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Aims and Scope of Acta Pharmaceutica Sciencia

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:
Title Page

Abstract

Keywords

Introduction (without author names and affiliations)
Methodology

Results and Discussion

Statement of Ethics

Conflict of Interest Statement

Author Contributions

Funding Sources (optional)

Acknowledgments (optional)

References

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

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

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

Keywords: Max. 5
Graphics may be included with both in the text and uploaded as separate files.

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

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

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

References in the text should be identified using Arabic numerals. Years of
the references should not be written boldly. More than one reference from the
same author(s) in the same year must be identified by the letters “a”, “b”, “c”,
etc., placed after the year of publication. References should conform to Van-
couver style and be numbered consecutively in the order in which they are
cited in the text.

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

1. Scope and Editorial Policy
1.1 Scope of the Journal

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

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

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

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

1.2 Manuscript Categories
Manuscripts can be submitted as Research Articles.

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

Acta Pharmaceutica Sciencia. Vol. 62 No. 1,2024 | VI



1.3 Prior Publication

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

1.4 Patents and Intellectual Property

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

1.5 Professional Ethics

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

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

1.5.1 Author Consent

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

1.5.2 Plagiarism

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

1.5.3 Use of Human or Animal Subjects

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

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

1.6 Issue Frequency

The Journal publishes 4 issues per year.
2. Preparing the Manuscript

2.1 General Considerations

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

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

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

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

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

2.1.2 Nomenclature

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

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

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

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

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

2.1.3 Compound Code Numbers

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

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

« Once in the abstract.

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

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

2.1.4 Trademark Names

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

2.1.5 Interference Compounds

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

2.2 Manuscript Organization
2.2.1 Title Page

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

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

2.2.2 Abstract and Keywords

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

Keywords: instructions for authors, template, journal
2.2.3 Introduction

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

2.2.4 Methodology

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

The preferred forms for some of the more commonly used abbrevations are
mp, bp, °C, K, min, h, mL, pL, 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. (See section 4 for more abbreviations)

2.2.5 Results and Discussion

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

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

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

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

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

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

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

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

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

2.2.7 References and Notes

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

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

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

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

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

« Use Arabic numerals (1, 2, 3, 4, 5, 6, 7, 8, 9) as a superscripts.
» Abbreviate journal titles in the style used in the NLM Catalog.

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

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

For printed articles

« Article with 1-6 authors:

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

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

« Article with more than 6 authors:

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

For electronic journal articles

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

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

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

2.2.8 Tables

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

2.2.9 Figures, Schemes/Structures, and Charts

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

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

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

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

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

- Black & White line art: 1200 dpi
- Grayscale art (a monochromatic image containing shades of gray): 600 dpi
- Color art (RGB color mode): 300 dpi

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

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

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

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

2.2.10 Image Manipulation

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

2.3 Specialized Data
2.3.1 Biological Data

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

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

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

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

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

« whether the cell line has recently been authenticated and by what method;
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« whether the cell line has recently been tested for mycoplasma contamina-
tion.

2.3.2 Purity of Tested Compounds

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

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

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

2.3.3 Confirmation of Structure

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

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

3. Submitting the Manuscript
3.1 Communication and Log in to Author’s Module

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

3.2 Registration to System

It is required to register into the e-Collittera system for the first time while
entering by clicking “Create Account” button on the registration screen and the
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fill the opening form with real information. Some of the information required
in form is absolutely necessary and the registration will not work if these fields
are not completely filled.

After the registration, a “Welcome” mail is sent to the user by the system auto-
matically reminding user name and password. Authors are expected to return
to the entry screen and log on with their user name and password for the sub-
mission. Please use only English characters while determining your username
and password.

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

3.3 Submitting a New Article

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

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

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

3.2.2 Institutions Authors should give their institutional information during
submission.

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

3.2.4 Title should be English, explaining the significance of the study. If the
title includes some special characters such as alpha, beta, pi or gamma, they
can easily be added by using the Title window. You may add the character by
clicking the relevant button and the system will automatically add the required
character to the text.
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Warning. No additions to cornered parenthesis are allowed. Otherwise, the
system will not be able to show the special characters.

3.2.5 Abstract The summary of the article should be entered to Abstract win-
dow at this level. There must be an English summary for all articles and the
quantity of words must be not more than 200. If special characters such as
alpha, beta, pi or gamma are used in summary, they can be added by Abstract
window. You may add the character by clicking the relevant button and the sys-
tem will automatically add the required character to the text. The abstract of
the articles is accessible for arbitrators; so, you should not add any information
related to the institutions and authors in this summary part. Otherwise, the
article will be returned without evaluation. Authors will be required to comply
with the rules.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

3.3.4.1 Articles Not Completed to be Sent After the sending transaction
was started, if article is not able to continue until the ninth step or could not
be sent due to technical problems shown at this part. Here you can find the
information such as the article’s number which is assigned by system, title and
formation date. You may delete the articles by using Delete button on the right
column, if the article is not considered to send into the system.
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3.3.4.2 Articles that Require Revision Articles, which were evaluated by
the referee and accepted by the editor with revision, continues to Waiting for
Revision table.

The required revisions can be seen in “Notes” part by clicking the articles title.

In order to send any revision, Submit Revision button on the last column
should be clicked. This connection will take the author to the first level of Add-
ing Article and the author can complete the revision transaction by carrying
out the steps one by one. All changes must be made in the registered file, and
this changed file must be resent. Author’s most efficacious replies relating to
the changes must be typed in “Cover Letter” part.

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

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

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

Article Review Process

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

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

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

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

Authors should consider that this time may take time because of the reviewer
assignments and acceptance for review may take time for some cases.

Our review system is double-blind. The editor, who evaluates according to
the comments of the referees, submits his/her comment and suggestion to
the editor-in-chief. In this way, the article takes one of the acceptance, rejec-
tion, or revision decisions. In the case of revision, after the author revises, the
editor submits his/her final opinion to the editor-in-chief. The editor-in-chief
conveys his or her final decision to the author. After the accepted articles are
subjected to the final control by the journal and the corresponding author, the
article starts to be included in the “accepted papers” section by giving the inac-
tive DOI number. When the article is placed in one of the following issues, the
DOI number will be activated and displayed in the “current issue” section on
the journal homepage.
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Exosomes as drug delivery system

Editorial Article
F Julide AKBUGA®

Department of Pharmaceutical Technology, School of Pharmacy, Istanbul Medipol University, Istanbul, Tirkiye

There are many factors that need to be taken into consideration when convert-
ing an active substance into a drug, such as the properties of the molecule,
biological barriers, pathological condition, and technical problems.

However, the most important among these factors is the transportation of
the molecule with pharmacological activity to the required region with an ap-
propriate carrier system. The carriers developed for the active substance to
date have different problems and cause difficulties in treatment. These include
those that pose serious problems in drug administration, such as the blood-
brain barrier, in reaching the active substance to the brain.

The main purpose of drug delivery systems is the entry of the therapeutic mol-
ecule into the cell. Today new dosage forms such as liposomes and polymeric
nanoparticles are the most preferred drug delivery systems. Nevertheless, the
circulatory capacity and stability of the liposomal system as well as its ability
to invade the host immune system without toxicity remain elusive. Although
polymeric nanoparticles solve the stability problem, their toxicity and biocom-
patibility remain a significant problem, especially when non-biodegradable
polymers are used. Secreted membrane vesicles, which are essentially nature-
derived liposomes, can potentially overcome some of the limitations of syn-
thetic liposomes, such as the toxicity of lipid membranes. Among the different
secreted membrane vesicles, exosomes are the most clearly defined and are
most amenable to development as drug delivery vehicles.

Extracellular vesicles are cell-derived nanoparticles that are important media-
tors in intercellular communication. This function makes them auspicious can-
didates for therapeutic and drug-delivery applications and this function makes
them convenient candidates for therapeutic and drug delivery applications.

*Corresponding author: . Julide AKBUGA
E-mail: flakbuga@medipol.edu.tr
ORCID: 0000-0002-1693-9579
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Among the most highly researched extracellular vesicles are exosome. Recent
studies show that exosomes derived from cells have different roles and targets.

