was seen at 3.216 minutes under 275 nm. Compound
number 2 in our analysis with the retention time of 3.108 min was determined
as Catechin as the retention time and the observation wavelength is very close.
The same study also determined Procyanidin B1 at the time of 3.383 min under
275 nm, and compound number 3 in our analysis is also believed to be Procya-
nidin B1 as the retention time is very close to 3.161 min, and our wavelength
was 260 nm'. Another previous study was conducted to identify Hyperforin
and its metabolites which are present in Hypericum perforatum L. by using
UPLC, and it was reported that the standard Hyperforin was seen at the min-
ute of 3.64. In our results, compound 4 has retention time of 3.659 min, which
was determined as Hyperforin'®. Similarly, Rutin was identified in the previous
studies at 3.95 min under 255 nm. Our compound 5 with the retention time of
3.962 is identified as Rutin depending on the literature’. The same study also
identified 2 derivatives of Quercetin which are Quercetin-3-O-galactoside (Hy-
peroside) and Quercetin-3-O-rhamnoside (Isoquercetrin) with the retention
time of 4.083 min and 4.383 min, respectively. In our results, Compounds 6
and 7 have retention times of 4.144 min and 4.470, respectively. By comparing
the literature, they were identified as Hyperoside and Isoquercetrin, respec-
tively’s. To determine the chemical composition of Hypericum perforatum,
former studies were performed with HPLC for methanolic extract of the plant
species as well. The study has reported that Quercetin was seen at 34.6 min
for a 40 min run time HPLC analysis. By comparing the total run time and the
time Quercetin was seen, our compound 8 was identified as Quercetin?’. Com-
pound 1 was unidentified as there is no proof of compound in the literature for
the specific retention time and wavelength of this compound. The list of the
compounds in the methanolic extract is provided below, in “Table 2”.
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Table 2. Possible compounds found in the methanolic extract of H. perforatum L. via UPLC
under 260 nm

# RT (min) Area % Possible Compound Reference
1 3.108 37.810 Unknown -

2 3.161 8.886 Catechin (15)

3 3.335 17.438 Procyanidin B1 (15)

4 3.659 25.519 Hyperforin (16)

5 3.962 5.196 Rutin (15)

6 4144 3.081 ?#y"ggfg;g)o'ga'aCtOSide (15)

7 | 4470 0.898 gggacue;irg'e?r%r“am”°Side (15)

8 4592 1.172 Quercetin (17)

The dichloromethane extract was observed under 3 different wavelengths as
well. No peak was observed under 350 nm, and 14 peaks were observed under
210 nm. However, the best separation was observed under 260 nm again, with
13 peaks. The highest peak was seen at the retention time of 3.667 min.

3 8 & gk
"

Figure 2. UPLC chromatogram of the dichloromethane extract under 260 nm

Because of the limited number of previous studies of HPLC and UPLC analysis of
dichloromethane extract of H. perforatum, the majority of the compounds could
not be determined by comparing the literature. Therefore, the main compounds
at the retention time of 3.323 min and 3.667 min could not identified. A recent
UPLC-MS study was carried out to determine the naphthodianthrones, emodin,
skyrin, and bisanthrones in the H. perforatum L. extracts. The extraction was
performed with several solvents including methanol, ethanol, ethyl acetate,
acetone, and dichloromethane with changing ratios. This UPLC-MS analysis
suggested that the extracts of the plant species are rich in the naphthodianthrones
and bisanthrones. UPLC run time was 13 minutes in the mentioned study and
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depending on the ratio of the UPLC run time and the time where compounds are
observed, some possible compounds are determined in our analysis. Depending
on the ratio, Luteoskyrin was seen at 2.673 min, and our compound 2 was
determined as Luteoskyrin as it has retention time of 2.676 min. Similarly,
depending on the ratio, the study identified Protohypericin at 2.876, and
compound 4 was determined as Protohypericin as it has very close retention
time of 2.881 min. And lastly, the previous study identified Hypericin at 3.165
min, and our compound 6 has a close retention time of 3.07 min, as a result, it
was identified as Hypericin'®, Due to the lack of previous studies, the rest of the
compounds could not be identified. The list of the identified compounds and the
retention times of the unknown compounds are provided below, in “Table 3”.

Table 3. Possible compounds found in the dichloromethane extract of H. perforatum L. via
UPLC under 260 nm

# RT (min) Area % Possible Compound Reference
1 2.496 2.321 Unknown -
2 2.676 1.432 Luteoskyrin (18)
3 2.755 0.940 Unknown -
4 2.881 2.428 Protohypericin (18)
5 2.944 4.602 Unknown -
6 3.07 11.879 Hypericin (18)
7 3.323 46.102 Unknown -
8 3.446 5.688 Unknown -
9 3.667 12.225 Unknown -
10 3.949 5.173 Unknown -
11 4132 4.013 Unknown -
12 4.458 2.176 Unknown -
13 4.582 1.021 Unknown -

The summary of the identified compounds by UPLC analysis has been shown
below in “Table 4”.
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Table 4. Summary of the possible compounds found in the dichloromethane and methanolic
extracts of H. perforatum L. via UPLC under 260 nm

Extract # RT (min) | Area % | Possible Compound Reference
1 3.161 8.886 | Catechin (15)
2 3.335 17.438 | Procyanidin B1 (19)
3 3.659 | 25.519 | Hyperforin (16)
Methanolic Extract | 4 3.962 5196 | Rutin (15)

Quercetin-3-0-galacto-

5 4144 3.081 side (Hyperoside) (19)
o | aa o Jemersommo |
7 4592 | 1.172 | Quercetin (17)
1 2.676 1.432 | Luteoskyrin (18)
E;fr“;gt’“me‘“a“e 2 | 2881 | 2.428 | Protohypericin (18)
3 3.07 11.879 | Hypericin (18)

The findings from both the antibacterial assays and UPLC analyses provide a
comprehensive overview of the bioactive potential of the tested extracts, par-
ticularly highlighting the remarkable activity of the n-hexane extract. These
results are now explored in detail to assess their implications and alignments
with existing research as they provide new insights into the antibacterial
properties of less-polar extracts, such as n-hexane, a relatively underexplored
area in the literature. The discussion contextualizes these findings within the
broader framework of antimicrobial research.
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In the current study, n-hexane extract is the one that demonstrated the best
inhibitory effect against all the tested bacteria. The majority of the previous
studies were carried out with methanolic, ethanolic, or aqueous extracts of the
plant species. Therefore, the knowledge of the bacterial inhibitory property of
the extracts obtained with less polar solvents, such as n-hexane is limited®. The
n-hexane extract showed the strongest anti-staphylococcal activity against the
MRSA strain S. aureus XU212, which carries the tetK efflux pump, with a MIC
value of 256 pL/mL. The rest of the MIC of n-hexane and dichloromethane ex-
tracts against all the tested clinical isolates of S. aureus strains were the same
which was 512 pL,/mL. Even though there are considerable number of studies
in the literature about the bacterial inhibitory effect of methanolic extracts of
the plant species, in this study, methanol extract did not show activity against
any of the tested S. aureus strains'2>2'. This can be explained with several rea-
sons including the solvents used to obtain the extract. Many of the studies used
methanol as a solvent either directly or with slightly less polar solvents before
using methanol, such as acetone or ethanol. However, in this study less polar
compounds were first used then, methanol was used to obtain crude extracts.
The compounds that exhibit the antibacterial activity in the methanolic ex-
tracts in the previous studies might be extracted within the first two solvents,
as the activity was the strongest in the n-hexane extract. Hence the inhibitory
effect of methanolic extract was not observed in the current study. Another
reason can be the type of the bacteria used in the MIC assay. Previous studies
have demonstrated promising antibacterial activity against several MRSA and
PRSA strains with MIC and disc diffusion techniques. It has been proven that
H. perforatum L. has activity against different bacterial strains that were used
in the previous study, including S. aureus (PRSA) E12431, S. aureus (PRSA)
E12398, and S. aureus (MRSA) RV5 strains. It was also demonstrated that the
plant has activity against S. aureus ATCC 25923 strain which is the standard
strain used in the current study?2. Even though the previous study has demon-
strated inhibitory activity against the standard strain of S. aureus ATCC 25923,
no activity was observed in the current study, and this can be explained by the
reason mentioned above as the extraction was done with 3 different solvents,
as opposed to the study performed previously, as the antibacterial activity was
observed for both n-hexane and dichloromethane extracts against all the test-
ed S. aureus strains with MIC ranging between 256 — 512 uL/mL. Finally, one
of the reasons for the lack of antibacterial activity of methanolic extracts can be
the extraction type used. In the current study, Soxhlet extraction was used to
obtain the crude extracts. However, the extracts were obtained with different
techniques including percolation methods, decoction, or supercritical fluid ex-
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traction in the previous studies where the antibacterial activity was seen3242,
The type of extraction could affect the compounds within the extracts, hence
the antibacterial activity. In terms of Gram-negative bacteria, n-hexane ex-
tract has a promising result, as it showed significant MIC of 1 pL/mL, which is
the lowest concentration tested against E. coli ATCC 25922 strains. Previous
studies demonstrated that hyperforin which was isolated from H. perforatum
L. demonstrated antibacterial activity against the same bacterial strain with
the MIC of 0.1 pL/mL?*. The reason for the strong antibacterial activity of n-
hexane extract against E. coli could be the presence of hyperforin. Thereby,
further studies should be focused on this activity and isolating this compound
specifically for definitive results. Regarding B. subtilis, again n-hexane extract
had the highest inhibitory activity with the MIC ranging between 64 — 128 uL/
mL. Previous studies have shown that extracts of H. perforatum L. including
methanol extracts have an inhibitory effect against the same bacterial strain of
B. subtilis ATCC 6633 with MIC ranging between 25 — 50 uL/mL?%. The reason
for the lack of inhibitory activity in the methanol extract could be again the
solvents used for extraction. In the previous studies, extraction was done with
several solvents with similar polarity index, together with methanol. However,
in the current study, methanol was used as the last solvent. Thereby, the activi-
ty was the strongest for n-hexane extract, followed by dichloromethane extract
with the MIC ranging between 256 — 512 uL/mL and no activity for methanol
extract. The compounds that showed antibacterial activity within the methanol
extract in the previous study might be extracted with the n-hexane and dichlo-
romethane extracts. This can be identified by isolation and purification of the
compounds in the extracts with further research.

UPLC is a modern technique for liquid chromatography as it provides more
precise and reliable results by using a smaller particle size, which is 2 pm, than
HPLC which is between 3 — 5 um with a shorter run time, hence quick results.
It was invented in 2004, which can be considered as a fairly new technique,
and therefore it is not commonly used in the studies today*. Because of
this, the reports from previous studies are very limited for UPLC analysis of
H. perforatum, as the majority of the studies used the

HPLC technique, which is an older commonly used technique. The studies
that performed UPLC for the extracts of H. perforatum L. have demonstrated
some compounds that have antibacterial activity against various bacteria, and
some of the compounds include Hypericin, Hyperforin, and Luteoskyrin®. In
the current study, the compounds were identified depending on the retention
times of the compounds in the previous studies. The run times of the samples
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were different from some of the former studies. Therefore, the ratio of the re-
tention time and the total run time was used to compare with the peaks of
the extracts in this study to determine the compounds. Similarly, some of the
compounds were identified by comparing previous HPLC results of the plant
extracts in the same way. Further studies should focus on the identification of
the compounds by isolation and purification of the compounds and perform
UPLC with mass spectrometry for definitive results.

Although the present study evaluated a limited number of bacterial strains, the
promising results suggest that future studies should expand the range of clini-
cal isolates tested. Incorporating a broader spectrum of multidrug-resistant
(MDR) pathogens could validate the findings and increase the generalizabil-
ity of the antibacterial activity observed in n-hexane and dichloromethane ex-
tracts. The strong activity of the n-hexane extract against both Gram-positive
and Gram-negative bacteria, particularly MDR strains like S. aureus XU212
and E. coli ATCC 25922, highlights its potential as a natural antibacterial
agent. These findings could guide the development of plant-based inhibitors
targeting efflux pumps or other resistance mechanisms in pathogenic bacte-
ria. The results underscore the potential application of H. perforatum-derived
compounds in pharmaceutical sciences. By isolating and characterizing the ac-
tive components, these extracts could be optimized for therapeutic use, either
as standalone agents or in synergy with existing antibiotics. The UPLC analy-
sis revealed the presence of key bioactive compounds such as Hyperforin and
Hypericin, which are known for their antimicrobial properties. Further stud-
ies employing advanced techniques like UPLC-MS or NMR spectroscopy are
necessary to confirm these findings and to identify the unknown compounds
detected in both methanolic and dichloromethane extracts. Given the relative-
ly recent introduction of UPLC, its application in studying H. perforatum L.
extracts remains underutilized. Expanding its use in combination with mass
spectrometry could facilitate a deeper understanding of the plant’s chemical
profile and its link to antibacterial activity. While the MIC values of n-hexane
extract were higher than those of the synthetic antibiotic Norfloxacin, the re-
sults remain significant given that the extract represents a crude mixture. Op-
timization and purification of the active components could potentially enhance
their efficacy and position them as viable alternatives or adjuncts to synthetic
antibiotics. The study not only advances our understanding of natural antibac-
terial agents but also provides a foundation for the integration of less-polar
plant extracts into drug discovery pipelines. The demonstrated efficacy against
resistant strains suggests a promising avenue for addressing the global chal-
lenge of antibiotic resistance.

544 | Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025



The majority of the previous studies were focused on methanolic, ethanolic,
and aqueous extracts. However, in this study, less polar solvents, such as
n-hexane, were also used to examine the antibacterial properties of the plant
species against variety of bacteria. In addition to the information about the
antibacterial activity of methanolic and ethanolic extracts in the literature,
it was demonstrated that n-hexane extract has a promising inhibitory result
for some of the tested bacteria. Especially against E. coli, as the n-hexane
extract inhibited the bacteria for the lowest concentration tested, which was
1 uL/mL. Additionally, as the UPLC technique is a recently discovered liquid
chromatography technique, there were a limited number of UPLC analysis of
the H. perforatum L. extracts. Although there are some UPLC chromatograms
for the methanol extract of H. perforatum L., this study is the first report
on the UPLC chromatograms of the dichloromethane extract. With further
investigation, our findings will be helpful for the identification of the chemical
composition of H. perforatum L.
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ABSTRACT

Methicillin-resistant Staphylococcus aureus (MRSA) is a global health threat,
highlighting the urgent need for new treatments as antibiotic effectiveness
wanes. Marine microbes are valuable sources of potential anti-MRSA com-
pounds. In this study, marine bacteria were isolated, cultured in marine broth,
and extracted with ethyl acetate. The extracts were tested against clinical
MRSA 142. Among four bacteria isolated from sponges and sediment, isolates
S6.2 (sponge-derived) and SK3 (sediment-derived actinobacteria) showed the
strongest anti-MRSA activity, with MIC values of 0.156 mg/mL and 0.078 mg/
mL, respectively. HPLC analysis revealed key peaks at Rt 25.58 and 29.02 min-
utes for S6.2 and a prominent peak at Rt 29.18 minutes for SK3. The SK3 iso-
late exhibited robust growth and high metabolite production on marine agar,
ISP no. 2, 5, and 7, indicating it a promising candidate for anti-MRSA com-
pound production.
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INTRODUCTION

Staphylococcus aureus is a pandemic pathogen that causes a wide spectrum of
pyogenic lesions involving several organs, resulting in nosocomial outbreaks
and community-acquired infections. In the 1940s, the medical treatment of
S. aureus infection became successful and routine due to the discovery of an-
tibiotic agents such as penicillin'. Nonetheless, S. aureus has rapidly devel-
oped resistance to penicillin and methicillin, an antibiotic commonly used for
S. aureus treatment since the late 1950s. In 1961, scientists identified the first
methicillin-resistant S. aureus (MRSA) in England2. MRSA strains are highly
variable in different geographical areas and can rapidly mutate to acquire re-
sistance to commercially available antibiotics, with the exception of vancomy-
cin and teicoplanin3. A recent report by both the World Health Organization
and the Centers for Disease Control highlighted that MRSA infection accounts
for over 94,000 cases and approximately 18,650 deaths annually in the United
States*. In European countries, MRSA has been reported in more than 25% of
infections, and its prevalence in African countries (except South Africa) has
increased since 20005.

Since the 1980s, MRSA detection in healthcare settings in asian nations cur-
renly has increased®. MRSA virulence and spread in Thailand have led to the
infection rate increasing to 45% since 1999; furthermore, the national antimi-
crobial resistance surveillance centre surveyed 46 hospitals and found vanco-
mycin resistance in 98% of MRSA strains in 20237. The emergence of vanco-
mycin-resistant S. aureus and intermediate MRSA strains has recently been
recognized and leaves physicians with few available options for antibiotics to
treat MRSA infection®. Thus, the discovery of new anti-MRSA antibiotic agents
is urgent. Bioactive natural products are one of the main sources of antibiotic
drugs3; many antimicrobial agents and resistance-modifying compounds have
been the prototype of molecules isolated from natural resources, particular-
ly marine environments, including microorganisms and other invertebrates.
Among microorganisms, marine bacteria are a rich source of anti-MRSA com-
pounds®®.

Herein, we report the isolation and cultivation of marine-derived microor-
ganisms and screened the anti-MRSA properties of their extracts, aiming to
identify the promising candidates for the development of new antimicrobial
compounds.
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METHODOLOGY
Marine sponges and sediment collection

Samples were collected from the intertidal zone of Sarai Island (6°39'.97"" N,
99°51'.32.01" E), Satun Province, Thailand (Figure 1), during low tide. Sponge
and sediment samples were collected by hand and kept in iceboxes at 4°C dur-
ing transfer to the laboratory and immediate isolation of the associated micro-
organisms.

Figure 1. Area of sample collection

Isolation, cultivation and purification of marine-associated bacteria
Sponge-associated bacteria

The sponge samples were washed with sterile seawater until clean, and then
their surfaces were sterilized by rapidly swabbing with 70% ethanol, followed
by immersion in sterile seawater for 2 min. Approximately 1 cm3 samples of
the central core tissues were cut and ground in 3 mL of sterile sea water. The
ground tissue was serially diluted in sterile seawater to 10 before 100 pl ali-
quots were spread on Zobell Marine Agar (Himedia, New Delhi, India). The
plates were placed in the incubation chamber at 30°C for 7 days, with observa-
tion on each day. Clear colonies with different characteristics were picked with
a needle, restreaked on other MA plates to obtain pure strains, and maintained
in a marine agar slant at 4°C for further experiments. For long-term preserva-
tion, 15% glycerol was added, followed by freezing at -80°C. The sponge sam-
ples were identified by Dr. Pedpradab S. using the standard reference guide for
sponge identification®.
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Sediment-associated bacteria

Three grams of sediment were collected using a gravity core sampling instru-
ment (Dormer, Sydney, Australia). The samples were stored in sterile sample
bags made of low-density polyethylene (LDPE) and kept at 4°C during trans-
port to the laboratory for subsequent experiments. Marine-associated bacteria
were isolated using the serial dilution method. Sediment samples were serially
diluted (10! to 109), and the dilutions were plated onto marine agar medium.
The inoculated plates were incubated at 37°C for 24 to 72 hours. Morphologi-
cally distinct bacterial colonies were observed and picked from the 105 to 107
dilution plates. These colonies were further purified using the streak plate
technique. All experiments were conducted in triplicate. A pure bacterial strain
was subsequently cultivated in marine broth medium for 72 hours before ex-
traction with ethyl acetate.

Cultivation of bacteria and crude extract preparation

Seed cultures were prepared by inoculating pure colonies of the isolated bac-
teria in 5 mL of marine broth and incubating them at 30°C on a shaker for
10 days. The seed cultures were examined for anti-MRSA activity by the agar
well diffusion and agar overlay method. The cultures that showed anti-MRSA
properties were transferred to 180 mL of marine broth in a 250 mL conical
flask and incubated in the previously described conditions for 10 days. The cell
suspension was lysed using an ultrasonic bath at 30°C for 5 minutes, followed
by centrifugation at 5,000 rpm for 5 minutes. The supernatant (liquid part)
was extracted three times with ethyl acetate in a separatory funnel. This extrac-
tion process resulted in the formation of two distinct liquid layers: the organic
phase (ethyl acetate) and the aqueous phase (broth). The organic phase was
then concentrated by evaporation using a rotary evaporator set to a water bath
temperature of 45°C, yielding the crude extract.

The organic layer was separated and concentrated under a vacuum to yield the
crude extract. The extract showing the most potent anti-MRSA activity was
further studied for growth in different media, including ISP no. 1-7, Mueller
Hinton Agar (MHA), Marine Agar, and Luria Bertani (LB).

Isolation and purification of methicillin-resistant Staphylococcus
aureus

The MRSA strain was isolated from Thasala Hospital, Thailand, using the
method'>®. The method consisted of two procedures. First, the cefoxitin disc
screen test method was used for the detection of MRSA. The susceptibility of
S. aureus isolates to 30 pg of cefoxitin was determined by the disc diffusion
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method on Mueller-Hinton agar plates using a bacterial suspension equivalent
to a 0.5 McFarland standard. The MRSA-inoculated plates were incubated at
35°C for 24 hrs. The results were interpreted according to CLSI guidelines. For
MRSA sensitivity, the inhibition zone was <21 mm. Second, for multiplex PCR
for the SCCmecA gene, DNA was extracted from MRSA strains using an extrac-
tion kit (Qiagen, USA) according to the manufacturer’s instructions. Multiplex
PCR was performed to detect three loci (A, B and C) of the mecA gene for SCC
types L, I1, and III, respectively. The primers and amplification method®.

Anti-MRSA activity determination

The agar well diffusion and agar overlay methods were used to examine the
extracts’ anti-MRSA activity. The agar well diffusion method was performed
by using MHA. The MRSA suspension was equally diluted to a 0.5 McFarland
standard with sterile sodium chloride and spread on an MHA medium. Then,
wells with a diameter of 6 mm were punched aseptically with a sterile borer.
Eighty microlitres of MRSA suspension was transferred to the wells and incu-
bated at 37°C for 24 h to measure the inhibition zone. The agar overlay method
was performed by spotting marine-associated strains on Zobell marine agar
plates and allowing them to grow in an incubation chamber for 3-5 days. The
tested MRSA strain in a soft medium was gently overlaid on the marine strain
and then incubated at 37°C for 24 h to measure the inhibition zone. Medium
and vancomycin were used as negative and positive controls, respectively.
Mass culturing of bacteria was performed in 500 mL conical flasks on a shaker,
and the cultured organisms were screened daily for anti-MRSA properties.

Bioautography analysis

Direct thin-layer chromatography (TLC) bioautography was examined by fol-
lowing the method. Briefly, the developed chromatogram was sprayed with
bacterial suspension (10° CFU/mL), incubated at 25°C for 48 h under humid
conditions, and then sprayed with tetrazolium salt solution and reincubated at
25°C for 24 h. The antimicrobial activity was visualized as a clear, bright zone
against a purple background on the TLC image.

Chromatographic analysis of the crude extract

Thin layer chromatography (TLC) and high-performance liquid chromatog-
raphy (HPLC) were used to analyse the components in crude extracts. TLC
was performed by using an ALUGRAM® Xtra SIL G/UV,_, precoated TLC sheet
(Macherey-Nagel, Diiren, Germany). A mixture of chloroform, ethyl acetate,
and methanol (6:3:1, v/v) was used as an eluent (mobile phase). HPLC chro-
matograms were obtained by a Dionex UltiMate 3000 (Thermo Scientific,
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Waltham, MA, USA). The separation column was achieved using an Acclaim
120 C18 reversed-phase column (5 pm, 4.6 x 150 mm, Thermo Scientific,
Waltham, MA, USA). Gradient elution was programmed to progress from
100% water to 100% methanol within 30 min with a flow rate of 1 mL/min,
and a photodiode array detector was set at wavelengths of 230, 254, 285 and
366 nm.

RESULTS and DISCUSSION
MRSA isolation

Three MRSA strains (MRSA 142, MRSA 1096, and MRSA 2468) were isolated
from patients in Thasala Hospital. All strains were examined for mecA-me-
diated oxacillin-resistant Staphylococcus and inducible clindamycin-resistant
Staphylococcus (Table 1). All clinically isolated MRSA strains showed oxacillin
resistance and retained mecA; only strain 142 exhibited a D-shaped zone in
the clindamycin inducible resistance examination. On the basis of the results,
MRSA 142 was selected as the index strain for further experiments.

Table 1. The isolated MRSA and drug-resistant examination

Clindamycin
. . . resistance
Strain code Oxacillin resistance mecA gene - -
Inducible resistance
(D-zone of inhibition)
MRSA 142 v v v
MRSA 1096 v v -
MRSA 2468 v v -

Isolation and culture of marine-associated bacteria and anti-MRSA
assay

Several marine sponges (Figure 2) were used to isolate associated bacteria.
Three of them, namely, Cacospongia sp., Mycale grandis, and Paratetilla
bacca, yielded bacterial strains S1.2, S6.2, and SL9, respectively.
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Figure 2. Marine sponge samples using for isolating associated bacteria

In addition, a starin of bacteria, namely SK3 (Figure 3), was isolated from ma-
rine sediment. The isolated bacteria were cultivated in marine broth for crude

extract preparation.

Figure 3. Colony feature on solid media (marine agar) of the isolated bacteria
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The cultures were harvested in the late lag phase and then extracted with ethyl
acetate to obtain the crude extracts. The anti-MRSA bioactivity of the extracts
was subsequently determined (Table 2 and Figure 4).

Figure 4. Inhibition zones of bacterial extracts against S. aureus (A) and MRSA (B). Marine
broth and methicillin (m) were used as negative and positive control, respectively.

Table 2. Anti-S.aureus and anti-MRSA screening of the bacteria extracts

Test organisms Extract code Inhibition zone (cm)
SK3 0.032 £ 0.01
$6.2 0.007 = 0.01
S. aureus TISTR 517 §1.2 0.003 £ 0.02
SL19 0.003 = 0.05
control 0.002 + 0.01
SK3 0.037 =+ 0.01
$6.2 0.0060 + 0.02
MRSA §1.2 0.002 £ 0.01
SL19 0.001 £ 0.04
control 0.002 £ 0.01

The S6.2 extract exhibited weak inhibition against the tested microorganisms,
whereas the SK3 extract showed strong inhibition. The SK3 extract was further
checked for potential anti-MRSA bioactivity by using MIC and MBC methods, and
the colony features were studied using different types of media. The SK3 extract
exhibited the greatest potential for anti-MRSA bioactivity, indicated using MIC
and MBC values (0.156 + 0.001 and 0.625 + 0.003 mg/mL, respectively; Table
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3). Moreover, our study revealed that the SK3 strain displayed different colony
features and colours when cultured on various solid media. The colonies were pink
with white spots on ISP media No. 2, 3, and 4, whereas they appeared dark orange
on ISP No. 5 and 7 and marine agar. Furthermore, cream-coloured colonies were
observed when the SK3 strain was cultured on ISP No. 6, MHA, and LB media.

Table 3. MIC and MBC values of the extracts from marine associated bacteria

Codes Test organisms MIC mg/mL MBC (mg/mL)
MRSA 142 0.156 0.625
S6.2
S.aureus 517 0.312 1.25
MRSA 142 0.0078 >0.031
SK3
S.aureus 517 0.0625 >0.25

Chemical analysis of the extract

The SK3 extract was subsequently analysed for the allocation of active com-
pounds by using TLC-directed bioautography and for its chemical constitu-
ents by using HPLC methods. According to TLC-directed bioautography, the
positions of the bright spots (Figure 5) indicated the presence of anti-MRSA
metabolites within the extract.
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Figure 5. Bioautogram (I, Il) and TLC (Ill) of the extract from a bacterium SK3 demonstrate
inhibition against MRSA and chemical profile. | represent a positive control (Vancomycin), while
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These active metabolites did not react with the anisaldehyde reagent, suggest-
ing that they were not steroids or terpenoid compounds present in the extract.
According to HPLC (Figure 6), the main active compounds were observed at
an Rt of 29.187 min in the SK3 extract, with the remaining peaks identified as
components of the culture media. The S6.2 extract contained minor metabo-
lites at Rt values of 25.583 min and 29.023 min, with the other peaks attrib-
uted to components of the culture media.
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Figure 6. HPLC chromatograms of the active extracts show peaks at Rt ranging 0 - 20.750
minute, which are attributed to the media composition. The active metabolites of S6.2 are
expected at Rt 25.583 and 29.023 minute, while SK3 exhibits a main peak at Rt 29.187.

A MRSA outbreak in Thailand was observed 15 years ago. Since 2012, the Na-
tional Antimicrobial Resistance Surveillance Center (NARSC) has reported
that the rate of MRSA vancomycin resistance has increased to 98%7. In this
work, three MRSA strains were isolated from the mucous of patients in Thasa-
la Hospital, Nakhon Sri Thammarat Province, Thailand. The isolated MRSA
strains were determined for their drug resistance induction by using the mecA
gene, oxacillin, and clindamycin as indicators (Table 1). All strains tested posi-
tive for anti-oxacillin resistance and carried the mecA gene, but only MRSA142
showed a D-shaped zone on clindamycin resistance testing. A D-shaped zone
on agar well plates can indicate the presence of inducible antibiotic resistance.
It occurs when bacteria carry genes that can be turned on or off, depending
on the type of certain antibiotics. In this case, MRSA142 exhibited inducible
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resistance to clindamycin. This information is essential when considering bac-
terial strains for drug susceptibility screening, and as a result, MRSA142 was
selected for further use as a test organism in an anti-MRSA drug discovery pro-
gram. We isolated 4 marine-associated bacterial strains from several marine
sponges and sediment; three of the strains showed anti-MRSA activity (Table
3 and Figure 4), including S6.2, which was isolated from a red Demospongia
sponge, Mycale grandis (No. 1, Figure 2), and SK3, which was isolated from
sediment. Normally, sponges are rich sources of diverse associated microor-
ganisms, some of which produce antimicrobial metabolites, while sediment
contains mainly antibiotic-producing actinobacteria®s. However, this also de-
pends on geographic variation and cultured media, even for the same species
and hosts>7. For example, 1234 bacterial strains were isolated from sponges
in South Australian marine environments, of which 21% showed antimicrobial
activity against MRSAS. A total of 460 strains were isolated from 18 sponges
in Vietnam water, of which 9o strains exhibited antimicrobial activity, and in
particular, 21 strains exhibited activity against S. aureus®. Actinobacteria are
well distributed in marine sediment and show antimicrobial activity against
several drug-resistant pathogens. According to this work, 92 actinobacteria,
mainly Streptomyces spp., were isolated from Philippine marine sediment and
exhibited anti-multidrug-resistant S. aureus activity*°, while 6 actinobacterial
strains isolated from Nicobar Island, the Andaman Sea, also showed anti-S.
aureus activity?. The above data indicate the high diversity of antimicrobial
compounds produced by associated marine bacteria; accordingly, intensive
surveys and screening for their antimicrobial activity should be performed on
bacteria in various regions. Assessment of the anti-staphylococcal activity of
the extracts from marine-associated bacteria showed that strains SK3 and S6.2
created the largest zone of inhibition (Figure 4 and Table 3).

Various sponges have been reported as sources of anti-MRSA compound-pro-
ducing bacteria, including Haliclona sp., Axinella sp., Dysidea sp., Epipolasis
sp., Neopretosia sp., and Mycale sp.?*. In this study, we isolated an unidenti-
fied bacterium. The extract (coding as 6.2) from this bacterium exhibited anti-
MRSA activity with a MIC value of 0.156 mg/mL. Previous studies have shown
that the genus Mycale hosts a diverse array of associated bacteria, particularly
Bacillus sp., Vibrio spp., Streptomyces sp., Cobetia sp., Pseudomonas, and No-
cardiopsis sp.23. Some of these bacteria produce various classes of anti-MRSA
compounds, including brominated biphenyldiols, peptides, terpenoids, alka-
loids, and molecules containing five-membered lactone rings?. For instance,
a novel linear peptide, bogorol A, demonstrates high anti-MRSA potency with
an MIC value of 2.5 pg/mL, while 3,3’,5,5’-tetrabromo-2,2’-biphenyldiol ex-
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hibits MIC values ranging from <0.25 to 2 mg/mL.?526. Additional examples
have been summarized by Liang et al. (2023)?. In this work, we analyzed the
preliminary data of the active extract. However, the pure active compounds
responsible for the observed anti-MRSA activity have not yet been identified.

HPLC was primarily used for the analysis of active components in the extracts
(Figure 6). The HPLC chromatograms revealed that the active constituents con-
tained in the S6.2 extract were located at retention times (Rt) of 25.583 and
29.023 min, while SK3 showed only one peak at 29.18 min. Other peaks (at Rt
0 - 20.703 min) in both the S6.2 and SK3 extracts were components of the me-
dium (chromatogram of pure medium was used as a reference), which did not
exhibit activity against MRSA. However, the type of active compounds still re-
mains unidentified until they are purified and characterized. The MIC and MBC
values (Table 3) revealed that strain SK3 contained the highest potency of anti-
MRSA constituents, which was observed as a peak at Rt 29.187 min and probably
a very minor compound at Rt 29.597 min on HPLC chromatogram. SK3 was
accordingly selected for further study. SK3 is a gram-negative bacterial strain
that formed a circular, shiny colony on marine agar (Figures 3 and 7). It was cul-
tured in 9 different solid media for one week, including marine agar (MA), MHA
(Mueller-Hinton Agar), LB (Luria Bertani), and ISP No 2-7, to observe colony
features and anti-MRSA activity potential. Its colony features and anti-MRSA
activity potential differed according to the culture medium, as shown in Figure 7.