Exosomes, have intercellular material derived from endosomes of parent cells.
Exosomes have a wide variety of components, such as, heat shock proteins sur-
face proteins, lysosomal proteins, tumor-responsive gene, fusion proteins, and
nucleic acids, each with specific functions. Proteins exhibit a distinct function
in biogenesis and transport mechanisms in exosomes. These are phospholipid
bilayer microparticles with a size of 50-100 nm.

Exosomes have many characteristics of an ideal drug delivery vehicle. First,
the presence of proteins and genetic materials in exosomes means that such
biological materials can be loaded into exosomes. Secondly, exosomes are well
tolerated in the body and their distribution in biological fluids such as blood,
urine and breast milk has also been demonstrated.

Therefore, exosome-derived drug delivery systems will likely be better toler-
ated, resulting in longer circulating half-life and increased efficacy. Third, ex-
osomes have been shown to cross the plasma membrane to deliver their cargo
to target cells. Fourth, exosomes have an inherent ability to target tissues.
Much circumstantial evidence suggests that exosomes have preferential hom-
ing targets depending on their cellular source. Finally, exosomes are suitable
for membrane modifications that enhance cell type-specific targeting.

Although most cell types produce exosomes, but the amount of exosomes pro-
duced by each cell type is variable. Exosomes express cell recognition mol-
ecules on their surface that facilitate selective targeting and uptake by recipient
cells. The process of exosomes entering cells occurs by transferring their sig-
nals to the cell through a 3-step mechanism; receptor interaction, membrane
fusion and endocytosis/phagocytosis. Currently, different methods are applied
for exosome isolation; differential centrifugation, filtration, size-exclusion
chromatography, and polymer precipitation.

An exosome-based delivery system has specific benefits such as specificity,
stability, and safety, they can deliver their cargo to specific targets over long
distances. Exosomes can also be used to deliver small and large molecules such
as proteins and peptides. Exosomes naturally transport nucleic acids such as
DNA, RNA, and siRNA to targeted cells and cause genetic modifications in
both biological and pathogenic processes. Researchers have shown that doxo-
rubicin loaded exosomes were readily up taken by cells and re-distributed. In
another study, exosomal system evaluated for delivery of paclitaxel. Exosome-
based carrier systems have been used for gemcitabine in the treatment of pan-

2 | Acta Pharmaceutica Sciencia. Vol. 62 No. 1, 2024



creatic cancer and for dopamine in the treatment of Parkinson’s disease. For
exosomes to be used effectively as drug delivery systems, drugs must be effi-
ciently loaded into exosomes. They are introduced into exosomes via two ways:
active or passive loading/encapsulation.

On the contrary traditional nanoparticulate system, exosomes can possibly
avoid the endosomal pathway and lysosomal degradation and deliver cargos
directly to the cytoplasm.

If exosomes are to be used as drug delivery carriers on a large scale, large-scale
isolation, and separation of exosomes with high purity is important. However,
it is not yet possible to isolate and separate exosomes in high purity on a large
scale. This is an important challenge. Exosomes role in disease must be inves-
tigated in detail to enable clinical translation. Few clinical studies using ex-
osomes as drug delivery systems are ongoing.

Recent literature shows continued exploration and promise of exosomes as
drug delivery carriers for various diseases including solid tumors, bone regen-
eration, cardiac diseases, Parkinson’s amongst others.

Briefly, it can be said that exosomes as a drug delivery system with minimal
toxicity, biocompatibility, tissue and tumor targeting, and long circulating
half-life is appearing as a superior choice, overcoming the shortcomings of li-
posomes or polymeric nanoparticles.

Keywords: exosome, delivery vehicle, nanoparticles, extracellular vesicles,
drug
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ABSTRACT

The discovery of vitamin A by Socin in 1891 and its isolation in crystalline form
by Holmes and Corbet in 1937 paved the way for further discoveries involv-
ing its role in storage, photoreceptors in the eye, the cornea, epithelium, and
normal immune function. Various symptoms and physical findings have been
recognized and eponymously named a syndrome in honor of the person(s) who
first reported those clinical entities about vitamin A. Seeking to fill the his-
torical gap in the literature, the focus of this paper is to describe the eponymic
cells, diseases, observations, syndromes, or tests ascribed to hypovitaminosis
and hypervitaminosis A. In a chronological sequence based on the initial pub-
lication year of related reference, we presented concise biographical data con-
cerning the scientist(s) responsible for recording the eponym, along with the
presentation of the original depiction of the sign. We identified 12 eponyms re-
lated to vitamin A that were described between 1863 and 1954. These eponyms
were named after 17 scientists from nine countries. Among them, Marie and
Sée described the phenomena occurring in infants with hypervitaminosis A.
The detailed and comprehensive description of the cornea or retina in vitamin
A deficiency by Bitot, Lobo, Petzetakis-Tzakos, and Uemura remains relevant
today.
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INTRODUCTION

The discovery of vitamin A by Carl A. Socin in 1891, its isolation in crystalline
form by Harry N. Holmes and Ruth E. Corbet in 1937, and synthesis by Otto
Isler and colleagues in 1947 paved the way for further discoveries involving
its role in storage, photoreceptors in the eye, the cornea, epithelium, and nor-
mal immune function®3. Additionally, various symptoms and physical findings
have been recognized and, in some cases, eponymously named a syndrome in
honor of the person(s) who first reported those clinical entities about vitamin
A. Seeking to fill the historical gap in the literature, the focus of this paper
is to describe the eponymic cells, diseases, observations, syndromes, or tests
ascribed to hypovitaminosis and hypervitaminosis A. Included is a brief over-
view of the discovery of vitamin A and the refinement of the nomenclature
surrounding the vitamins in general.

Historical background

Physicians have long recognized the relationship between diseases, including
night blindness and scurvy, and their treatment by consuming raw beef liver by
Hippocrates (460-370 BC) and lemon juice by the Dutch and Portuguese in the
16" century+5. Little was known about vitamin A and other vitamins before the
early twentieth century. Carl Andreas Socin (1966—1933) in 1891 and Wilhelm
Otto Stepp (1882-1964) in 1911 identified an unknown substance or fat soluble
factor necessary for growth*°. Sir Frederick Gowland Hopkins (1861-1947) recog-
nized the deficiency of a “dietetic factor” and the onset of diseases including scur-
vy and rickets and presented those findings at the meeting of the Society of Public
Analysts in 19067. Hopkins in 1912 also demonstrated that rats fed a mixture of
pure protein, fats, carbohydrates, and salts did not grow®. Growth occurred when
the rats were fed small quantities of raw milk, suggesting that a substance or “ac-
cessory factor” in the milk promoted growth®. Casmir Funk (1884-1967) intro-
duced the general term “vitamine” to define a substance deficient in scurvy and
beriberi and preventing the onset of disease’. Elmer Verner McCollum (1879—
1967) and Marguerite Davis (1887-1967) in 1913 found that laboratory rats grew
when ether-soluble egg yolk or butter extracts were added to a diet containing
purified proteins, carbohydrates, fats, and salts contained accessory factors that
are essential for promoting normal growth and development®.

McCollum and Cornelia Kennedy (1881-1969) in 1916 challenged the use of the
term “vitamine” by Funk based on their view that it did not accurately describe
the underlying substance®. Their opinion was based on the lack of evidence
that these substances contained an amino group and that the prefix “vita” re-
fers to that the substance is essential and thus confers a mistaken impression
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that they supersede other essential and relevant biological processes'. In lieu
of the word “vitamin” they suggested that the term fat-soluble and water solu-
ble be used in reference to those unknown substances necessary for growth.
Furthermore, based on this classification, alphabetical letters can be assigned
and added as fat-soluble and water-soluble are recognized in each class". In
1920, Drummond recommended a revision of the nomenclature to address the
discrepancy within the literature regarding the naming of these substances. He
recommended dropping the “e” in “vitamine” such that the term “vitamin” now
be recognized as the standard nomenclature used by the Chemical Society with

the letter designation (A, B, C) to follow*.
METHODOLOGY

We conducted word searches in PubMed, Medline, Internet search engines,
medical dictionaries, and bibliographies from textbooks, using specific Medi-
cal Subject Headings (MeSH) related to the names of eponyms and keywords
associated with vitamins. Our inclusion criteria focused on eponyms associated
solely with vitamin A, including studies on the cell, observations, syndromes,
and tests, narrowing the focus of the content of this paper. In a chronological
sequence based on the initial publication year of related reference, we presented
concise biographical data concerning the scientist(s) responsible for recording
the eponym, along with the presentation of the original depiction of the sign.

RESULTS and DISCUSSION

We identified 12 eponyms related to vitamin A named after 17 scientists from
nine countries: Brasilia, Canada, Denmark, England, France, Greece, Japan,
Spain, and the United States between 1863 and 1954 (Table 1). Only two epo-
nyms (Bitot spot and Brazilian ophthalmia) were identified before the 20" cen-
tury. Dorothy Hansine Andersen (1901-1963), an American pediatrician and
pathologist, is the only female eponym namesake.

Bitot spots

Pierre Alain Bit6t (1822-1888) was born in Podensac, France, completed medi-
cal school in Bordeaux, France, and received his medical degree from the Fac-
ulty of Paris, France, in 18483, He served as head of anatomy at the Bordeaux
School of Medicine in 1848 and professor of anatomy the following year'+. He
was appointed doctor at the Charité in 1849, an assistant surgeon in 1852, pro-
fessor and chair of anatomy at Bordeaux School of Medicine in 1854, titular
surgeon of hospitals in 1856, chief of the surgical services at the Military Hos-
pital in 1865, medical inspector of the department services for the mentally
ill, head of the children’s surgical clinic in 1878, and honorary professor of
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the faculty of medicine, Bordeaux in 18794, He was named to the Medical
Society of Bordeaux in 1850. He co-founded the Medical and Surgical Society
of Bordeaux in 18663,

While professor of anatomy at the Bordeaux School of Medicine and honor-
ary surgeon of the Hospital of Bordeaux, Bitot identified a collection of bright
white dots producing a pearly or silvery spot on the epithelial layer of the con-
junctiva adjacent to the cornea in patients with night blindness*. Bit6t in 1863
provided a detailed description of the characteristics of these spots. Included
are some of the following excerpts:

While standing in front of the patient, we can distinguish them quite well
when the eyes are converged. (...) They appear as an aggregate of small
dots or thin, short lineaments resembling a half-frozen white foam patch.
When the spots are observed, their color varies slightly and is apparent in
each person. As they disappear, their whiteness fades. (...) The spots are
generally triangular, with an external vertex; the base close to the cornea is
slightly concave but may be circular, oval, or linear. The particles compos-
ing it are often agglomerated to constitute a punctuated, rough surface.
They are frequently arranged in series or flexuous, parallel lines, making
them appear wavy or wrinkled. These various forms can be modified by
applying pressure using one or two fingers on the eyelids. These changes
in form appear to give the impression that the spots are not conjoined but
juxtaposed and displaceable by reducing a spot to a simple line or a verti-
cal or horizontal bundle, then reforming it immediately by flattening this
beam by moving the eyelids in the opposite direction (p. 287)%.

Bitot is credited for providing the first comprehensive clinical description of
the ocular findings in nyctalopia (night blindness), the condition later known
to be caused by vitamin A deficiency (Table 1).

Brazilian ophthalmia

Manoel da Gama Lobo (1831-1883) was born in the province of Monte Alegre,
Para, Brazil, and received his medical degree from the Faculty of Medicine in
Rio de Janeiro, Brazil, in 1858'%7. He was a physician in the War Arsenal of
the Court in Rio de Janeiro and pursued ophthalmology training in Germany.
He returned to Germany in 1872, seeking additional training in ophthalmology
and histology*. He served as head of the eye service at Santa Casa da Misericor-
dia, Brazil, and was a member of the Imperial Academy of Medicine in 1863".

Gama Lobo, in 1865, described the ocular findings of enslaved children aged
two to seven, which he referred to as “Brazilian ophthalmia”:
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In my opinion, is one of the manifestations of a general condition and
is only present when the person is already in an extremely deteriorated
state. In addition to chronic bronchitis, liver congestion, and large volu-
minous diarrhea, the patient presents in a cachectic state, succumbing
to marasmus. (...) It is a chronic type of disease that begins to manifest
itself in the conjunctiva extending to the choroid and retina (p. 16).

He described three stages of the disease. Salient features reported during the
second stage of the disease are as follows:

The palpebral conjunctiva is of a deep reddish-purple color and covered
with small elevations. The ocular conjunctiva is grayish-white due to the
movements made by the eye. It is covered with rugosities, giving the ap-
pearance of small ripples on the surface like water driven by the wind.
From the sclerocorneal insertion until the palpebral reflection, the con-
junctiva is devoid of vessels, and the one or two observed, exist on the
surface of the sclera. From the beginning of the oculo-palpebral reflec-
tion, the vessels resemble the deep purple-reddish soil color. The papilla
is normal and well-defined during ophthalmoscopy, and the vessels can
be followed to their last branches. However, its color is a whitish red. In
this period, secretions of tears pass over the eye but fail to moisten it,
and thus it appears smeared with very fine globes of fat (p. 17).

During the third stage, the conjunctiva is dry and grayish, with wrinkles on
the bulbar conjunctiva occurring during eye movement. The cornea contains
a round ulcer with a hypopyon in the eye’s anterior chamber®. Gama Lobo
was unaware of the etiology of the ocular finding but keenly observed that the
diet provided to enslaves people in different Brazilian provinces accounted for
disparities in their overall health and mortality, corneal ulceration, and night
blindness (nyctalopia) (Table 1). Thus, Brazilian ophthalmia, also known as
xeropthalmia, occurs secondary to vitamin A deficiency or hypovitaminosis A.

Carr-Price reaction

Francis Howard Carr (1874-1969) was born in Croydon, England, and received
his education at Finsbury Technical College from 1889 to 1892 and Guilds Col-
lege, London®. He served as a research assistant to Wyndham Rowland Dun-
stan (1861-1949) at the Pharmaceutical Society between 1892 and 1896, then
at the Imperial Institute®°. Carr received the Salter’s Research Fellowship from
1894 to 1898'2°, He was chief manufacturing chemist at Burroughs, Wellcome
& Company from 1898 to 1914 and Director and Chief Chemist at Boots Pure
Drug Company from 1914 to 1919. He assisted in establishing the Associa-
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tion of British Manufactures in 1916%°. Carr was awarded the Commander of
the Order of the British Empire in 1920. He was a Fellow of Imperial College,
Chairman of the British Drug Houses, and President of the Society of Chemi-
cal Industry and Association of British Chemical Manufacturers in 1926%. He
received a D.Sc. degree from Manchester University in 19292,

There is limited information on Ernest Arthur Price (1882-1956)*. He was
born in Oxford, England, and at the time of his joint paper with Carr titled
“Colour reactions attributed to vitamin A,” served at the Laboratories of The
British Drug House, London?2.

Carr and Price, in 1926, described a quantitative method for measuring vita-
min A using a colorimetric technique:

We were naturally led, therefore, to make experiments with a view to
improving the technique of the colour tests in order to find conditions
whereby quantitative and strictly comparable readings may be obtained.
This work has resulted in our utilizing for the purpose yet another reagent
of a similar character, namely, a solution of antimony trichloride in chlo-
roform. By its use we have been enabled to determine standard conditions
whereby direct readings of the intensity of the colour may be taken with
the help of tintometer (p. 497)%. (...) [w]e found a 30% solution of anti-
mony trichloride in chloroform (weight in volume), decidedly the most
suitable and convenient. Its advantages are: 1) the oil and solvent do not
need to be perfectly dry or entirely free from alcohol. (In many of the tests
either water or alcohol interferes with the colour). 2) the colour is an in-
tense blue, slightly more intense and more permanent than that produced
by arsenic trichloride. It is very much better in this respect than the colour
produced by any other reagent we have tried. 3) it may be depended on to
produce the same intensity of colour with the same oil on very occasion.
4) as compared with arsenic trichloride the reagent is innocuous; it is,
however, somewhat corrosive to the skin (p. 499)%.

Thus, the Carr-Price reaction was a quantitative method for measuring retinol
or vitamin A (Table 1). Current analysis of vitamin A includes measurement of
serum retinol alone or in combination with B-carotene?3.