Figure 7. Colony feature of SK3 on different kind of solid media
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The growth and potential of bioactive compound synthesis of marine actino-
bacteria varies on different culture media, as found in some previous reports.
ISP no. 2 promoted a high degree of antimicrobial compound production in
many marine actinomycetes (also found in SK3), but yeast extract peptone
(YP) and starch yeast extract peptone (SYP) did not support active compound
production®. Based on the principle that many marine bacteria produce sec-
ondary metabolites that are released into the environment, the potential for
secondary metabolite production of SK3 was examined by the agar plug dif-
fusion technique. A portion of the individual solid medium on which bacte-
ria had grown was excavated and then transferred into drilled wells of MRSA
discs. We found that SK3 produced the strongest anti-MRSA metabolites when
cultured with marine agar (MA), ISP No. 2, 5 and 7 (Figure 7). This indicated
that nutrient composition and concentration were related to the growth form
of SK3 and also their secondary metabolite synthesis. Generally, appropri-
ate concentrations of elemental ions, monosaccharides, peptone, and yeast
extract are essential components for the growth of marine bacteria and anti-
bacterial metabolite synthesis?’. Sodium and potassium ions are involved in
oxidative metabolism processes and biologically active metabolite production,
while peptone and yeast extract are sources of organic carbon and monosac-
charides?®. Minor concentrations of amino acids such as L-asparagine and L-
tyrosine are still essential cofactors for producing secondary metabolites and/
or growth promoters2-3°, as found in ISP No. 5. It is worth noting that starch
or complex carbohydrates contained in ISP No. 3 and 4 may have a negative
effect on bioactive compound synthesis, as estimated by the inhibition zone.
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ABSTRACT

Cisplatin is a powerful chemotherapy drug used to treat certain types of cancer. The
effects of this drug, nausea and vomiting, can reduce patients’ quality of life and make it
difficult to continue treatment. Thymoquinone is known to act on the gastrointestinal
system. However, its effect on nausea is not clear. This study investigated the effects
of thymoquinone on cisplatin-induced nausea. Animals were divided into four
groups (control, cisplatin, thymoquinone, and cisplatin+thymoquinone). Cisplatin
was administered intraperitoneally and thymoquinone by gavage. The amount of
food consumed by the animals was recorded. In addition, gastrointestinal tissues
were examined by hematoxylin and eosin (H&E) staining. The data obtained suggest
that cisplatin causes damage to the gastrointestinal tract. However, it is possible that
thymoquinone may contribute to the healing of this damage. Therefore, the addition
of thymoquinone to patients undergoing chemotherapy has the potential to increase
the effectiveness of the treatment process.
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INTRODUCTION

Cisplatin (cis-dichlorodiammineplatinum) is a heavy metal compound that has
shown antineoplastic activity in clinical and preclinical studies. It is used in
the clinic as an effective chemotherapeutic agent in many cancer treatments2.
However, acute kidney injury, gastrointestinal problems, bleeding and a
reduced immune response to infection are among the most common side effects
observeds. Chemotherapy-induced nausea and vomiting (CINV) can cause a
variety of adverse physical effects and significantly reduce the quality of life of
patients undergoing chemotherapy. Persistent nausea and vomiting associated
with CINV leads to serious physical complications such as dehydration, anorexia
and unwanted weight loss*. Antiemetic agents are widely used to relieve this
discomfort. Dopamine D2, histamine H1, serotonin 5HT3 (serotonin receptor),
tachykinin NK1 receptor antagonists and corticosteroids among these agents
are used as antiemetic prophylaxis and therapeutic in clinic°.

Nigella sativa L. (Black cumin), a member of the Ranunculaceae family, is a
fragrant herbaceous plant that blooms between April and August with blue and
green flowers and grows to a height of about 60 cm”®. Black cumin seeds are
rich and diverse in chemical components; they contain amino acids, protein,
carbohydrate, mixed and essential oils”.This plant has been used by patients for
gastrointestinal disorders such as abdominal pain, diarrhoea and flatulence®
as an anti-carcinogenic'®" anti-inflammatory*? and antioxidant®. In addition,
black cumin oil has been reported to have various pharmacological effects such
as antihistamine', antioxytocic®s, liver protector'® and immune enhancer”.

Most of the pharmacological activity in black cumin seed has been associated
with the ‘quinone’ component. Chopra et al. (1956) discovered that
Thymogquinone (TQ) is the main active component of the essential oil in black
cumin®®, Later, Houghton et al. (1995) reported that thymoquinone (TQ) is the
main component of the essential oil*. TQ has attracted considerable scientific
interest due to its high biological activity and low systemic toxicity, making it
a promising alternative to classical therapeutic drugs®. Recent studies on TQ
have shown that it has a protective effect against several free radical-generating
compounds such as doxorubicin and carcinogenesis caused by different
chemical compounds, diabetic neuropathy and membrane lipid peroxidation,
and has anti-inflammatory and analgesic effects?-2223.24,

The gastro-protective mechanisms of TQ are to inhibit proton pumps, acid
secretion and neutrophil infiltration while increasing mucus secretion and
nitric oxide products?s. Black cumin essential oil and TQ have been shown to
have gastro-protective effects in relation with the maintenance of the redox
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state in the gastric mucosa2%27-28,

In this study, in order to evaluate the effect of TQ on cisplatin-induced nausea
and vomiting in rats, the amount of kaolin consumption and animal weights
were evaluated by applying the pica method. Gastrointestinal system tissues
were also examined histologically.

METHODOLOGY

This study was conducted at Necmettin Erbakan University KONUDAM
Experimental Medicine Research and Application Centre and KTO Karatay
University Faculty of Medicine Histology/Pathology Laboratory. The study
protocol was approved by Necmettin Erbakan University KONUDAM
Experimental Medicine Research and Application Centre Animal Experiments
Ethics Committee (2021-040) and adult female Wistar albino rats weighing
180-220 g obtained from the same unit were used.

Rats were housed under standard laboratory conditions (22-23°C ambient
temperature, 50% humidity and 12-hour light/dark cycle). Water and food
were provided during the experiment. The rats were kept in standard cages
until the day of application, and after the experimental groups were formed
and the applications were performed, they were taken to individual cages, and
the experimental procedure was carried out.

Preparation of kaolin

Kaolin was prepared according to a previously described method?°. Kaolin
(ZAG Kimya, Cas No: 1332-58-7) was mixed with acacia gum (Sigma-Aldrich,
Cas No: 9000-01-5) in a ratio of 99:1. It was then mixed with distilled water to
form a paste and allowed to dry at room temperature for 72 hours.

Experimental procedure

All animals were subjected to a 3-day adaptation period before the start of
the experiment. During this period, animals were housed in separate cages to
provide access to both normal food and kaolin and experimental groups were
formed. A total of 28 rats were used, 7 animals in each group.

Group 1; Control: No treatment was given to the animals in this group.

Group 2; Cisplatin (CIS): In this group, cisplatin [Kogak Farma (50mg/100mL
concentrated solution for infusion)] was administered intraperitoneally (i.p)
at a dose of 6mg/kgs°.

Group 3; Thymoquinone (TQ): Thymoquinone (Sigma-Aldrich) at a dose of 1.5
mg/kg was administered to the animals in this group by gavages:.
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Group 4; Cisplatin + Thymoquinone (CIS + TQ): In this group, 6 mg/kg dose
of cisplatin was administered intraperitoneally and then 1.5 mg/kg dose of
Thymoquinone was given by gavage3®3t,

No irritation, restlessness or other adverse effects (e.g. respiratory distress,
abnormal movement or catalepsy) were detected in rats following i.p.
administration. The amount of kaolin consumption was noted 12-24 h after
administration to the animals in accordance with experimental groups32. To
measure kaolin and food intake, the remaining kaolin and food, including
those spilled out of the containers, were collected and kaolin intake, food intake
and body weight of the animals were noted on each experimental day. After
administration, animals were decapitated, and gastrointestinal tract tissues
were placed in 10% buffered formalin solution for histopathological evaluation.

Histopathological examination

After fixation in 10% formalin solution for 48 hours, the tissues were passed
through graded alcohol (70, 80, 90, 100%) and xylol (Xylene I, II) series for one
hour and routine tissue follow-up procedures were performed. Then, 3um thick
sections were taken from the paraffin blocked samples on slides using a rotary
microtome (Leica DSC2). The sections were freed from paraffin. The sections
were stained with hematoxylin and eosin (H&E). H&E-stained slides were
examined under a light microscope (Olympus SC50) and images were taken.

Statistical analysis

Statistical interpretation of the results was performed using the SPSS 22.0
computer package program, and arithmetic means and standard errors of
all parameters were calculated. “The Shapiro-Wilk test was performed to
determine the homogeneity of the data and it was found that the data had a
normal distribution.” One-way analysis of variance (ANOVA) test was used
to determine the difference between groups, and Tukey’s test, one of the
multiple comparison tests, was used to determine which group the differences
originated from. Differences at the p<0.05 level was considered significant.

RESULTS and DISCUSSION
Animal weight and kaolin consumption results

According to statistical analyses of animal weights taken at the beginning
and end of the experiment, there was no change in the weights of the control
and thymoquinone groups. However, CIS and Animal weights decreased in
the CIS+TQ group, and this decrease was the highest in the CIS group and
significant differences were observed between the groups (p<0.05) (Figure 1).
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Animal Weight Changes

ab K b b b
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al a 3
200
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50 : N

0

Control Cisplatin Thymoquinone Cisplatin + Thymoguincne
(CI5) (TQ) (CIS+TQ)

190,64+ 8,46

182,07+ 8,354

w Firstday [Mean=SE) 211,71 + 3.89 218,71 £ 4,76 220,28 + 5.5
m Lastday (Mean = SE) 210,50 = 4,07 196,14 = 4,87 219,21 + 5,72

Figure 1. Animal weight changes (there was a significant difference between groups in the
same column and carrying different letters [p<0.05]).

After application, the kaolin was left in the cages and the total amount of
kaolin consumed was determined. According to the data obtained as a result
of statistical analyses, it was determined that the highest kaolin consumption
among the experimental groups was in the CIS group. The difference between
the groups was found to be significant (p<0.05) (Figure 2).

Kaolin Consumption Amounts
Mean = SE

a
B Gr 1.64+03 957+ 1.7 235409 135 +0.61

Figure 2. Kaolin consumption amounts (there was a significant difference between groups in
the same column and carrying different letters [p<0.05]).

Histopathological results

The gastrointestinal tract tissues obtained after decapitation were
histopathologically evaluated by H&E staining. In the control group and TQ
group rats, the oesophagus showed normal histological structure; the mucosa,
submucosa, which is the layer under the mucosa, and muscularis layer showed
normal structure. In the CIS group, cisplatin caused damage in the oesophagus.
Hyperkeratisation, degeneration and desquamation were observed in the
mucosa. No significant difference was observed in the submucosa and
muscularis layer. In the CIS+TQ group, no significant reduction in cisplatin-
induced mucosal damage was observed (Figure 3).
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Figure 3. Esophageal histopathology x4. A: Control, B: CIS, C: TQ, D: CIS+TQ

When the histological structure of non-glandular anterior stomach was
evaluated in control group rats, muscularis, submucosa and mucosa
showed normal histological structure. Mucosa epithelium showed normal
keratinisation. In rats given CIS, there was damage similar to the oesophagus
structure. Hyperkeratosis, which is a thickening of the multilayered keratinized
epithelial layer of the mucosa, was observed to be increased. Only in TQ group,
keratinisation similar to the control group was observed. In CIS+TQ, there was
no significant decrease in the hyperkeratosis caused by CIS (Figure 4).

Figure 4. Histopathology of the stomach (non-glandular anterior stomach). Arrows point to
squamous keratinized epithelium x4. A: Control, B: CIS, C: TQ, D: CIS+TQ H&E.
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In control group rats, the stomach showed normal histological structure.
The epithelium forming the mucosa of the fundic stomach and the gastric
(fundic) glands in the lamina propria underneath showed normal histological
structure. Submucosa and muscularis layer showed normal structure. The
most prominent difference in the CIS group rats was cellular infiltration in the
submucosa layer of the mucosa. There are also degenerations in the mucosal
epithelial cells. The structure of the fundic glands shows a histological structure
similar to the control group. TQ group showed normal histopathological
structure. In the treatment group CIS+TQ, cellular infiltration and epithelial
degeneration decreased (Figure 5).

Figure 5. Histopathology of the stomach (fundus) x10. A: Control, B: CIS, C: TQ, D: CIS+TQ.
(Arrows point to inflammatory cells). General image x4, close-up, H&E.

570 | Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025



Small intestine of control rats showed normal histological structure. No
histopathological changes were observed in the TQ group. Damage to the
normal mucosa architecture was evident in rats given CIS. Degeneration and
desquamation were observed at the ends of intestinal villi. Atrophic villi, wide
cell spaces and cell atrophy were observed in the lamina propria. There was
decreased fibrous content in the muscularis mucosa layer. In TQ+CIS group,
thymoquinone decreased cisplatin-induced mucosal damage in the intestine,
although it had no significant effect. In the muscularis mucosa, CIS-induced
damage was significantly improved (Figure 6).

o]
Figure 6. Small bowel histopathology x10. A: Control, B: CIS, C: TQ, D: CIS+TQ.

In control rats, the cecum showed normal histological structure. No adverse
histopathological changes were observed in the TQ group. Cisplatin slightly
damaged the cecal architecture. Thinning (decreased fibrous content) was
observed in the muscularis externa layer. In the TQ+CIS group, mild damage
to the cecal architecture continued, but the muscularis layer showed normal
histological structure (Figure 7).
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(o]
Figure 7. Histopathology of cecum x10. A: Control, B: CIS, C: TQ, D: CIS+TQ.

Histopathological evaluation revealed no severe degenerative changes in the
architecture of the large intestine in the CIS group compared to the control
group and the TQ group. This was the same in the CIS+TQ group (Figure 8).

R o

Figure 8. Large intestine histopathology x10. A: Control, B: CIS, C: TQ, D: CIS+TQ.

572 | Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025



RESULTS and DISCUSSION

In this study, we observed that TQ reduced kaolin intake (pica) in cisplatin-
treated rats and may partially contribute to gastrointestinal tract damage.

Various animal models have been used to evaluate emetic and antiemetic
compounds333+35, Although these models have advantages such as cost and ease
of animal handling, they also have limiting factors such as the absence of an
emesis centre and the inability to demonstrate the vomiting reflex3¢. Although
not through vomiting, the rat model responds to the effects of various stimuli
that cause vomiting such as cisplatin, morphine, simulated motion sickness
and radiation in a manner consistent with pica3739. Cabezos et al. (2010) found
that gastric motility was exacerbated in parallel with the increase in pica with
chronic administration of cisplatin in mice. In addition, these researchers
found that one week after the end of the treatment, no signs of gastric motility
disorder remained, but basal kaolin intake was still higher than rats in control
group*®. Another study to investigate the effect of Xiao-Ban-Xia decoction
(XBXD) on chemotherapy-induced nausea and vomiting (CINV) using rat pica
model, parameters such as kaolin consumption, food intake and body weight
were monitored after cisplatin administration and suggested that XBXD could
be considered as a potential therapeutic agent in the treatment of CINV#.,

In this study, induction of pica in the first 24 hours following cisplatin (6
mg/kg, i.p.) in rats is consistent with previous studies using doses in the
same range3”+>+-42, In addition, we concluded that the decrease in pica and
simultaneous improvement in food intake in the group treated with CIS and
then treated with TQ, and the reflection of this situation on animal weights
showed the anti-nausea/antiemetic effect of TQ.

Low doses (<3.5 mg/kg bwt) of CP treatment have been reported to cause villus
atrophy but not affect crypt depth, thus reducing the villus-to-crypt ratio by
approximately 47%. However, studies performed at higher doses (=6 mg/kgwt)
also revealed that CP caused disruption of mucosal glandular architecture,
cryptablation, intense inflammatory cell infiltration in mucosal and submucosal
layers, formation of crypt abscess, villus degeneration, decrease in villous
density (rarefaction) and reduced villous height, enterocyte damage, nuclear
crowding, cytoplasmic vacuolation#45. Sathyanath et al. (2013) administered
saponin and non-saponin obtained from the fractions of red ginseng before
a single dose of intraperitoneal cisplatin (6 mg/kg) injection (-48, -24 and o
h) and showed that it caused degenerative changes in the stomach (glandular
region) and small intestine, mainly in the mucus-secreting cells and intestinal
epithelium on the villi, with enlargement of intercellular spaces and disruption
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of the epithelial structure#. The results of this study report that both red ginseng
saponin and non-saponin improve feeding behavior against CP-induced pica in
rats. Another group of investigators evaluated cisplatin-induced pathological
changes in the GI tract using H&E staining and showed that Xiao-Ban-Xia-
Tang decoction (XBXT), an antiemetic formula, can improve cisplatin-induced
gastrointestinal tract damage and inflammatory response after 72 hours of
model creation#. In parallel with the above-mentioned studies, in this study,
we showed that cisplatin caused inflammatory damage in the GI tract, but TQ
administration helped to ameliorate this damage.

In conclusion, this is the first study in which the effects of TQ on nausea and
vomiting were investigated by pica method and histopathological examination
of the gastrointestinal tract. The obtained findings contribute to the elucidation
of the comprehensive mechanisms of TQ effect in CIS-induced pica, but further
investigations are needed.
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ABSTRACT

Considering the global efforts against anti-microbial drug resistance and the
need to find new natural sources with anti-microbial effects, the anti-micro-
bial and anti-oxidant activities of two Iranian plants, Campanula involucrata
and Nepeta menthoides, were evaluated. Aerial parts of both species were ex-
tracted using a Soxhlet apparatus and three solvents with different polarities
(n-hexane, methylene chloride, and methanol), respectively. The methanol ex-
tracts of both species as the most potent parts were fractionalized using a solid-
phase extraction (SPE) method. The anti-microbial activities were determined
against two Gram-positive (Staphylococcus aureus, Bacillus subtilis), four
Gram-negative bacteria (Proteus morganii, Escherichia coli, Shigella flexnert,
Salmonella typht), and a fungus (Candida albicans) species by disc diffusion
method. Then, the extracts or fractions with the most potent anti-microbial
activities were selected for evaluating their MIC (Minimum Inhibition Con-
centration). Finally, anti-oxidant potency and total phenol contents of men-
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tioned extracts and fractions were evaluated using DPPH and Folin-Ciocalteu
reagents. The results demonstrated significant anti-bacterial activities, espe-
cially in methanolic extracts of both species and 40% and 10% methanol /water
fractions in C. involucrata and N. menthoides, respectively. Moreover, anti-
oxidant activities and total phenol contents of different extracts confirmed the
presence of bioactive ingredients in the methanolic extracts and their relevant
fractions. Additional studies are necessary to isolate and characterize bioactive
compounds and their in vivo anti-microbial properties.

Keywords: antibiotic, anti-oxidant activity, Campanula, Nepeta

INTRODUCTION

Antibiotic resistance is one of the most important global challenges, which means
the ability of microorganisms to thrive and tolerate antibiotics!. The spread of vari-
ous infectious diseases and indiscriminate usage of a wide range of anti-micro-
bial drugs leads to the efforts to encourage people to rational use of antibiotics
to decrease the volume of consumption and reduce resistance rates?. Antibiotic
resistance is one of the main topics with a high priority for WHO (World Health
Organization). In 2015, the World Health Assembly adopted the global action plan
for the antibiotic resistance problem with five strategic purposes, which include: 1)
Improving awareness, 2) Supporting the research, 3) Decreasing the incidence of
infection, 4) Optimizing the antibiotic uses, and 5) Development of the economic
case for maintainable investment in new drugs, diagnostics, and other interven-
tions for the needs of all countries?. Although about 50 years have passed since
the discovery of antibiotics in the golden era, antibiotic resistance is still one of
the most important issues in developed and developing countries*5. According to
previous studies, more than 80% of the prescribed antibiotics for upper respira-
tory infections are unsuitable and unnecessary, with harmful consequences such
as antibiotic resistance, which causes noteworthy morbidity and mortality and
imposes a massive global economic burden®®. After the large-scale production of
penicillin during World War II, the need to produce and discover herbal medicines
increased, and the pharmaceutical companies focused their efforts on finding and
producing new antibiotics. Although the use of natural products reduced with the
development of chemistry in pharmaceutical industries later, the use of various
drugs with natural sources for different health problems is still popular among
people. Therefore, for many pharmaceutical companies which continue to natural
products discovery research, the overall process for finding and developing novel
natural compounds has not changed’. Along with the challenges of discovering
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antibiotics with natural sources, we selected two Iranian species (Campanula in-
volucrata Aucher ex A.DC. and Nepeta menthoides Boiss & Buhse) and evaluated
possible anti-bacterial and antifungal as well as anti-oxidant activities. Moreover,
the total phenol content of active extract of both species was assessed. The genus
Campanula (Campanulaceae) has 44 species of annual and perennial plants in
Iran®. The distribution of the plants of this genus is generally in Asia, Europe, and
North and Northwest Africa®®. Previous literature reviews have demonstrated dif-
ferent biological and pharmacological activities of the plants of Campanula genus,
including, anti-oxidant, anti-microbial, anti-inflammatory, antidiabetic, anti- no-
ciceptive, wound healing, and cytotoxic effects>*2. According to phytochemical
studies, these plants are a rich source of flavonoids (especially anthocyanins) and
saponin structures®'. Furthermore, the presence of alkaloids, cardiac glycosides,
sterols, triterpenoids, and tannins was confirmed in the different species of this
genus®3. The second evaluated species, Nepeta menthoides, (Labiatae) is one of 75
identified species of the Nepeta genus of Iran'. The plants of this genus are dis-
tributed in Asia, Europe, and Africa and are used widely in traditional medicine?.
A wide range of effects, such as anti-asthmatic, anti-spasmodic, anti-septic, anti-
tussive, astringent, blood depurative, diuretic, diaphoretic, emmenagogue, febri-
fuge, lowering blood pressure, and sedative properties have been reported from
the various species of this genus>*®. Furthermore, monoterpenoids (nepetalac-
tones and iridoids), sesquiterpenoids, diterpenoids, triterpenoids, and flavonoids
were identified as the responsible structural groups of these plants®.

METHODOLOGY
Plant material

The aerial parts of C. involucrata and N. menthoides were collected respec-
tively from Goy Zangi Mountain (2800 meters above the sea) and Sahand
mountains (3457 meters above the sea) in East Azarbaijan province in Iran.
The identity of the studied species has been approved in the herbarium of the
Faculty of Pharmacy, Tabriz University of Medical Sciences, Tabriz, Iran. Ex-
traction and fractionation fifty grams of dried and powdered aerial parts of
both species were extracted using Soxhlet apparatus with n-Hexane, methyl-
ene chloride, and methanol (500mL each, Caledon Company, Canada). The
obtained 6 extracts were concentrated separately using a rotary evaporator
(Heidolph, Germany) at 45°C. Then 2 grams of methanol extract was weighed
and subjected to solid-phase extraction (SPE) using a C18 Sep-Pak cartridge
(Waters, USA), with a step gradient of MeOH/water mixture elution (10:90,
20:80, 40:60, 60:40, 80:20 and 100:0). All these fractions were dried using a
rotary evaporator at the temperature of 45°C".
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Anti-microbial assay
Microbial strains

Examined microorganisms included two species of Gram-positive bacteria
(Staphylococcus aureus PTCC 1112, Bacillus subtilis PTCC 1715), four strains
of Gram-negative species (Proteus morganii PTCC 1078, Escherichia coli
PTCC 1533, Shigella flexneri PTCC 1234, Salmonella typhi PTCC1230) and a
fungus, Candida albicans (PTCC 5027) which were purchased in lyophilized
culture from the Iranian bacterial collection center.

Disc diffusion test

The Agar disc diffusion method was used to assess anti-microbial effects as
described by Bauer et al.®. For the experiments, an overnight culture of mi-
croorganisms in Mueller—Hinton broth was used to provide a suspension with
turbidity equivalent to the 0.5 McFarland tube (1.5x108 bacteria/ml). Briefly,
the plates containing Mueller—Hinton agar were inoculated with one of the
microorganisms by spreading microbial suspension onto the surface of the me-
dium with a sterile cotton swab. Then, paper discs (6 mm in diameter) were
placed on the surface of the inoculated agar. The 50% DMSO and the standard
disc of Amikacin were used as negative and positive controls, respectively. The
extracts were dissolved in 50% DMSO to a final concentration of 100 mg/mL,
then 50 uL of different extracts solutions were added to placed discs on the
culture medium, and then they were incubated in a refrigerator for 30 min-
utes to allow the anti-microbial agents diffuse in the agar. Then, the plates
were incubated for 24 hours at 37°C. The anti-microbial effects of extracts were
determined by measuring the diameter of inhibition zones (DIZ) around the
sterile discs. The experiments were repeated at least three times, and then the
mean DIZ was calculated’*2°. The sensitivity was classified as follows based on
the DIZ: not sensitive (DIZ<8 mm), sensitive (DIZ=9—14 mm), very sensitive
(DIZ=15—19 mm), and extremely sensitive (DIZ>20 mm)>-33,

Minimum Inhibitory Concentration (MIC)

Extracts or fractions with the most potent anti-bacterial activities were select-
ed to evaluate their MIC value. The MIC was determined by the macro-dilution
method with minor modifications to the guidelines of the Clinical and Labora-
tory Standards Institute®. Serial two-fold dilutions of the extracts were pre-
pared in a Mueller—Hinton broth medium in tubes, and then, an equal volume
of the bacterial suspension in Mueller—Hinton broth was added to each dilu-
tion to result in a final cell density of around 5x10° CFU/mL. After incubation
at 35°C for 18 hours, the concentration of anti-microbial contained in the first
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clear tube is read as the MIC. A tube containing DMSO, culture medium, and
the bacterial suspension was utilized as a positive control, and a tube contain-
ing extracts, DMSO, and culture medium was used as a negative control. Then,
the tubes were incubated at 37°C for 24h.

DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging assay

Anti-oxidant activities of extracts and fractions with different polarities of C.
involucrata and N. menthoides aerial parts were evaluated using the DPPH
reagent (Sigma Aldrich, Germany). For preparing the DPPH reagent, 4 mg of
DPPH powder was dissolved in 50 mL methanol or chloroform using ultra-
sonic bath equipment. Methanol and chloroform were used for polar and non-
polar extracts, respectively. Then, the stock solution of extracts was prepared
at a concentration of 1 mg/mL, and serial dilutions were made in 10 different
concentrations in methanol or chloroform. In the next step, 2 mL of diluted
solutions of extracts were mixed with 2 mL of DPPH reagent and were allowed
to accrue reactions in 30 minutes. Finally, the UV-Vis absorbance of samples
was recorded at 517 nm, and the percentage of reduction capacity of DPPH was
calculated according to:

Reduction capacity (%) = (absorbance ,, - absorbance sampte)/’ absorbance

Blank Blank

The blank solution contained all substances except the extract and standard
compound. The final results were reported as RC50 (Reduction Capacity 50%),
defined as the extract concentration providing 50% loss of DPPH activity.
All tests were repeated three times, and a similar method was performed for
quercetin as the positive control®°.

Total phenol content assay (TPC)

The phenolic contents of extracts were measured using the Folin-Ciocalteu
reagent (Merck, Germany). The samples were dissolved in the acetone 60%
solution to obtain a 5 mg/mL concentration. Then 1 mL of these solutions were
mixed with 200 pL Folin-Ciocalteu reagent (1:1 mixed with water) and 1 mL of
2% Na,CO, and incubated at room temperature for 30 minutes. The absorb-
ance of the samples was read at 750 nm using spectrophotometer equipment
(Pharmacia Biotech, England). The same procedure was performed for differ-
ent concentrations of gallic acid as the standard compound, and the sample
without any extract was used as blank. The measurements were done in trip-
licate®.
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RESULTS and DISCUSSION

In the present research, anti-bacterial activities of C. involucrata and N. men-

thoides aerial parts extracts and their fractions of the most potent extracts

were studied against two Gram-positive, four Gram-negative bacteria, and a

fungus. The results are separately represented for both plant species in Table
1to Table 4.

Table 1. Anti-bacterial activities (DIZs) of C. involucrata extracts and methanolic fractions

DIZ (mm)

i | Methylene | Methanolic| Fr. | Fr. | Fr. | Fr | Fr | Fr | Total 0o
Bacterialstrain | - HeXane | “ouvide | extract | 10% | 20% | 40% | 60% | 80% | 100% |extract| AMIKAcn
Proteus .
morganii ND ND ND ND | ND | ND | ND | ND | ND | ND 25
Staphylococcus
aures 26 29 29 10 | 21 28 | 11 | ND| ND | 29 28
Escherichia coli | ND ND 27 ND | ND | 16 | ND | ND | ND | 27 29
Bacillus subtilis | 10 16 31 ND | ND | 18 | ND | ND | ND | 31 28
Shigella flexneri|  ND ND ND ND | ND | ND | ND | ND | ND | ND 22
Salmonella
ot ND 18 31 ND | ND | 14 | ND | ND | ND | 3 26
Candida
albicans ND ND ND ND | ND ND | ND | ND | ND ND

*Not determined

Table 2. Anti-bacterial activities (DIZs) of N. menthoides extracts and methanolic fractions

DIZ (mm)

TP Methylene | Methanolic| Fr. | Fr. | Fr. | Fr | Fr | Fr | Total 0o
Bacterial strain .\ n- Hexane | “ov i | “exiract | 10% | 20% | 40% | 60% | 80% | 100% | extract| AMacin
Proteus .

g ND ND O | ND | ND | D | W | w0 || w0 | 2
Staphylococcus

Saphy 2 40 o w2 0|19l 2| B
5;7,.’"’”"'"’ ND 8 18 | 10| ND | ND | ND|ND | ND | 18| 2
Bacillus

o 19 2 3| 5 w0 | N0 | N0 | ND| 4| o3 2
Shigella

el ND ND D | ND | ND | ND | WD | WD | WD | WD | 17
Salmonella

bt 2 2 3 |18 | wo w0 wo [N |13 17
Candida

e ND ND ND | N | ND | D | N | N | W | W] mD

*Not determined
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Table 3. Minimum inhibitory concentration (MIC) values of C. involucrata extracts and
methanolic fractions

Microorganism MIC (pg/mL)

Methylene | Methanolic|  Fr. Fr. Fr Fr. Fr. Fr.

Bacterialstain | n-Hexane | "o iie” | extract | 10% | 20% | 40% | 60% | 80% | 100%

Staphylococcus .
A ND 125 31.25 250 125 62.5 250 ND ND

5;7,.’"’”"’"’ D 500 125 NO | ND | 50 | ND | ND | WD
Bacillus

o D 125 65 | ND | ND | %0 | N | ND | ND
Salmonella typhi | D 500 250 NDO| ND | 50 | ND | ND | ND

*Not determined

Table 4. Minimum inhibitory concentration (MIC) values of N. menthoides extracts and
methanolic fractions

Microorganism MIC (pg/mL)

S ! Methylene | Methanolic |  Fr. Fr. Fr. Fr. Fr. Ft.
Bacterialsrain | 1-HeXane | “oyide | exiact | 10% | 20% | 0% | 60% | 80% | 100%
Staphylococcus «
aureus ND 625 15.625 31.25 250 250 250 250 250
Escherichia coli ND 500 62.5 250 ND ND ND ND ND
Bacillus sublilis ND 62.5 31.25 62.5 ND ND ND ND 125
Salmonella typhi ND 125 62.5 250 ND ND ND ND 250

*Not determined

Moreover, the free radical scavenging capacity, total phenol contents of the
extracts, and the most potent extract fractions are shown in Tables 5 and 6.
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Table 5. Anti-oxidant activities (RC50: mg/mL) of C. involucrata and N. menthoides extracts
and fractions

Methylene | Methanolic Fr. Fr. Fr. Fr. Fr. Fr.

Plants n-Hexane | “ovioride | exract | 10% 20% 0% | 60% | 80% | 100%

C. involucrate |  ND* ND  [167+0.0014 ND 149+0.0014 | 46+0.0007 | ND ND ND

N. menthoides ND ND | 178+0.0014 | 23+0.0007 | 156 +0.0021 | 256 +0.0071| ND ND ND

Quercetin 3.9+0.002

*Not determined

Table 6. Total phenol contents (mg GAE/g) of C. involucrata and N. menthoides extracts and

fractions
Methylene | Methanolic |  Fr. Fr. Fr. Fr. Fr. Fr.
Plants n-Hexane | “ouiovide | exract | 10% | 20% | 40% | 60% | 80% | 100%
. involucrate : : 5 | 137 | 172 | o461 | 88 | H9 | 1
N. menthoides | - : 161 10 | 156 | 199 | 5% | % | 8

The DIZs of three different extracts of C. involucrata were studied on the seven
microbial species and the results showed that the methanol extract possessed
significant anti-bacterial effects against S. aureus, B. subtilis, S. typhi and, E.
coli (extremely sensitive (DIZ>20 mm)). The observed anti-bacterial activities
were more potent than the anti-bacterial activity of Amikacin (as a positive
standard) in all cases except E. coli. Also, among the fractions of methanol
extract, the 40% fraction was the most potent but weaker than methanolic
extract (Table 1). Moreover, the presented MIC values of extracts and fractions
in Table 3 confirmed that the methanol extract was the most active part toward
S. aureus (MIC=31.25 pg/ml). The obtained results may be attributed to the
synergistic effects of the available compounds in the methanol extract®¢. Several
studies have shown notable pharmacological activities of various species of the
Campanula genus. Accordingto a published studyin 2011in Turkey, whole plant
essential oil of Campanula olympica demonstrated moderate anti-bacterial
and antifungal activities against Escherichia coli, Yersinia pseudotuberculosis,
Pseudomonas aeruginosa, Enterococcus faecalis, Staphylococcus aureus,
Bacillus cereus, Mycobacterium smegmatis, and Candida albicans®. Based
on the other research, the volatile oil of Campanula portenschlagiana, an
endemic species to Croatia, revealed moderate to potent anti-bacterial activities
against tested Gram-positive species (Enterococcus faecalis, Staphylococcus

586 | Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025



aureus, Clostridium perfringens, Listeria monocytogenes, and Bacillus
cereus) with MIC values of 62.5 to 125 ug/mL. Moreover, this oil had stronger
activities against Gram-negative species, including Escherichia coli, Klebsiella
pneumonia, and Pseudomonas aeruginosa, with MIC values of 7.8 to 62.5
pg/ml*®. The phytochemical evaluation indicated that diterpene alcohols,
the essential oil’s major constituents, could be the responsible ingredients in
different biological effects?®. The same study reported that the aqueous extract
of Campanula portenschlagiana with a total phenol content of 40.6 mg GAE/g
showed lower anti-microbial activities than essential oil. The MIC values of the
aqueous extract were 125 to 500 pg/ml against Gram-positive and 125 to 250
pg/ml for Gram-negative?s.

In another study, ethanol and methanol extracts of Campanula glomerata
L. showed potent anti-bacterial activities against Streptococcus pyogenes
and Klebsiella pneumonias, respectively. Moreover, different extracts of
Campanula olympica Boiss. demonstrated significant anti-bacterial activities
toward Streptococcus pyogenes, Klebsiella pneumonias, and Escherichia
coli®. In a recent study, the dichloromethane extracts of leaves of Campanula
retrorsa showed a moderate anti-microbial effect on Acinetobacter baumanii
and Candida albicans®. There are limited available data on the C. involucrata
biological, pharmacological and phytochemical properties. Hashemi and Zarei
reported the tyrosinase inhibitory activity of C. involucrata species from
Kurdistan, Iran. According to their results, 50% inhibition capacity (IC50)
of n-hexane extract was 0.575 pug/mL and it indicated a significant inhibition
value (75.62%, 75.45% and, 62.26%) at concentration of 1 ug/mL. Therefore, it
can be a useful natural source for suppressing unpleasant hyperpigmentation
in human skin3. Furthermore, the methanol extract of C. involucrata
exhibited a significant anti-oxidant effect and inhibition (>60%) against the
alpha-glucosidase enzyme, where the inhibition capacity (IC50) was 0.02
mg/mL. Consequently, it may be able to prevent the development of diabetic
symptoms3233. The phenolic compounds, especially flavonoids, have been
isolated in abundance from the methanol extract of Campanula pyramidalis
and Campanula alata species3+3%5. Moreover, the presence of anthocyanin
structures from Campanula medium petals were reported previouslyse.
Therefore, the significant anti-microbial activity of the methanolic extract of
the investigated plant could be relate to the presence of flavonoid compounds
including anthocyanin compounds. According to Tables 2 and 4, the second
tested species, N. menthoides, was more potent than C. involucrata in most
cases. Among the triple extracts of N. menthoides, the methanol extract had the
most potent anti-bacterial effects. The DIZs of methanol extract on S. aureus, B.
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subtilis, and S. typhi (extremely sensitive [DIZ=20 mm]) were nearly 1.5 times
greater than those of Amikacin. Also, the 10% fraction of methanol extract was
the most potent relative to the other fractions. In the case of N. menthoides, as
in C. involucrata species, the anti-bacterial power of the methanolic extract was
higher than its isolated fractions. According to previous studies, the essential
oil of Nepeta crispa showed important anti-bacterial activities against all
the tested seven Gram-positive and Gram-negative bacteria and four fungi®.
The main constituents were found to be 1,8-cineol (47.9%) and 4aa,7a,7a-
nepetalactone (20.3%). The other research by Kahkeshani et al. revealed that,
unlike the essential oils, 1,8-cineole showed no inhibition on fungi specially
Aspergillus species, but it was more potent than the essential oil against Gram-
negative species?. Studies on the different parts of the other species, Nepeta
persica, indicated that the anti-bacterial effects of the essential oils might
be because of their great content of nepetalactone isomers3®. Further studies
showed that the 50% methanolic extract of N. menthoides had significant
inhibitory effects against the Gram-positive bacterial strains, and there was a
direct relationship between total flavonoid contents of N. menthoides extracts
and anti-bacterial activities. Additionally, N. menthoides was introduced as a
good source of natural bioactive structures.

There are several studies about the anti-bacterial and antifungal effects of
different species of Nepeta. In a recently published review article, traditional
uses and pharmacological effects, as well as phytochemical properties of the
plants of Nepeta genus were described. The authors have frequently mentioned
the anti-microbial activities of various species of the Nepeta genus*. Moreover,
new details about these effects of various species in different areas are being
updated. For example, methanol extract of Nepeta juncea leaves showed high
biological effects such as anti-microbial activity*>. Among different extracts of
Nepeta cataria, the maximum inhibition percentage toward examined bacteria
species was 250-1000 ug/mL; and methanol and ethanol-based extracts were
the potent parts#. Primary phytochemical analysis of this species confirmed
the presence of phenolic compounds, tannins, flavonoids, cardiac glycosides,
terpenoids, anthraquinones, and alkaloids in the extracts#. Generally, based
on the literature, most of these compounds have demonstrated significant
anti-microbial activities*>+. The other biological properties studied in this
research were the measurement of anti-oxidant activities of different extracts
and fractions of two mentioned plant species. Based on anti-oxidant results
in Table 5, the methanolic extract of C. involucrata and its 40% fraction and
the methanolic extract of N. menthoides and its 10% fraction were the most
potent parts. Moreover, the evaluation of the results of phenolic contents
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(Table 6) established that only methanolic extracts possessed acceptable
contents of active natural phenolic compounds with TPC values of 154 mg
GAE/g (C. involucrata) and 161 mg GAE/g (N. menthoides). Similar outcomes
were reported previously in different species of Campanula and Nepeta
species'33°4849, This evidence indicates the presence of numerous active natural
compounds in various species of both plant genera that can be important for
future pharmacological, biological, and clinical studies.
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ABSTRACT

Patients with Gram-negative bacilli bloodstream infections (GNB-BSIs) have
a high mortality and morbidity rate. This can result in an increased length of
hospitalizations and risk of polypharmacy. This study investigates drug-related
problems (DRPs) and associated factors during antimicrobial treatment
in GNB-BSI patients. The prospective observational study was conducted
between April 2023 and April 2024 at a 970-bed tertiary care university
hospital in Istanbul. The study included 150 adult patients with a mean age of
58 years, and 57.3% of patients were male. Multivariable logistic regression
analysis highlighted significant associations between DRPs and the presence
of comorbidities, the duration of the patient’s hospitalization, time to adequate
antimicrobial therapy and the number of prescribed medications per patient
(p<0.05). In conclusion, this study underscores the significance of clinical
pharmacists’ collaboration with clinicians in the identification and assessment
of drug-related problems (DRPs) within the clinical department.
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INTRODUCTION

Gram-negative bacilli bloodstream infections (GNB-BSIs) are a major public
health problem due to their high rates of morbidity and mortality*. Timely ini-
tiation of appropriate antibiotic therapy is critical in the treatment of BSIs. to
decrease mortality and poor outcomes?3. However, the increasing prevalence
of antimicrobial resistance (AMR) poses a significant challenge to the treat-
ment and management of GNB-BSIs#5,

The resistance crisis highlights the need for multidisciplinary antimicrobial
stewardship (AMS) programs that require collaboration between healthcare
professionals, including infectious disease specialists, clinical pharmacists and
microbiologists, to monitor antibiotic use and resistance patterns and imple-
ment evidence-based guidelines®.

Clinical pharmacists play a critical role in AMS programs and drug-related
problems (DRPs) in infectious disease’®. These problems can take many
various forms, including inappropriate drug selection, dosing errors, drug
interactions, and patient non-compliance, among others®. The overall use
of antibiotics, associated costs, duration of treatment and infections caused
by multi-drug resistant organisms have been reduced by the participation of
clinical pharmacists. Furthermore, the use of appropriate antibiotics'*.

DRPs in bloodstream infections (BSIs) is a major concern as it leads to treat-
ment failures and increases healthcare costs'?. The pharmacist-led review of
DRPs has become a pivotal strategy in the prevention and mitigation of drug-
related harm®.

The primary objective of this study was to examine the prevalence and types
of DRPs in critically ill patients, specifically those in hematology-oncology and
intensive care units, who developed GNB-BSI in our hospital. The secondary
objective was to identify factors associated with an increased risk of DRPs.

METHODOLOGY
Study design, setting and population

We conducted a prospective study between April 2023 and April 2024 in
Istanbul, Turkey. Our facility was a tertiary care university hospital with a
90-bed of intensive care units (ICU) and a 970-bed capacity comprehensive
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hematology and oncology wards. On the other hand, hematopoietic stem cell
transplantation and solid organ transplantation were also performed

This study was conducted with the participation of a clinical pharmacist. The
clinical pharmacist had a daily ward round with the responsible physician and
other healthcare professionals. She observed the clinical follow-up of the pa-
tients, the treatments they received, the DRPs that developed and the progres-
sion of DRPs.

Patients who met the following inclusion criteria were included in the study.
Inclusion criteria

Inpatients>18 years of age,

Patients with GNB-BSI,

Patients in the hematology ward, oncology ward, solid organ transplantation
ward, hematopoietic stem cell transplantation ward or ICU.

Exclusion criteria
Patients who refused to participate the study,
Patients were re-admitted during the data collection period,

Patients were discharged within 48 hours after the initial positive blood cul-
ture signal,

Patients that refused treatment or did not receive treatment,
Patients who died within 48 hours after the initial positive blood culture signal,

During the study period, GNB-BSIs were identified in 172 patients, but 150
patients were included in the final,

During the study period, GNB-BSIs were identified in 172 patients, but 150
patients were included in the final analysis. The reason for exclusion (n=22)
was due to patients who died or were discharged within 48 hours after the first
blood culture. Figure 1 shows the flowchart of the study design.
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Figure 1. Flowchart of the study design

The study was approved by the Istanbul Medipol University Local Ethics
Committee for non-interventional clinical research (E-10840098-772.02-

803/31.01.2023).

Data collection

Gram stain was performed when there was a sign of microbial growth on the

blood cultures. Monitoring of patients was begun with detection of a GNB. The

follow-up of the patients continued throughout the treatment process of the

bloodstream infection until discharge or death.

The patients’ sociodemographic characteristics, comorbidities, Body Mass In-

dex (BMI), medical history, the time interval between the onset of BSI and the

initiation of appropriate antimicrobial therapy, antimicrobials used, length of

hospital stay since the first positive blood culture (days), number of prescribed

medications, profile bacteria that caused BSI, carbapenem resistant, and DRPs

were recorded.

The Pharmaceutical Care Network Europe (PCNE) classification version 9.01

was used to determine of DRPs in the patients'. In the event of a life-threaten-

ing situation, the clinicians implemented the necessary interventions.

Researching of the PubMed database revealed a paucity of studies on the topic

of DRP in adult patients with infectious diseases. The objective of the study

was to ascertain the incidence of DRP and to identify associated risk factors.
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Statistical analysis

Statistical analysis included both descriptive and inferential statistics. Fre-
quency, proportion, mean and standard deviation (SD) were applied as de-
scriptive statistics measures. Inferential statistics analysis was performed by
using categorical data as input. To this end, the distribution of categorical
variables was summarized by count and proportions with the purpose to per-
form comparison based on the DRP status (namely, the presence or absence of
DRPs). In this regard, the chi-square test was performed, which was followed
by univariate and multivariate logistic regression. The Chi-square test (x2) was
applied to test difference in distribution of categorical variables between the
two study groups (namely patients with DRPs and without DRPs). In order to
assess the association between the variables in more detail and to gain com-
plementary insights regarding the covariates of DRPs, crude odds ratios and
adjusted odds rations were computed using univariate and multivariate logis-
tic regression, respectively. The statistical significance of association between
the studied independent variables and DRPs was tested using the multivariate
logistic regression analysis method. To this end, significance of variables was
summarized by single p value or multiple p values, depending on the num-
ber of categories. In case of more than one category, the overall p values were
provided. For the evaluation of all inferential statistics results, the statistical
significance level p<0.05 was considered as the cut-off threshold value for sig-
nificance. The SPSS software (version 22) was utilized for statistical analysis.

RESULTS and DISCUSSION

A total of 150 patients with bloodstream infections were included in the study
and in total 237 DRPs were identified in 74% of the patients. The median age
of the patients was 58 years and 86% were male. The socio-demographic data
of the patients are shown in Table 1.
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Table 1. Characteristics of the patients with GNB-BSIs

Characteristics Frequency n (%) Mean (SD)
Gender

Male 86 (57.33)

Female 64 (42.67)

Age, years 58 (16.28)
18-45 (n, %) 39 (26)

46-65 (n, %) 69 (46)

>65 (n, %) 42 (28)

Body Mass Index (BMI) 25.93 (6.34)
Weight (kg) 70 (20)
Height (m) 1.65 (12.25)
Comorbidities 2.13 (1.28)
1 61 (40.67)

2 44 (29.33)

3 20 (13.33)

4 14 (9.33)

5 7 (4.67)

The 10 most common comorbidities

Hypertension 45 (30)

Cancer 43 (28.67)

Type 2 Diabetes Mellitus 40 (26.67)

Leukemia 27 (18)

Kidney failure 27 (18)

Lymphoma 17 (4.67)

Coronary Artery Disease 11 (7.33)

Multiple Myeloma 11 (7.33)

Chronic Heart Failure 10 (6.67)

Liver failure 7(4.67)

Length of hospital stay since the first 15 (34.24)
positive blood culture, (days)

Number of prescribed medications 20 (7.41)
Total number of patients readmitted to

hospital within 30 days 42 (28)

Note: SD: standard deviation.

Immunosuppressed and critically ill patients accounted for 77% of the total
patient population. The Table 2 presents the characteristics of the pathogens
in the initial blood culture.
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Table 2. Characteristics of the pathogens in the initial blood culture

Frequency (n) Percentage (%)
Gram-negative bacteria 150 100
Carbapenem resistant 58 38.67
Escherichia coli 66 44
Carbapenem resistant 9 14
Klebsiella spp. 50 33.33
Carbapenem resistant 26 52
Pseudomonas spp. 19 12.66
Carbapenem resistant 19 100
Enterobacter spp. 6 4
Carbapenem resistant 2 33.33
Acinetobacter spp. 1 0.66
Carbapenem resistant 1 100
Other Gram-negative bacteria 8 53
Carbapenem resistant 1 13

The most common pathogens were E. coli 44% (n=66) and K. pneumoniae
33.3% (n=50). The frequency and percentage of antibiotics used are shown in
Figure 2.

Antibiotics used

Cefotaxime |
Polymyxin-E |
Ceftazidim-avibactam |
Cefepim [
Tigecycline [
Polymyxin B | —
Mo eI

Piperacillin-tazobactam | —

0 10 20 30 40 50 60 70 80 90

u Percentage (%) ™ Frequency (n)

Figure 2. The frequency and percentages the antibiotics used.

The most commonly used antibiotics were piperacillin-tazobactam with 52%.
Table 3 illustrates the time interval between initial appropriate antibacterial
treatment and the onset of symptoms indicative of a bloodstream infection.
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Table 3. The time interval between the onset of BSI and the initiation of appropriate
antimicrobial therapy

Time to adequate
antimicrobial therapy Frequency (n) Percentage (%)
<6 hour 80 53.33
7-24 hour 47 31.33
25-48 hour 17 11.33
>49 hour 6 4
TOTAL 150 100

It was observed that 85% of patients received appropriate antibacterial treat-

ment within the first 24 hours after the onset of symptoms consistent with a
bloodstream infection.

The primary types of DRPs were treatment effectiveness (P1) (33%), treatment
safety (P2) (53%), and other issues (P3) (14%). The problems are shown in
Figure 3, and the causes of DRPs are shown in Table 4.

Classification of DRPs

126

32 27 29
18
"B m N i .
0 =S
P1.1 No effect P1.2 Effect of P1.3 Untreated P2.1 Adverse P3.1 P3.2 Unclear
of drug drug treatment symptomsor drugevent Unnecessary problem

treatment not optimal indication (possibly)  drug-treatment

despite correct occurring
use

Frequency of DRPs

The Problems

Figure 3. The problems, PCNE classification for drug-related problems V9.1
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Table 4. The causes, PCNE classification for drug-related problems V9.1

Causes (including possible causes for potential problems) 268
Number %

N1. Drug selection 115 42.91
N2. Drug form 0 -
N3. Dose selection 25 9.32
N4. Treatment duration 82 30.59
N5. Dispensing - -
N6. Drug use process 6 2.23
N7. Patient related - -
N8. Patient transfer related 19 7.01
N9. Other 21 7.83

The most common causes of DRPs were drug selection (42.91%), treatment
duration (30.59%), and dose selection (9.3%). By the day-28, 13.3% (n=20)
patients had died, 52.6% (n=79) patients had been discharged from the hospi-
tal, 2% (n=3) patients were still followed in the ICU, and 32% (n=48) patients
were still followed in the wards.

Based on the estimates of the performed x2 tests (in the form of y2 statistics
and p values), it is plausible to conclude that a significant difference (p<0.05)
exists between patients with DRP and patients without DRP with respect to
the following categorical variables: age (p=0.043), presence of comorbid-
ity (p=0.002), length of stay at hospital (p=0.024), time to adequate antimi-
crobial therapy (p=0.012) and number of prescribed medications per patient
(p<0.001) (Table 5).
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Table 5. Chi-square test results for difference in distribution of variables between patients
with DRPs and without DRPs

DRPs DRPs
Variables Category Yes No 2 statistic 2 p-value
n (%) n (%)
Female 44 (68.75) 20 (31.25)
Sex 1.60 0.206
Male 67 (77.90) 19(22.10)
18-45 23 (58,97) 16 (41)
Age (years) 46-65 54 (78,26) 15 (21,74) 6.28 0.043
>65 34 (80,95) 8(19)
b , No 42 (61.76) 26 (38.24)
resence o .
comorbidity 968 0.002
Yes 69 (84.15) 13 (15.85)
Lengthofstay | <7 37 (63.79) 21(36:21) 5.12 0024
at hospital
(days) 27 74 (80.43) 18 (1957)
Time to <12 60 (66.67) 30(3333)
adequate ’ |
antimicrobial 6.29 0.012"
therapy 212 51(0.85 9(0.15
(hours) - (085 (0.19)
714 19 (55.88) 15 (44.12)
Number of 15-19 23 (57.50) 17 (42.50)
prescribed .
medications 230 <001
per patient 20-29 51(92.73) 4(1.27)
>30 18 (85.71) 3(14.29)
s No 63 (68.48) 29 (31.52)
arbapenem
resistance 3.7 0.052
Yes 48 (82.76) 10 (17.24)

DRPs: drug related problems; * indicates significance at p<0.05.
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Furthermore, the results of univariate and multivariate logistic regression
analyses, which were performed as a further step to assess associations be-
tween the studied variables, are shown in the Table 6.

Table 6. Bivariate and Multivariate logistic regression analysis result of DRPs covariates
among patients

DRPs DRPs
. Yes No COR AOR Overall
Variables Category n n (95% ) (95% C1) p-value pvalue

(%) (%)
4

Female (68.75) 20 (31.25) 1 1

Sex

67 1603 1421

Mae | g7aq) | 19122100 | o7693340) | (05633586 | C4
23 16

045 | et @ 1 1
54 2504 1953

ageears) | 65 | gos | @ qog3so0) | oerosess | %220 | oase

% 8 2957 1631

B wg) (19 | (1087-80%8) | (04625758 | 048
2

o | ooy | 250824 1 1

Presence of

comorhidity 69 3.286 2877 .
Yes 1 agts | 098D ymaag0g) | (1122737 | 00%8
37
a | oy | 26620 1 1

Length of stay at

hospital (days) 7 2333 2770
2 gy | B 04008 | qoatrary | O
<12 (666%7) 30 (333)) 1 1

Time to adequate '
antimicrobial
therapy (hours) 12 51 9 2.833 4993 0,006

> (085) 015 | (1236519 | (1586-15716) | O
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19
MA | gy | 150412 1 1
23 1068 1260 .
Numberof | 1519 17 (4250) ) : 0697 | 0000
- (5750) (04252687) | (0.304-4036)
medications per 51 s 10,066 14379
atient ¥ i : .
P D8 1 97 | g2 | o517y | pazrsonsy | 000
18 4737 6974 .
01 wsry | S g rraaass) | (33036567 | 0022
No 68 | wpis 1 1 1
Carbapenem (68.48) ' 0.951
resistance 48 2210 0969 :
Yes | gozg) | 1007 | oomagr) | pasiosry | 0

DRPs: drug related problems; AOR: adjusted odds ratio; CI: confidence interval; COR:
crude odds ratio.; * indicates significance at p<0.05.

Here, univariate logistic regression provided crude (unadjusted) odd ra-
tions, while multivariate logistic regression analyses computed adjusted odd
ratios and p values. To this end, multivariate regression analysis delineated
statistically significant association between DRPs (the dependent variable)
and the following covariates (independent variables): presence of comorbid-
ity (p=0.028), length of stay at hospital (p=0.041), time to adequate antimi-
crobial therapy (p=0.006) and number of prescribed medications per patient
(p<0.001). Overall, the significant associations between these four variables
and the mentioned DRP status were detected by both the 2 tests and the mul-
tivariate logistic regression. Consequently, the y2 test estimates and the ob-
served odds ratios altogether suggest that presence of comorbidity, increase in
length of stay at hospital, increase in time to adequate antimicrobial therapy
and increase in number of prescribed medications per patient are potential
risk factors of DRPs.

The prevalence and types of DRPs

The DRPs was detected in nearly three-quarters of our patients, and the most
common antimicrobial treatment was piperacillin-tazobactam. The incidence
of DRPs ranges from 8.54% to 99.16% (12). A single-center study has reported
antibiotic-associated DRPs 87.3% in patients with community-acquired pneu-
monia®®. On the other hand, in a prospective study on patients with various
systemic bacterial infections, the rate of DRPs was found 71.51%. In addition,
two studies among patients with COVID-19 in showed that 65.3% and 33.2%
of patients had at least one drug related problem, respectively7. DRPs have
been reported within a wide range in the literature, and the rate of DRPs in our
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study was considered high compared to previous reports. The wide range of
DRPs is thought to be due to differences in the way the trials were conducted,
the characteristics of the patients included, and the follow-up practices of the
centers. With all that, our study is thought to reflect more reliable data because
of its prospective design.

The most commonly observed DRPs in previous studies were treatment safety
and treatment efficacy, ranging from 29.9% to 77.18% and 18.44% to 47.9%,
respectively, similar to our study'®'*2°, The leading causes of these DRP types
were often related to drug selection and dose selection®"22. Qur results were
partially in contrast with these findings since we identified drug selection and
treatment duration as the most common causes for DRPs. The duration of
antibiotic use was extended in our study. The effect of appropriate dose and
duration of antibiotic use on clinical outcomes, adverse reaction of antibiotics
and AMR is well known>+. However, our study contributed to the literature by
presenting striking data emphasizing the association of inappropriate doses
and durations of antibiotic use with DRPs. This results also highlight the criti-
cal role of a clinical pharmacist, even for a single parameter such as treatment
duration.

Risk factors for DRPs

Our study underscores comorbidities, length of hospital stay, time to adequate
antimicrobial therapy and increased number of drugs prescribed per patient as
potential risk factors for DRPs.

We revealed that the DRPs was higher in patients with comorbidities, simi-
lar to previous studies®325. Another factor that associated with development of
DRPs was delays in initiating appropriate antimicrobial therapy in our study.
This delay is strongly associated with worse clinical outcomes, including an
increased risk of progression to organ failure® that causes more intervention
and using a larger number of medications. Existing literature has shown that
early and targeted antimicrobial therapy significantly reduces both complica-
tions and mortality in patients with BSIs?*?7. And the third one was length of
hospital stay that increases the risk of DRPs in our study which consistent with
literature data'®25. The findings of the present study suggest an association be-
tween DRPs and a number of factors, including the presence of comorbidities,
delays in the initiation of appropriate treatment and prolonged hospitalization.
DRPs were thought to be associated with many factors, when all findings of our
study were taken into consideration; the presence of comorbidities, delays in
appropriate treatment and prolonged hospitalization. All of these factors are
thought to be associated with polypharmacy. In conclusion, the factors that di-
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rectly or indirectly influence polypharmacy should be considered significant in
the context of DRP and the management of polypharmacy should be improved.

The increasing risk of drug interactions and adverse events by the polypharma-
cy is well-known'®24, We have also shown statistically significant association
between development of DRPs and high number of the prescribed medications
per patient. Our findings are compatible with the previous study that reported
higher rates of DRPs in patients undergoing polypharmacy?®. These results
from our study have highlighted the importance of collaboration between the
clinical pharmacologist and clinicians. The EUROBACT-2 study found that in-
frequent consultations with clinical pharmacists were associated with higher
mortality rates, underscoring their critical role in optimizing antimicrobial
therapy for hospital-acquired BSIs®. Clinical pharmacists improve patient
outcomes through medication counseling, adherence support, and follow-up
care, reducing adverse drug reactions and medication errors. Despite higher
initial costs associated with their interventions, the overall economic impact
is positive when considering the savings from avoided adverse drug events3s:,

In our study, the relationship between DRPs and carbapenem resistance was
not statistically significant in the Chi-square test and multivariate analysis.
This hints that the actual effect could be context-dependent and much com-
plex, making it more difficult to detect. The elaborate and comprehensive in-
vestigation with larger sample size is needed to clarify the impact of carbap-
enem resistance.

In this regard, this study emphasis for the importance of clinical pharmacists
in the detection and evaluation of DRPs and in the management of antimicro-
bial therapy for GNB-BSIs in collaboration with infectious disease specialists
in GNB-BSIs.

The large number of our cases and the prospective design of our study increase
the reliability of our study. On the other hand, our single-center data, which
reflects the clinical practice of our center, is a limitation of our study.
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ABSTRACT

This research aimed to develop and validate an accurate Ultra performance
Liquid Chromatography (UPLC) method with Photo Diode Array detection to
simultaneously estimate Bictegravir, Emtricitabine and Tenofovir Alafenamide
Fumarate in their fixed dose combination. The developed method used
Acetonitrile and pH 2.5 triethanolamine buffer in a 30:70 v/vratio as the mobile
phase at 1.0 mL/min flow rate and 0.50 pL injection volume. The analytes were
separated on a BEH C18 column (1.8, 100x2.1mm) and detected at 265nm.
Bictegravir, Emtricitabine and Tenofovir Alafenamide Fumarate obeyed Beer’s
law in the ranges of 5-75 pg/mL, 20-300 pug/mL and 2.50-37.50 pg/mL
respectively. The recovery for accuracy was 99-101%. Precision and robustness
met acceptable limits. This stability indicating method could distinguish and
quantify the compounds even with degradants. Thus, a specific, accurate and
robust stability indicating method was developed to simultaneously quantify
Bictegravir, Emtricitabine and Tenofovir Alafenamide fumarate in their
combined dosage form.
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INTRODUCTION

Bictegravir (BIC) is an antiretroviral agent used to treat HIV infection in com-
bination with other drugs'. It is an integrase strand transfer inhibitor (INSTI).
The chemical name of Bictegravir sodium is 2,5-Methanopyrido[1,2’:4,5]
pyrazino[2,1-b][1,3]oxazepine-10-carboxamide, 2,3,4,5,7,9,13,13a-octahydro-
8-hydroxy-7,9-dioxo-N-[(2,4,6-trifluorophenyl)methyl]-, sodium salt (1:1),
(2R,5S,13aR). Bictegravir sodium has a molecular formula of C21H17F3N3N:':105
and molecular weight 471.4. It appears as an off-white to yellow solid with 0.1
mg solubility in 1imL of water at 20°C. Bictegravir is an INSTI used only in
combination with other antiretroviral drugs to treat HIV infection?.

Emtricitabine (FTC) belongs to the nucleoside reverse transcriptase inhibitor
(NRTTI) class of antiretroviral drugs. It can be used with other antiretroviral
agents to treat HIV infection and AIDS3. The chemical name of FTCis 4-amino-
5-fluoro-1-(2R-hydroxymethyl-1,3-oxathiolan-5S-yl)-(1H)-pyrimidin-2-one.
FTC is the (-) enantiomer of a thio analog of cytidine which differs from other
cytidine analogs with a fluorine in the 5 positions. FTC has a molecular formula
of C;H, FN,O,S and molecular weight 247.2. It appears as a white to off-white
powder with 112 mg solubility in 1mL of water at 25°C.

Tenofovir Alafenamide Fumarate (TAF) is a prodrug and HIV-1 reverse tran-
scriptase inhibitor (NtRTT)+.

The chemical name of Tenofovir alafenamide fumarate drug substance is
L-alanine, N-[(S)-[[(1R)-2-(6-amino-9H-purin-9-yl)-1-methylethoxy]methyl]
phenoxyphosphinyl]-, 1-methylethyl ester, (2E)-2-butenedioate (2:1). It has
an empirical formula of C21H2905N6P.1/2(C4H4O4) and formula weight 534.5 g/
mol. TAF appears as a white to off-white or tan powder with 4.7 mg solubility
in 1 mL of water at 20°C. It is an NtRTI antiretroviral drug used with other
drugs to treat HIV. The chemical structures of Bictegravir, Emtricitabine and

Tenofovir Alafenamide Fumarate are shown in Figure 1.

The fixed dose combination of Bictegravir, Emtricitabine and Tenofovir
alafenamide fumarate was approved by USFDA and is recommended for the
treatment of patients suffering from chronic HIV infection with or without
indication of compensated cirrhosiss. The objective of the present study is to
develop and validate a simple, accurate and precise stability indicating UPLC
method for the simultaneous estimation of BIC, FTC and TAF in pharmaceutical
dosage forms, which would be applied for routine quality control of dosage form in
the presence of degradants. UPLC was chosen over HPLC as it offers advantages of
fast analysis, less solvent consumption, small sample size and increased sensitivity.
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Various analytical methods have been reported for simultaneously estimating
Bictegravir (BIC), Emtricitabine (FTC) and Tenofovir Alafenamide Fumarate
(TAF) in bulk and pharmaceutical formulations using LC-MS/MS®® and high-
performance liquid chromatography (HPLC)**. Ultra Performance Liquid
Chromatography (UPLC) methods are scarcely available in literature. An at-
tempt was made to develop a stability indicating UPLC method to quantify
BIC, FTC and TAF in pharmaceutical formulations. Though HPLC methods
exist for simultaneously estimating BIC, FTC and TAF, no UPLC method has
been reported. The current work aims to develop a stability indicating UPLC
method to quantify these drugs in pharmaceutical formulations.

The developed UPLC method would provide improved sensitivity, speed and
resolution over the existing HPLC techniques for analysis of BIC, FTC and
TAF. The stability indicating nature of the method also allows determining the
drugs in the presence of degradation products ensuring the quality and stabil-
ity of pharmaceutical formulations.
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Figure 1. Chemical structures of Bictegravir (A), Emtricitabine (B), Tenofovir Alafenamide
Fumarate (C)
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METHODOLOGY
Reagents and chemicals

Reference standards of Bictegravir, Emtricitabine and Tenofovir Alafenamide
fumarate were obtained as gift samples from Mylan, Hyderabad and Lupin
Pharmaceuticals, Visakhapatnam. The fixed dose generic combination of
Bictegravir/Emtricitabine/Tenofovir Alafenamide (50mg/200mg/25mg) was
procured from commercial sources under the brand name Biktarvy®.

The following chemicals of chromatographic grade were used in the current
study: Acetonitrile (UPLC Lichrosolv,Merck), Triethanolamine (Qualigens,
India), Orthophosphoric acid (Merck, India) Hydrochloric acid (Finar, India),
Sulphuric acid (Finar, India), Sodium Hydroxide (Finar, India), Hydrogen
Peroxide (Finar, India).

The obtained reference standards and procured pharmaceutical products
along with the chemicals were used in the present work to develop and validate
the proposed UPLC method for simultaneous analysis of BIC, FTC and TAF.

Instrumentation and chromatographic conditions

Liquid chromatographic analysis to simultaneously estimate Bictegravir (BIC),
Emtricitabine (FTC) and Tenofovir Alafenamide fumarate (TAF) was per-
formed using a Waters Acquity UPLC system equipped with quaternary pump,
an inbuilt auto injector, a PDA 2996 detector and controlled by Empower 2
software.

Other equipments used included: An electronic balance (Shimadzu), pH meter
(Adwa AD1020), Ultra sonicator (Labsoul, India), hot air oven (BiTechno, In-
dia), UV chamber (cole parmer, US).

Chromatographic separation of BIC, FTC and TAF was carried out on a BEH
C18 column (100x2.1 mm,1.8 um) at ambient temperature. A mobile phase
containing Acetonitrile and TEA buffer (pH 2.5) in 30:70 v/v ratio was used
at 1.0 mL/min flow rate with 0.5 pL injection volume. Detection of separate
analytes was performed at 265 nm with 7 min runtime.

Preparation of standard solutions

Accurately weigh and transfer standardized amounts of Bictegravir (50 mg),
Emtricitabine (200 mg) and Tenofovir alafenamide fumarate (25 mg) into
100 mL clean, dry volumetric flasks. Add a diluent solution of acetonitrile and
buffer in 30:70 ratio and sonicate for 10 minutes. Bring the final volume to
the appropriate level with the diluent solution to achieve concentrations of
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500 micrograms per milliliter of Bictegravir, 2000 micrograms per milliliter
of Emtricitabine and 250 micrograms per milliliter of Tenofovir alafenamide.
Extract an additional 5 milliliters of this solution and dilute it further with the
diluent to a final volume of 50 milliliters. This will produce a standard solu-
tion containing 50 micrograms per milliliter of Bictegravir, 200 micrograms
per milliliter of Emtricitabine and 25 micrograms per milliliter of Tenofovir
alafenamide.

Preparation of sample solutions

Five tablets of Biktarvy were weighed and finely ground into a powder. 350
milligrams of the powdered tablets were transferred into a 100-milliliter
volumetric flask. 70 milliliters of diluent were added, and the solution was
sonicated for approximately 30 minutes to dissolve the contents. The volume
was then adjusted to the proper level with the diluent and filtered through a
0.45-micron filter. Five milliliters of the filtered sample stock solution were
transferred to a 50-milliliter volumetric flask. The volume was adjusted to
50 milliliters with diluent to achieve concentrations of 50 micrograms per
milliliter of Bictegravir, 200 micrograms per milliliter of Emtricitabine, and 25
micrograms per milliliter of Tenofovir alafenamide.

Method validation

The developed analytical method was validated in accordance with ICH guide-
lines for the following parameterss:

System suitability

The standard solutions were injected into the UPLC system, and the system
suitability parameters were evaluated, including:

Theoretical plates: A measure of the effectiveness of the separation process.
The number of theoretical plates reflected column efficiency.

Tailing factor: The asymmetry of the chromatographic peaks is indicated by
tailing factor. Values close to 1 indicated symmetric peaks.

Resolution: The ability of the system to separate the compounds of interest
into discrete peaks. Resolutions greater than 2 were considered acceptable.

These system suitability parameters were assessed to ensure the UPLC system
and analytical column were performing adequately and suitable for the sam-
ple analysis. Acceptable values indicate the system could produce reproducible
and precise results for the analysis.
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Specificity

Method specificity is unequivocally assessed for the presence of interfering
peaks by injecting blank (diluent) and placebo solutions. Absence of additional
peaks at the same retention times of analytes indicates absence of interference
and specificity of the method.

Linearity

Series of six standard solutions of known concentrations in triplicate were
used to assess linearity range from peak area versus concentration. Calibration
curves are plotted, and correlation coefficient, slope and intercept are calcu-
lated by using straight line equation.