Uemura disease

Misao Uemura (Uyemura) (1900-1997) received his medical degree from the
Faculty of Medicine, Keio University, Japan, in 1925 and his MD degree in
1929%, At Keio University, Tokyo, he served as an assistant professor from
1931 to 1941 and as professor and chair of the department of ophthalmolo-

Acta Pharmaceutica Sciencia. Vol. 62 No. 1,2024 | 11



gy from 1941 to 1961%4. He was director of the University Hospital from 1957
to 1959, dean of the School of Medicine from 1959 to 1961, director of Tokyo
Second National Hospital from 1961 to 1971, and director of Ryuky University
Hospital, Nishihara, Okinawa, from 1971 to 19775%4. He also served as executive
director of the Japanese Ophthalmology Society?+.

Uemura was president of the Japanese Association of Illumination from 1961
to 1965, a member of the International Council of Ophthalmology from 1958
to 1970, the Medical Ethic Council of the Ministry of Health and Welfare from
1967 to 1969, and the Council for Medical College Evaluation of the Ministry
of Education and Culture from 1961 to 1965%. He received the Ichikawa Award
from the Japanese Ophthalmological Society and the Second Order of the Ris-
ing Sun for distinguished government service2+.

Uemura, in 1928 described the fundoscopic findings in two patients with hem-
eralopia®. One patient had Bitot spots on the bulbar conjunctiva while in both,
as fully described in one case during ophthalmoscopic examination:

The delicate gray-white clouded background is densely dotted with in-
numerable yellowish-white dots on both sides except for the macular
regions and in the vicinity of the papilla. These dots are most dense in
the equatorial region and look somewhat elongated, as if short rods had
been driven obliquely into the retina. Toward the periphery, their num-
ber gradually decreases, and at the same time, they appear more promi-
nent and polygonal (p. 472)%.

Uemura disease refers to reversible white spots in the deep retinal layer, oc-
curring in patients with avitaminosis caused by vitamin A deficiency (Table 1).

Friderichsen test

Carl Friderichsen (1886-1979) was born in Copenhagen, Denmark, and re-
ceived his medical degree from the University of Copenhagen in 19122°. He
served as a physician at the Children’s Department of the Rigshospitalet and
was a superintendent of the children’s department at Sundby Hospital, Co-
penhagen, Denmark=¢. Friderichsen was chair of the Danish Pediatric Society
from 1828-1934%. His name is best recognized eponymously along with Ru-
pert Waterhouse (1873-1958), who described the findings of bilateral adrenal
hemorrhages and degeneration of the adrenal glands associated with cutane-
ous hemorrhages (Waterhouse-Friderichsen syndrome)=8-s°,

Friderichsen, in 1937, devised a bedside clinical test to determine whether
there are adequate stores of vitamin A in children less than two years of age3'.
The method measures the reflex irritability of the eyes to light and involves:
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Flashing a light in a child’s eyes after it has been in the dark for at least
half an hour, the “minimum relexibile” (m.r.) being the smallest light
irritation capable of provoking certain reflex movements through the
child’s eyes, wrinkling of the forehead, and an upward movement of the
eyebrows when the light comes from above. Or the movements may be
prompted by an oculomotor reflex, the eyes moving very quickly in the
direction of the source of light. Or there may be other movements such as
rotation of the head in the direction of the light or snatching at the light3:.

Friedrichsen and Edmund in 1937 found that a low minimum relexibile may
be associated with either a low absorption or dietary insufficiency of vitamin A
(Table 1). Moreover, through this test, they were able to quantitate the interna-
tional units of various preparations of vitamin A32.

Andersen syndrome

Dorothy Hansine Andersen (1901-1963) was born in Asheville, North Caro-
lina, and received her medical degree from Johns Hopkins University School
of Medicine in 192633, She was an assistant in anatomy at Rochester School
of Medicine from 1926 to 1927 and completed a surgical internship at Strong
Memorial Hospital, Rochester, New York, from 1927-19283435, Andersen was
a faculty member of Columbia University College of Physicians and Surgeons
(currently Columbia University Vagelos College of Physicians and Surgeons) as
an instructor in pathology in 19293335, She received a doctorate of medical sci-
ence degree in endocrinology. She was appointed assistant pathologist at the
Babies Hospital Columbia-Presbyterian Medical Center in 1935, ascending to
the rank of chief of pathology in 1952 and professor of pathology at Columbia
University College of Physicians and Surgeons in 19583+%7. Her active medical
and research interest was in the area of cystic fibrosis3+.

Andersen was a member of several national organizations, including the Amer-
ican Board of Pathology, the American Association of Pathologists and Bacte-
riologists, the American Academy of Pediatrics, the American Society of Ex-
perimental Pathology, and the College of American Pathologists3s. She served
as honorary chair of the National Cystic Fibrosis Research Foundation on the
general medical and scientific advisory council333°, She was the recipient of
several awards and accolades, including the Edward Mead Johnson Award of
Pediatrics in recognition of her discovery of cystic fibrosis, and Borden Award
for research in nutrition in 1948, and a citation from Mount Holyoke College
in 1952, Elizabeth Blackwell for Women in Medicine, New York Infirmary in
1954, and a posthumous distinguished service award from Columbia-Presby-
terian Medical Center in 1963333537,
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Cecil Clarke (1886-1925) and Geoffrey Hadfield (1899-1968) were the first to
report the postmortem findings in a four-year-old with steatorrhea and atro-
phy of the pancreas in 1924:

The gland was represented by fat, and a fraction of normal gland tissue
estimated at one-twentieth. The surviving pancreatic tissue was active
but appeared to be undergoing slow replacement fibrosis; it contained
islet tissue in more than the normal amount; there was no clear evi-
dence of pancreatitis (p. 364)38.

Andersen, in 1938, identified in 44 cases of cystic fibrosis of the pancreas that
23% had severe vitamin A deficiency, and more mild degrees may have been
present in the remainder?®. She found that:

The frequent occurrence of vitamin A deficiency was probably due to the
failure of absorption of this vitamin. It is suggested that the pulmonary
infection was possibly secondary to vitamin A deficiency (p. 382)%. (...)
There is a good deal of evidence to show that, at least in the majority of
cases, the pancreatic lesion comes first. (...) The evidence at hand sug-
gests that the pancreatic lesion prevents the normal digestion and ab-
sorption of fats, the poor absorption of fats results in poor absorption of
the fat-soluble vitamin A, and epithelial metaplasia, bronchiectasis, and
bronchopneumonia are consequences of vitamin A deficiency (p. 399)%.

Andersen not only identified and named the disease cystic fibrosis but recog-
nized the deficiency of vitamin A in this disease secondary to malabsorption
and the essential role of vitamin A in epithelial development and the immune
response (Table 1)3°.

Vilanova-Cainadell syndrome

Xavier Vilanova i Montiu (1902-1965) was born in Barcelona, Spain, and re-
ceived his medical degree from the Central University of Barcelona in 1923 and
doctorate in 19284°. He continued his training at St. Louis Hospital in Paris;
Pasteur Institute and Curie Institute in Strasbourg; and Milan, and finally,
Aguas de Dios leprosy clinic in Colombia in 19364°4'. He was appointed profes-
sor and first chair of dermatology and venereology at the University of Val-
ladolid, Spain, in 1942, chair at the University of Valencia, Spain, in 1942, and
chair of dermatology at the Faculty of Medicine at the University of Barcelona,
Spain in 1947442,

He was president of the Spanish Academy of Dermatology and Venereology, a
member of Valencia and Catalonia Royal Academies of Medicine in 1944 and
1950, an officer of the Order of Public Health, and a corresponding member of
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the French National Academy of Medicine++2. He founded the Ibero-Latino-
American College of Dermatology, serving as president in 1962, and the Span-
ish Academy of Dermatology in 196343. He received from the Brazilian Society
of Dermatology the International Dermatologic Merit Medal#.

Josep Maria Cafiadell (1915-1997) was born in Reus, Spain, and enrolled at the
University of Barcelona Medical School from 1933 to 1934, which was inter-
rupted because of the Spanish Civil War (1936-1939)+*. During that time, he was
a lieutenant in the Military Health Corps in Husca and Manresa in Spain. He
completed his medical studies graduating from the University of Barcelona in
194142, He continued his studies in Boston, Massachusetts, and Rochester, New
York, from 1947 to 1948 and in London, Oxford, and Paris the following year+.
He served as a professor of medicine in the Faculty of Medicine as director of the
endocrinology department in Clinica Médica B at the University of Barcelona.
He taught postgraduate courses in endocrinology beginning in 1948+2.