Precision

The system precision or Intraday precision (Repeatability) was studied by re-
peated injection of replicates of standard solution containing 50 pg/mL of BIC,
25 ug/mL of TAF and 200 pg/mL of FTC for six times. The method preci-
sion was determined by injecting six solutions of sample into the UPLC sys-
tem and calculating the percent relative standard deviation (%RSD) values.
Six replicate injections of the standard solutions were run on the second day
to assess how precisely the method could measure the concentrations of the
compounds. The %RSD was calculated as the standard deviation of the six
measurements divided by the mean, expressed as a percentage. Lower %RSD
values indicated higher precision. Acceptable %RSD limits were established to
ensure the method precision was sufficiently accurate and consistent. %RSD
values within the acceptable range showed the method could produce reliable
and reproducible results.

Accuracy

The accuracy of the UPLC method was assessed through recovery studies.
The standard solution containing 500 pg/mL of BIC, 2000 pug/mL of FTC and
250 pg/mL of TAF was used to prepare solutions of 3 concentrations (n=3) at
50%, 100% and 150% levels of target assay. The accuracy was analyzed by the
standard addition method. The % recovery and RSD were evaluated.

LOD and LOQ

The limit of detection (LOD) and limit of quantification (LOQ) were calculated
based on the calibration data using the following equations:
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LOD =

100

LOQ =

Where:

Standard deviation of intercept = Variability in the intercept value from the
calibration equation.

Slope = The slope of the calibration curve, which represents sensitivity.

LOD indicates the lowest concentration at which the presence of an analyte
could be detected with reasonable certainty. LOQ refers to the lowest concen-
tration that could be measured with acceptable accuracy, precision, and vari-
ability. Both LOD and LOQ provide measures of sensitivity and quantitative
ability for the method.

These parameters were determined to establish the minimum amounts of the
compounds that could be reliably detected (LOD) and precisely quantified
(LOQ) using the analytical method. LOD and LOQ values had to meet method
validation acceptance criteria.

Robustness

The robustness of the method was determined by deliberately changing the
optimized analytical conditions in a controlled manner, including:

Mobile phase composition: The composition of acetonitrile and buffer in the
mobile phase was varied by + 5% to assess the method’s tolerance.

Flow rate: The flow rate of the mobile phase was increased and decreased by +
0.1 milliliters per minute to evaluate the robustness.

Column temperature: The temperature of the analytical column was raised
and lowered by + 5 degrees Celsius to determine if the method could withstand
minor changes.

These variables were intentionally perturbed from the optimized conditions to
evaluate the impact on method performance parameters like peak shape, reso-
lution, theoretical plates, accuracy and precision. Limited deviations from the
optimal values that still yielded acceptable results indicated a robust method.

A robust analytical method is less prone to variations from operational and en-
vironmental factors that could compromise the results. By subjecting the key
method parameters to small, controlled changes, the robustness assessment
evaluated the overall ruggedness and reliability of the procedure.
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Solution stability

The stability of prepared standard solution was estimated by analyzing the so-
lutions after 24hrs of storage at room temperature.

Forced degradation studies

The stability indicating nature of the method and identification of possible
degradants were achieved by performing degradation studies under stressful
conditions such as:

Acid hydrolysis: The standard solution was mixed with 0.1N hydrochloric acid
and refluxed at 60°C for 30 minutes. The solution was then neutralized and
diluted to concentrations of 50 micrograms per milliliter of Bictegravir, 200
micrograms per milliliter of Emtricitabine and 25 micrograms per milliliter of
Tenofovir alafenamide. The solution was injected into the UPLC system and
chromatograms were assessed for sample stability.

Alkali degradation: 0.1N sodium hydroxide was added to the standard solu-
tion and refluxed at 60°C for 30 minutes. The solution was neutralized and
diluted to concentrations of 50 micrograms per milliliter of Bictegravir, 200
micrograms per milliliter of Emtricitabine and 25 micrograms per milliliter of
Tenofovir alafenamide. The solution was injected into the UPLC system and
chromatograms were assessed for sample stability.

Dry heat degradation: The standard solution was placed in an oven at 105°C
for 6 hours. For UPLC analysis, the solution was diluted to concentrations of
50 micrograms per milliliter of Bictegravir, 200 micrograms per milliliter of
Emtricitabine and 25 micrograms per milliliter of Tenofovir alafenamide. The
solution was injected into the UPLC system to obtain chromatograms which
were then assessed to indicate sample stability.

Oxidative degradation was studied by reflexing 1mL of standard solution and
1mL of 10% H,0, at 60°C for 3omins. The resultant solution was neutralized
and diluted to obtain concentrations of 50 pug/mL of Bictegravir, 200 pg/mL
of Emtricitabine & 25 pg/mL of Tenofovir alafenamide and injected into UPLC
system. The sample stability was assessed from the chromatograms obtained.

Photochemical stability of analyte was assessed by exposing the solution con-
taining 500 pg/mL of Bictegravir, 2000 pug/mL of Emtricitabine & 250 pug/mL
to UV light in UV chamber for 7days. The resultant solution was diluted and
injected into UPLC system to record and assess the chromatograms.
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Neutral Hydrolysis was performed by refluxing the drug in water for 6hrs at
60°C and diluted solution is injected into UPLC system to record chromato-
grams for stability assessment.

The degradation studies subjected the compounds to acid, alkali, heat and oxi-
dation to evaluate the ability of the method to separate degradants from the
analytes of interest. The method could be considered stability indicating if it
could detect the formation of degradants under stressful conditions. Analysis
of chromatograms allowed for the identification of possible degradation prod-
ucts.

Stability indicating methods are more robust and suitable for long term stabil-
ity testing and estimation of shelf life. Degradation studies provide evidence
of method specificity for the desired compounds in the presence of potential
impurities or break down products.

RESULTS and DISCUSSION

Optimization of method was achieved by considering mobile phases with vari-
ous solvents at different ratios with changing flow rates over columns with
suitable stationary phase. The developed UPLC-PDA method was validated ac-
cording to ICH guidelines for various chromatographic parameters to ensure
suitability for the intended purpose.

Specificity

The specificity of the developed method was assessed by determining the abil-
ity to measure the analytes in the presence of likely components such as ex-
cipients, impurities, matrix, degradants, etc. Chromatograms of the following
were evaluated for peaks that could indicate a lack of specificity:

Mobile phase alone: The chromatogram of just the mobile phase solvents was
checked for any peaks that could interfere with analyte peaks. No peaks dem-
onstrated the mobile phase would not compromise specifically.

Placebo solution: The chromatogram of a placebo solution containing excip-
ients but not the active ingredients was analyzed for peaks at the retention
times of the analytes. No peaks at the analyte retention times indicated no in-
terference from excipients or matrix.

Blank: A blank sample with no active ingredients or excipients was injected to
detect any impurities or system peaks at the analyte retention times. No peaks
showed the blank would not impact specificity.
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The absence of peaks in the chromatograms of the mobile phase alone, placebo
solution, and blank demonstrated the specificity of the method. The method
could accurately measure the analytes without interference from other compo-
nents likely to be present.

Method specificity is the ability to assess unequivocally the analyte of interest
in the presence of potential interferences. By evaluating chromatograms for
interference at the retention times of interest, the specificity of the developed
UPLC-PDA method was validated.

Figures 2, mentioned in the text, likely showed the chromatograms from the
mobile phase alone, placebo solution, and blank that exhibited no peaks at the
retention times of the analytes, thereby proving method specificity.

HLANE PLACEBO

Figure 2. UPLC chromatogram of Blank and Placebo

System suitability

The performance of the UPLC system and suitability of the developed method
for the intended purpose were verified by evaluating the system suitability pa-
rameters as mentioned in Table 1.

Acceptable limits for these parameters were established to ensure adequate
system performance before proceeding to sample analysis. Results that fell
within the acceptable range demonstrated the system could produce precise
and accurate results. The results of system suitability and other validation
parameters were reported in Table 1. As indicated, the results for resolution,
plate count and tailing factor were found to lie within the acceptable limits.
System suitability testing provides evidence that the system is capable of
producing complete, separate, symmetrical and accurate measurements
that meet specified requirements. By evaluating key performance indicators,
system suitability verification confirms the system’s quality, consistency and
reliability for the intended analytical purpose. Only when system suitability
was proven could the developed method be considered suitable and fit for
the intended use of analyzing samples for the active ingredients Bictegravir,
Emtricitabine and Tenofovir alafenamide.
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Table 1. Results of system suitability and validation

Parameter Bictegravir Emtricitabine :f;g?:;:i de
USP Plate count 2874 8646 3383
USP tailing 1.11 1.04 1.06
Resolution 11.18 4.47
Retention time (Min) 1.910 5.020 2.739
Linearity range (pg/mL) 5-75 20-300 2.5-37.50
Correlation coefficient 0.9993 0.99906 0.99958
Slope 7303.16 8626.72 7639.59
Intercept 2892.52 14214.94 2997.09
LOD (pg/mL) 0.05 0.20 0.025
LOQ (pg/mL) 0.5 2.00 0.25
Flow rate Minus(%RSD) 0.15 0.53 0.66
Flow rate plus (%RSD) 0.06 0.35 0.15
Mobile Phase Minus (%RSD) 0.12 0.35 0.21
Mobile phase Plus (%RSD) 0.15 0.7 0.25
Assay 99.71% 99.04% 99.26%
Stability at room temperature (0-24 Hrs) | Stable Stable Stable
Stability at 2-8°C (0-24 Hrs) Stable Stable Stable

%RSD-Percentage Relative Standard Deviation, LOD-Limit of Detection, LOQ-Limit of
Quantification

Linearity

The linear relationship between analyte concentration and analytical response
(peak areas) was determined for the method. Linearity was evaluated by ob-
taining the peak areas of replicate injections at different concentrations of the
compounds within a specified range. The results were reported in Table 2 and
calibration curves were shown in Figure 3. The correlation coefficients between
concentration and response for the three analytes were above 0.999, indicat-
ing a high degree of linearity within the tested range. Linearity demonstrates
the proportional and consistent response to increasing analyte amount across
a defined concentration interval. It shows the method can accurately quantify
the compounds over the expected or specified concentration range. Established
linearity acceptance criteria, like minimum correlation coefficients, ensure the
method has an adequate linear dynamic range for the intended application.
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Results that meet and exceed the criteria substantiate the method’s ability to
quantify the compounds with acceptable accuracy at different concentrations.

Table 2. Linearity data

Bictegravir Emtricitabine Tenofovir alafenamide
Concentration Peak Concentration Peak Concentration Peak
(ng/mL) area (wg/mL) area (g/mL) area
0 0 0 0 0 0
5 46922 25 25879 20 233039
125 95366 6.25 50605 50 455421
25 179919 125 96490 100 867950
375 265022 18.75 150164 150 1218901
50 380055 25 192749 200 1771775
62.5 462116 31.25 237940 250 2186899
75 547335 375 291945 300 2610328
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Figure 3. Calibration curves of BIC, FTC and TAF

Precision

The precision of an analytical method is typically expressed as either the
standard deviation or percent relative standard deviation (%RSD). For this
method, an acceptable %RSD value was established as not greater than 2.0.
Repeatability (Intraday Precision) indicates the closeness of agreement
between a series of measurements obtained under the same conditions. It

622 | Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025



was determined by replicate injections of the same sample under a single
set of conditions. The results of system precision and method precision were
reported in Table 3.

Intermediate precision refers to the precision between laboratories or on dif-
ferent days. It was assessed by injecting the sample multiple times on different
days. The results were provided in Table 4.

The percentage RSD values of 2% or less for precision and intermediate pre-
cision demonstrated good methods of precision and reproducibility. Higher
%RSD values indicate greater variability and less reliable measurements.
Methods with %RSD beyond the acceptable limit may not produce consistent
or dependable results, especially for quantitative testing.

Table 3. Results of system and method precision

Peak area response of drugs
Sample No Bictegravir Tenofovir alafenamide Emtricitabine
SP MP SP MP SP MP
1. 384598 383598 192749 195483 1771809 1773276
2. 384223 381696 191930 194218 1773145 1761536
3 377760 382323 193502 195368 1759786 1751822
4, 384743 382357 196369 194366 1780502 1744264
5 381599 381758 194518 193369 1771283 1766622
6. 382243 382665 195558 193641 1764221 1783451
Average 382528 382399.5 194104 194407.5 1770124 1763495
STDEV 2673.66 695.84 1693.54 869.8158 7248.88 14238.09
%RSD 0.69 0.18 0.87 045 041 0.81

SP-System Precision, MP- Method Precision, STDEV — Standard deviation, %RSD —
Percentage Relative Standard Deviation
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Table 4. Results of intermediate precision

Bictegravir
Inj No
Day-1 Day-2 Average STDEV %RSD
1 384598 387759 386178.5 2235.16 0.58
2 384223 381695 382959 1787.57 0.47
3 377760 380724 379242 2095.86 0.55
4 384743 381596 383169.5 2225.27 0.58
5 381599 381691 381645 65.05 0.02
6 382243 383213 382728 685.89 0.18
Emtricitabine
1 192749 193985 193367 873.98 0.45
2 191930 192813 192371.5 624.38 0.32
3 193502 191740 192621 1245.92 0.65
4 196369 194196 195282.5 1536.54 0.79
5 194518 193532 194025 697.21 0.36
6 195558 194559 195058.5 706.40 0.36
Tenofovir alafenamide fumarate
1 1771809 1759787 1177199 8500.84 0.72
2 1773145 1763386 1178844 6900.66 0.59
3 1759786 1755593 1171794 2964.90 0.25
4 1780502 1768348 1182951 8594.18 0.73
5 1771283 1775920 1182403 3278.85 0.28
6 1764221 1756647 1173625 5355.63 0.46
Inj — Injection, STDEV — Standard Deviation, %RSD — Percentage Relative Standard
Deviation
Accuracy

Accuracy of any developed analytical method indicates the degree of closeness
between the measured value and the true value or reference value. Method ac-
curacy was determined by performing recovery studies. The results of recovery
studies in Table 5 confirm the adequate accuracy of developed method.
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Table 5. Results of % recovery studies

% Bictegravir Emtricitabine Tenofovir alafenamide

el | A& | AR | R | MEBTRE | an AR | om | MERIRE T ap | ap | g | MR
2.1 | 2475 | 986 1250 | 12.49 | 999 100 | 98.94 | 989

50 | 252 | 2483 | 985 | 9843021 | 1250|1235 | 989 | 9917+06 | 100 | 987 | 987 | 9881+0.1
251 | 2464 | 982 1250 | 12.34 | 987 100 | 988 | 988
50.10 | 50.09 | 100 25.0 | 2489 | 996 200 [198.34| 99.2

100 | 5020 | 498 | 99.2 | 9953:043 | 250 | 2468 | 98.7 | 98.77:08 | 200 |198.21| 99.1 | 99.30:03
5010 | 49.81 | 994 250 2449 | 980 200 | 199.1 | 996
7520 | 73.78 | 98.1 37.50 | 37.67 | 1005 300 [295.14| 984

150 | 7540 | 74.02 | 98.2 | 98.16+005 |37.50 | 37.48| 999 | 1003:03 | 300 |197.77| 99.3 | 99.30:09
7530 | 73.97 | 98.2 3750 | 37.67 | 100.5 300 |30053 1002

A.A — Amount Added, A.R — Amount Recovered, %R — Percentage Recovery, STDEV —
Standard Deviation, %RSD — Percentage Relative Standard Deviation

Forced degradation studies

Degradation of analytes was induced by exposing the sample to various stress
conditions and the chromatograms were studied for the presence of any
degradant peaks without interfering with the analyte peaks. The degradation
chromatograms were shown in Figure 4, and the results were given in Table 6.
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Figure 4. UPLC chromatograms of degradation studies
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Table 6. Results of forced degradation studies

Stress Bictegravir Emfricitabine al;?:{?m::i e
Condition
%D PA PT %D PA PT %D PA PT

Control 02 0.07 2.076 0.7 0.07 2.022 0 0483 | 2199
Acid 18 0071 | 2107 2.7 0.087 | 2033 32 0233 | 2209
Alkali 19 0071 | 2119 26 0088 | 2033 35 0371 | 2.218
Oxidation 1.2 0067 | 2.09% 34 0065 | 2024 41 038 2199
Thermal 08 0083 | 2115 34 0088 | 2032 4 0325 | 222
Photo 1.6 0076 | 2122 34 0088 | 203 34 0454 | 2219
Neutral 0.9 0.07M 21 21 0067 | 2027 -3 0438 | 2213

%D — Percentage Degradation, P.A — Purity Angle, P.T — Purity Threshold

Assay

The developed method was applied for the assay of Biktarvy tablets. The assay

values and the standard and sample chromatograms were shown in Table 7 &

Figure 5.

Table 7. Assay results of marketed tablets

% and NMT 102.00% w/w)

(n=3)

Assay of
Assay of P
S.No Parameter Bictegravir % Emtrlﬁ/l:ahme % Assay of TAF
Assay
1 (Specification: NLT 98.00 99 82 99,63 9957

NLT: Not less than, NMT: not more than, n=number of determination
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Figure 5. UPLC chromatograms of standard and sample

For the simultaneous estimation of BIC, FTC and TAF, a specific, accurate and
suitable UPLC method was developed by applying different sets of conditions
to achieve system suitability parameters within acceptable limits. A variety of
mobile phase combinations in different proportions at different flow rates over
different stationary phases were used to optimize the method.

The mobile phase consisting of acetonitrile and 0.1% TEA buffer pH 2.5 in a
30:70 volume ratio with a flow rate of 1.0 milliliters per minute was selected
over a BEH C18 column as it provided better resolution and separation with
an elution time of 3 minutes. Detection of the analytes was achieved at 265
nanometers using a PDA detector. The retention times were found to be 1.910,
5.020 and 2.739 minutes for Bictegravir (BIC), Emtricitabine (FTC) and Teno-
fovir alafenamide (TAF), respectively. The optimized chromatographic condi-
tions were validated according to ICH guidelines to verify suitability for the
intended use of the proposed method. Specificity of the developed method was
indicated by the absence of interfering peaks. Key chromatographic param-
eters like plate count, tailing factor, resolution, peak area and retention times
were evaluated for system suitability and found compliant with acceptable lim-
its. Standard solutions in the concentration range of 18.75 to 112.5 pug/mL for
BIC, 3.125 to 18.75 ug/mL for FTC, and 12.5 to 75 ug/mL for TAF showed a
linear relationship with correlation coefficients above 0.999, demonstrating
linearity. The proposed method was precise, accurate and robust for estimat-
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ing BIC, FTC and TAF as %RSD values were less than 2.0%. When subjected
to various stress conditions, the percentage degradation of BIC, FTC and TAF
remained within limits. Degradation products were resolved from the analytes,
indicating method specificity.

Table 8. Comparison between proposed method and reported method

Proposed Reported
method method"’
Parameters
BIC TAF EMT BIC TA EMT
Linearity
5-75 2.5-37.5 20-300 12.5-75 | 6.25-37.5 50-300
(ng/mL)
LOD
0.05 0.025 0.20 0.54 0.16 3.66
(wg/mL)
LoQ
. 2 2. 1. A4 3.
(ug/mL) 05 0.25 00 63 0.49 66

Upon comparison of the developed method with the reported method indicat-
ed that the developed method is more sensitive due to low values of LOD and
LOQ, which can quantify the analytes in low concentrations (Table 8).

The proposed stability indicating UPLC method allows precise, linear, rapid
and stable estimation of Bictegravir, Emtricitabine and Tenofovir Alafenamide
fumarate in bulk and tablet dosage forms. The results of parameters validated
were complying with the acceptance criteria given in ICH guidelines. Since the
analytes were quantified with high sensitivity, better resolution and short re-
tention times, the newly developed method can be choice for rapid determina-
tion of samples in routine quality control analysis of marketed formulation.
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ABSTRACT

Achillea arabica Kotschy, belonging to the Asteraceae family, is a plant whose
biological activities, such as wound healing, antimicrobial, anticancer, and an-
tioxidant properties, have been evidenced by studies. It has been investigated
for its cytotoxic activity in various cell lines, including AGS, MCF7, SW742,
SKLC6, A375, PLC/PRF/5, HT29, and HepG2. However, no study has been
conducted on any cell line related to kidney cancer. In this study, the cytotoxic
activities of the extracts prepared from the root and aerial parts of the plant
with dichloromethane, ethyl acetate, and methanol were investigated against
A498 and UO31 kidney cancer cell lines. The highest activity was observed in
the dichloromethane extract of the aerial parts of the plant on both cancer cell
lines. The dichloromethane extract of the aerial parts showed 63% inhibition
on the A498 cell line and 56% inhibition on the UO31 cell line at a concentra-
tion of 25 pg/mL. The results we have obtained have been of a quality that will
lead to new research in this context.

Keywords: cytotoxic activity, Achillea arabica, renal cancer

INTRODUCTION

Cancer is one of the leading causes of death worldwide. It is also a disease with
typical properties such as abnormal cell growth, invasion, metastasis and mu-
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tations?. According to the studies, 2,001.140 new cancer cases and 611,720 can-
cer deaths are expected to occur in 2024. The fact that most of the drugs in can-
cer treatment often have side effects such as ischemic heart disease, vomiting,
bone marrow suppression, myelosuppression, liver dysfunction, fatigue and
hypertension, which further hinder the treatment process, has led researchers
to search for different treatmentss. Therefore, the discovery of new treatment
strategies or chemotherapeutics with minimal or no side effects that are easily
accessible, cost-effective, and more effective for treating this deadly disease
has become one of the major goals in cancer therapy*. In addition, chemo-
therapy treatment significantly reduces the patient’s quality of life as it dam-
ages normal cells. Therefore, it is very important to search for new anti-tumor
agents that are specific to tumor cellss.

Throughout the ages, it is known that people have utilized nature to meet
their basic needs. This has also been the case for the use of natural products
as medicines in the treatment of various diseases®. Plant extracts and plant-
derived natural compounds such as glycosides, alkaloids, tannins, terpenes,
coumarins and flavonoids are known to inhibit the growth of cancer cells such
as kidney, lung, breast and colorectal cancer cells”®. Kidney cancer (Renal Cell
Carcinoma-RCC) is the second most common type of cancer of the urinary sys-
tem?®. Currently, RCC constitutes approximately 2-3% of all adult malignancies
worldwide and ranks as the 12th most common malignancy and the third most
common urogenital cancer*®. RCC has a high metastatic potential to the lung,
liver, bone, head and neck". Approximately 30% of RCC cases are diagnosed at
an advanced or metastatic stage, and according to the International Metastatic
Renal Cell Carcinoma Database Consortium (IMDC) criteria, nearly 80% of
these patients belong to the intermediate or low risk group®. Due to limited
treatment options, less than 40% of patients survive for >5 years after diag-
nosis. Additionally, the lack of routine adjuvant therapy in the clinic is a key
reason for the recurrence of kidney cancer, as kidney cancer is resistant to both
chemotherapy and radiotherapy. Therefore, there is a need to search for new
compounds and develop targeted therapies for kidney cancer?s.

The Achillea genus includes 138 accepted species distributed in Europe, Asia,
North Africa, North and Central America, Alaska, and Greenland'+. The genus
Achillea is represented by 50 species in Turkey. Achillea species were reported
to contain polyphenols, flavonoids, phenolic and quinic acid derivatives,
sesquiterpenes lactones and essential oils; and to have anticancer, antioxidant,
antimicrobial, anti-inflammatory, analgesic, antipyretic, antidiabetic,
antihelmintic and antihypertensive activities'®4,
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Previous studies have shown that the extracts of Achillea arabica have anti-
cancer, antimicrobial, antioxidant, anti-inflammatory, anticholinesterase, an-
algesic, anxiolytic and wound-healing effects'7?33° and contain phenolic com-
pounds, flavonoids, sesquiterpenes lactones and essential oils'7-29-8,

When cytotoxic activity studies conducted on different cell lines were compiled
to determine the anticancer efficacy of A. arabica, no study was found to be
conducted on the A498 and U031 kidney cancer cell lines.

METHODOLOGY
Plant material

Achillea arabica Kotschy used in this study was collected from Adana-Saim-
beyli region on June 12, 2016. Herbarium specimens of the plant identified by
Prof. Mecit Vural are registered in Istanbul University Faculty of Pharmacy
Herbarium (ISTE 115056).

Preparation of extracts

The extraction process was conducted using solvents of increasing polarity, as
they selectively consume compounds with different chemical structures based
on their polarities. Additionally, considering the possibility of degradation
with heat, the extraction process was carried out at room temperature. The
pulverized plant material was successively macerated with dichloromethane
(DCM), ethyl acetate (EtOAc), and methanol (MeOH) at room temperature.
After each extraction with a solvent, the plant material was dried to remove
the solvent completely and then subjected to extraction with the next solvent.
After consumption, the extracts filtered through filter paper were concentrated
using a rotary evaporator at 40°C.

Cytotoxicity assay on cancer cells

In-vitro 2Day XTT cytotoxic activity test?® was applied to extracts of the roots
and aerial parts. The 2Day XTT bioactivity assay is an in-vitro colorimetric
cytotoxic activity test. XTT bioactivity assays were performed at the NCI MTP
Experiment Development and Imaging Department. Kidney cancer cell lines
(A498, U0O31) were used in XTT cytotoxic activity tests. Sanguinarine chloride
hydrate was used as a control in the experiment. The assay was performed as
described previously®.

RESULTS and DISCUSSION

In this study, the Achillea arabica plant was investigated for the first time in
terms of cytotoxic activity on A498 and UOz31 cell lines in kidney cancer. The
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extract yields obtained by DCM, EtOAc and MeOH extraction of the aerial
parts and roots of the plant are given in Table 1. The yield of the extract is also
important for the calculation of the plant material to be used for the subse-
quent isolation of the active compounds.

As a result of the cytotoxic activity studies of the extracts obtained from the
aerial parts and roots of the plant, the % inhibition values they showed on
A498 and U031 kidney cancer cell lines are given in Table 2.

Table 1. % yield obtained by extraction of the aerial parts and roots of A. arabica

yield (a/a) %
Extracts Aerial parts Roots
1 1.32% 1.18%
2 0.69% 0.68%
3 3.64% 3.36%

1: DCM extract; 2: EtOAc extract; 3: MeOH extract

Table 2. Cytotoxic activities of the extracts (25 ug/mL concentration)

inhibition %
A498 uo31
Plant parts 1 2 3 1 2 3
Roots 40 45 54 43 53 53
Aerial parts 63 41 46 56 43 54

1: DCM extract; 2: EtOAc extract; 3: MeOH extract

Cytotoxic activity was determined on the kidney cancer cell lines (A498 and
UO031) by in-vitro 2Day XTT cytotoxic activity assay. On the A498 cancer cell
line, the root MeOH extract, and the aerial parts DCM extract exhibited over
50% inhibition at a concentration of 25 ug/mL, while on the UO31 cell line, the
root EtOAc and MeOH extracts, as well as the aerial parts DCM and MeOH ex-
tracts, showed over 50% inhibition at a concentration of 25 pg/mL. The high-
est activity on both cancer cell lines was observed with the DCM extract of the
aerial parts. The DCM extract of the aerial parts exhibited 63% inhibition on
the A498 cell line and 56% inhibition on the UO31 cell line at a concentration
of 25 ug/mL.
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In recent years, the therapeutic potential of medicinal plant extracts in pre-
venting and treating cancer has attracted scientists’ attention. Approximately
75% of approved cancer drugs have been developed based on agents of natural
source. Plant-derived active compounds support treatment at all stages of can-
cer and are multi-targeted and non-toxic#.

Previously, A. arabica has been tested against HeLa (cervical cancer), AGS
(gastric adenocarcinoma), MCF7 (breast cancer), SW742 (colorectal ad-
enocarcinoma) SKLC6 (lung cancer), A375 (skin cancer), PLC/PRF/5 (liver
cancer)?+3°, In another study, A. arabica (A. biebersteinii) extracts prepared
with hexane, chloroform, and methanol were found to be effective in HT-29
(colorectal carcinoma) cell line, increased the activity of the 5-FU compound
used in treatment, induced apoptosis by regulating PTEN/Akt/mTOR signal-
ing pathway, and inhibited angiogenesis#. Ag-NPs were synthesized using A.
arabica (A. biebersteinii) flower extract has been reported to induce apoptosis
on MCF-7 cell line and can be considered a potential chemotherapeutic agent
in treating breast cancer+?. This study represents the first investigation on the
cytotoxic activity of A. arabica on A498 and UO31 cell lines.

Previous studies reported that the extracts of the Achillea species exhibited
cytotoxic activities against different cancer cell lines7224344, but there are no
reports in the literature dealing with the cytotoxic activities of the Achillea spe-
cies on the renal cancer cell lines. Therefore, our study is important in terms of
being the first cytotoxic activity study on the kidney cancer cell lines not only
on the A. arabica species but also on the Achillea genus and contributed to the
literature on this regard.

In conclusion, bioactivity-guided fractionation of the DCM extract of the aerial
parts, exhibited the highest activity on both cancer cell lines, is planned to iso-
late and identify the compounds responsible for the activity.
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ABSTRACT

In this study, the effect of probiotics in flavored ice creams was investigated
and ice creams containing different concentrations of cocoa, walnut, date and
cinnamon were prepared. Two different probiotics (Lactobacillus acidophilus
and Bifidobacterium animalis subps. lactis BB-12) were added to each sample
and stored at -18°C for 60 days. The effects of storage on pH, titratable acidity,
dry matter, fat and ash, sensory properties and probiotic viability were inves-
tigated. Increasing ingredient concentrations and storage time did not affect
the dry matter, fat and ash values of the ice creams (p>0.05). Especially in ice
creams containing 20% walnut and 0.4% cinnamon, pH increased significantly
(p<0.05), and titratable acidity decreased (p<0.05). Probiotic counts were per-
formed on days 1, 15, 30, 45 and 60. Although probiotic bacteria decreased
during storage, by day 45 of storage all ice cream samples were above the mini-
mum probiotic concentration required to produce a probiotic effect.
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INTRODUCTION

Ice cream is a dairy product widely consumed in all age groups all over the
world due to its taste, cooling effect and high nutritional value“2. The addition
of various ingredients to ice cream, which has a higher carbohydrate, fat and
protein content compared to milk, further increases its nutritional value3. In
recent years, with the increasing awareness of consumers about health and
nutrition, interest in the consumption of foods containing more bioactive
substances, probiotics and prebiotics has increased+. Defined by the Food and
Agriculture Organization of the United Nations (FAO) and the World Health
Organization (WHO) as “living microorganisms that provide health benefits to
thehostwhenadministeredinadequateamounts”, probioticshavebeenreported
to have health benefits such as protection of intestinal flora, anticarcinogenic
effect, lowering serum cholesterol levels and blood pressure>°. Probiotic foods
are expected to contain more than 106 colony forming units (CFU) of live
probiotic microorganisms per ml or gram. The most important points to be
considered in the selection of probiotic microorganisms are that they remain
viable during the processing and storage of foods, during intestinal transit,
and that they confer potential health benefits on consumers’. Lactobacillus
and Bifidobacterium species are the most widely used microorganisms in the
probiotic food industry>®. However, it has been reported that Lactobacillus are
more resistant than Bifidobacterium because they are more resistant to low
pH values and can adapt more easily to environments such as milk®.

The addition of probiotic cultures to ice cream gives the product functional
properties. In addition, the use of prebiotic sources creates a symbiotic
effect by increasing the viability of probiotic microorganisms®. Ice cream is
a good food for probiotic microorganisms because its nutrients such as milk
protein, fat and lactose provide a suitable environment for probiotics>'. Plants
containing bioactive compounds such as phenolic compounds, chlorophyll
and carotenoids increase the survival of probiotic microorganisms by reducing
their oxidative stress'. Cinnamon is one of the most widely used spices with
prebiotic properties and therapeutic applications and has strong antioxidant
and anti-inflammatory activities®. Cocoa contains flavonoids and phenolic
acids, which have high antioxidant activity. Furthermore, cocoa has prebiotic
activity and can support the growth of beneficial bacteria’3. Walnuts contain
many nutrients such as unsaturated fatty acids, fiber, minerals, vitamins,
phytosterols and polyphenols*. Persimmon is a rich source of vitamins,
minerals and dietary fiber and may enhance the health benefits of probiotic
ice cream'>'.
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The aim of the study was to produce ice creams containing Lactobacillus
acidophilus and Bifidobacterium animalis subps. lactis BB12 (Bifidobacterium
BB-12) with different concentrations of ingredients such as cocoa, walnuts,
persimmon and cinnamon and to investigate their organoleptic properties and
the effect of added ingredients on the viability of probiotics and physicochemical
properties of ice cream.

METHODOLOGY
Materials

Ice cream was produced with UHT milk obtained from grocery stores (Pinar,
Izmir, Turkey). Lactobacillus acidophilus (ATCC 4356, Kwik-Stik) and Bifido-
bacterium Bb-12 (Chr. Hansen, Hoersholm Denmark) were used as probiot-
ics. White sugar (Bor Seker, Nigde, Turkey), salep (Salep Evi, Samsun, Turkey),
cream (icim, Sakarya, Turkey), skim milk powder (Bagdat, Ankara, Turkey),
emulsifier (Danisco, Turkey), cocoa (Dr. Oetker, Izmir, Turkey), walnut (Tadim,
Kocaeli, Turkey), cinnamon (Baghdad, Ankara, Turkey) and persimmon from
the market were used in the production of ice cream.

Preparation of probiotic ice cream

A total of 17 different ice creams were prepared, including one control (no in-
gredient). These ice creams were prepared in 4 different flavors; cocoa, walnut,
cinnamon and persimmon (2 different proportions of each flavor). In addition,
2 different probiotic microorganisms, L. acidophilus and Bifidobacterium BB-
12, were used.

Ice creams were produced in Istanbul Esenyurt University laboratory using
WMF brand D-89343 model ice cream machine (China). The ingredients used
in ice cream production and their usage percentages are given in Table 1.
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Table 1. Ingredients used in functional ice cream production and their usage percentages

Components K* At* A5* c10* C20* H10* | H30* 4 T8*

Milk TAB% | TA1% | T11% | 673% | 598% | gra0 | spay, | 745% | 7429
Skim milk powder 22% | 22% | 21% 2% 1.8% 29, 16% | 29% | 29%
Emulsifier 05% | 05% | 05% | %04 | 04% | o4 | 03% | 05% | 05%
Cream 52% | 52% | 49% | 4T% | 41% | 470 | 379 | 509 | 529
Salep 08% | 07% | 07% | 07% | 06% | o700 | 05% | 08% | 07%
Sugar 165% | 163% | 156% | 148% | 132% | 148% | 115% | 164% | 163%
Cocoa 1% 5%

Walnut 10% 20%

Cinnamon 04% | 08%
Persimmon 10% 30%

* K: Plain ice cream, control; A1: ice cream with 1% cocoa; A5: ice cream with 5% cocoa;
C10: ice cream with 10% walnuts; C20: ice cream with 20% walnuts; H10: ice cream
with 10% persimmon; H30: ice cream with 30% persimmon; T4: ice cream with 0.4%
cinnamon; T8: ice cream with 0.8% cinnamon

Probiotic strains were incubated in MRS Broth at 37°C for 24 hours to obtain
the desired probiotic density”. The density was determined using McFarland
standards.

Probiotic cultures (L. acidophilus and Bifidobacterium BB-12) were inocu-
lated at 107 level into the ice cream mixture kept in the refrigerator overnight.
Then, probiotic ice cream samples were produced by mixing in an ice cream
machine for 20 minutes.

Microbiological analysis

Ice creams were inoculated with L. acidophilus and Bifidobacterium BB-12 and
stored at -18°C. Live probiotic bacteria counts were determined on days o, 15,
30, 45 and 60 during storage. Maximum Recovery Diluent (Neogen VCM0085A)
was used for serial dilutions of ice creams. The viability of L. acidophilus and Bifi-
dobacterium BB-12 during storage was determined by incubation for 72 hours at
37°C under anaerobic conditions on MRS Agar supplemented with 0.05% Clin-
damycin (Merck 1.10660) and MRS Agar supplemented with 0.05% L-cysteine,
respectively. Colony numbers were calculated by converting to log CFU g8,
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Physicochemical analysis

Ice cream samples were thawed at room temperature and pH values were deter-
mined by pH meter (HANNA instruments, HI 221). Titratable acidity, total solid,
fat (Gerber method) and ash values were determined according to AOAC 947.05,
TS ISO 3728, AOAC 952.06, AOAC 930.30, respectively. All measurements were
performed on day 0 and 60 days of storage with 3 repetitions2°-23,

Sensory analysis

All ice cream samples were sensory evaluated for taste, texture, color and overall
acceptability by 20 panelists (17 female, 3 male) trained in sensory evaluation.
A hedonic scale ranging from 1 to 5 was used in the evaluation process (1 being
very bad and 5 being very good). All samples were coded with 3-digit numbers. In
addition, during the evaluation, panelists were asked to clean their mouths with
water after each tasting.

Statistical analysis

IBM SPSS 25.0 program was used for all statistical analyses. Significant differ-
ences between samples were determined using One-Way ANOVA test and Inde-
pendent t-test. A p<0.05 level was used to define significant differences. Graphic
plots were made in GrapPad Prism 9.1.1 program (mean + standard deviation).

RESULTS and DISCUSSION
Survivability of probiotics during storage time

To study the effect of different concentrations of certain ingredients on the
viability of two different probiotics in ice cream, the samples were stored at
-18°C for 60 days. Table 2 shows the changes in the number of probiotic bacte-
ria during storage of probiotic ice creams containing different concentrations
of ingredients. During 60 days of storage, the number of probiotic bacteria de-
creased in ice creams except C10L and C20L (p< 0.01), while the change in the
number of probiotics in C10L and C20L samples was insignificant (p>0.01).
On the 45th day of storage, the decrease in probiotic microorganisms in A1L,
CioL, C20L, H10L, A1B, A5B, C10B, C20B samples was statistically insignifi-
cant. The decrease in probiotic bacteria populations during storage at -18°C
may be thought to be due to the limited ability of microorganisms to adapt to
low temperatures24.
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Table 2. Survival of Lactobacillus acidophilus and Bifidobacterium animalis subps.
lactis BB-12 (log CFU g-1) in ice cream samples over a 60-day storage period

Days KL AL AL c1oL c20L H10L H30L TaL ToL

0 [738+0.13 | 6.84+020" | 6.98+0.08 | 6.91£0.4% | 6.08+034* | 6.92+028 | 6.78+0.51° | 6.95+0.62* | 710+ 061

15 | 641009 | 6.71£024° | 5970 .89 | 7.02+023 | 632043 | 6.580.23 | 6.51+0.37% | 6.35+030® | 6.79+0.26®

30 |626+010° | 646+03% | 635+0.18" | 652047 | 6.17£0.72* | 6.61+041° | 6.63+044° | 584084 | 6.72+0.35

45 | 613+0.14° | 640£0.16* | 6.34+0.37® | 658048 | 6.20+022* | 672+ 0.0% | 6.530.47% | 6.37+0.34° | 6.09+ 027

60 | 576+03% | 530027 | 557+0.36" | 6.50+025* | 6.28+01% | 5.50£0.54" | 561061 | 6.27+0.13* | 5.86+0.55°

Days KB A1B AsB C108 C20B H108 H308 T4B T8B

0 [766+022° | 717£021% | 6.93+020° | 7.13£0.18 | 6.94+0.12° | 7.43+008* | 7.67+0.16° | 7.050.08 | 7.13+0.05°

15 1 695:0.11° | 695+01% | 689008 | 7.170.112 | 7.28£0.06* | 7.27£0.17% | 6.99.+0.08° | 6.60+0.49® | 6.91 £ 0.07*

30 | 697£02% | 6.96+0.11° | 6.65£0.31° | 6.98+0.00 | 7.11£003" | 7.17£0.29" | 742£0.25° | 6.10+0.07° | 6.94 £ 0.06°

45 | 6.94£023 | 6.90£0.14° | 6.77+0.10° | 7.04£0.08" | 6.95+0.04° | 7.49£0.06* | 7.13£0.14" | 6.33+ 025" | 6.81+0.06°

60 | 522015 | 5.800.07 | 5964039 | 5.81+020° | 5.52+0.13 | 6.13+0.08° | 5.77+0.16% | 526+ 0.10¢ | 5.7 + 0.06°

* Mean + standard deviation. *¢ -- Mean values shown with different letters in
the columns show statistically significant difference (p<o0.01). KL: control sample
containing L. acidophilus, A1L: sample containing 1% cocoa and L. acidophilus, A5L:
sample containing 5% cocoa and L. acidophilus, C10L: sample containing 10% walnuts
and L. acidophilus, C20L: sample containing 20% walnuts and L. acidophilus, HioL:
sample containing 10% persimmon and L. acidophilus, H30L: sample containing
30% persimmon and L. acidophilus, T4L: sample containing 0.4% cinnamon and L.
acidophilus, T8L: sample containing 0.8% cinnamon and L. acidophilus. KB: Control
sample containing Bifidobacterium BB-12, A1B: sample containing 1% cocoa and
Bifidobacterium BB-12, A5B: sample containing 5% cocoa and Bifidobacterium BB-12,
C10B: sample containing 10% walnuts and Bifidobacterium BB-12, C20B: 20% walnuts
and Bifidobacterium BB-12, H10B: 10% persimmon and Bifidobacterium BB-12, H30B:
30% persimmon and Bifidobacterium BB-12, T4B: 0.4% cinnamon and Bifidobacterium
BB-12, T8B: 0.8% cinnamon and Bifidobacterium BB-12.

Probiotic foods should contain probiotic microorganisms in numbers ranging
from 106 to 109 CFU g* (6 to 9 log CFU g*) during shelf life*s. At the end of
60th day, it was observed that C10L, C20L, T4L and H10B samples had pro-
biotic food characteristics. In other words, 10% and 20% walnuts and 0.4%
cinnamon in ice creams containing L. acidophilus and 10% persimmon in ice
creams containing Bifidobacterium BB-12 are thought to be effective on pro-
biotic viability. However, it was observed that the number of probiotic bacteria
was above 6 log CFU g in all samples during 30 and 45 days of storage.
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L. acidophilus was inoculated at an average level of 6.88 and Bifidobacterium
BB-12 at an average level of 7.23 in the ice cream samples produced. When the
logarithmic decreases in the number of probiotic microorganisms were com-
pared; the number of probiotic bacteria survived at a higher level compared to
the control samples except for the samples containing 0.4% cinnamon (T4L and
T4B). This finding suggests that the applied concentrations of all ingredients
except 0.4% cinnamon may be due to the prebiotic effect up to 30 and 45 days.

When the logarithmic decrease of the control samples without any ingredient
(CL and CB) at the end of 60 days was analyzed, it was observed that the loga-
rithmic decrease of the ice cream containing L. acidophilus was lower. This
finding supports the hypothesis that Lactobacillus species are more resistant
than Bifidobacterium species®. Although there was a significant decrease in the
number of probiotics on the 15th and 45th days of the control samples (p<0.01),
the number of viable probiotic bacteria was above 6 log CFU g at the end of the
45th day. Differently, in a study by Turgut and Cakmake1 (2009) investigating
the possibility of using some probiotic bacteria species in ice cream production,
no significant difference was observed in the numbers of L. acidophilus and B.
bifidum in ice cream samples after 15 and 45 days of storage at -20°C=°,

All ingredients were applied at two different concentrations. When the effect of in-
creasing concentrations on probiotic viability was evaluated, it was observed that only
increasing the walnut concentration increased the number of probiotics (p<0.01).

When probiotic viability was evaluated in ice cream samples with 1% and 5%
cocoa at the end of 60 days of storage, a significant decrease in the number of
probiotics was observed (p<0.01). In a study by Lali¢i¢-Petronijevié et al. on
probiotic viability in milk and dark chocolate, it was reported that the survival
rate of L. acidophilus in dark chocolate containing 75% cocoa part was very
good at 4 and 25°C for 180 days; B. lactis decreased faster?. The difference in
the viability of L. acidophilus with increasing cocoa portion is thought to be
due to different storage temperatures.

The change in L. acidophilus count with increasing walnut concentration was
insignificant (p>0.01), while Bifidobacterium BB-12 count increased until day
30 (p<0.01). At the end of 60 days, the number of L. acidophilus was at the
desired level for probiotic food (10° to 108 CFU g*), while Bifidobacterium BB-
12 remained below this level. In the study of Salik and Aslaner on probiotic ice
cream containing saruc, the decrease in the number of probiotic bacteria on
days 15 and 30 as the saruc concentration increased was statistically insignifi-
cant. However, similarly, the probiotic microorganism maintained its viability
throughout 60 days of storage and remained at the level of 106 to 108 CFU g*28,
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Although the antibacterial effect of cinnamon against food pathogens has been
reported in various studies®>2°, when the effect of increasing cinnamon con-
centration on the viability of two different probiotic bacteria was investigated
in this study, it was found that increasing cinnamon concentration provided
a higher survival rate of both probiotic bacteria on day 30. Similarly, Gunes-
Bayir et al. found that cinnamon increased the number of probiotic bacteria
in yogurts produced by adding the same amount of propolis and increasing
concentrations (0.3%, 1%, 2.5%) of cinnamons3'.

During the 45-day storage period, the logarithmic decrease in the ice cream
samples with persimmon was very low compared to the control samples, so it
is seen that persimmon also shows prebiotic effect. There is no study on the
effect of persimmon on probiotic viability.

Since most probiotic bacteria thrive in anaerobic environment, the fact that ice
cream is not stored in anaerobic environment may explain the decrease in the
number of probiotic microorganisms. Furthermore, the decrease in the probi-
otic population during the freezing process may be due to damage to bacterial
cells due to thermal shock caused by the freezing process3*33.

Physicochemical properties of probiotic ice cream products

The evaluation of the physicochemical properties of probiotic ice cream sam-
ples is given in Table 3. On the 60th day of storage, the ash values of probi-
otic ice creams ranged between 1.08% and 1.28%, fat values ranged between
5.91% and 6.31%, and dry matter values ranged between 32.70% and 44.76%.
The changes in dry matter, ash, acidity and fat values of all ice cream samples
during the 60-day storage period were insignificant (p>0.05). Also, increasing
ingredient concentrations did not affect ash, fat and dry matter values.
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Table 3. Physico-chemical properties of ice cream products produced with L. acidophilus and
Bifidobacterium BB-12 at 0 and 60 days of storage

L. acidophilus (log CFU g”)

Days KL AL AsL c10L G201 H10L H30L TaL T8L
0 6.19:0.06 | 644013 | 6.38+0.07 | 6.33+0.13" | 6.79+0.03 | 640013 | 641£0.17 | 6.250.14* | 6.25£0.18°
i 60 | 6.89+0.10°| 6.93£003 | 6.97+0.05 | 6.54+0.04 | 6.73£0.02° | 692003 | 6.91£0.02 | 6.24+0.02" | 6.87+0.03
o 0 0.38:40.02 | 029002 | 022002 | 033+0.03 | 0.18£0.02° | 0.25+0.03 | 026003 | 026+0.02" | 027 £0.0%
fratm 60 0.14£0.02° | 0.120.01° | 0.10£0.05° | 0.22£0.01° | 0.18£0.01* | 0.11£0.01> | 0.12£001° | 0.33£0.02* | 0.13£001°
0 36.92£0.07¢| 37.04 £ 0.08*| 38.10 £ 0.94¢| 37.90 £ 0.13*| 39.12 £ 0.53¢ | 38.73 + 0.18¢ | 40.50 + 0.86¢ | 36.96 + 0.25% | 37.01 £ 0.56*
Pt 60 |37.63+098|37.15.£0.18¢ | 39.37 + 0.46° | 37.87 £ 054" 3929+ 1.06*| 37.99 £ 1.9% | 41.25 + 0.37| 36.99 £ 0.62*| 38.01 £ 053
0 1194004 | 1.24£006* | 122004 | 118£004 | 125£0.04 | 113013 | 1.26£004* | 122007 | 127£0.03
. 60 | 116006 | 1.21£008" | 125:0.03 | 1234006 | 1.24£0.04* | 113008 | 121£0.04 | 1.19£0.06° | 1.28+ 0,03
0 6.100.16* | 6.25£017* | 6.16+0.22 | 6.33£0.07 | 6.32£0.19 | 617034 | 619+ 045 | 6.21£0.35° | 5.9+ 058"
i 60 | 611043 | 614015 | 619+023 | 6234026 | 6.31£029 | 626019 | 624+023 | 6.17£0.17¢ | 6.11:0.16°

Bifidobacterium animalis subps. lactis BB-12 (log CFU g)

Days (] AtB AsB (108 (208 H108 H308 T48 188
0 6.12£0.06" | 6.27£007 | 640+0.13° | 629£0.08" | 6.41£0.11°| 6.19£001° | 5.97£0.05° | 6.32:40.06" | 6.27 £0.02°
i 60 | 695003 | 687002 | 681+0.02 | 6.85£005 | 6.92£002' | 679001 | 687+0.03 | 7.97£1.74* | 6.89£002°
N 0 03840.02 | 0.28+001 | 0.25£001¢ | 028+0.01° | 0.16:£0.02° | 0.350.03 | 0.40£001* | 032+ 0.04 | 0.35£0.02*
freen 60 | 0.13£0.02°| 0.13£002 | 018+001° | 0.15£0.01 | 0.10£0.01° | 0.17£002 | 013+0.01° | 0.06:£0.02" | 0.14£0.02°
0 |3205+0.10:(32.31£037¢| 3422+ 0.767| 3851 £ 0.5%° [42.98 £ 0.83¢ | 34.93+ 0.18?| 39.66 + 0.57* | 34.28 + 1.11¢| 34,53 £ 0.93°
e 60 |3270£025| 33244043 | 3473+ 057 30,13 £ 1412|4476 £ 257¢| 3447 £1.62¢ | 38.65 £ 0.85° | 36.66 £ 3.55¢ | 36.71 £ 5.0%
0 124009 | 122005 | 1.25£0.08 | 1.24£0.12° | 1.26+0.09 | 1.08+0.08" | 119+0.06* | 1210112 | 122007
. 60 | 121008 | 1.19£016* | 122+0.08 | 119009 | 1.23£0.13 | 1.13£0.0% | 121£0.04 | 1.19£0.0¢ | 1.22 £ 0.06*
0 585043 | 6.11£076' | 5.96+055° | 6284027 | 6.23+047* | 6.20£020¢ | 624+0.08 | 6.22+0.1% | 6.00+0.1%
i 60 | 6.07+022¢| 591035 | 6.11£0.27¢ | 6.3040.17 | 620018 | 6.10£036* | 627+ 0.11* | 6.21£0.26° | 6250112

* Mean =+ standard deviation. ** -- Mean values shown with different letters in the columns
show statistically significant difference (p<0.05). KL: control sample containing L.
acidophilus, A1L: sample containing 1% cocoa and L. acidophilus, A5L: sample containing
5% cocoa and L. acidophilus, C10L: sample containing 10% walnuts and L. acidophilus,
C20L: sample containing 20% walnuts and L. acidophilus, H10L: sample containing 10%
persimmonand L. acidophilus, H30L: sample containing 30% persimmon and L. acidophilus,
T4L: sample containing 0.4% cinnamon and L. acidophilus, T8L: sample containing 0.8%
cinnamon and L. acidophilus. KB: Control sample containing Bifidobacterium BB-12, A1B:
sample containing 1% cocoa and Bifidobacterium BB-12, A5B: sample containing 5% cocoa
and Bifidobacterium BB-12, C10B: sample containing 10% walnuts and Bifidobacterium
BB-12, C20B: 20% walnuts and Bifidobacterium BB-12, H10B: 10% persimmon and
Bifidobacterium BB-12, H30B: 30% persimmon and Bifidobacterium BB-12, T4B: 0.4%
cinnamon and Bifidobacterium BB-12, T8B: 0.8% cinnamon and Bifidobacterium BB-12.
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The reason for the lack of a significant difference in ash values may be the low
ingredient concentrations. The studies of Sentiirk et al. (2023) and Haghani
et al. (2021) support these results>34+. Differently, Kotan (2018) stated that the
ash content in ice cream decreased with increasing blueberry concentration3s.

The highest fat content was found in walnut ice cream (6.20% to 6.33%).
Regarding the change in fat values, different results were obtained in some
studies. Karaman et al. (2014) and Haghani et al. (2021) reported that fat
content decreased as the concentration increased in ice creams with CCP23°,

Dry matter results were similar to the study of Haghani et al., and it was re-
ported that dry matter content increased with increasing CCP levels?. Akalin et
al. (2017) reported that the addition of 5 different dietary fibers (apple, orange,
oat, bamboo and wheat) to ice cream increased the total solids content®’. The
increase in the dry matter content of ice cream samples can be attributed to
moisture loss during storage3®. However, it has been reported that ice creams
with lower dry matter have more water content and therefore form more ice
crystals during freezing, which affects the ice cream texture®. In the study by
Sentiirk et al. differently, the dry matter content decreased with the increase in
the amount of blueberry and jujube fruit. This decrease was explained by the
high moisture content of the added fruits34.

The addition of cocoa, walnuts, persimmon and cinnamon to ice cream gener-
ally increased pH, but this increase was statistically significant (p<0.05) in ice
cream samples containing 20% walnuts and 0.4% cinnamon. Titratable acidity
decreased, this decrease was statistically significant in ice cream samples con-
taining 0.4% cinnamon and L. acidophilus (p<0.05). In the study by Sentiirk et
al., there were no regular changes in pH values with the addition of blueberry
and jujube fruit purees to ice cream; titratable acidity decreased insignificantly
compared to the control sample®. In the study by Oztiirk et al., the pH value
decreased insignificantly, while the titratable acidity increased insignificantly
in probiotic ice creams enriched with white and blue myrtle fruits+.

Changes in pH and acidity were irregular with increasing ingredient concen-
tration. The pH increased and titratable acidity decreased with increasing wal-
nut and cinnamon concentrations. This change was statistically significant in
ice creams containing L. acidophilus (p<0.05), but insignificant in ice creams
containing Bifidobacterium BB-12 (p>0.05). The change in pH and acidity
due to the increase in concentration of other ingredients was not significant
(p>0.05). It is thought that fatty acid and acidic phenolic compounds con-
tained in walnut and cinnamon with high antioxidant content affect pH and
acidity+++2.
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Sensory analyses of probiotic ice cream products

The results of the sensory evaluation of the ice cream samples in terms of taste, struc-
ture/texture, color and general palatability are given in Figure 1 and Figure 2. As a
result of the metabolic activities of probiotic microorganisms, components that may
adversely affect the taste and aroma of the product may be formed. For example,
acetic acid is produced during fermentation and storage of Bifidobacterium spp.3.

Taste e
] +A1
4,0
Overall 2, Structure- A5
accepta... Texture C10
== 30
Colour T4
Figure 1. L. acidophilus sensory evaluation results
. 0Taste —o—C
4.0 - Al
Overall 2 Structure A5
accept... -Texture C10
=30
Colour —@—T4

Figure 2. Bifidobacterium BB-12 sensory evaluation results

The lowest taste, structure/texture, color and overall liking scores belonged
to sample T8L with scores of 2.6, 2.8, 3.0, 2.8, respectively. The highest taste,
structure/texture, color and overall liking scores belonged to sample A5B with
scores of 4.4, 4.4, 4.4, 4.6, 4.4, respectively.

Adding various concentrations of ingredients to ice cream affected the over-
all acceptability either positively or negatively. As the concentration of dates
increased, the overall acceptability score decreased. The most preferred ice
cream was the one containing 5% cocoa.

In conclusion; it is very important to use the appropriate probiotic microorganism
at the appropriate dose in probiotic food production*+4. Bifidobacterium
and Lactobacillus are commonly used probiotic microorganisms in foods and
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Lactobacilli have been reported to be more resistant®9. In this study, Lactobacillus
acidophilus and Bifidobacterium BB-12 were used separately and the effect of the
added ingredients was examined. At the end of 60 days, it was observed that there
was a lower logarithmic decrease in CL compared to the control samples and the
decrease in the walnut ice cream containing L. acidophilus was insignificant.

The viability of probiotic microorganisms in food during production and storage
is very important in terms of the number of microorganisms that can show the
probiotic effect during consumption’. The data obtained from the study showed
that different concentrations of cocoa, walnuts, persimmon and cinnamon add-
ed to ice cream had a positive effect on probiotic viability until the end of the
45th day of storage. In other words, according to this study, the required level of
probiotic viability in ice cream continued for 45 days.

Walnut showed the strongest prebiotic effect on day 45. Because both the num-
ber of probiotic microorganisms increased with the increase in walnut concen-
tration and the highest number of probiotics was seen in ice cream with 20%
walnut on the 45th day.

Sensory wise, the most liked ice cream was the ice cream with 5% cocoa and the
least liked ice cream was the ice cream with 0.8% cinnamon.
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ABSTRACT

The study was aimed to evaluate the potential of Pleurotus ostreatus granules as
a raw material for developing solid dosage forms. Drug-excipient compatibility
was assayed using 1:1 binary mixtures and the ratio of formulation components
was optimised with a D-optimal design considering flow properties as response
variables. Three batches of granules were produced with the optimised mixture
by the wet granulation method. The quality of the granules was evaluated based
on physical, rheological, chemical, and microbiological parameters. The con-
centration of phenolic compounds in the binary mixtures remained unchanged
at 30°C, but decreased at 45°C and 60°C. Moreover, a quadratic model was
used to fit the response variables. Mixing design allowed selecting the best ex-
cipient ratio. The granules showed a residual moisture content and a particle
size lesser than 5% and 350 pum, respectively, as well as, excellent flow and
compressibility properties, and optimal microbiological quality.
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INTRODUCTION

Currently, there are numerous pharmaceutical and commercial products that
utilise granules as a solid dosage form. Granules can serve as a precursor for
other solid dosage forms, such as capsules and tablets *. They are composed of
agglomerations of smaller particles with sufficient strength to allow their han-
dling. Granules are primarily used when the Active Pharmaceutical Ingredient
(API) is sensitive to moisture, has stability problems, or poor flow properties?.

The powder derived from the fruiting body of the edible and medicinal mush-
room Pleurotus ostreatus (oyster mushroom) is considered a nutraceutical
preparation due to its abundance of bioactive compounds, including poly-
saccharides, proteins, amino acids, polyphenols, vitamins and fatty acidss.
Pharmacologically, P. ostreatus has a wide range of activities, such as immu-
nomodulatory#, antioxidant+, hypoglycaemics, anti-tumour® and antibacterial”
properties.

In a previous publication, an evaluation of the technological, biochemical,
and microbiological properties of P. ostreatus powder was performed to de-
termine the quality parameters for its potential use as an API. The powder
possessed good organoleptic properties, a rich nutraceutical composition, and
adequate microbiological quality. However, rheological parameters indicated
poor flowability, which negatively impacts in the development of solid dosage
forms®.

Preformulation studies are a critical stage in the drug development process.
They involve the characterisation of physical, chemical, and mechanical prop-
erties to enable the design of dosage forms with greater stability, safety, and
efficacy. Experimental designs and drug-excipient compatibility studies are
useful tools to achieve a more stable formulation while reducing the invest-
ment of time, resources, and effort®.

In view of the increasing prevalence of non-communicable diseases (NCDs),
such as type II Diabetes Mellitus, the World Health Organization recommends
exploring alternative therapies®. In this context, P. ostreatus extracts reduced
the high blood glucose levels in hyperglycaemic rats", and in hyperglycaemic
mice5. Moreover, ethanolic extracts of this mushroom exhibited an antihyper-
glycemic effect in high sucrose high fat diet streptozotocin induced diabetes in
rats*2. In this way, dietary phenolic compounds can be considered a potential
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strategy in the development of pharmaceutical approaches that aim to reduce
complications resulting from the progression of this metabolic pathology®.
Pleurotus florida (=P. ostreatus) with a high concentration of total phenolics
showed effective antioxidant and antidiabetic effects under in vitro condi-
tions*.

Moreover, most of the pharmaceutical formulations employed for animals
closely resemble those utilised in human medication (including capsules, tab-
lets, powders, and so on)®. Therefore, mushrooms granules can be considered
in manoeuvring the innovative drug delivery systems for veterinary therapeu-
tics.

This research was aimed to investigate the potential of P. ostreatus granules as
a precursor for developing solid dosage forms with nutraceutical potential, in-
cluding anti-diabetic effects in humans as well as veterinary applications. The
study highlights research-development activities in the field of mushrooms
natural products as an environmentally friendly, safe and viable alternative
for third world countries. At least until we know, this is the first report of a
comprehensive design and characterisation of mushroom granules with ap-
plications in food and pharmaceutical industries.

METHODOLOGY
Mushroom material

Pleurotus ostreatus CCEBI-3024 (Pleurotaceae) is a cultivated strain deposit-
ed in the Culture Collection of the Center for Studies on Industrial Biotechnol-
ogy (CEBI, Universidad de Oriente, Cuba). Experts from the Centro Oriental
de Ecosistemas y Biodiversidad (BIOECO, Santiago de Cuba, Cuba) confirmed
the taxonomic identification. Slants with potato dextrose agar (PDA) solid me-
dium, incubated at 37°C for 77 days, were used for strain conservation.

Excipients

Colloidal silicon dioxide (Aerosil 200, Evonik Resource Efficiency GmbH,
Germany), microcrystalline cellulose (Avicel PH 101, JRS Pharma, Germany),
magnesium stearate (Sudeep Pharma Pvt. Ltd, India), polyvinylpyrrilidone (K-
25, O-BASF, Germany) and lactose monohydrate (Molkerei MEGGLE Was-
serburg GmbH & Co. KG, Germany) were used as excipients. These Generally
Accepted as Safe (GRAS) excipients were selected on the basis of their multi-
functionality in the formulation of pharmaceuticals from natural sources®*. All
other chemicals and solutions used were of pharmaceutical grade.
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Obtaining Pleurotus ostreatus powder

Powder preparation from the fruiting bodies of P. ostreatus mushroom was
carried out as described by Arias-Ramos et al.8. Briefly, the fruiting bodies
were harvested and cut into small pieces of approximately 1 cm?. They were
dried in an oven at 45°C for 24 h (VENTICELL, Spain). The dried material was
ground in a blade mill (Retsch GM 200, Germany) to obtain a powder with a
grain size <250 um, and stored in plastic bags, protected from light and mois-
ture, for further use.

Drug-excipients compatibility study

Binary mixtures of P. ostreatus powder with each of the excipients were pre-
pared in a 1:1 ratio to assess compatibility. The substances were mixed in a
mortar and pestle, and the resulting mixture was passed through a 350 um
mesh sieve (TSS-200, Utrecht, Germany) to homogenise the particle size.
Then, 10 g of each mixture was placed in amber bottles with ground-glass
stoppers. The mixtures were stored for 30 days at 30, 45 and 60°C in an oven
(VENTICELL, Spain). Total phenolic compounds were quantified in the pow-
der and in each mixture by the Folin-Ciocalteu method?, after o, 7, 15, 21 and
30 days of treatment.

D-optimal design

A D-optimal mixture design was used to determine the proportions of mixture
components corresponding to the optimal rheological parameters of the gran-
ules (Design Expert 13.0 software, Stat-Ease, Inc., Minneapolis, MN, USA).
The responses selected as indicative of the presence of drug-excipient interac-
tions were Carr’s index, Hausner’s ratio, Flow rate and Angle of repose. The
empirical models estimated to find the optimal formulation were plotted as
contour plots.

A range of 0 to 46% of the independent variables (coded as 0 and 1) was used
to optimise the composition of the excipient mixture. Five excipients, com-
monly used for preparing solid dosage forms from natural products were se-
lected*®. As previously mentioned, P. ostreatus powder was chosen based on its
nutraceutical composition -both nutrients and mycochemicals, like phenolic
compoundss3.

The granules were prepared for a total quantity of 100 g with a constant con-
tent of the active ingredient (50%), colloidal silicon dioxide (2%) and magne-
sium stearate (2%). Restrictions were applied to the remaining components in
order to respect the actual amounts used in the pharmaceutical formulations
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(Table 1). The evaluated responses were fitted to a quadratic model linking
product properties with product composition (Equation 1):

Y = B1xMCC + B2xLM + B3xPVP + B12xMCCxLM + B13xMCCxPVP + f23xLMxPVP (1)

where: Y represents the response; 1, f2 and 3 represent the effect relative to
the concentrations of Microcrystalline Cellulose (MCC), Lactose Monohydrate
(LM) and Polyvinylpyrrolidone (PVP) (coded values); f12, f13 and 23 repre-
sent the interaction effect between the three factors.

The best granules were selected taking into account the increase in flowability
and compressibility, aspects related to the response variables evaluated.

Table 1. Experimental matrix of the D-Optimal Mixing Design used in the preparation of P
ostreatus granules (components levels are expressed in %)

Components LOW(OI/SIBIS Higl;;:)vels
A: Microcrystalline Cellulose (MCC) 0 1

B: Lactose Monohydrate (LM) 0 1

C: Polyvinylpyrrolidone (PVP) 0 1
Partial mixture 46

Colloidal Silicon Dioxide (CSD) 2

Magnesium Stearate (MS) 2

Pleurotus ostreatus powder 50

Partial mixture 54

Total mixture 100

Preparation of granules

The wet granulation method was used to produce the granules. All powders
were first sieved through a 177 um mesh (TSS-200, Utrecht, Germany).
Then, P. ostreatus powder was mixed with CSD, followed by the addition of
the remaining excipients in a horizontal laboratory mixer (Eureka AR-400,
USA). PVP was used as a binder. The wet mass was dried in a vacuum oven
(Sartorius, Germany) at 40°C for 12 h, and then, the dry mass was ground in
a blade mill (Retsch GM 200, Germany) and sieved through a 350 um mesh
(TSS-200, Utrecht, Germany).

The best granules were selected considering fluidity and compressibility. Three
batches of 200 g each were evaluated. The physical, technological, chemical
and microbiological quality was assessed.
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Quality evaluation of Pleurotus ostreatus granules
Moisture content

The moisture content was determined by the infrared gravimetric method
using a thermogravimetric balance (model MB-110, MRC, Germany).

Scanning electron microscope - energy dispersive X-ray
Spectrometer analysis

Surface morphology of the P. ostreatus granules and the chemical composi-
tion of the excipients were studied using a field emission Scanning Electron
Microscope (SEM, FE, TESCAN Miras, Brno, Czech Republic) coupled with
Energy Dispersive X-ray Spectrometer (EDS, Oxford Instrument, INCAx-act,
Abingdon, Oxfordshire, UK). The sample was coated with a 10 nm gold layer
to ensure electronic conductivity. SEM images were taken with a view field of
1000, 200, 100 and 50 um.

Particle size

The mean particle size of granules was studied using the vibration sieving
method in a mechanical sieve (TSS-200, Utrecht, Germany)?.

Rheological analysis

The following parameters were determined: Carr’s index, Hausner’s ratio, flow
rate, and angle of repose®8.

Determination of total phenolic content and HPLC analysis of
phenolic compounds

The determination of total phenolic content was carried out according to Beltran
et al.. with slight modifications. Briefly, 1.5 mL of 10% Folin-Ciocalteu reagent
was added to 1 mL of aqueous extracts of P. ostreatus granules and allowed
to stand for 5 min at room temperature. Then, 2 mL of a saturated Na,CO,
solution was added. After one hour in the absence of light, the absorbance was
measured at 765 nm in a UV-visible spectrophotometer (Genesis 10S, Thermo
Fisher Scientific, Waltham, MA, USA). Tannic acid at concentrations of 6.25,
12.5, 25.0 and 50.0 ug/mL was used as standard (calibration curve y=0.0076x
- 0.4224, 12=0.9917). The results were expressed as microgram tannic acid
equivalents per mL of granules extract.

Moreover, the HPLC analysis of phenolic compounds contained in mushroom
granules was performed as a fingerprint and quality criteria. An aqueous extract
of P. ostreatus granules was adjusted to a concentration of 5 mg/mL in 50%
methanol and filtered through a 0.22 ym membrane filter before chromatographic
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analysis (E-Merck, Darmstadt, Germany). The individual phenolic compounds
were identified by using an Agilent 1200 series HPLC system with degasser,
quaternary pump, automatic injection, thermostatic column compartment and a
diode array detector (UV-DAD) (Agilent Technologies, Eindhoven, Netherlands).
Detection was carried out at 280 nm as a preferred wavelength. Reverse-phase
chromatographic analysis was carried out using a Phenomenex Luna C-18
column (250 x 4.6 mm i.d., particle size 5 um, Phenomenex B.V., Utrecht, The
Netherlands) at 26°C. Running conditions consisted of a gradient mixture of a
solvent A (0.1% aqueous formic acid solution) and solvent B (acetonitrile), with
a flow rate of 1 mL/min, and a run time of 65 min. The phenolic compounds
were identified according to their UV spectra and by retention times (Rt),
in comparison with authentic standards: gallic acid, pyrogallol, homogentisic
acid, protocatechuic acid, chlorogenic acid, caffeic acid, vanillin, feluric acid,
naringin, naringenin, hesperetin. Acetonitrile and formic acid were of HPLC
grade and obtained from Fisher Chemical TM (Loughborough, UK), and the
phenolic standard compounds were purchased from Sigma-Aldrich Chemical
Co. (St. Louis, MO, USA).