Canadell was a corresponding academic member of the Spanish Academy of
Medicine, an honorary member of the Academy of Medicine, Turin, and an
elected member of the Royal Academy of Medicine, Balearic Islands+:. He was
an Officer of the Order of Public Health, France. He co-founded with Mario
Cardia and was co-Editor-in-Chief of the journal Acta Endocrinologica et Gy-
necologica Hispano-Lusitana which later became Acta Endocrinologica Ibe-
ria**. He also served on the editorial board as its editor from 1943 to 1956. He
was the recipient of the Order of the Star of Italian Solidarity+2.

Vilanova and Cafadell, in 1949, reported on the relationship between hypothy-
roidism, vitamin A deficiency, and dermopathy:

Among our cases of severe and untreated thyroid insufficiency, espe-
cially in infantile and juvenile hypothyroidism, we have frequently ob-
served cutaneous findings corresponding to those caused by avitamino-
sis A. Clinically, these alterations manifest in the form of xeroderma,
starting with dermatosis due to dryness and roughness of the skin,
which is better felt than seen during its early stage. Furthermore, an
eruption of perfectly delimited elements, with a horny appearance, the
size of pinheads, sits on the opening points of the pilosebaceous follicles
corresponding dermatologically to keratosis pilaris. It is typically locat-
ed on the back of the forearms and the anterior and lateral aspects of
the legs. Only in the most severe cases do the lesions extend to the arms,
shoulders, back, thighs, and the remainder of the body. The lesions
are almost always absent on the face, neck, and scalp. When looking at
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these patients, it could be difficult to determine if the dermopathy is due
to the thyroid or a vitamin A deficiency. The majority of subjects with
these skin lesions heal slowly with thyroid opotherapy or even faster by
administering vitamin A, even when the corresponding provitamin is
completely ineffectivess.

Thus, they identified the permissive effect of thyroid hormone on converting
provitamin A to the active form of vitamin A (Table 1).

Bassen-Kornzweig syndrome

Frank Albert Bassen (1903-2003) was born in St. George, Nova Scotia, Cana-
da, and received his medical degree from McGill University in 19284, He in-
terned at Jersey City Medical Center, New Jersey, from 1928 to 1930 and was
a medical resident at Sinai Hospital, Maryland, Baltimore, from 1930 to 1933.
He served as an adjunct professor in hematology and was appointed clinical
assistant in medicine at Mt. Sinai Hospital, New York+#. During World War II,
he served as Captain and Lt. Colonel Marine Corps, returning to Mount Sinai
Hospital in 19464047,

Abraham Leon Kornzweig (1900-1982) was born in New York City, New York,
and received his medical degree from New York University (NYU) Medical
School in 1925%. He completed an internship at Mount Sinai Hospital from
1925 to 1928 and returned for additional residency training in ophthalmol-
ogy*. He served at NYU-Bellevue Postgraduate Medical School, where he
taught embryology of the eye, achieving the rank of associate clinical professor,
followed by appointment as a clinical and emeritus professor of ophthalmology
at Mount Sinai School of Medicine, New York#. He was chief of ophthalmol-
ogy and director of research at the Jewish Home and Hospital for the Aged in
New York. His research interests were ocular problems in older adults. He was
instrumental in founding The Society of Geriatric Ophthalmology+.

Bassen and Kornzweig in 1950 described the case of an 18-year-old female with
atypical pigmentary degeneration of the retina with macula involvement, oscil-
lating nystagmus, ataxia, sensory neuropathy, high arch palate, epicanthal fold
and male-type of pubic escutcheon®. An unusual finding which had not been
previously reported was identified on a peripheral blood smear in the patient
and her brother:

The count, in general, was quite normal except for a slight anemia. Great
numbers of the stained red cells, however, revealed unusual abnormali-
ties in shape and, to some extent, in size. (...) No two cells looked ex-
actly alike. In general, they presented a crenated appearance but of such
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that they took on bizarre shapes, stimulating small beetles, crabs, and
turtles. Others were star shaped. The variations depended on the num-
ber and length of what appeared to be appendages growing out of the
cells. Some of the cells appeared small and deeply stained. They resem-
bled spherocytes from which buds or pseudopods were protruding, and
these cells in particular varied from ordinary crenation (p. 385)*.

The unusual shape of the erythrocytes is referred to as acanthocytosis. The red
cell membrane appeared rough or prickly; hence it was called a “burr cell.” The
syndrome is also referred to as abetalipoproteinemia in recognition of the lack
of serum B lipoprotein resulting in defective intestinal absorption and trans-
port of fat and fat-soluble vitamins, including vitamin A. The principal clini-
cal manifestations of this syndrome include ocular and central nervous system
defects and steatorrhea (Table 1).

Petzetakis-Tzakos syndrome

Limited historical information is identified on Michel Petzetakis (1899-
1975). He was an associate professor of pathology at the University of Athens,
Greece®. At the time of his publication, he was chief physician at the General
Hospital in Athenss.

Konstantinos Tzakos (1903-1984) was born in Pogoni, Greece, and relocated
to Istanbul with his family in 1908. He completed his education at the Phanar
(Fener) Greek Orthodox College in Istanbul before pursuing a medical degree
at Athens Universitys2. Under the supervision of Benediktos Adamantiadis
(1875—1962), he gained practical experience at the trauma clinic of Polygonos
and the Hippocrates Hospital. As a recipient of a national scholarship, Tzakos
studied at the Military Medical School in Lyon, France, with the understanding
that he would later serve as a military doctor in the Greek army. While in Lyon,
he specialized in ophthalmology and completed his dissertations2. From 1929
t0 1930, he served as an assistant at the Ophthalmology Clinic of the University
of Lyon. Subsequently, he underwent further training at the Ophthalmology
Clinic of the Val-de-Grace Military Hospital in Paris. Following his return to
Greece, he fulfilled his mandatory service obligations>.

In 1941, Tzakos established and organized the Ophthalmology Clinic at the
General State Hospital of Athens, where he served as Director until his retire-
ment in 1968%2. In 1947, he was appointed a professor of ophthalmology at
the University of Athens. His considerable research on “Ocular changes during
pellagra” is widely regarded as a seminal work52. His studies entitled “Ocular
changes due to edema and pellagra” as “Traumatic lachrymalitis” gained inter-
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national recognition and are regarded as classic texts in the field of ophthal-
mology. However, his most significant contribution to Greek ophthalmology
was his four-volume publication titled Ophthalmology (1954—1962), which
included his illustrationss2.

Referring to Tzakos’s previous work, Petzetakis, in 1950 described in patients,
ocular and systemic symptoms following the famine during the Nazi occupa-
tion of Greece from 1941 to 1944:

These ocular disorders, which we noted from the beginning of the fam-
ine, prompted us to study them more methodically with M. Tzakos, and
it is in this way that we have described a particular form of keratitis,
which I studied first from an anatomo-pathological point of view, under
the name of superficial trophopenic keratitis. It was found in 85% of
cases with generalized edema and 15% in dry forms (p. 1082)5..

He identified in superficial tropopenic keratitis (epithelial keratopathy), the
following symptoms caused by vitamin deficiencies:

1) Palpebral edema, 2) Edema of the bulbar conjunctiva, 3) Hypoaesthe-
sia of the cornea, 4) Decreased iris reflexes, 5) Decreased tear secretion,
6) Alterations of the precorneal layer of Rollet; 7) Corneal disorders.
These findings, studied using different instruments, are as follows: i.
frequent edema of the anterior layers of corneal epithelium; ii. very
fine granulation, which are of different shapes and sizes and sometimes
raised (bulged) from the surface cornea; iii. small ulcerations of differ-
ent shapes and sizes which are predominately superficial and polymor-
phic. The combination of several lesions sometimes gives a meandering
or geographical map of these superficial ulcerations (p. 1082)5.

In addition to vitamin A, B, and C deficiencies, he observed hypoproteinemia,
hypolipidemia, hypoglycemia, and alterations in the central and peripheral
nervous system (Table 1)5.