Microbiological analysis

The microbiological stability of the P. ostreatus granules was evaluated
to assess their susceptibility to the presence of filamentous fungi, yeasts,
Pseudomonas aeruginosa, Staphylococcus aureus, Enterobacteriaceae and
Candida albicans in accordance to the microbiological quality acceptance
criteria°,

Statistical analysis

The software Design-Expert version 13.0 (Stat-Ease, Inc., Minneapolis, MN,
USA), the Microsoft Excel included in the Microsoft Office package, and the
software Statgraphics Centurion XV version 15.2.14 (Statgraphics Technolo-
gies, Inc., The Plains, VA, USA) were used for the mathematical processing and
statistical analysis of data.

The statistical parameters used to evaluate and select the best fitting model
were the coefficient of determination(R?), adjusted coefficient of determina-
tion (adjusted R?), coefficient of variation (CV), standard deviation, predicted
residual sum of squares (PRESS), and the lack of fit and regression data (p
value and F value). The positivity of the coefficient in the equation of the best-
fitting model represents the positive contribution to the response, and vice ver-
sa. For a better explanation, a contour plot and a three-dimensional response
surface were additionally generated for each response.
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The physicochemical, technological and chemical parameters of granules were
expressed as mean + standard deviation of each batch, and the means were
compared with ANOVA coupled with the Tukey’s Least and Maximum Signifi-
cant Difference test in order to identify significant differences. In the case of
the mean particle size distribution, the normality of the results was assessed
by the Kolmogorov-Smirnov test. A significance level of 95% was considered
in the analysis.

RESULTS and DISCUSSION
Preformulation of Pleurotus ostreatus granules

The selection of granulation technique depends on the characteristics of the
product and its manufacture requirements. In the context of our investigation,
the direct method is not considered a viable option, because of the P. ostreatus
powder exhibits inadequate flow properties. Although dry granulation has a
reduced production cost compared to wet granulation, it is an unfavourable
alternative as judged by the high friability of the product and the presence of
fines. On the contrary, wet granulation facilitates closed processing, enhances
drying efficiency, and improves rheological properties, rendering a cost-effec-
tive process for applications in the pharmaceutical industry*.

An optimal pharmaceutical formulation is achieved through the appropriate
selection of excipients. Drug-excipient compatibility studies help to choose ex-
cipients that will not interfere with the drug. Incompatibilities can arise from
a covalent chemical reaction between the API and excipients, resulting in an
intrinsic degradation of the API. Among the extrinsic factors, temperature is
one of the most affecting compatibility*.

Phenolic compounds, which have been extensively studied for their
pharmacological properties, are found in the fruiting bodies of the mushroom
P. ostreatus®>?3. Therefore, total phenolic content was selected as a chemical
marker of API in the formulations.

The compatibility results for the five drug-excipient mixtures regarding phe-
nolic concentration at different temperatures are shown in Figure 1. Phenolic
content at 30 °C remained stable between 97.36% and 98.43% of the initial
values during the 30-day test period. However, the concentration of phenolic
compounds varied between 93 to 86% and 77 to 70% of the initial concentra-
tion at temperatures of 45°C and 60°C, respectively.
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Figure 1. Concentration of total phenols at 30, 45 and 60 °C for 30 days

Legend: P. ostreatus powder (Pop), colloidal silicon dioxide (CSD), magnesium
stearate (MS), Microcrystalline Cellulose (MCC), Lactose Monohydrate (LM),
Polyvinylpyrrolidone (PVP)

The decrease in the concentration of the bioactive compounds selected as
chemical markers could be related to oxidation processes of phenolics. Though,
it is important to note that the decrease in the concentrations was not signifi-
cant when the mixtures were subjected to changing temperatures. Presum-
ably, the decrease observed in phenol concentration may be due to oxidation
reactions of phenolics rather than the presence of any other excipient, which
should be confirmed using advanced analytical techniques such as HPLC or
FTIR. However, the impact of excipients on the long-term stability of phenolic
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compounds has been demonstrated. The carboxyl groups present in MCC and
PVP allow the formation of esters, influenced by temperature and moisture.
These esters can undergo hydrolysis, leading to a decrease in the concentration
of phenolic compounds. This is supported by the fact that the process also oc-
curred with powders treated individually at the same temperatures.

Rodriguez et al.?4, when evaluating the possible interactions between excipi-
ents and Tamarindus indica Soft Extract as the active ingredient, reported
that the low differences in polyphenol content could be influenced by the sen-
sitivity of the analytical method used in the determination.

Table 2 shows the results of the 15 runs according to the model describing
the combination between different levels of the independent factors (MCC, LM
and PVP). The experimental matrix showed the different combinations result-
ing from the D-optimal mixing design. The quality of each excipient combina-
tion was evaluated by considering the effect on rheological properties: Carr’s
index (CI), Hausner’s ratio (HR), Flow rate (FR) and Angle of repose (AR).

Table 2. Experimental matrix of the mix design and results of the evaluation of the quality of
the granules

Independent factors (%) Response variables
Runs

Mce LM PVP Cl (%) HR FR (g cm?s?) AR (%)
1 1 0 1 20.26 1.25 6.16 34.68
2 0 1 1 10.25 1.1 8.77 24.98
3 1 0 1 17.96 12 6.25 34.94
4 1 1 0 17.86 1.22 6.99 32.98
5 0.83 0.58 0.58 17.35 1.21 6.46 34.03
6 05 05 1 10.12 11 8.77 253
7 05 1 05 20.89 1.26 6.93 31.46
8 033 083 0.83 12.82 114 8.36 2547
9 1 1 0 17.8 1.22 7.03 33.02
10 0.58 0.83 0.58 209 1.26 6.65 31.12
11 0.83 083 0.33 20.08 1.25 6.3 33.86
12 1 05 05 20.76 1.25 6.86 33.94
13 0 1 1 10.27 1.1 8.76 25.16
14 0.83 033 0.83 20.02 1.25 6.84 33.11
15 05 05 1 15.42 1.19 7.96 28.42
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In the statistical analysis, a quadratic model was suggested as the best model to
analyse the flowability of the evaluated mixtures (Table 3) with p-values<0.05
in all the cases. Similarly, the lack of fit was negligible in all cases, thus indi-
cating a low probability of error. The sum of squares and mean square ratio
for the CI (10.71), HR (7.87), FR (19.81) and AR (26.12) showed values greater
than 4.77 extracted from the Fisher-Snedecor law table at a=5% for (5.9) as
degrees of freedom?. The coefficient of determination was 0.85, 0.81, 0.91 and
0.93 for CI, HR, FR and AR, respectively. The adjusted R-squared (R? -adj)
for the evaluated responses were 0.97, 0.71, 0.87 and 0.89, respectively. Thus,
there is evidence that all significant terms with values close to the R? values are
part of the empirical models.

Table 3. Summary of Analysis of Variance (ANOVA) results for each response variable in the
evaluation of granules flow properties in the optimisation process

Carr’s index Hausner’s Flow rate Angle of
(%) ratio (gcm?s7) repose (°)
Model significant significant significant significant
Coefficient (21;?(1<)aterm|nat|on 0.8561 0.8139 0.9167 0.9355
Adjusted coefficient of
determination (adjusted R?) 0.7762 0.7105 0.8704 0.8997
Coefficient of variation 11.48 2.68 4.81 3.95
Standard Deviation 1.93 0.03 0.35 1.22
Predicted residual sum of
squares (PRESS) 83.73 0.02 3.44 35.53
. Not Not Not Not
Lack of fit significant significant significant significant
p-value 0.0014 0.0042 0.0001 <0.0001
Fvalue 10.71 7.87 19.81 26.12

Figure 2a shows the influence of the evaluated excipients on the CI. The CI was
favoured by the influence of PVP first, followed by LM. It was noticed that the
higher the amount of these excipients, the lower the CI. This effect is largely
due to the role of PVP as a binder in wet granulation process. In the case of LM,
the fine particle size allows better mixing with other ingredients and helps to
utilise the binder more efficiently*®. The influence of these components and the
interactions between them are also shown in the coded equation 2 for the CI.
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The HR presented a similar pattern as the CI; this confirmed its relationship
in predicting the flow properties of a powdery solid. The equation coded for
the HR (3) showed a lower value for the influence of PVP and the interaction
between LM and PVP in the evaluated granules as well as a negative coefficient
for the interaction between MCC and LM. This result corroborated that LM
and PVP were the excipients that most favoured the decrease in the HR, aided
by MCC. The lowest values of the HR were obtained as the amount of PVP in-
creased (Figure 2b)S.
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Figure 2. 3D diagram of the relationship between three variables, (4) MCC, (B) LM and (C)
PVP for the Carr’s index (a) and Hausner’s ratio (b) of granules.

For the FR (Figure 3a), the independent variable PVP showed the greatest in-
fluence, followed by MCC and LM (coded equation 4). In this case, the better
the rheological properties of the granules and the rounder the shape of the
particles composing them, the higher the values of FR.

HR = 1.14CM + 1.47LM + 0.56PVP — 0.35CMLM + 1.51CMPVP + 0.33LMPVP (3)

The AR values obtained in the test runs allowed to classify the flow proper-
ties between excellent and passable (Figure 3b), probably due to that PVP, as
a binder in the mixture, could be responsible for making the granules more
spherical and homogenising the powder mass®®. This implies that the lower
values were favoured by increasing the amount of PVP (equation 5).

AR = 50.41MCC + 40.26LM + 0.57PVP — 48.91MCCLM + 37.79MCCPVP + 17.10LMPVP (5)

The Design Expert software allowed the exploration of the experimental re-
gions and the delimitation of the points where the response variables evalu-
ated had the most fitted values. The evaluation of the best possible formulation
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among those obtained in the factorial design yielded the following results: min-
imum MCC and maximum LM and PVP, with a desirability of 0.719 (Figure 4),
which is the formulation selected for the preparation of P. ostreatus granules.
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Figure 3. 3D diagram of the relationship between three variables, (A) MCC, (B) LM and (C)
PVE for the flow rate (a) and angle of repose (b) of granules

1
o8| | | |
o6 | Lt 1]
z oa| | 1T 1 |
B =
g oz2| L1 ——
0 //L‘ —
A(2)
B (0)
©
B (2) A(0) Ci(2)

Figure 4. 3D diagram of the relationship between three variables, (A) MCC, (B) LM and (C)
PVP for desirability of granules

Quality of Pleurotus ostreatus granules

Moisture is a critical variable in the characterisation of materials such as pow-
ders and granules. There is a correlation between a higher amount of moisture
absorbed or contained in the material and the increased difficulty in compres-
sion, mixing and other handling operations in the manufacture of pharmaceu-
tical products, whether mechanical or manual, due to the increased cohesion
forces between the particles of the material. According to the literature, the
optimum residual moisture in pharmaceutical granules should be below 5%2¢.
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The results of the residual moisture in the three batches of P. ostreatus granules
are shown in Table 4. A minimum value of 2.76% and a maximum value of 4.68%
were obtained, and the differences between batches were no significant. The
results obtained are within the range established for products of natural origin
(maximum 10%)24. Taking into account that this product will act as an intermedi-
ate, the residual moisture values required are low. The moisture of a granule for
use as an intermediate could not only affect the size of the granule, but could also
exceed the desired size and lead to complications, such as, microbial contamina-
tion. Thus, the residual moisture in obtained granules was optimal and sufficient.

In this case, as the product is derived from the fruiting bodies of P. ostreatus,
the drying process also increases the probability of degradation of the second-
ary metabolites responsible for the pharmacological action?”. Moisture content
is a critical property to consider when ensuring the shelf life and stability of nu-
traceutical/pharmaceutical products. An excess of water may result in physical
or chemical instability resulting from microbial growthz2.

Table 4. Residual moisture of three batches of P ostreatus granules

Batches Residual moisture (%)
1 3.79+0.76
2 3.39+045
3 4.08 + 0.44

F - Ratio 0.74

p-value 0.5158

Similarly, the efficiency of the drying process was confirmed by the moisture
content of the granules, which ensures their microbiological safety. The link
between the moisture content of natural products and the effectiveness of the
drying process has been demonstrated in several studies2®2.

The morphological characterisation of granules, as solid raw materials or in-
termediates in pharmaceutical formulations is critical, influencing many of
their properties®°. Figure 5 shows the results of scanning electron microscopy
of P. ostreatus granules. Visible granules can be observed without dust parti-
cles, but with some degree of breakage (Figure 5A).

Figures 5B, 5C and 5D reveal the low surface porosity of the granules; this is an
important parameter, as it affects the disintegration time, both of the granules
as a solid dosage form and of tablets made from the intermediate product. For
example, it can influence factors, such as, the flowability and dissolution rate
of the products.
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Figure 5. Scanning Electron Microscope Electronic images of P ostreatus granules
(A:5.17 mm; B: 1.58 mm; C: 553 ym and D: 368 pm)

The composition of the granules was analysed by X-ray energy dispersive spec-
trometry (Figure 6). A certain amount of gold was found in the samples, which
is the effect of sputtering with gold on the surface of the samples. With regard
to the other constituents, no significant differences were observed in carbon
and oxygen contents due to the different amounts of excipients (lactose mono-
hydrate, magnesium stearate, polyvinylpyrrolidone and microcrystalline cel-
lulose) used in granules preparation. The presence of silicon and magnesium is
related to the concentrations of colloidal silicon dioxide and magnesium stea-
rate. These agents are employed as moisture absorbers and flow enhancers,
respectively, as well as lubricants. Potassium and phosphorus are derived from
P. ostreatus mushroom biomass. Potassium was the main potential health ele-
ment detected, followed by phosphorus®?; mushroom powder could also con-
tribute to magnesium content in granules.

The particle size of any material or substance has a direct effect on its
rheological behaviour, modifies its properties, and increases or decreases its
quality as a raw material or intermediate product for compression. In general,
small particle sizes (<0.05 mm) have greater cohesiveness, which reduces their
fluidity. However, with a smaller particle size, the surface area of the substance
is increased and therefore, it would have greater solubility3s.
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K 19 K-series 0.80  0.9627 3.76 0.09 1.38

Totals 100.00 100.00

Figure 6. X-ray diffraction analysis of the macro- and microelemental composition of P
ostreatus granules

An average particle size>0.1 um was observed in the three batches of evaluated
granules (Table 5). A particle size between 0.2 and 4 mm is commonly found in
pharmaceutical granules. Small particle size can adversely affect flow charac-
teristics3+. In this case, the positive effect of the excipients used in the formula-
tion of the granules, as a solid and/or intermediate dosage form for the produc-
tion of capsules or tablets, can also be mentioned. When used as a filler, lactose
monohydrate tends to increase particle size, but when combined with binders
(e.g. polyvinylpyrrolidone), desiccants, and flow enhancers (e.g. colloidal sili-
con dioxide), and lubricants (e.g. magnesium stearate), it ensures further con-
solidation of granules3. These results are supported by the statistical analysis,
which showed no significant differences among the three formulations.

Table 5. Mean particle size of P ostreatus granules

Batches Mean particle size (pm)
1 317.50 + 14.03
2 326.18+10.78
3 317.83 +5.09
F-Ratio 0.43
p-value 0.6702
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The particle size was highest between the 350 and 177 um sieves, with a dis-
tribution towards normality, proven by the Kolmogorov-Smirnov test (p-value
of 0.53). These results corroborate those related to the particle shape, which
showed that as the sphericity increased, the irregular particle shape and the
roughness surface decreaseds®.

Particle size distribution has a direct impact on the development and manufac-
ture of dosage forms. It directly influences the efficacy, stability and safety of
preparations®”.The drying method and type of raw material can both affect the
particle size, and it is important to consider these factors to ensure optimal prod-
uct quality during the processing, handling and storage of solid raw materials°.

The results of the rheological evaluation of the granules of the three formula-
tions studied are presented in Table 6. No statistical differences were observed
in the formulations, which showed favourable flow and compressible behav-
iour, making them suitable for use in the production of solid dosage forms,
as reported in the literature®. When a material is porous, it contacts more of
the medium and is easier to disperse; therefore, less porous raw materials can
cause problems when dispersing the products®.

Table 6. Results of rheological properties of P ostreatus granules

Batches Cl (%) RH FR (g cm? ) AR (°)
1 11.20 £ 0.56 113 +0.01 8.72 + 0.46 25.85 + 1.08
2 11.23£0.05 1.13 £ 0.00 8.21 + 0.51 23.29 +2.75
3 10.45 + 0.86 112 £ 0.01 8.76 + 0.73 24.03 + 0.76

p-value 0.3884 0.3906 0.6058 0.3888

F-Ratio 1.11 1.10 0.55 1.11

In this work, the composition of the particles influenced the results obtained
for rheological properties. The cohesion between the particles lead to an ad-
equate flow of the material, since a product composed of particles that tend to
be spherical and without a high electrostatic charge between them and their
walls, results in a material with adequate flow properties°.

Particle size affects the flowability of powders derived from natural
products, leading to problems with compaction, segregation and handling?°.
Juarez-Enriquez et al.?® studied the structural changes in the matrix of
pharmaceutical and food powders, resulting from water adsorption, particle
agglomeration and powder caking, which are critical control points for
improved flowability.
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Varun and Ghoroi“° reported that powdered solids are non-porous, and they
tend to form spherical particles. On the other hand, Zolotov et al.# informed
that solids derived from natural products have small and irregular particles,
which can be reconstituted by the addition of excipients to fill the porous sur-
face and ensure adequate fluidity. This is related with the fact that larger par-
ticle sizes result in lower cohesive forces between them.

Although the experimental conditions may affect the results obtained here,
these tests allow the assessment of the appropriate use of selected excipients
to improve the granulometric and rheological properties of the powdered sol-
id from P. ostreatus through granule design. Successful use of lubricants can
be indicated by a solid product with appropriate flow characteristics. These
agents help to reduce cohesion and friction between particles+.

Table 7 shows the total phenolic content in the three evaluated batches; no sig-
nificant differences were found at 95% confidence level. Our previous studies
reported that the total phenolic content of mushroom products is influenced
by cultivation conditions and extraction solvents. These findings highlight
the importance of the good cultivation practices and standardized extraction
methods in the production of high-quality mushroom products. It is recom-
mended to use solid-state fermentation for obtaining fruiting bodies under
controlled cultivation conditions to ensure consistent and safe products for use
as functional foods, nutraceuticals and bioactive compounds*.

Table 7. Concentration of phenolic compounds in P ostreatus granules

Batches Total phenols (mg/100 g, d.w.)
1 34.52 +1.03
2 33.08 = 1.01
3 34.23 +1.00

F-Ratio 1.69

p-value 0.2610

Aqueous extracts were prepared using water as the extraction solvent to quan-
tify total phenolics in P. ostreatus granules. Compared to organic solvents, wa-
ter was chosen because of its safety, economy and flexibility. Due to its polar
nature, it is suitable for extracting compounds, such as polyphenols, which
have a chemical structure based on aromatic rings substituted by hydroxyl
groups. This structure facilitates their solubility in polar solvents, whether in
free or conjugated form. This is particularly important for aqueous extraction
of these compounds with applications in the development of functional foods,
nutraceuticals and pharmaceutical formulations+.
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Beltran et al.# reported the total phenolic content of P. ostreatus extracts ob-
tained with solvents of different polarity, and the highest values were achieved
with the most polar solvents (water and 50% ethanol) with values of 138.4 and
86.37 mg/100 g (d.w.), respectively. Peraza et al.#5 informed a total phenolic
content of 73 mg/100 g in P. ostreatus extracts. The study also concluded that
genetic differences between species and cultivation conditions, such as the use
of commercial or wild substrates, could be responsible for the differences in
phenolics concentration.

A number of phenolic compounds with anti-diabetic properties have been
identified, including anthocyanins, ellagitannin, luteolin, rosmarinic acid, cat-
echin, resveratrol, rutin, quercetin, diosmetin and myricetin. Therefore, phe-
nolic compounds may be a promising therapeutic option for the treatment of
type II Diabetes Mellitus#.

The HPLC profile of the phenolic compounds identified in the aqueous extracts
of mushroom granules as a fingerprint and quality criteria is shown in Figure
7. The five main peaks identified correspond to gallic acid, homogentisic acid,
chlorogenic acid, caffeic acid and naringin. The differences in the structure of
the phenolic compounds might have influenced the biological activities. For
example, the antioxidant activity of the compound structure was reported to
be dependent on the number and distribution (ortho and para positions) of
the active group (OH)+. Therefore, correlation analysis between phenolic com-
pounds and the potential anti-diabetic activities are worthwhile to be studied
further.
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Figure 7. HPLC profile of the aqueous extract derived from P. osfreatus mushroom granules
used as a fingerprint and quality criteria.
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It is important to note that in a shelf stability study of granules from P. ostreatus
mushroom, conducted over a 12-month period*, no significant differences in
the total phenolic content were shown up to the first six months, and a decreas-
ing of only 5% was observed at the end of the experiment. On the other hand,
the HPLC profile showed a similar pattern during the overall experimental time.

Contamination by microorganisms can alter the physical, chemical and thera-
peutic properties of a medicinal product and transform active ingredients into
toxic substances*. Microbiological evaluation of P. ostreatus granules indi-
cates the absence of pathogenic microbes which may hinder the use of granules
in the development of nutraceuticals (Table 8).

Proper dehydration is crucial to prevent the growth of filamentous fungi and
yeasts, which can grow in products with moisture levels below 50%. To ensure
that the product is safe for human consumption, it is important to maintain low
levels of bacteria, fungi and yeasts. It is also important to prevent the presence
of harmful microorganisms such as Pseudomonas aeruginosa, Staphylococcus
aureus, Enterobacteriaceae and Candida albicans®°.

The in vitro activation of the microbial autolytic system of the microorganisms
tested was reported in a hot water extract of Pleurotus sp. mycelia*. In addi-
tion to mycelia, the antibacterial potential of P. ostreatus fruiting bodies was
informed by Gutef et al.5%

Table 8. Microbiological counts in Pleurotus ostreatus granules

TESTS RESULT LIMITS®
Total bacterial count <10 cfu/mL <10° cfu/mL
Total count of fungi and yeasts <10 cfu/mL <102 cfu/mL
Pseudomonas aeruginosa Absence Absence
Sthaphylococcus aureus Absence Absence
Enterobacteriae Absence Absence
Candida albicans Absence Absence

Recent studies have evaluated the phytochemical composition and in vitro
antimicrobial activity of wild P. ostreatus. Results showed its antimicrobial
effects against all tested microorganisms, and the aqueous extracts were more
effective than methanol extracts, with different degrees of inhibition against
both bacteria and fungi, including Staphylococcus sp., Escherichia coli, yeasts
and moulds. The reported antimicrobial activity could be related to the pres-
ence of phenolic compounds, among other metabolites’.
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In the shelf stability study of granules from P. ostreatus mushroom, conducted
over a 12-month period+, no significant changes were found throughout the
research period in the moisture content (2.8 and 4.7%) (p<0.05). Moreover,
the microbiological analysis did not indicate the presence of pathogenic mi-
croorganisms.

Within the scope of this study, the potential of P. ostreatus for developing solid
dosage forms with applications in food and pharmaceutical industries for hu-
man and veterinary applications, was demonstrated by obtaining mushroom
granules with good flow and compressibility properties as well as appropriate
chemical and microbiological quality.

Further in vitro and/or in vivo studies are needed to validate the anti-dia-
betic potential of the granules. Preliminary studies with the water-extract ob-
tained from mushroom granules showed good activity in the a-glucosidase
and a-amylase inhibition assays, as well as, in molecular docking studies (data
not shown, VLIR — UOS Project CU 2019-2024 IUC 030A105). This approach
would contribute to the diversification of mushroom commercial products
with increased efficacy, stability and quality.
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ABSTRACT

The study aimed to formulate multi-unit pellet system (MUPS) tablets con-
taining the antiviral drug acyclovir (ACV) and investigate the impact of dif-
ferent tablet fillers on the quality parameters and drug release profiles.
Acyclovir-loaded pellets were prepared using the extrusion-spheronization
method and then compressed into MUPS tablets with one of the following fill-
ers: starch, Avicel® or lactose. The results showed that the choice of filler sig-
nificantly affected the mechanical properties of the MUPS tablets. Tablets con-
taining Avicel® exhibited the highest hardness and longest disintegration time,
while those with lactose had the lowest strength. Only the Avicel®-containing
tablets met all the pharmacopeial quality requirements. However, the type of
filler did not have a significant effect on the in vitro dissolution profiles of
acyclovir from the MUPS tablets. Regardless of the filler, the drug release was
faster in the simulated gastric fluid (pH 1.2) compared to the simulated intes-
tinal fluid (pH 6.8). Kinetic modeling revealed that the Weibull model best
described the drug release mechanism for all three formulations. The findings
underscore the importance of selecting appropriate excipients when formu-
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lating MUPS tablets to achieve the desired mechanical properties and drug
release characteristics.

Keywords: multi-unit pellet system, acyclovir, in vitro dissolution, chitosan,
Avicel®

INTRODUCTION

In the pharmaceutical industry, the continuous pursuit of advanced oral drug
delivery systems is paramount for enhancing patient compliance, improving
therapeutic efficacy, and achieving optimal drug bioavailability. Among these
systems, multiple unit pellet systems (MUPS) have garnered significant atten-
tion due to their ability to merge the advantages of both pellets and tablets.
MUPS tablets, composed of drug-loaded pellets compressed into a single dos-
age form, offer numerous benefits such as uniform distribution of the active
pharmaceutical ingredient (API), minimized risk of dose dumping, and po-
tential for controlled and sustained release profiles. The mentioned attributes
are essential for maintaining consistent therapeutic drug levels and improving
patient adherence to prescribed medication regimens®2.

Acyclovir (ACV), an antiviral drug extensively utilized in the treatment of her-
pes simplex virus and varicella-zoster virus infections3, serves as an exemplary
model drug for MUPS formulation. Categorized under the biopharmaceutical
classification system (BCS) as a class III compound#, ACV is characterized by
adequate aqueous solubility but low intestinal permeability. However, in some
countries, 800 mg tablets are also available, placing them within BCS as a class
IVs. This presents a notable challenge for oral delivery, as the drug’s bioavail-
ability is limited by its inability to be efficiently delivered through the gastro-
intestinal membrane. Therefore, innovative formulation strategies are crucial
to improve the bioavailability and effectiveness of acyclovir, thus meeting the
clinical need for effective antiviral treatment.

The process of pelletization through extrusion and spheronization is a
well-established technique in the pharmaceutical industry for producing
spherical pellets with high mechanical strength and uniform size distribution®.
The pellets can be either filled into the capsules or compressed into the MUPS
tablets?, offering the advantage of multiparticulate dosage forms that combine
the benefits of immediate and controlled release mechanisms. The formula-
tion of MUPS tablets is preferred over capsules for several reasons. Tablets
have a higher production rate and rapidly disintegrate into primary micro-
particles. Additionally, MUPS tablets are less likely to stick to the esophageal
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lining when swallowed and are more difficult to tamper with, addressing major
concerns associated with hard capsules®9. Taking tablets with food, especially
high-calorie food, can cause them to remain in the stomach for too long. This
can be disadvantageous, particularly for enterosolvent tablets, because their
onset of action may be significantly delayed. MUPS tablets rapidly disintegrate
in the stomach into individual pellets, which are less affected by the emptying
of gastric contents. As a result, they pass freely through the pylorus into the
small intestine*. The speed at which pellets move from the stomach to the
small intestine is determined by their density. Pellets with a density of around
1.5 g/cms3 exit the stomach more quickly than those with a density greater than
2 g/cm3. Pellets that are smaller than 2 mm and have a density of less than 2 g/
cm? pass through the pyloric sphincter as rapidly as liquids, whether the stom-
ach is empty or after a meal®.

The selection of excipients, particularly binders and fillers, plays a critical role
in the formulation process, influencing the physical and mechanical properties
of the pellets and the resulting MUPS tablets. Chitosan, a naturally derived bi-
opolymer with favorable biocompatibility and mucoadhesive properties, is em-
ployed in this study as a binder. Chitosan’s unique characteristics, including its
ability to form a gel-like matrix and facilitate drug release through matrix ero-
sion and diffusion'?, make it an ideal candidate for modulating the release pro-
file of ACV from the pellets. The incorporation of chitosan in pellets can modify
the drug release profile. It can slow down the drug release by forming a gel
layer around the pellets, hindering drug diffusion®. A decisive influence also
has molecular weight of chitosan. Higher molecular weight chitosan tends to
retard drug release more effectively compared to lower molecular weight chi-
tosan. Using chitosan in combination with other oppositely charged polymers
can further modulate the drug release from pellets. The interaction between
the oppositely charged chitosan and alginate can create a more controlled re-
lease profile®schitosan and sodium alginate, alone and in combination, on the
ability of formulations containing a model drug (paracetamol. Increasing the
chitosan content in pellets can lead to lower porosity and a rougher surface,
which can also influence the drug release kinetics®.

Additionally, the choice of filler - potato starch, lactose, or Avicel® - is crucial,
as it can significantly affect the mechanical integrity, disintegration time, and
drug release kinetics of the MUPS tablets®. Each filler exhibits distinct proper-
ties that can influence the overall performance of the tablet, necessitating a
comprehensive evaluation to determine the optimal formulation®. In addition
to ensuring the quality of MUPS tablets, it is important to choose correct shape
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and size of tablets because it can affect the tolerability and swallowability of the
dosage form by the patient®.

The study aims to formulate acyclovir-loaded MUPS tablets and investigate the
impact of different fillers on the tablets’ quality parameters and drug release
profiles. The study encompasses a detailed assessment of the physical char-
acteristics of the tablets, including weight variation, hardness, friability, and
disintegration time, adhering to pharmacopeial standards. In vitro dissolution
testing evaluating the release profiles of ACV in simulated gastric or simulated
intestinal fluid, provides insights into the drug’s release behavior under physio-
logical conditions. Understanding the mechanisms of drug release from MUPS
tablets is essential for optimizing their formulation. Drug release from MUPS
tablets can be influenced by several factors, including the physical properties
of the pellets, the type of binder and filler used, and the compression force
applied during tablet formation. The findings from this study have significant
implications for the pharmaceutical industry, particularly in the formulation of
oral drug delivery systems. By optimizing the formulation of acyclovir-loaded
MUPS tablets, this research addresses key challenges associated with the oral
delivery of BCS class III drugs. The insights gained can guide the development
of robust, patient-friendly dosage forms that enhance therapeutic efficacy and
improve patient compliance.

METHODOLOGY
Material

ACV was obtained from Union Quimico Farmaceutica S.A. (Barcelona, Spain).
Chitosan (medium molecular weight 9o—310 kDa, degree of deacetylation
82%) was purchased from Sigma-Aldrich Chemie GmbH (Steinheim, Ger-
many). Methocel K100M; co-processed microcrystalline cellulose with lactose
monohydrate and natrium carboxymethyl cellulose (Specicel®140) were sup-
plied by Dow Chemical Company (Midland, Michigan, USA). Microcrystalline
cellulose (Avicel® PH 102), acetic acid, sodium chloride, hydrochloric acid
and magnesium stearate were purchased from CentralChem s.r.o (Bratislava,
Slovakia). Potato starch was from Lyckeby Amylex, a.s. (Horazdovice, Czech
Republic). Lactose was from Lyckeby Culinar a.s, (Hrazd'ovice, Czech Repub-
lic). Aerosil 200 was purchased from Chemex (Prague, Czecg Republic). The
purified water was prepared by distillation apparatus Kavalier (Prague, Czech
Republic).
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Preparation of pellets

The powdered components of the mixture, which are ACV and a special filler,
Specicel® 140, containing microcrystalline cellulose, lactose monohydrate, and
croscarmellose sodium salt, were homogenized together and then wetted with
a binder solution. 2% w/w chitosan solution acidified with a 3% w/w acetic
acid solution was used as a binder. The wet mixture was then extruded using a
Pharma extruder DE-120 (Gabler Engineering GmbH, Malsch, Germany) with
0.8 mm diameter holes, while being set in motion by augers rotating at 40
rpm. The extrudate was broken and pelletized in the spheronizer R-600 (Ga-
bler Engineering GmbH, Malsch, Germany) at 1200 rpm. The entire process
took 3 minutes. The resulting pellets were dried in a fluidized bed dryer (Glatt
GPCG2 Lab System, Binzen, Germany) at 50°C until the moisture content
was less than 3%. The moisture content was continuously monitored using a
halogen moisture analyzer (Mettler-Toledo Halogen Moisture Analyzer HG63,
Greifensee, Switzerland).

Preparation of MUPS tablets

The prepared pellets were mixed with one of the tested fillers (potato starch,
lactose, or Avicel®) in a 1:1 ratio (w/w). Magnesium stearate (0.6%; w/w) as an
anti-adhesive agent and Aerosil (0.3%; w/w) as a lubricant was added to their
mixtures. The mixture was homogenized for 15 min in a homogenizing device
(Turbula, Basel, Switzerland). The flow rate of the prepared mixtures was then
compared by pouring 10 g of material freely into a closed glass funnel with a
hopper diameter of 6.4 cm and outlet diameter of 0.6 cm, measuring the time
taken for the entire volume of material to flow through the funnel until it was
completely emptied. From the prepared mixtures, tablets weighing 0.500 g were
compressed using single tablet press machine (Korsch, Berlin, Germany) at uni-
form pressure (120 MPa). The cross-sectional images of the MUPS tablets were
taken with a Canon 2000D (Canon Inc., Tokyo, Japan) camera in macro mode.
The differences in tablet quality due to the type of filler were evaluated by the
following pharmacopeial test.

Quality assessment of pellets and MUPS tablets

Weight Variation Test: 20 randomly selected tablets were weighed to three
decimal places by analytical scale HZY A200 (Libra, Bratislava, Slovakia) to
see if their weights were within the permitted limits. For tablets weighing more
than 250 mg, the Ph. Eur. 107 permits a deviation of 5% percent. A maximum
of two tablets may differ by more than the permitted variation, but this vari-
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ation must not exceed twice the permitted variation. At the same time, the
dimensions of the tablet (height, diameter) were verified by a digital caliper,
type 14016458 KS (Somet, Hradec Kralové, Czech Republic).

Hardness: 10 tablets were inserted radially between the jaws of the hardness
tester (Schleuniger 2E, Solothurn, Switzerland). The force required to crush
the tablets was measured by the device, indicating the tablet hardness in New-
ton (N)*®

Friability: 10 tablets were dusted off on a 250 um sieve. Afterward, they were
weighed and placed into a rotating drum with an internal diameter of 286 mm
and a width of 39 mm, which is made of translucent synthetic polymer (Tablet
Friability Tester from Erweka GmbH, Heusenstamm, Germany). The tablets
were then rotated 100 times. Following the rotations, the tablets were dusted
off and weighed again. The percentage weight loss of 10 tablets corresponds to
their friability*.