Jacobs syndrome

Eugene Coryell Jacobs (1905-2000) was born in Schenectady, New York, and
received his medical degree from the University of Michigan Medical School
in 19295354, He served in the Army Medical Reserve Corps in 1934 at Walter
Reed Hospital as Chief of the Gastrointestinal Section5°. During World War
IT, he was Captain and Commanding Officer of Camp John Hay, Philippines54.
He was the chief of medical service in the Japanese Prisoner of War (POW)
Camp No. 1 Hospital in Cabanatuan province of Nueva Ecija, Philippines, from
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1942 t0 19445°. He was a prisoner of war at Moji Military Hospital in Fukuoka,
Japan, and later at Camp Hoten in Mukden, Manchuria prison camps in 1945
and liberated from the camp that same year3. He achieved the rank of Colonel,
Medical Corps, US Army, Washington, DC, by 1965%.

Jacobs was the recipient of the Medical Combat Badge, the Distinguished Unit
Citation, the Legion of Merit, the Bronze Star, the Army Commendation Pen-
dant, the Purple Heart, the Philippine Presidential Unit Citation, the George
Washington Honor Medal, and US Army and Medical Service Medallions. For
his research, he was recognized and received the Henry Wellcome Medal and
Prize for “the most useful original investigation in the field of military medi-
cine”>. He also published Blood Brothers: A Medic’s Sketch Book in 1985%.

Jacobs described the constellation of symptoms among prisoners of war in the
Cabanatuan Prison Camp in 1942. He coined the term oculo-genital syndrome
to define this entity which consisted of:

1) A deficiency disease comprised of an exfoliating dermatitis of the
scrotum, stomatitis, and conjunctivitis insidiously appeared in more
than 75 percent of 8,000 American prisoners-of-war after six months
of an inadequate rice diet.

2) The syndrome was quickly and markedly improved by two months of
an adequate diet.

3) On return to an inadequate rice diet, the syndrome was far less preva-
lent, indicating some adaption of the body to lowered caloric and vita-
min intake.

4) The vitamin requirements of the body appeared to be less after a loss
of considerable body weight.

5) The syndrome did not develop on a minimal diet composed of corn
and soybeans.

6) The syndrome is thought to be closely associated with pellagra but
not pellagra per se (p. 1053)%.

In addition to the symptoms mentioned earlier, some prisoners also developed
amblyopia (optic atrophy) and burning of the feet (sensory peripheral neurop-
athy). He attributed the amblyopia to vitamins A and B, deficiency (thiamine)
and sensory peripheral neuropathy to vitamin B, deficiency3®. Even though he
recognized scrotal dermatitis, angular cheilitis, and stomatitis were caused by
deficiencies involving the vitamin B complex, Jacob was unable to determine
the specific deficiencies involveds®. This may be attributed to multiple vitamin
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deficiencies caused by malnutrition and overlapping symptom presentations.
The oculo-oro-urogenital syndrome has since been recognized to be caused
by a polyhypovitamininosis due to deficiencies involving B, or riboflavin and
B, or pyridoxine deficiencies and manifesting as angular cheilitis, stomatitis,
conjunctivitis, and scrotal dermatitiss®. Amblyopia from optic atrophy can be
caused by vitamin A and B, deficiencies®.

Ito cells

Toshio Ito (1904-1991) was born in Aichi, Japan®. He completed postgradu-
ate studies in anatomy at Keio University Faculty of Medicine and received his
doctorate in 1936°. He was an assistant from 1930 to 1932, an instructor from
1932 to 1941, and an assistant professor from 1934 to 1941 at Keio Medical
School®2. Tto was a professor of anatomy at Tokyo Women’s Medical College
from 1941 to 1947 and at Gunma University School of Medicine, Mayebashi,
from 1954 to 1970, serving as dean from 1961 to 1963°°-2,

Ito and Nemoto in 1952 identified cells in the blood capillary wall in the human
liver, which was later recognized to be the fat storage cell containing vitamin
A (Table 1):

In 1950, while studying stellate cells, one of us accidentally discovered
hitherto unknown cells in the capillary wall, and due to the fact that they
mostly contained small fat globules in varying numbers, he named them
“fat-storing cells” and published about it in 1950 in the 55" Assembly
of the Japanese Anatomical Society. Through further investigation of
these cells, we have come to the conclusion that morphologically they
represent a quite distinct type of cell from the stellate cells (p. 243—4)%.

As to the morphological location of these cells, they are located within the lat-
ticework of the capillary wall on the surface facing away from the liver in a
depression between the surface of the adjacent neighboring liver cells toward
the capillary lumen or in a shallow indentation on the surface of the liver cell.
They are primarily spindle-shaped and contain small fat globules. As to the
properties of these cells, the authors believed that:

The fat-storage cells probably represent functionally important cells in
the liver, which secrete lipids from the blood and store them as neutral
fat to release them back into the blood when needed. The fat in fat stor-
age cells is nothing other than a reserve nutrient. In this way, the fat
storage cells most likely participate in the lipid metabolism of the liver
(p. 256)%.
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Thus, their primary function involves the storage of vitamin A (Table 1). In
pathological conditions, Ito cells are also involved in collagen deposition and
fibrosis®4.

Marie-Sée syndrome

There is limited historical information on Julien Marie (1899-1987) and Georg-
es Sée (1904-2000). Marie was a professor of infant medical clinic and social
pediatrics in the Faculty of Medicine, Paris, and a physician in the Hopital des
Enfants Malades (Hospital for Sick Children), Paris®.

Marie and Sée first reported the cases and published a series of three cases
of acute hypervitaminosis A in infants presented to the Society of Pediatrics,
Paris, on February 20, 1951:

We aim to draw attention to the acute events that may follow the admin-
istration of vast quantities of vitamin A in infants. These incidents are
mainly characterized by acute hydrocephalus, spontaneous and inten-
sive fontanel bulging, frequent vomiting, agitation, or insomnia, with-
out any meningeal signs or other general disorders. The disorder begins
12 hours after ingestion of the drug and ends 24 to 48 hours later, either
spontaneously or after a lumbar puncture (p. 731)%.

They identified that an increased cerebrospinal fluid and pressure was associ-
ated with the increased vitamin A concentration (Table 1).

In conclusion, eponyms related to vitamin A have been named for syndromes,
cells, diseases, or qualitative or quantitative tests. Syndromes have been pri-
marily described concerning conditions leading to inadequate intake or those
interfering with vitamin A’s absorption or metabolism. In contrast, Marie and
Sée described the phenomena occurring in infants with hypervitaminosis A%.
The detailed and comprehensive description of the cornea or retina in vita-
min A deficiency by Bitot, Lobo, Petzetakis-Tzakos, and Uemerua remains rel-
evant today. It is important to recall that many of these physicians recognized,
through their astute insights and observations, the relationship between the
deficiency of certain substances contained within certain foodstuff and the
emergence of disease (e.g., Gama Lobo and Jacobs)*®58,

A deficiency of vitamin A causes primarily ocular and cutaneous manifesta-
tions. Xeropthalmia is the term used to describe the ocular spectrum of signs
and symptoms found in vitamin A deficiency, including Bitot spots, nyctalopia
(night blindness), conjunctivitis, and keratitis®®. Although the specific cause
was unknown at that time, these ocular findings were first recognized by Pierre
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Alain Bit6t and Manoel de Gama Lobo in the mid-19th century, prior to the
isolation and synthesis of vitamin A in the early twentieth century's.

Eponyms have been ascribed to physicians and scientists who made sub-
stantial contributions recognizing and describing the constellation of clini-
cal manifestations of vitamin A deficiency occurring in isolation (Anderson,
Vilanova-Candell, Bassen-Kornzweign, Petzetakis-Tzakos), a hypervitamino-
sis A (Marie-Sée), a general hypovitaminosis (Petzetakis-Tazkos, Jacob) or as
a method to measure and quantitate its level (Friedrichsen). Deficiencies of
vitamin A were caused by conditions fostering malnutrition (Jacob) or mecha-
nisms interfering with absorption (Andersen) or absorption and transporta-
tion (Bassen-Kornzweig) and storage (Ito). With further discoveries, inves-
tigators identified that the synthetic and natural analogous of vitamin A or
retinoids are useful in treating conditions including acne and psoriasis and in
the cosmetic industry being promoted because of their anti-aging process®”-8.

Table 1. Eponyms related to vitamin A, described between 1863 and 1954

Year Related person(s) or _—
described Eponym namesake(s) Definition Category
Pierre Alain Bitot” Small, circumscribed, triangular
Bitot spots (1822-1888), French | shiny gray deposits on the bulbar .
patches anatomist, physician, | conjunctiva. Seen in vitamin
1863 (patches)™ ist physici unctiva. Seen in vitamin A observation
and surgeon deficiency and other conditions.
Brazilian Manoel da Gama Degeneration of cornea, .
1865 | oonthalmiats | Lobo (1831-1883), | secondary to vitamin A deficiency |~ Observation
Brazilian physician (syn: xeropthalmia)
| s | anamenn
1926 Carr-Erlgg chemist: Erest Arthur for.melasurmgl retmol o test
reaction Price” (1882-1956) determination of vitamin A using
English biochemmist a colorimetric technique.
. Reversible white spots in
Uemura (UMé;aSrggrauggo_ the deep retinal layer occur
1928 (Uyemura) 1597) Japanese in patients with vitamin A disease
disease® 0 hthélmglo ist deficiency. (syn: night blindness
P 0 syndrome)
Indicator of vitamin A deficiency.
The smallest light causes
. o oculomotor reflex, in which
- Carl Friderichsen C
Friderichsen . : the eyes or head move in the
1937 test! (1886 eL?Zt%)éiE;mSh direction of the light source. test
P Other findings include wrinkling
of the forehead and upward
movement of the eyebrows.
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Andersen Andersen® A -
1938 | syndrome (1901-1963), aﬁg”&eﬁzrﬁg“'{; ; ﬁeggfrggﬁc syndrome
(triad)® American pediatrician mea. [Syn. p
) infantilism)
and pathologist
Xavier Vilanova i
Vilanova- SMonTilrJ]” 51902;1 I%E‘))i /-?] con:ﬁina%qn of ph(;yrl_?de_rmf\,
- panish dermatologist; | hypothyroidism, and vitamin
1949 sfnadnr%drﬁ!“f’ Josep Maria Cafiadell” deficiency. (syn: hypothyroid syndrome
(1915-1997), Spanish phrynoderma)
endocrinologist
An autosomal recessive
condition, with onset at 6-16
Frank Albert Bassen” years of age. Marked by
Bassen- (1903-2003), Canadian | neuromuscular abnormalities,
Kormzweig hematologist and retinitis pigmentosa, defective
1950 syndrome internist; Abraham intestinal absorption and syndrome
(disease)*® Leon Kornzweig transport of fat and fat-soluble
(1900-1982), American |  vitamins, including vitamin A,
ophthalmologist and burr shaped red blood cells
(syn: abetalipoproteinemia or
acanthocytosis).
Michel Petzetakis Keratitis, eyelid edema, and
Petzetakis- ?(1899-1 975), other eye ailmgnts cgused.by
1950 Toakos Greek pgthologlst; severe malr'lutrlt'lon, .|nc|ud|ng syndrome
syndrome? l(onstantmos Tzakos | insufficient vitamin A intake, and
(1903-1984), Greek | poor hygiene. (syn: trophopenic
ophthalmologist superficial keratitis)
A deficiency disease observed in
American prisoners of war who
were fed a rice diet. Characterized
by the ocular findings (e.g.,
keratitis and conjunctivitis),
Eugs ne Goryell oral (stomatitis and angular
1951 syﬁlijcrgtrﬁe“ ‘Jaf\?r?esric(;g%ig?)’ cheilitis and cutaneous (scrotal syndrome
physician dermatitis) findings. Manifested
with deficiency of riboflavin B,
and vitamin B;. Amblyopia (optic
atrophy) caused by vitamin
Aand vitamin B, (thiamine)
deficiencies.
ngg;(; ItJ(; pgniosi Fat storage cells containing
1952 Ito cells® - vitamin A lining hepatic cell
anatomist and sinusoids
physician '
An increased cerebrospinal
Julien Marie” (1899- fluid and pressure associated
Marie-Sée 1987), French with hypervitaminosis A. syn:
1954 syndrome® pediatrician; Georges | hypervitaminosis hydrocephalus syndrome

Sée” (1904-2000),
French pediatrician

syndrome pseudotumor
cerebri or idiopathic intracranial
hypertension.
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ABSTRACT

This study aimed to compare empirical prophylactic treatment with decoloni-
zation-decontamination prophylaxis protocol in order to reduce surgical site
infections. The study was conducted in Kosovo Ortomedica Orthopedic Hos-
pital, the data from all patients admitted to the hospital between June 2018
and June 2019 was collected retrospectively, all the patients admitted to the
hospital between November 2021 and January 2022 were followed prospec-
tively. 127 patients were treated empirically, and 93 patients were prospec-
tively treated with decolonization-decontamination prophylaxis protocol. The
empirically treated patients were given cefazolin before surgery. However, the
prospectively treated patients were first tested for MRSA infections and the
observed infections were treated with decolonization-decontamination proph-
ylaxis protocol. The infection status and the postoperative CRP values of the
patients were compared and found to be significantly higher in the empirical
group (4.7% versus 0, p=0.038 and 7.1% versus 0, p=0.006, for empirical and
decolonization -decontamination groups respectively). In conclusion, the im-
plementation of the decolonization-decontamination protocol has been shown
to effectively decrease the incidence of infections in orthopedic surgical pro-
cedures. Nevertheless, it is imperative to conduct additional research utilizing
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a more extensive sample size and pharmacoeconomic studies in order to sub-
stantiate its viability as a prophylaxis measure.

Keywords: surgical site infection, empirical, decolonization, decontamina-
tion, orthopedic surgery

INTRODUCTION

Surgical site infection (SSI) is a major concern for both the patient and the
operating surgeon. It is defined as an infection observed at or near the incision
site within 30 days of surgery or one year after implant insertion and is thus
responsible for healthcare costs, mortality, and patient injury*2. These infec-
tions account for approximately 40% of nosocomial infections after surgical
intervention3. During the first eight weeks after hospital discharge, the cost of
care for patients with SSI is approximately three times that of surgical patients
without infection#5. In addition to impairing the patient’s quality of life, and
increased morbidity and mortality#, these infections are also responsible for
increased hospitalization and treatment cost related to surgical operation®”.

Surgical antibiotic prophylaxis (SAP) is the universal protocol used to reduce
postoperative SSIs. It is initiated closely prior to the operative procedures®.
Since the inception of SAP in the 1960s, antibiotic administration has reduced
mortality, and the time taken for patients to return to normal life, thereby low-
ering the cost of treatment and the length of hospital stay®.

The primary reference for SAP is found in the guidelines of the American So-
ciety of Health-System Pharmacists (ASHP)*, however, in local recommen-
dations, the uncertainty of the indications, antibiotic selection, preoperative
timing, and duration of administration may change the surgeon’s approach
towards SSI. Moreover, these personal preferences have a significant impact
on global antibiotic consumption, which saw an increase of more than 60%
over the last decade. The barriers to guideline adherence include the logistical
insufficiency of surgical wards as well as a lack of awareness of the appropriate
guidelines and compliance with their recommendations®. As a result, the per-
sonal preference for antibiotics and their duration of administration have led
to inappropriate antibiotic use in half of all general elective surgeries'3 and the
emergence of bacterial resistance*.This study aimed to compare the empiri-
cal prophylactic treatment with decolonization-decontamination prophylaxis
protocol effectivness in the reduction of surgical site infections.
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METHODOLOGY

This is an observational study that is both retrospective and prospective in na-
ture. This study included all orthopedic surgery patients who were admitted to
Kosova Ortomedica Orthopedic Hospital between June 2018 and June 2019
as group 1, and those admitted between November 2021 and January 2022
as group 2. The demographics variables (age, sex, socioeconomic status, edu-
cational status, history of antibiotic use), duration of hospital stay, laboratory
tests, antibiotics, and other drug dosing frequency, type of surgery, and comor-
bidities of all patients admitted to Kosovo Ortomedica Orthopedic Hospital
and who underwent surgery between June 2018 and June 2019 were retrospec-
tively collected. These data had already been thoroughly documented on the
patient profile, and a double check had been made during the data collecting
procedure; additionally, the data had been compared with hospital pharmacy
records to guarantee its accuracy. The treatment protocol for these patients
(Group 1) was empirical based on ASHP therapeutic guidelines®. In brief, all
of the patients were given cefazolin 1g one hour before surgery. We couldn’t
conduct the prospective study immediately after the retrospective one because
of the COVID-19 pandemic, so we had to wait until the condition improved. For
Group 2, between 15 November 2021 and 10 January 2022, nasal/throat/skin
swab samples were collected from all patients before any surgical operation
and then the patients followed prospectively. Five days before surgery, these
samples were tested for the presence of methicillin-resistant Staphylococcus
aureus (MRSA). If MRSA was not detected, no further action was taken. If the
results were positive, nasal decolonization was performed for patients via ad-
ministration of 2% mupirocin cream twice a day for the next five days up to
the date of surgery. Decontamination of the skin was carried out by showering
using chlorhexidine gluconate soap the night before and the morning of the
procedure. Cefazolin was given as prophylaxis the day before and during the
surgery. Patients were followed prospectively for any signs of a new infection,
such as an elevated white bold cell (WBC), C-reactive protein (CRP), fever, or
other signs of infection at the surgery site daily for 3 weeks. The prospective
(Group 2) study protocol was adapted from a previous study that followed a
similar protocol, and these studies were included in the ASHP report'® 1
Additionally, intranasal mupirocin has been approved by the FDA for the treat-
ment of MRSA nasal colonization in adult patients and healthcare workers?.