Disintegration: Six tablets were placed in the basket of the disintegration tester
- apparatus type A (PIS SPOFA, n.p. VVZ, Kromériz, Czech Republic), which
was then immersed in a container filled with 800 mL of purified water at a
temperature of 37 + 1°C. The basket was continuously moved up and down for
15 minutes at a rate of 20 oscillations per minute. The time taken for all tablets
to disintegrate was recorded, and the test was repeated three times for each
formulation®.

Dissolution test

The in vitro dissolution testing was conducted using Erweka DT 6 basket-type
dissolution tester (Erweka GmbH, Langen, Germany). Dissolution medium
contained either simulated gastric or simulated intestinal fluid. Simulated gas-
tric juice (1 L) was made of 2 g of sodium chloride, 7 mL of hydrochloric acid,
and the remaining volume of purified water (pH approximately 1.2). Simulated
intestinal juice (1 L) was prepared by dissolving potassium dihydrogen phos-
phate in water. To this solution, 0.2 M sodium hydroxide solution was added,
and purified water was added to make up to 500 mL. After adjusting the pH to
6.8, water was added up to 1000 mL. For dissolution testing, the MUPS tablet
was placed in the basket, which was then dipped into the dissolution medium
(900 mL) and rotated at a speed of 50 rpm. The testing was carried out for 6
hours at a constant temperature of 37 + 0.5°C. Samples from the dissolution
containers were taken at specific time intervals (0.25, 0.5, 0.75, 1.0, 1.5, 2.0,
2.5, 3.0, 4.0, 5.0, 6.0 hrs). The amount of ACV released in the solutions was
measured spectrophotometrically either at 255 nm (testing in the simulated
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gastric fluid) or 272 nm (testing in the simulated intestinal fluid) ® using a
Genesys™ 10S UV-Visible Spectrophotometer (Thermo Scientific, Waltham,
MA, USA) against a blank (the dissolution medium). A linear regression analy-
sis was performed to obtain the equation, which was used for subsequent con-
centration determinations: ¢ = (A-0.0149)/0.065 (dissolution in the simulated
gastric juice); ¢ = (A-0.0756)/0.0615 (dissolution in the simulated intestinal
fluid), where c is concentration (ug/mL) and A is absorbance.

Kinetic models

The in vitro drug release data was fitted to various kinetic models to determine
the drug release mechanism: Zero order kinetics (Q=k t), First order kinet-
ics (In(100-Q)=-k t), Higuchi model (Q=k, t'/2), and Weibull model (log[-In(1-
Q/100)]=p log(t-Ti) - log(a))?°. The best fitted model was selected based on the
highest correlation coefficient (R2).

Statistical analysis

The data was analyzed using Microsoft Excel 2016 (Microsoft Corporation,
Washington, U.S.) for statistical processing. The results were presented as
mean + standard deviation (SD). Data differences were assessed for signifi-
cance using one-way ANOVA with Daniel’s XL Toolbox add-in. The graph
shows significant (*) or non-significant (NS) differences.

RESULTS and DISCUSSION

Pellets are often formulated to release drugs at specific rates, providing a more con-
trolled and sustained release of the drug?. Due to pellets are easier to dose-divide via
their compression into a tablet than by dosing into a capsule, our primary objective
was to formulate MUPS tablets and investigate the impact of the choice of tablet
filler on the quality parameters of MUPS tablets, as well as the drug release from
them. In our study, we utilized ACV as the model drug, which belongs to BCS class
III exhibiting adequate water solubility but low intestinal permeability®?. The drug-
containing pellets were prepared using the traditional extrusion and spheronization
method, resulting in spherical pelletss. Through sieve analysis, the average pellet
size was found to be 0.6 mm. Hamman et al.? conducted a study on the compression
of pellets into tablets, finding all size fractions from 0.2 to 2.5 mm to be suitable.

Flow rate of pressing material

Before actual compression of the material, we compared the flow rate of the
pellets mixed with filler and lubricant/anti-adhesive agent to the flow rate of
pure pellets (reference sample). Figure 1 shows that adding filler reduced the
material flow rate by 49.3 to 58.1%.
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Figure 1. The influence of the filler on flow rate of the pellets; pellets without filler, pellets and
starch (1:1, w/w), pellets and Avicel® (1:1, w/w), pellets and lactose (1:1, w/w).

Quality assessment of pellets and MUPS tablets

The fillers perform several functions in MUPS tablets. The filler particles have to
occupy the space around the pellets, function as a cushioning agent to mitigate
the impact of the compressive force during the compression, and ensure a uni-
form blend with the particles. Furthermore, even under relatively low compression
force, the inert excipient must yield a sufficiently firm tablet, characterized by rapid
disintegration time and no influence on the release of the API from the particles®.

The basic physical characteristics of MUPS tablets are summarized in Table 1.
The weights of the MUPS tablets are near the average value and do not exceed
the permitted 5% deviation (Figure 2). The lowest variability in weights was
observed when lactose was used as a filler in the MUPS tablets, but the RSD
values were also low using the other two types of fillers. The size (height and
diameter) of the MUPS tablets remains consistent due to the low RSD. The
hardness of the tablets is significantly influenced by the choice of filler. Tablets
containing Avicel® exhibited the highest hardness at 85 + 11.3 N, while those
containing lactose had the lowest strength. The differences in tablet hardness
were also evident in their mechanical resistance when tested for friability. Tab-
lets with a strength ranging from 50 to 90 N are considered to have optimal
quality. The results from the friability and disintegration tests of MUPS tablets
correlate with the hardness and disintegration test. Stronger tablets are more
mechanically resistant and take a longer time to disintegrate in the dissolu-
tion medium. Only MUPS tablets containing Avicel® meet the pharmaceutical

Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025 | 689



requirement for friability when the result is rounded to one decimal place. All
three types of MUPS tablets disintegrated in water within 15 minutes, meeting
the required time limit for uncoated tablets as per the pharmacopoeia.

The MUPS tablets containing Avicel® showed the longest disintegration time
at 10 minutes and 57 seconds. It was observed that these tablets were the only
ones that met the required pharmacopoeial limits for tests predicting the gen-
eral quality parameters of uncoated tablets.

Table 1. Physical characteristics of MUPS tablets

. F1 . FZ. ] F3 Note
(with starch) (with Avicel®) (with lactose)
Mass (g) 0495 +0.002 0502 +0.002 0500 + 0.002 Mean + SD; n=20
RSD (Mass variability) 0.005 0.004 0.003

Height (mm) 4.050+0.015 4028 £0.016 4,047 £0.012 Mean + SD; n=20
Diameter (mm) 11.986£0.013 120120013 12.018.£0.006 Mean £ SD; n=20
Hardness (N) 53497 850+11.3 339151 Mean = SD; n=10

Friability (%) 173 1.02 19.96 10 tablets
Disintegration time () 164+ 34 65723 109+4 Mean + SD; n=3

=
n
S

049 F

ablet mass (g)

=,
.
oo

=]
n
-

046

045 'l L 'l L L L L L 'l ' L L 'l I ' 'l ' L L '}
I 2 3 4 5 6 7 8§ 9 10011 12 13 14-15 16 17 18 19 20
Tablet No.

—8—F1 —O—F2 —&—F3 Mean ——UL EL

Figure 2. The weight variance of MUPS tablets: F1 with starch, F2 with Avicel®, F3 with
lactose (UL illustrates upper limit, LL illustrates lower limit).
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The pellets were physically characterized through several tests, and their mor-
phology was analyzed using SEM. The results are part of another scientific
study®. In Figure 3A, a pellet is shown by SEM at 150x magnification. Figure
3B illustrates a cross section of the MUPS tablet (F2), which was created using
a scalpel. F1 and F3 were too fragile to make a uniform cut. Although this tech-
nique may not be the most convenient, as it can lead to empty voids at the cut
site after some pellets have fallen out, it does allow for the direct assessment
of the tablets’ mechanical resistance. It is evident that F2 appears the most
compact and least damaged even after incision.

SEMN HY: Mo kY

A)

Figure 3. A) SEM image of the pellets at 150-fold magnification; B) Photographic image of a
cross-section of MUPS tablet (F2).

Avicel®is frequently employed as an excipient in both tablet compression and
pelletizing processes®+. Tablets containing Avicel® generally have higher me-
chanical strength and better disintegration characteristics®. Certain Avicel®
grades, like PH-113 and CE-15, can enhance the organoleptic properties of tab-
lets and provide a smoother, creamier mouthfeel. This is advantageous mainly
for chewable tablets and orally disintegrating tablets.

An important consideration when manufacturing MUPS tablets is the particle
size distribution of the filler and the pellets themselves. As a result, we con-
ducted a sieve analysis to evaluate the particle size distribution of the indi-
vidual fillers. The potato starch used was found to be the finest material among
the evaluated fillers, with an average particle size of d=40.95 um (calculated
according t02°). Avicel® had a slightly higher average particle size (d=73.46
um), and lactose had a particle size almost three times higher (d=116.68 pm)
compared to starch. The strength of the MUPS tablets was optimized by the
presence of starch. This is because the small powder particles effectively fill the
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spaces between the individual pellets during the compression, and they also
contribute to the rapid disintegration of the tablet in the dissolution medium,
reverting it back to its original microparticles.

It is clear that the filler is crucial in the formulation of MUPS tablets. This is
highlighted by the fact that attempting to compact MUPS tablets directly from
the pellets under the same pressing conditions was unsuccessful. The resulting
tablets were found to be brittle and crumbly.

The filler particle size can impact tablet processing. For instance, Carpin et al.?”
found that smaller lactose particles led to increased moisture sorption and cak-
ing tendency compared to larger ones.

Dissolution test and drug release kinetics

The rate and extent of drug release from tablets and its passage into the bio-
logical tissue impacts the drug’s bioavailability and therapeutic effect. The dis-
sociation test simulates physiological conditions in order to predict the efficacy
and safety of the drug.

As the Figure 4 indicates, the course of drug dissolution is greatly influenced
by dissolution medium. While in acidic medium almost 80% drug release was
achieved after 15 minutes, neutral pH slowed down the drug release. This phe-
nomenon may be due to the use of chitosan in the pellets as a binder.
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Figure 4. Dissolution profiles of ACV from MUPS tablets, pellets and capsules in different
media, simulated gastric fluid (pH 1.2) vs. simulated intestinal fluid (pH 6.8) indicating
significant (*) and non-significant (NS) differences.

Chitosan exhibits excellent swelling properties in acidic environments. It con-
tains primary amino groups (-NH,) along its backbone. In acidic conditions,
these amino groups become protonated (-NH,*), resulting in an increase in the
positive charge density of the polymer. Further, acidic media can disrupt the
intramolecular and intermolecular hydrogen bonds within the chitosan struc-
ture, allowing for greater water penetration and swelling?®29. When the pellets
come into contact with an aqueous medium, water diffuses into the interior
of the particle, causing the drug to dissolve and diffuse out. Drug release rate
in artificial gastric juice can vary significantly depending on the formulation
design and the specific mechanisms governing drug release, such as polymer
swelling, pH-responsiveness, and gastric emptying kinetics.
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In our case, there was no significant effect of the filler in MUPS tablets on the
rate of drug release in an acidic environment. The dissolution profiles are al-
most identical. Non-significant differences were also confirmed by statistical
analysis.

Chitosan is a weak base, and in neutral and basic environments, the chitosan
molecules will lose their charge. As Ferrari et al.3° refer, chitosan is ineffective
as an absorption enhancer at these higher pH values when the chitosan mol-
ecules exist in a more coiled conformation.

The MUPS tablets formulated in this study are designed primarily for con-
trolled release. The use of specific binders, such as chitosan, aims to modulate
the drug release profile over an extended period, thus enhancing therapeutic
efficacy. To provide a comprehensive understanding of how tablet formation
affects drug release, we include data on the dissolution profiles of un-com-
pressed pellets. The data, illustrated in Figure 4, demonstrate that an acidic pH
significantly enhances the release of ACV across all formulations (ACV powder,
pellets, MUPS tablets). In contrast, a pH of 6.8 slowed down the drug release.
For the dissolution tests, we utilized a basket apparatus to maintain consist-
ency in our comparison. Therefore, we weighed the ACV powder into a gelatin
capsule to ensure that it does not fall through the basket to the bottom of the
container. The packaging formed by the gelatin capsule caused the delay of
the drug’s actual release until the capsule dissolved. As the capsule swelled, it
became more permeable to the drug, resulting in an increase in the cumula-
tive amount of drug released after one hour. In the acidic medium, nearly all
the drug was released within two hours. However, in the dissolution medium
at pH 6.8, only 48.13 + 12.43% of the drug was released after six hours. The
standard deviations indicate that the variability in ACV release from the cap-
sule is significant, suggesting a less predictable and non-uniform drug release
pattern. This highlights a major advantage of pellet formulations, particularly
MUPS tablets, over conventional powders, or granules. With pellets, it is pos-
sible to achieve a consistent and sustained release of the drug at a steady rate
over an extended period. Based on the dissolution profiles it can be concluded
that the pellets compression into the MUPS tablets has no significant effect on
drug release. Additionally, presented data of the dissolution profile of ACV in
its powder form serve as a baseline for evaluating the effects of formulation
changes. This comparison clarifies how processing into MUPS tablets alters
the dissolution characteristics relative to raw ACV.

Drug release kinetics is a crucial aspect of pharmaceutical science that de-
scribes the rate and pattern of drug release from a dosage form. Understand-
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ing the drug release kinetics helps to ensure the desired therapeutic effect, im-
prove bioavailability, and minimize side effects. Table 2 records the coefficient
of determination (R?) values and rate release constant (c) for the zero order,
first order, Higuchi, and Weibull kinetic models of the drug release from the
MUPS tablets (F1, F2, and F3) either in acidic or near-neutral environments.
The Weibull model provide the best fit for all three formulations regardless
of the pH environment, with R?values around 0.96. This finding is consistent
with other research papers, e.g., Dévay et al.3! declared that theophylline was
released from the pellets.

Table 2. The coefficient of determination (R2) and rate release constant (c) for the kinetic
models

pH1.2 pH6.8
Model F1 F2 F3 F1 F2 F3
Zero Order
R? 0.6305 0.6627 0.6627 0.6653 0.6743 0.6748
k, 1.7 1.7 1.7 1.7 1.7 1.7
First Order
R? 0.6494 0.6748 0.6748 0.6743 0.6743 0.6748
K, 0.0079 0.0080 0.0080 0.0080 0.0080 0.0080
Higuchi
R? 0.8621 0.8787 0.8787 0.8803 0.8803 0.8787
k, 26.41 26.68 26.68 26.76 26.76 26.68
Weibull
R? 0.9582 0.9652 0.9652 0.9663 0.9663 0.9652
a 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014
B 15 15 15 1.5 1.5 1.5

Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025 | 695



The Weibull model is an empirical model that can fit a variety of release pat-
terns, including monophasic, biphasic, triphasic and complex multiphasic
profiles. MUPS tablets composed of uncoated pellets exhibit complex release
kinetics that the flexible Weibull model is well-suited to describe. It uses two
parameters - a (scale parameter) and  (shape parameter)3s. The [ value pro-
vides information about the release mechanism. Lower 3 values (<0.75) point
to diffusion-controlled release, while higher values indicate more complex re-
lease kinetics involving swelling, erosion, or wear-out phenomenas+.

The drug release profiles are similar across the three formulations, with the
percentage of drug released ranging from around 77-81% in acidic environ-
ment over the 6-hour time period studied. There is an initial burst release of
the drug within the first 0.5 hours, followed by a more gradual release over the
remaining time.

When comparing the drug release in artificial gastric fluid versus artificial in-
testinal fluid, the data shows a higher percentage of drug released under acidic
conditions for all three formulations. A similar observation was made by Par-
theniadis et al.3? studying the release of piroxicam from chitosan pellets, who
explain this phenomenon through extensive dissolution/erosion of the gel ma-
trix observed at pH 1.2 but not at pH 5.6.

This would mean that this dosage form formulated from pellets in which the
function of the binder is performed by chitosan, subsequently pressed into
MUPS tablets, is suitable for drugs that are to be released immediately in the
stomach, where they are to act therapeutically, and after passage into the in-
testine, the drug release from pellets will be slowed down due to the higher pH,
i.e., the drug will be released outside the stomach to a minimal extent, which
is facilitated by the pH dependence of the solubility of the chitosan. However,
the pellets must also have sufficient density (at least 2 g/cm?)* to remain in the
stomach as long as possible after the MUPS tablet disintegrates into subunits.

The decrease in MUPS tablet weight during the dissolution test at time t=0h
vs. the pellets weight at time t=6h was variable depending on the filler used in
MUPS tablets. The MUPS tablets containing lactose (F3) showed the lowest
pellet residues after disintegration, with minimal impact of the pH. At pH 1.2,
the residue was 31.33 + 2.20% and at pH 6.8, it was 29.98 + 7.10%. This result
aligns with the high solubility of lactose compared to other fillers. For MUPS
tablets with starch (F1), there was a noticeable pH effect. The residue at pH
1.2 was 74.12 + 1.95%, while at pH 6.8, it was 44.49 + 4.41%. This is consistent
with the lower solubility of starch in acidic environments. Microcrystalline cel-
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lulose (MCC) in F2 caused the least weight loss after dissolution, the residue at
pH 1.2 was 75.22 + 4.40% and at pH 6.8 was 77.23 + 2.13%, as MCC is insolu-
ble in both acidic and neutral mediums. Despite the loss on weight, the pellets
retained their spherical shape during the dissolution testing in most cases.

There are numerous factors that affect drug release, absorption, and stability.
Apart from the physical and chemical properties of an API, pH, viscosity, ionic
strength, and the hydrophilic-lipophilic balance of digestive juices in specific
parts of the GIT have a significant impact.

Variables such as the volume of these juices, passage time in specific segments
of the GIT, and the intensity of stomach and bowel movements must be con-
sideredss.

ACV due to its pKa (2.27) is soluble in acidic environment therefore, is pref-
erable absorbed in an upper GIT3®. Bejgum et al.3” analyzed the degradation
products of acyclovir in an acidic environment. In addition to the previously
identified guanine, they also found other degradation products such as me-
thyl acetal ethylene glycol, formaldehyde, ethylene glycol, ACV-formaldehyde
adduct, and guanine-formaldehyde adduct. This implies that the determined
concentrations of ACV released during dissolution into gastric juice are at
their highest level and that the remaining portion consists of these degrada-
tion products. Due to the unstable nature of ACV in acidic environments, it
is recommended to incorporate the drug in a more basic micro-environment
with basic excipients. Additionally, MCC (Avicel®) properties depend on pH.
At lower pH values, the electrostatic repulsion force between MCC particles
decreases®®, which may also contribute to the higher amount of drug released
in the acidic environment.

MCC is a common cushioning excipient used in MUPS tablets. The results of our
study confirm its effectiveness and indispensability in this role. Generally, cush-
ioning material protect the pellets from compaction-induced damage®. Tradi-
tional cushioning material include MCC, starch, lactose, dicalcium phosphate
and mannitol. They reduce mechanical stress on the pellets, maintaining their
stability and efficacy, enhance the overall mechanical strength of the tablet and
ensure consistent and reliable tablet production by minimizing defects during
compression4. In order to avoid processing problems caused by the large dis-
persion of particle size between the cushioning excipients and the pellets them-
selves, cushioning pellets have also started to be formulated394°to prevent a risk
of segregation during production. These are often formulated from MCC.
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According to the obtained results from our experiment, following summary
and recommendations can be postulated:

« The choice of filler in MUPS tablets had a significant effect on the quality pa-
rameters. The best results were found for MUPS tablets containing Avicel®.

« The type of filler in MUPS tablets did not significantly affect the dissolution
of ACV from them.

« ACV is better released in acidic environments, possibly due to the use of chi-
tosan as a binder in the pellets, which dissolves well in acidic environments.

The choice of filler significantly affected the mechanical properties and drug
release profiles of the formulated MUPS tablets containing ACV. Tablets with
Avicel® exhibited the highest hardness and longest disintegration time, while
those containing lactose had the lowest strength. Only the MUPS tablets with
Avicel® met the required limits of all pharmacopoeial tests. The fillers in the
MUPS tablets did not have a significant effect on the dissolution profiles. How-
ever, there were notable differences in the dissolution profiles due to the pH of
the dissolution medium. ACV was released more quickly in the acidic medium,
and in all cases, the release followed Weibull kinetics. The findings underscore
the importance of selecting appropriate excipients in the formulation of MUPS
tablets to achieve desired therapeutic outcomes. This research provides valu-
able guidance for the pharmaceutical industry in developing robust, patient-
friendly oral drug delivery systems.
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ABSTRACT

Polyamines participate in many biological processes, predominantly in cell
growth and proliferation. Body polyamine pool is provided through de novo
biosynthesis, diet, and microbiota. However, data on polyamines in bread
are limited. Therefore, we aimed to ascertain the polyamine levels of differ-
ent bread species and whether it change after a time. Thirty bread samples of
white, whole wheat, and rye bread were analysed using HPLC at day of pro-
curement and after four days. Crumb/crust ratio was calculated to measure
polyamine content in a single serving of bread. Total polyamine content in-
creased in order of white, whole wheat, and rye bread in both crumb and crust.
The polyamine level varied as follows: spermidine > spermine > putrescine,
except for whole wheat. The difference in polyamine levels in the crumb and
crust was significant. After four-day, the difference in total polyamine content
of crumb was found significant. Total polyamine content (nmol) of a single
serving of white, whole wheat and rye bread is 1170.32, 3496.72, and 3850.84
respectively. The polyamine content of bread varied according to both type and
regions of the bread. Storage at 20-24°C led to elevation of the polyamine level
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INTRODUCTION

Polyamines (putrescine, spermidine and, spermine) are aliphatic polycationic
molecules present in all cell types. They are involved in apoptosis, cell division
and differentiation, cell proliferation, DNA and protein synthesis and gene ex-
pression'. The polyamine pool is derived from three primary sources: de novo
synthesis, dietary intake, and microbiota2, however, the diet provides much
more polyamines than does de novo biosynthesis. As dietary polyamines are
completely absorbed, diet might be an effective source3. Polyamines play a vi-
tal role in rapidly dividing cells such as immune system and digestive system.
Since polyamines take part in cell proliferation, they are also involved in car-
cinogenesis. Therefore, studies investigate whether a diet low in polyamines
has a beneficial effect on cancer+°. Additionally, various pathological condi-
tions, including inflammation, renal failure, stroke and diabetes are associated
with the polyamine levels’.

Polyamines found in both animal and vegetable are crucial exogenous sources.
Since diet provides a larger quantity of polyamines than the endogenous biosyn-
thesis, dietary polyamines are important for health. A diet of an adult provides
a daily supply of several micromoles of polyamines. The effects of dietary poly-
amines might be detrimental, neutral or beneficial depending on individual’s
health condition. Increasing dietary polyamines is beneficial in rapid growth
such as during the neonatal period, wound healing and after surgery while can-
cer patients are advised to reduce dietary polyamines for a better quality of life®.

Grain-based foods supply much of the individuals’ energy and nutrient require-
ments, providing 25-50% of energy in Western diets and over half of the energy
intake of world population. Moreover, they are significant sources of carbohy-
drates, dietary fibre, micronutrients and plant-based protein®. Bread is a staple
food and contributes at least 10% of energy requirements. Europeans consume
on average 160 g per day (4-5 slices/day)*. As for Tiirkiye, it is estimated that
39.5% of daily energy intake is derived from bread and grains. On average, men
consume 227 g of bread per day, while women consume 134 g*. It has been
established that bread plays significant role in spermine intake, and the wheat
products are identified as the primary source of spermidine in Tiirkiye2.

In addition to macro- and micronutrients, we propose monitoring daily
polyamine intake to evaluate nutritional status. Polyamine contents in foods
vary widely between and even within food types due to origin, processing, stor-
age conditions, seasonal variation and different methodological applications of
foods*2. In general, meat is rich in spermine, plant-based foods contain mostly
putrescine and spermidine, dairy products include mainly putrescine and sper-
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midine, and among them, cheese have higher polyamine values depending on
fermentation conditions. The polyamine-rich foods consumption increases
blood polyamine levels. The bread polyamine content is associated with flour
source, fermentation and, baking conditions'>'3.

Although many studies have revealed the health effects of polyamines, the num-
ber of studies on the polyamine content of foods is limited. Furthermore, none
of the studies have investigated the polyamine content of bread crumb and crust
separately and how it changes after a storage period. It is acknowledged that
dietary polyamines have significant impacts, and that the consumption of bread
in the world is widespread. The objective of this study was to establish the poly-
amine concentration in the crust and crumb of three distinct bread types and to
ascertain the alteration of polyamine level after four days of storage.

METHODOLOGY
General procedure

As seen at Figure 1, a total of ten samples of three kinds of bread were pur-
chased from ten distinct bakeries. Then, crust and crumb were weighed in the
laboratory. Crumb/crust ratio was calculated. The crumb and the crust were
then analysed separately. The breads were also analysed once more after four
days of storage.

Polyamine Analyses in Bread crumb @ Comparisan of Polyamine Levels

Acquisition of Bread Samples @ and) Braad crust

Bread Type
White bread
Whole wheat bread
Rye bread

Waiting Period
Preliminary
After four days

Figure 1. Schematic presentation of analysis stages

Acquisition of bread samples

The breads were collected from 10 bakeries located within the Uskudar district
of Istanbul. The samples consisted of 10 loaves of each of the following bread
types: white, whole wheat, and rye. The bread samples were purchased in the
morning and promptly transported to the laboratory within a few hours to
minimise temperature and humidity fluctuations. The experimental phase of
the study was conducted in the laboratory of the Regenerative and Restorative
Medicine Research Centre at Istanbul Medipol University, Tiirkiye, in Decem-
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ber 2017. The laboratory conditions were maintained at a relative humidity of
50-60% and a temperature range of 20-24°C. The bread samples were ana-
lysed on the day of acquisition and four days after storage in the laboratory at
20-24°C and 50-60% humidity. Due to the variations observed in the products
formed on the crumb and crust during the baking process, crumb and crust
portions of bread samples were analysed separately.

Preparation of samples for analysis

The midpoint of the bread loaves was measured, and slices with a thickness of 2
cm were subsequently cut from this point. A second slice of the same thickness
was also cut and stored in the laboratory for analysis conducted four days later.
Subsequently, crumb and crust portions were separated. Samples weighing 5.0
g each from the crumb and crust portions were prepared and weighed in 50 mL
Falcon tubes. The weighing of samples was performed using a precision scale
(Shimadzu ATX224). To each tube, 25 mL of 1.5 M HClO4 was added, and the
mixture was vortexed at approximately 5-minute intervals (BioSan, V-1 Plus).

Subsequently, sonication was applied for 5 minutes in a cold ultrasonic bath
(Bandelin-Sonorex, RK510). The homogenized bread sample solution under-
went centrifugation at 5000 g for 10 minutes at 4 (Biocen, 22R). After cen-
trifugation, 100 of the supernatant was transferred to a new 1.5 mL Eppendorf
tube. To this, 100 of cold 1.5 M HCIO, was added and mixed at moderate speed
at 25°C for 30 seconds (Benchmark, H4000-HSE). Then, 100 pL of cold 2 M
K,CO, was added, and due to the rapid gas formation observed during this pro-
cess, the procedure was completed as quickly as possible, followed by closing
the cap and mixing for 10 seconds. Subsequently, the tube cap was opened, and
evaporation was carried out under vacuum (Eppendorf, AG 22331). After this
step, the tube caps were closed and mixed at room temperature for 30 seconds.
To release any excess gas, the tube cap was opened and closed after a few sec-
onds. The tube was then centrifuged at 15000 g for 10 minutes at 4°C (Biocen,
22R). Following this stage, the sample preparation step for High Performance
Liquid Chromatography (HPLC) was initiated. The initial analysis included ten
samples, while the subsequent analysis encompassed five samples.

Preparation of solutions

Mobile Phase Solution A: (0.1 M sodium acetate, pH 7.2): 27.3 g of sodium ac-
etate (trihydrate) (Merck) and 96 pL of 6 N HCI (Merck) were dissolved in dis-
tilled water. To this solution, 180 mL methanol (Sigma Aldrich) and 10 mL of tet-
rahydrofuran (Sigma Aldrich) were added. The final volume was adjusted to 2 L.
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Mobile Phase Solution B: A solution consisting of 100% HPLC-grade acetoni-
trile (Merck).

6 N HCI Solution: 49.1 mL of concentrated HCI (37%) was slowly added to 50.9
mL of distilled water and stirred.

1.5 M HClO4 (perchloric acid) Solution: 32.2 mL of 70% HCLO, (Sigma Al-
drich) was diluted to 250 mL with distilled water.

2 M K,CO, Solution: 69.11 g of K ,CO X (Merck) was dissolved in 250 mL of dis-
tilled water.

1.2% (w/v) Benzoic Acid Solution: 8.4 g of benzoic acid (Sigma Aldrich) was
dissolved in 525 mL of distilled water. Then, 175 mL of saturated K,B,O, (po-
tassium tetraborate tetrahydrate) (Sigma Aldrich) solution was added.

40 mM Sodium Borate Buffer Solution (pH 9.5): 30.51 g of Na,B ,0,.10H,0
(sodium tetraborate decahydrate — borax) (Merck) was dissolved in distilled

water and made up to 2 litres.
Polyamine standard solutions

The solutions were prepared in water of high purity using HPLC. Polyamine
standards prepared with ultrapure water in plastic tubes were stored at -80°C
for no longer than 6 months.

20 mM Putrescine Solution: A 20 mM putrescine solution was prepared by dis-
solving 16.12 mg of putrescine.2HCI (Sigma Aldrich) (molecular weight 161.1 g/
mol) in 5 mL of water. From the prepared solution, 50 puL was taken and mixed
with 950 pL of ultrapure water to obtain a 1 mM putrescine standard solution.

20 mM Spermidine Solution: 25.5 mg of spermidine.3HC] (Sigma Aldrich)
(molecular weight: 254.6 g/mol) were dissolved in 5 mL of water. Subsequent-
ly, 50 uL were aliquoted from the prepared solution and mixed with 950 pL of
distilled water to obtain a 1 mM spermidine standard solution.

20 mM Spermine Solution: 34.9 mg of spermine.4HCI (Sigma Aldrich) (mo-
lecular weight: 348.2 g/mol) were dissolved in 5 mL of water. Subsequently,
50 uL were aliquoted from the prepared solution and mixed with 950 uL of
distilled water to obtain a 1 mM spermine standard solution.

Standard mixture solution of 100 nmol/mL: 100 uL of each of the three pre-
pared standard solutions were pipetted into an HPLC vial, followed by the ad-
dition of 700 uL distilled water.
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Standard mixture solution of 10 nmol/mL: 100 puL of the 100 nmol/mL stand-
ard mixture solution was taken, followed by the addition of goo uL of distilled
water.

Analysis of the samples

For the HPLC analysis, the standard and sample solutions were prepared in
vials. The standard solution was prepared by adding 750 uL of water and 50 uL
of 1.2% (w/v) benzoic acid to a 2 mL plastic vial. Then, 50 pL of the standard
solution was added on top. For the bread sample, 750 uL of water and 50 uL of
1.2% (w/v) benzoic acid were sequentially added to 2 mL vials. Subsequently,
200 pL of the sample was added on top. The vials were mixed for a period of
10 seconds at room temperature and then introduced into the instrument for
injection. The injection volume was set to 10 L, the injection time to 30 min-
utes, and the flow rate to 1.0 mL/min. Two injections were made from each
sample, and the mean of the two results was calculated.

The analysis of the samples was performed using a Waters Alliance e2695
HPLC instrument equipped with a Waters 2475 FLR detector. The operating
wavelengths were set to 450 nm (emission) and 340 nm (extraction). The
samples were applied to a Waters WAT086344 column packed with Waters
Nova-Pak C18 (150 mm length, 3.9 mm inner diameter, 4.0 um particle size).
The column temperature was maintained at 25°C.

Statistical analysis

The IBM SPSS version 22 software package (Statistical Package for Social Sci-
ences) was employed for statistical analysis. Descriptive statistics, normality
checks, and examinations through graphical and analytical methods were con-
ducted. The dependent samples t-test, one way ANOVA, and Kruskal-Wallis
analyses were employed. The results were evaluated at a significance level of 5%.

RESULTS and DISCUSSION
Comparison of polyamine level in the crumb and the crust

The level of polyamine presents in crumb and crust regions of bread (except
for putrescine) was found to decrease in the following order: rye, whole wheat,
and white bread, respectively. The quantities of all kinds of polyamine present
in whole wheat bread were found to be significantly higher than those in white
bread (p<o0.01). Similarly, the polyamine content of rye bread was also found
to be greater than that of in white bread (p<0.01). The spermine level in rye
bread was found to be higher than that in whole wheat bread (p<0.01) (Table
1). It is estimated that rye bread contained the highest level of total polyamine.
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Table 1. Polyamine amounts in bread crumb

. Bread Type F/Chi*
Polyamines (nmol/g) (n=10) Mean SS Square p
— . p<0.01
Putrescine White 4.64 3.53 18.263 (1-2, 1-3)
Whole wheat | 26.16 24.41
Rye 16.16 4.31
- . p<0.01
Spermidine White 16.16 12.54 18.418 (1-2,1-3)
Whole wheat | 46.29 17.02
Rye 57.43 1417
_— . p<0.01
Spermine White 5.30 5.32 19.564 (1-2, 1-3, 2-3)
Whole wheat | 20.42 22.61
Rye 29.19 8.56
" . p<0.012
Total White 26.11 20.64 20.201 (1-2, 1-3)
Whole wheat | 92.88 60.43
Rye 102.78 25.11

1. White bread, 2. Whole wheat bread, 3. Rye bread. * Anova, ** Kruskal Wallis 2 p<0.05

Regarding the crust, it was observed that the levels of each kind of polyamines
in rye bread were higher than those in the white bread (p<0.01). Moreover, the
putrescine level in white bread was lower than in whole wheat (p<0.01). The
spermine level of the rye bread was found to be significantly higher than that
in the whole wheat bread (p<0.05) (Table 2).
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Table 2. Polyamine amounts in bread crust

Polyamines (nmol/g) ?nr:: g)Type Mean SS ;{:Lh;:e p?
Putrescine* White 378 115 7115 ?10831 3
Whole wheat | 7.52 3.93
Rye 7.38 149
0.003 (1-3)
Spermidine* White 007 | 417 11.42968
Whole wheat | 13.89 6.70
Rye 2055 | 7.66
Spermine* White 479 2.37 12.01548 ?1'93,22-3)
Whole wheat | 6.56 4.38
Rye 12.77 5.61
Total** White 1764 | 687 0825 | 0.002(1-3)
Whole wheat | 27.97 | 12.77
Rye 2071 | 14.05

1.White bread, 2. Whole bread, 3. Rye bread, * Anova, ** Kruskal Wallis, * p<0.05

The polyamine level after a four-day waiting period

This was the first study investigated the impact of staling on the polyamine con-
tent of bread. Although each polyamine varieties were predominantly found in
whole bread, the differences among breads were determined to be statistically
insignificant. However, the total polyamine content in whole wheat bread was
found to be significantly greater than that of white bread (p<0.05) (Table 3).
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Table 3. Polyamine amount in bread crumb after a four-day waiting period

e e s
Putrescine* White 11.81 2.67 2.283 0.144
Whole wheat | 24.56 16.22
Rye 22.47 6.05
Spermidine* White 46.90 9.91 3.225 0.076
Whole wheat | 68.72 15.62
Rye 56.43 14.63
Spermine* White 24.91 4.33 3.740 0.055
Whole wheat | 35.69 9.24
Rye 34.75 6.22
Total** White 83.63 14.31 3.802 0.0423 (1-2)
Whole wheat | 128.97 36.09
Rye 113.65 24.30

1.White bread, 2. Whole wheat bread, 3. Rye bread, *Anova **Kruskal Wallis, *p<0.05

The results demonstrated that the variations in the levels of putrescine, sper-
midine, spermine, and total polyamines in the crust of bread, following a four-
day waiting period, were statistically insignificant (Table 4).
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Table 4. Polyamine amount in bread crust after a four-day waiting period

T e s
Putrescine* | White 5.37 0.31 0.527 0.603
Whole wheat | 6.51 2.59
Rye 6.55 2.47
Spermidine* | White 11.64 1.90 0.757 0.490
Whole wheat | 13.78 5.91
Rye 9.94 5.90
Spermine* White 8.59 2.46 0.763 0.488
Whole wheat | 12.01 5.21
Rye 10.11 4.95
Total** White 25.59 413 0.600 0.564
Whole wheat | 32.31 11.76
Rye 26.61 13.11

The polyamine amount of a single serving of bread

As a result, the polyamine content of 1 g of bread crumb and crust was quan-
tified. Subsequently, the entire bread sample was weighed separately for its
crumb and crust portions, enabling the calculation of the crumb-to-crust ratio.
The crumb/crust ratio (%) for white, whole wheat and rye bread was estimated
68.16/31.84, 64.66/35.34 and, 58.50/41.50, respectively.

Total polyamine content of a single serving (50 g) of the rye, whole wheat and
white bread were 3850.84, 3496.72 and, 1170.32 nmol of polyamines (Figure
2). Therefore, a single portion of rye bread was found to contain the highest
level of polyamines. White bread was found to contain nearly three times lower
than rye bread. Furthermore, it was determined that spermidine was the most
abundant polyamine species in the bread.
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Figure 2. Polyamine content of a single portion (50 g) of bread (nmol)

Since weight and polyamine content of crumb was higher than crust, the poly-
amine content is greater in the crumb. It is evident that the polyamine level of
the rye and whole wheat bread crumb were markedly higher in comparison to
white bread. Regarding the crust, the polyamine level in the rye bread is the
highest (Figure 3).
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Figure 3. Polyamine content of diverse parts of bread (nmol/1 portion)

Our study was the first to perform separate polyamine analyses in bread crumb
and crust, and to investigate how polyamine levels alter after storage. The
study revealed that the highest level of polyamine found in both crumb and
crust was spermidine, and the lowest level of polyamine was putrescine (except
for whole wheat).

Baking is a complex process that involves heat and mass transfer, physical,
chemical and biochemical in a product such as volume expansion, evaporation
of water, formation of a porous structure, denaturation of protein, gelatiniza-
tion of starch, crust formation and browning reaction. A dramatic change of
physical and chemical property of dough takes place during baking process.
There are several ways in which crumb and crust differ from each other. The
organoleptic characteristics that result from the baking process are primarily
influenced by the geographical origin of the flour and the temperature at which
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it is baked. The characteristics of high temperatures of the baking process re-
sult in accelerated water evaporation across the surface, leading to a reduction
in water content (<20% wet basis) relative to the core®. In the crust, the vola-
tile fraction is formed by thermal reactions occurring during baking process.
The chemical modifications such as starch gelatinization, gluten coagulation,
Maillard reactions and caramelisation of sugars affect the crust setting® and
ingredients. We hypothesised that the polyamine content of crumb and crust
differs from each other. Our results demonstrated that total polyamine levels
were higher in crumb compared to crust. It could be because of insulation of
the interior part by surrounding dough layers from high temperatures during
the baking process. The outer parts of the dough are affected from heat more
than interior parts. This causes the proofing process in the centre to continue
for a while longer. The centre temperature increases independently of the oven
temperature and approaches the boiling point”7. However, the impact of the
baking on polyamine content of bread has not been studied before. To date,
only three studies have investigated the various cooking methods except for
baking. They all found a reduction of the polyamine level. Mufioz-Esparza et
al. revealed that boiling and grilling caused a significant reduction, in con-
trast to the effects of microwave and sous-vide methods. In the boiling, the
reduction may arise from polyamine transfer to the boiling water, while high
temperatures during grilling (180°C) may favour the Maillard reaction by the
interaction of the primary amino groups of polyamines with reducing sugars*.
According to Dadakova et al., stewing rabbit saddle caused 20-25% spermidine
and spermine losses, while roasting and pan-roasting without oil led to 50%
decrease'®. Similarly, boiling and stewing mutton legs caused 40% losses, while
roasting led to 60% reduction'. Consequently, high temperatures could be the
driving force behind the loss of polyamines in the bread crust.

We hypothesised that the polyamine content varies between the three types of
bread, since their content is different. We found that the polyamine content
of whole wheat bread was greater than that in the white bread. However, the
studies on the polyamine content of the bread species are strictly limited.
These studies?>*' analysed the polyamine content of the bread, however
they did not include different kinds of bread. The results of Mufioz-Esparza
et al.* and Cipolla et al.?? are similar to our results. We also found that the
level of spermidine was the highest. Similar results were reported by other
studies2>2223, Mufioz-Esparza et al. indicated the highest level of spermidine
in wheat germ (440.6 mg/kg) among the polyamine content in cereal and
derivatives. Polyamines can act as growth factors, having an important role
for germination24. Indeed, white bread is made from the refined flour, which
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constitutes 80% of the endosperm, while whole wheat flour contains the bran
and the germ, which represents about 3% of the grain'2. The higher amount of
bran and the germ may lead the higher spermidine level in whole wheat bread
compared to white bread. Nordlund et al. demonstrated that bread prepared
with refined, whole wheat and rye flour exhibited different composition and
texture characteristics. Whole wheat and rye breads contain higher level
of dietary fibre compared to white bread?. According to Constantinescu,
replacing 15% of wheat flour with rye increased the dietary fibre content 10%
in rye bread?¢. Although we did not analyse the fibre in the bread, it appears
that the amount of polyamine rises in accordance with the fibre content of the
bread. The separation of the germ and bran from the endosperm in white bread
may result in a reduction in polyamine content compared to that observed in
whole wheat bread. Two studies have resulted as we suggested. Nishimura et
al. reported that higher polyamine levels present in the rice bran than in the
rice®'. Karayigit et al. demonstrated that the polyamine content of whole wheat
flour is higher than that of white flour>”. However, the association between the
fibre and the polyamine remains to be elucidated.

In addition to the natural presence of polyamines in foods, putrescine can
also be produced through microbial*>. Del Rio et al. found that Lactobacillus
rossiae strain isolated from sourdough produces putrescine from arginine®.
Sourdough bread is a fermented product; however, we analysed bakery-made
bread produced from straight dough. The relationship between putrescine
levels in bread and the yeast products used remains to be elucidated. Kobayashi
et al. reported that the selection of the starter cultures with high spermidine
productivity improved polyamine levels in natto, a traditional Japanese
fermented soy food*.

Our present study is the one of the first to explore the alteration of polyam-
ine levels in bread after storage. We hypothesised that the polyamine content
would alter after storage, as the quality of bread is disrupted after the produc-
tion. The changes that occur aside from those influenced by microorganisms
are referred to as staleness. During this process, the hardness of the bread in-
creases, and its crumbliness is enhanced, while its water retention capacity is
diminished, along with the amount of soluble starch within the bread. Crust
and crumb of bread exhibit distinct behaviours. It is hypothesised that a sub-
stantial part of alterations occurs within the bread when it is taken out of oven
are result of the diffusion of moisture from the surrounding air and the wa-
ter present within the bread into the crust®. Our study revealed that the total
polyamine content in both crumb and crust increased after stored four days at
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20-24°C (except for rye breadcrust). However, only two studies have examined
storage impact. The first showed a decline in spermine and spermidine levels
in red meat and offal after eight months at -18°C and 15-20% decrease after
9 days at +2°C®*. The second found about 20% loss of spermidine and 50%
of spermine mutton loins stored at -18°C for 6 months with significant losses
aerobic, vacuum-packaged or in a modified atmosphere condition at +2°C®.
However, the storage conditions and foodstuff in our study are quite different,
making comparisons difficult.

Dietary polyamines have been linked to various health benefits, including im-
proved health and reduced mortality3', benefits in dementia and Alzheimer’s
disease3?, cardiovascular health3334. They may also enhance gut barrier func-
tion in short bowel syndrome?®, reduce inflammation3¢, age-associated DNA
methylation alterations, and tumorigenesis¥, and attenuates ischemia/reper-
fusion injury3®3°, However, their role in cancer is controversial. Some studies
suggest benefits for colon health#® and oral cancer#, while others highlight their
involvement in cancer development#>44, Spermidine and putrescine are linked
to a lower risk of type 2 diabetes, while spermine is linked to a higher risk+.
Spermidine promotes wound healing, improves mitochondrial respiration
and cognitive function#’, supports pulmonary system*®, offers cardioprotec-
tive effects by increasing cardiac autophagy and mitophagy, decreases blood
pressure, and reduces lipid accumulation and core formation in atheroscle-
rotic plaques®®. Spermine promotes bone formation, and putrescine benefits
the female reproductive system5253, Therefore, dietary intake of polyamine
is crucial for maintaining overall health. The diet provides more polyamines
than the de novo biosynthesis pathway3. According to the recommendations
of EFSA, 45-65% of energy intake should come from carbohydratess, richest
source of which is bread and cereals. Bread is considered a staple food, con-
tributing no less than 10% of energy requirements in the global populationt®.
EU citizens are estimated to consume on average 160 g of bread per person per
day, corresponding to 4-5 slices of bread. In Tiirkiye, 39.5% of daily energy
intake comes from bread and grains®, and daily bread consumption is 134 g
for women and 227 g for men'. Therefore, cereals and bread could contribute
significantly to daily polyamine intake. In Tiirkiye, the daily polyamine intake
is 135.899 nmol/day/person, with 12.75% coming from wheat products and
1.6—5.3% from bread?.

This study is subject to several limitations that must be acknowledged. The
utilisation of industrially produced breads rendered the ingredients unknown,
and consequently, the bread production methods, such as the temperature and
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duration of baking, were not considered. The genetic and cultivar characteris-
tics of each grain were not incorporated into the study, even though they can
exert a substantial influence on the dietary fibre content, as well as endosperm
and germ composition of grains. The sample size may not be sufficient to cap-
ture all variations, and geographical limitations should be considered, as only
bread from Istanbul was included, potentially differing from other regions.
The consistency of the temperature and humidity during the storage and the
separate analysis of the crumb and crust further reinforced the results. Future
studies could benefit from analysing breads from different geographical region
and including a wider variety of bread types. Furthermore, increasing the sam-
ple size would enhance the reliability of the findings.

In terms of human health, an increased intake of the dietary polyamine is
crucial in certain health conditions. Bread plays a significant role in the diet,
making it an important source of polyamines. The total polyamine content
was found to be higher in the crumb than in the crust. Spermidine levels were
found to be the highest across all three types of bread. The total polyamine
content was estimated to increase in the following order: white, whole wheat,
and rye bread, in both the crumb and crust. Regarding storage, the polyamine
levels in both the crumb and crust increased after four days at 20-24°C except
for rye breadcrust.
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ABSTRACT

This study investigates the use of pictograms in pharmaceutical leaflets in Tur-
key as a means to enhance patient understanding and compliance with medi-
cation instructions. The research examines the frequency, characteristics, and
effectiveness of pictograms in drug instructions licensed by the Turkish Medi-
cines and Medical Devices Agency. A cross-sectional, exploratory, and descrip-
tive approach was used to analyze 17,709 drugs, with a focus on 1,959 drugs
that feature at least one pictogram. Findings indicated that 11.1% (n=1,959)
of licensed drugs utilized pictograms, mainly for sensory organ and respira-
tory system medications requiring specific administration. The study found
most pictograms to be simple, averaging under seven images. Notably, 55.95%
(n=1,095) included human figures, yet only 32.8% (n=359) depicted full fac-
es or bodies. Pictograms with accompanying text were infrequent, but 96.3%
(n=428) of the included text was readable. Consequently, promoting the wide-
spread use of a standardized pictogram set within the Turkish pharmaceutical
sector is crucial.
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INTRODUCTION

Medicines, defined as chemicals or compounds used for the treatment, pre-
vention, and management of diseases, are the most common intervention in
healthcare. Although thousands of medicines have been developed to combat
diseases today, medication adherence is the cornerstone of treatment effec-
tiveness and success?. According to the World Health Organization, medica-
tion adherence is defined as “the extent to which a person’s behavior coincides
with the recommendations of the healthcare provider”s. Medication non-ad-
herence, a global health issue, is viewed as the failure to translate decades of
enormous financial and human capital investment into the development of
proven treatments that improve clinical outcomes*. Despite more than half a
century of dedicated work and interventions, it has been reported that global
medication adherence still does not exceed the 50% reported twenty years agos
and this continues to negatively affect the quality of life, life expectancy, health
outcomes, and healthcare costs worldwide®”.

Medication non-adherence can be caused by various factors related to treat-
ment, the patient, or the healthcare system®. However, especially in outpatient
settings, it is the patient’s responsibility to apply the information provided about
medical treatment appropriately’. Understanding medication therapy is critical
for adherence and the safe and effective use of medicines. One of the risk fac-
tors for medication non-adherence is the inability to retain verbal information®.
Studies show that 40-80% of the information provided by healthcare professionals
is quickly forgotten, as patients tend to focus more on clinical diagnosis informa-
tion and often cannot recall information about medication therapy®'*2. This situ-
ation worsens when health literacy is low'34. Moreover, it is recognized that text-
based instructions, which are the most accessible and frequently consulted source
of information for patients, are difficult to understand even for literate individuals
due to their complex designs, layouts, technical terms, and language'®'5. This chal-
lenge is even greater for immigrants and tourists due to language barriers°.

One way to facilitate patients’ understanding of prescribed pharmacotherapy
is by supplementing labels and instructions with visual tools such as pharma-
ceutical pictograms®*. Pictograms represent actions (e.g., putting drops in the
eye) graphically to ensure that the underlying meaning is understood inde-
pendently of the patient’s literacy skills”. A pictogram is defined as a two-di-
mensional figurative/ metaphorical drawing designed to attract attention and
convey information or express an idea'®. Studies have shown that pictograms
improve patients’ understanding of the correct use of medicines and, conse-
quently, their adherence9519:20:2.22,
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The use of pictograms has gained increasing attention in recent years, likely due
to growing awareness among healthcare professionals of the need to provide
sufficient information to patients who have difficulty understanding their treat-
ments, such as the elderly, children, and those with low literacy levels232¢. In
pharmacy, two reference systems are commonly used for pictograms: The United
States Pharmacopeia (USP) and the International Pharmaceutical Federation
(FIP). The USP offers 82 pictograms that are available for free download after
accepting the license agreement?. USP pictograms are standardized graphic im-
ages designed to help communicate drug instructions, precautions, and/or warn-
ings to patients and consumers, and they are widely used in Western countries.
However, studies on their availability and comprehensibility in countries like
South Africa have highlighted potential limitations®. In contrast, FIP pictograms,
developed in June 2009, have been pre-tested in different populations and were
most recently updated in February 2017 to address comprehensibility issues?-29,

In Turkey, the information that must be included in the packaging and instruc-
tions for use of licensed or authorized human medicinal products to ensure their
correct use for the health and safety of individuals is regulated by Law No. 30048,
dated April 25, 2017, which states that symbols and pictorial diagrams that are
useful to users and other information consistent with the summary of product
characteristics may be includeds3°. Thus, there is no standard or requirement
for the use of pictograms. To date, no research has been found in the literature
that evaluates the use of pictograms in drug instructions in Turkey. Consider-
ing current legal regulations and the literature, it is necessary to determine the
characteristics of pictograms used in licensed drugs in Turkey. This exploratory
and descriptive study aims to determine the frequency of pictogram use in the
instructions for use of licensed drugs in Turkey and to reveal the qualitative and
quantitative characteristics of the pictograms used. Considering that medica-
tion compliance plays a vital role in achieving positive health outcomes, easily
understandable and consistent pictograms can greatly enhance patients’ ability
to follow their medication instructions accurately. Consequently, this research
holds the potential to highlight areas for improvement in medication adherence
through the strategic implementation of standardized visual cues.

METHODOLOGY

This cross-sectional exploratory and descriptive study was conducted to deter-
mine the frequency of pictogram use in the patient information leaflets of the
drugs licensed by the Turkish Medicines and Medical Devices Agency and to ex-
amine the characteristics of the pictograms used3'. The population of the study
consists of 17,709 drugs licensed by the Turkish Medicines and Medical Devices
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Agency and listed in the summary of product characteristics/patient informa-
tion leaflets list on the agency’s website as of January 2024. In the first stage of
the study, no sampling was conducted, and the patient information leaflets of
all drugs in the list were examined. Content analysis was performed for 1,959
drugs with pictograms in their patient information leaflets. These pictograms
are manufacturer-generated as no standard pictogram set exists in Turkey for
pharmaceuticals. Content analysis, originally developed for analyzing written
and verbal texts, was used in this study based on its definition as “the systemat-
ic, objective, and quantitative analysis of message characteristics”3. Visual con-
tent analysis involves methodologically examining and analyzing a series of im-
ages for the presence of common visual elements and the frequency of repeated
visual elements3?. The visual content analysis followed four steps: 1) defining the
criteria for selecting pictograms, 2) developing categories for coding, 3) coding
the images, and 4) analyzing the results33. The inclusion criterion for pictogram
selection was that the images in the patient information leaflets should consist
of at least two images, or if there was only one symbol/image, it should have a
reference/meaning related to the application/use. There is no standard or tool
for evaluating the appropriateness of pharmaceutical pictograms. Based on the
literature, the following categories were determined for the content analysis of
the pictograms, allowing for a more objective assessment3+:

1. Concrete or abstract nature of the pictogram: Pictograms depicting real objects
were considered concrete, while design elements that did not pictorially represent
objects (e.g., arrows, lines, shapes, and letters) were considered abstract.

2, Drawing/real image status.
3. Use of a human face/body in the pictogram.

4. Complexity or simplicity of the pictogram: Pictograms with more visual elements
and details were considered complex, while those with fewer visual elements and
details were considered simple, and the number of visuals in the pictogram was
used as a measure.

5. Clarity of the pictogram: Assessed based on whether the pictogram was clear or
blurry.

6. Use of text in the pictogram: Assessed based on the presence of text in the picto-
gram and the readability of the text.

Python programming language was used for coding the pictograms and for visual
content analysis. The images were uploaded to the Colab editor and opened with
the Pillow library. Tesseract OCR (Optical Character Recognition) was used to
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separate and analyze the texts. Features such as clarity and the number of shapes
in the images were evaluated using the OpenCV library. The results obtained were
divided into separate rows using the Pandas library and saved as an Excel docu-
ment. The results were also manually checked by comparing them with the images.

In addition to visual content analysis, some pharmaceutical information about the
drugs was obtained from the Turkish Medicines and Medical Devices Agency da-
tabase:

» The pharmaceutical form of the drug.

+ The drug’s ATC code.

« Prescription type.

« Status on the essential/children’s essential drug list.

All variable data for the 1,959 drugs included in the study were combined into
an Excel file. Descriptive statistics were used to evaluate the analysis results.

RESULTS and DISCUSSION

As of January 2024, it was determined that 11.1% (n=1,959) of the 17,709 drugs
licensed by the Turkish Medicines and Medical Devices Agency included at least
one pictogram in their patient information leaflets, while 88.9% (n=15,750) did
not. Figure 1 shows the distribution of pictogram use by ATC code. As seen in Fig-
ure 1, among 17,709 licensed drugs, pictograms were used in 222 (63%) of total
350 drugs for sensory organs and 529 (30%) of total 1,735 drugs for the respira-
tory system. Pictogram use was lowest for 31 cardiovascular system drugs (1% of
total 2,067 drugs) and 29 musculoskeletal system drugs (2% of total 1,161 drugs).
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63%
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31 66 61 51

Drugs with pictograms 105 277 149 159 29 225 529 222 55
Total pictograms 2334 2639 2067 778 718 310 2710 1383 1161 3462 1735 350 524

Figure 1. Pictogram use in 17,709 licensed drugs in Turkey by ATC codes (%)
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The pharmaceutical characteristics of the 1,959 drugs that included at least one
pictogram in their package leaflets are shown in Table 1.

Table 1. Some pharmaceutical characteristics of drugs with pictograms in the patient
information leaflets

Number Percent

ATC Code (n) (%)
A: Gastrointestinal tract and metabolism 105 5.36
B: Blood and blood-forming organs 277 14.4
C: Cardiovascular system 31 1.58
D: Dermatologicals 66 3.37
G: Genitourinary system and sex hormones 61 3.11
H: Systemic hormonal preparations excluding sex hormones and insulins = 51 2.60
J: Anti-infective for systemic use 149 7.61
L: Antineoplastic and immunomodulation agent. 159 8.12
M: Musculoskeletal system 29 1.48
N: Nervous system 225 11.49
R: Respiratory system 529 27.00
S: Sensory organs 222 11.33
V: Various 55 2.81
Total 1,959 100
Form of the drug*

Solid Dosage Forms | 102 5.21
Solid Dosage Forms Il 49 2.50
Solid Dosage Forms Il 64 3.27
Solid Dosage Forms Pre-Dissolved or Dispersed in Water 67 3.42
Liquid Formulations 108 5.51
Parenteral Preparations | 42 2.14
Parenteral Preparations |1 84 4.29
Parenteral Preparations |11 543 271.72
Sterile Eye/Ear/Nose Preparations 322 16.44
Locally Acting Semi-Solid Preparations 55 2.81
Locally Effective Liquid Preparations 34 1.74
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Preparations applied by different routes (rectal and vaginal) 18 0.92

Powder-Containing Inhaler Preparations 243 12.40
Metered Dose Inhalers and Nebulization Solutions 228 11.64
Total 1,959 100

Prescription Status**

Normal 1,816 92.70
Purple 58 2.96
Green 16 0.82
Orange 64 3.27
Red 5 0.26
Total 1,959 100

Essential Medicines List Status

0: Medicines not on the WHO list 1168 59.62
1: Medicines that are fully compatible with the WHO list in terms of

. ; 418 21.34
active substance, dose and formulation.
2: Medicines that are on the WHO list as active substance but are not 373 19,04
compatible with this list in terms of dosage and formulation. ’
Total 1,959 21.34
Child Essential Medicines List Status
0: Medicines not on the WHO list 1,468 74.94
1: Medicines that are fully compatible with the WHO list in terms of 261 13.32
active substance, dose and formulation. )
2: Medicines that are on the WHO list as active substance but are not 930 1174
compatible with this list in terms of dosage and formulation. ’
Total 1,959 100

*Solid Dosage Forms I; Tablet, Film-Coated Tablet, Sugar-Coated Tablet (Drage), Chew-
able Tablet Buccal Tablets, Sublingual Tablets.

Solid Dosage Forms II; Capsules, Soft Gelatin Capsule, Hard Gelatin Capsule.
Solid Dosage Forms III; Orodispersible Tablets.

Solid Dosage Forms Pre-Dissolved or Dispersed in Water; Granules, Effervescent Gran-
ules Coated Granules, Gastro resistant Granules Powders, Effervescent Powders.

Liquid Formulations; Oral Solution, Oral Drops Syrup, Emulsion Suspension.

Parenteral Preparations I; Ampoule/Vial Containing Solution Ampoule/Vial Containing
Suspension, Ampoule/Vial Containing Powder + Solvent Ampoule.

Parenteral Preparations II; Solution for Infusion Vial/Ampoule Concentrate Solution
for Infusion Vial/Ampoule Powder for Infusion.

Parenteral Preparations III; Lyophilized Powder/Suspension/Solution in Ready-to-Use
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Syringe/Syringe Cartridge Solution/Suspension in Injection Pen.

Sterile Eye/Ear/Nose Preparations; Solution, Suspension, Emulsion, Ointment.
Locally Acting Semi-Solid Preparations; Gel, Cream/Lotion, Ointment.

Locally Effective Liquid Preparations; Solution, Suspension, Emulsion.

Preparations applied by different routes (rectal and vaginal); Enema, Rectal Foam, Sup-
positories, Pessaries.

Powder-Containing Inhaler Preparations; Capsules/Blister/Inhaler Containing Powder.

Metered Dose Inhalers and Nebulization Solutions; Nebulization Solution (Inhalation
Solution) Metered Dose Inhaler / Inhalation Aerosol.

** Color codes3s:
Normal: Non-controlled drugs are given with a white prescription.
Green: Prescription issued for drugs with a potential for addiction and abuse.

Red: Prescriptions written for drugs containing internationally controlled agents such
as opioids and cocaine.

Purple: Prescriptions issued for blood and blood products.

Orange: Prescriptions issued for some blood products for hemophilia patients.

As seen in Table 1, the drug groups in which pictograms were used the most
were determined as respiratory system drugs with 27%, and drugs for blood
and blood-forming organs with 14.1%. The drug forms in which pictograms
were commonly used were Parenteral preparations III with 27.7% (example
Figure 2A), and Sterile Eye/Ear/Nose Preparations with 16% (example Figure
2B). 92.7% of the drugs with pictograms in the patient information leaflets are
used with a normal prescription. 59.6% of the drugs with pictograms in the
patient information leaflets are not included in the essential drugs list, and
74.9% are not included in the essential drugs list for children. Table 2 shows
the content analysis results of the pictograms of 1,959 drugs with pictograms
in the patient information leaflets.
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Table 2. Content analysis results of pictograms in patient information leaflets

Pictogram usage

Used in more than one leaflet for different doses/forms
Used in only one patient information leaflet
Total

Number of images

<7 image

>7 image

Total

Drawing/actual situation
Drawing

Real image

Total

Clarity of the pictogram

Clear

Blurry

Total

The presence of a human face in a pictogram
None

Available

Total

Integrity of the human face

Not Complete

Complete

Total

Use of text in pictograms

None

Available

Total

Readability of text in pictogram
Readable

Unreadable

Total

Number

(n)
1,438
521
1,959

1,355
604
1,959

1,864
95
1,959

1,665
294
1,959

864
1,095
1,959

736
359
1,095

1,515
444
1,959

428
16
444

Percent
(%)
73.40
26.60
100

69.16
30.83
100

95.15
4.85
100

84.99
15.01
100

44.05
55.95
100

67.2
32.8
100

77.34
22.66
100

96.3
3.60
100
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As seen in Table 2, 73.4% of the drugs with pictograms in patient information
leaflets are also used in the same drug in different doses and forms, while 26.6%
are used in only one drug. It was determined that the pictograms in the patient
information leaflets with pictograms consisted of an average of 6.55 + 4.46 im-
ages. Less than 7 images were used in 69.1% of the pictograms, while 30.83%
had 7 or more images. 84.99% of the pictograms were clear, and 15.01% were
blurry (example Figure 2C). It was determined that real images were used in
only 4.8% of the pictograms (example Figure 2D). Human faces/bodies were
used in 55.95% of pictograms, but only 32.8% of these showed full faces/bodies.
(example Figure 2E). It was determined that text was used in 22.66% of the pic-
tograms, and of these, 96.3% of the text was readable (example Figure 2F). Fig-
ure 2 shows some examples of pictograms found on drugs licensed in Turkey.
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Figure 2. Some examples of pictograms used in patient information leaflets of drugs in Turkey:

2A. An example pictogram for Parenteral preparations III

2B. An example pictogram for Sterile Eye/Ear/Nose Preparations
2C. An example pictogram for blurry pictogram

2D. An example pictogram with real image

2E. An example pictogram with human face

2F. An example pictogram with readable text
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Copyright/license: The images have been adapted from patient informa-
tion leaflets available on the Turkish Medicines and Medical Devices Agency
(TITCK) website®, which provides publicly accessible content.

In this study, conducted to determine the frequency and qualitative and quantita-
tive characteristics of pictograms used in the instructions for licensed medicines
in Turkey, the patient information leaflets for 17,709 drugs were examined, and
visual content analysis was performed on 1,959 drugs that included pictograms.
The most important finding of the study is that the frequency of pictogram use
in the leaflets for licensed drugs in Turkey is quite low, at 11.1%. The low use of
pictograms at this level can be explained by the absence of a nationally developed
standard pictogram set, the fact that internationally developed pictograms such
as those by USP and FIP have not yet been validated for the Turkish population,
and the lack of legal regulations by the public authority to encourage the use of
pictograms. A study conducted by Pires et al. (2015) in Portugal, which exam-
ined the leaflets for cardiovascular, nervous system, and musculoskeletal system
drugs, also concluded that visual elements were used very little, and the design
of the leaflets needed to be carefully revieweds.

The second important result of the study is that pictograms are most frequently
used in the leaflets for sensory and respiratory system drugs. It is thought that
the forms of these drugs, which require more local application than other drug
types, such as creams, sprays, drops, and ointments, and their typically more
tangible nature, facilitate the use of pictograms. This observation aligns with
findings from Dowse and Ehlers (2005), who highlight the potential of picto-
grams for complex or locally applied medications®. Similarly, a scoping review
by Sedeh et al. (2022) on communicating with patients through pictograms and
pictures in dermatological treatments (a field with frequent topical applications)
likely supports the efficacy of visual communication in enhancing patient under-
standing and adherence for locally applied medications?”.

The third significant result of the study is that pictograms are mostly prepared
to explain the use of injectors/syringes/cartridges containing powder/solution/
suspension. It is not surprising that pharmaceutical companies use pictograms
to facilitate the usage of these forms, which are more challenging to use, take
more time, and are the patient’s sole responsibility. Research indicates that
clear instructions are crucial for minimizing self-injection errors, suggesting that
visual aids like pictograms play a vital role in improving patient understanding
and reducing mistakes with these challenging drug delivery methodss®.
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In the visual content analysis, the average number of images/shapes used in a
pictogram, representing its complexity, was found to be 6.55. It can be stated
that 69% of the pictograms use fewer images than the average, and the overall
complexity is not high. Dowse and Ehlers (1998), in their review of pictograms
in pharmacy, recommended using simple, realistic images with limited content,
using full body images as references for body parts, and minimizing the use of
abstract symbols+.

Another significant result of the study is that “drawings” are predominantly pre-
ferred in pictograms. The use of “real images” in pictograms is highly debated.
While some studies argue that real images increase tangibility?+39, others suggest
that details in real images can distract the user and move focus away from the
main point4>+-42, Another finding from the visual content analysis is that the cri-
terion often emphasized in the literature, the use of full face/body for pictograms
related to drug use, is met in only 32% of the instructions. It is evident that the
use of the full face in the instructions for sensory organ drugs will prevent confu-
sion and make usage easier.

Finally, the use of text in the pictogram for information such as dosage/time/
action/description can make it possible for the drug to be used solely by under-
standing the pictogram. Indeed, Levie and Lentz’s (1982) systematic review also
suggested that the use of captions alongside images would make understanding
easier, especially among people with low literacy skills#3. Houts et al. (2006) also
stated that when using a series of images, the sequence should be explained with
simple words because people with low literacy skills might not see the connec-
tion between sequential images®2. However, the critical point here is that the text
must be legible in terms of size, character, and other attributes. It was found that
22.6% of the licensed drugs contain text in the pictogram, and 96% of these texts
are legible. Houts et al. (2006) emphasized that if the text in the image is unclear,
the meaning of the images might also be unclear, but if the accompanying text is
clear, the images will be easier to understand*2.

It is appropriate to evaluate the study results with some strengths and limita-
tions. The greatest strength of this study is the large sample size, which made it
possible to examine the characteristics of pictograms. While the uniqueness of
the study lies in the fact that no prior research has been found in the literature
evaluating the presence of visual elements, including pictograms, in the patient
leaflets for licensed drugs in Turkey, this also creates a limitation in assessing
the results. The visual content analysis process followed in the study is time-con-
suming, and due to the limited studies that provide guidance on this subject, the
analysis was conducted with a small number of categories to ensure objectivity. It

Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025 | 733



is believed that future studies with smaller samples that include more subjective
evaluations, and more categories could be beneficial for the development of new
pharmacological pictograms specific to Turkish society.

Determining the frequency of pictograms and their characteristics in the leaflets
for licensed drugs in Turkey is of great importance for rational drug use and
health literacy intervention programs. Considering the study results and the lit-
erature review, it is believed that some micro and macro interventions for the
use of pictograms in licensed drugs could result in significant gains in terms of
medication adherence and health literacy. Micro interventions involve individual
and small-scale efforts such as developing user-centered pictogram designs and
educating healthcare professionals on their effective use; macro interventions
encompass system-wide changes like public authorities encouraging pictogram
use and establishing a standardized pictogram set for pharmaceutical compa-
nies. Given the potential benefits of well-designed pictograms for the pharma-
ceutical industry and healthcare system, there is a strong need for initiatives
aiming to promote the widespread use of a standardized pictogram set in the
pharmaceutical sector in Turkey. For this purpose, it is recommended to devel-
op a comprehensive set of pictograms that pharmaceutical companies can use,
with a focus on user-centered designs, in coordination with the fields of graphic
design, health communication, and pharmacy. The public authority should also
encourage the use of pictograms, and pharmaceutical companies should employ
them in the instructions for different forms and treatment groups.
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