All the data collected for (Group 1), was also collected for (Group 2). The re-
searchers then examined the efficacy of the empirical and decolonization-de-
contamination prophylaxis protocol. The primary outcome measures were the
percent of postsurgical infection, the C-reactive protein level three weeks post-
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surgery, and hospitalization days.

All procedures were carried out following the ethical guidelines of the Cham-
ber of Pharmacists of Kosovo Non-invasive Ethical Committee (Decision Num-
ber: 378, 12.11.2021). Individual written informed permission was obtained
from all participants in the study. The STROBE Checklist combined was used
to evaluate the quality of both retrospective and prospective data.

The data obtained in the research were analyzed using the SPSS for Windows
(Version 22.0). Numbers, percentage, and mean and standard deviation were
used for descriptive statistical analysis. The Kolmogorov-Smirnov test was uti-
lized to assess the normality of the data, and the findings indicated that the
data follows a normal distribution. The t-test was applied to compare quantita-
tive, normally distributed, continuous data between two independent groups
and the Chi-square test was used to compare independent variable groups. Re-
sults were considered statistically significant at p < 0.05.

RESULTS and DISCUSSION

In this study, we compared the empirical prophylactic treatment protocol to the
decolonization-decontamination prophylaxis protocol to determine the best reg-
imen to use at Kosovo Ortomedica Orthopedic Hospital. All patients in the em-
pirical treatment group received empirical prophylaxis before surgery, whereas
in the decolonization-decontamination prophylaxis group, the antibiotic was di-
rected by the culture results. Both Groups 1 and 2 have comparable demographic
variables and comorbidities (p>0.05). Despite some differences in some labora-
tory data (p<0.05), these data are still within the normal healthy range.

Among the 127 patients analyzed retrospectively in Group 1, 68 were female,
and 59 were male. The mean age was 41.9 +20.6. There were 93 patients eval-
uated prospectively in Group 2. Among them, 54 were female and 39 were
male. The mean age was 54.9 +21.9. The most common reasons for 127 pa-
tients in Group 1 to be admitted to the hospital were knee surgery in 53 cas-
es (42%), hip replacement in 30 cases (24%), and spine surgery in 27 cas-
es (21%). In contrast, among the 93 patients inGroup 2, 37 patients (40%) un-
derwent knee surgery, 17(18%) underwent hip replacement surgery, 11
(12%) underwent spine surgery, and 13 (13) underwent bone surgery (14%).
Those in Group 1 received antibiotic prophylaxis 1 hour before surgery, and
those in Group 2 received it the day before and 1 hour before surgery.

Table 1 presents the demographic characteristics, laboratory results for both
Group 1 (empirical prophylaxis) and Group 2 (decolonization-decontamina-
tion prophylaxis).
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Table 1. Demographic characteristics and laboratory results of Group 1 (empirical

prophylaxis) and Group 2 (decolonization-decontamination prophylaxis)

Variables [’2:]0:“1 ;;;antig)zt)s G{gu:pgzs)P st(i:'/:)ts p value
o T BERD e R e
Age (years) 41.9 £20.6 54.9 £21.9 p=0.24
Average WBC count 8.07+11.2 7.4+3.78 p=0.05
ALT UL 26.2 £27.3 24.25:40.8 p=0.460
AST U/L 252+ 11.4 21.59:10.1 p=0.01*
Urea mmol/L 4.68 +2.17 5.48+4.65 p=0.002*
Creatinine mmol/L 70.3+£37.9 71.5+12.1 p=0.765
Comorbidities 41 (32.3) 32 (34.4) p=0.425
Hypertension 32 (25.2) 27 (29) p=0.315
Hyperlipidemia 3(24) 3(3.2) p=0.503
Lower Respirgtory 0(0) 1(1.1) p=0.423
Tract Infection
aeation e n 42 (33.1) 31(31.3) p=0.540

*p<0.05 considered significant!

The infection status revealed that infected patients and 3-week postoperative
CRP levels were found to be higher in Group 1 (4.7% versus 0, p=0.038 and
7.1% versus 0, p=0.006, for empirical and decolonization -decontamination
groups respectively). Table 2 shows the differences between the two groups in
terms of the primary outcome measures like infection status, CRP and hospi-
talization days.
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Table 2. Comparison of empirically treated (Group 1) versus decolonization-decontamination
prophylaxis (Group 2) patients in terms of primary outcome measures

Group 1 Group 2
Variables N % N % p
42 33.1 31 333
No 121 95.3 93 100
Infection p=0.038*
Yes 6 47 0 0
3-Week Post- No 118 92.9 93 100
Surgery CRP 0=0.006*
Yes 9 741 0 0
H“"g:;i:atm” “ﬁg%” 3449 32447 p=0.827

*p<0.05 considered significant

During the hospitalization time, 14 patients in Group 1 required additional an-
tibiotic treatment 5 female (36%) and 9 male (64%), the average age was 45.9
+23.4 years, the average hospital stay was 3.62 +0.4 days, and 4/14 patients
had an infection three weeks following surgery (28.6 %). Of the 113 patients
who did not receive further antibiotics therapy, 63 (56%) were female and 50
(44%) males, with a mean age of 41.4 +20.2, a mean hospital stay of 3 +5.1
days, 36/113 chronic diseases, and with 2/113 (1%) who acquired an infection
three weeks after surgery. The number of patients with infection in the first
three weeks post-surgery was higher if the patient had been administered fur-
ther antibiotic treatment (p<0.05). In Group 2, nose, throat, and skin swab
samples taken from the patients before surgery revealed Staphylococcus au-
reus (S. aureus)-based infection in 13 of the 93 patients. Of these 13 patients
(average age 54.9 +21.9 years), 10 (18%) female and 3 (8%) male, received
prophylactic therapy, and three weeks following surgery none had developed
an infection. Similarly, 80 patients 44 (82%) female and 36 (92%) male did not
have an S. aureus infection and hence did not require prophylactic treatment.

Table 3 and Table 4 summarize the characteristics of the patients who received
antibiotics in Group 1 (empirically treated) and Group 2 (decolonization-de-
contamination prophylaxis) respectively.
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Table 3. Characteristics of patients who received antibiotics in Group 1 (empirically treated)

Infection in the

Hospitalization

Age

Variables Sex First 3 Weeks
Post-Surgery (days) (vears)
Patients Receiving
Further Antibiotics Female 5
Treatment Male 9 4 (28.6%) 3.6+24 459 £23.4
n=14
Patients Receiving No Feg”laale
Further Antibiotic Treatment Male 2 (1%) 351 41.4 +20.2
n=113
50
p value >0.05 <0.05* >0.05 >0.05

*p<0.05 considered significant

Table 4. Characteristics of patients who received antibiotics in Group 2 (decolonization-

decontamination prophylaxis)

Infection in the

Variables Sex First 3 Weeks Hnsp(i(}:lisz)atiun (lg:s)
Post-Surgery v v
Female
Infection in the First 3 Weeks appl?li(c);ble Not
- 0 i
Postns_uorgery Male 0 (0%) Not applicable applicable
- Not
applicable
Patients Receiving No Fezn4a|e
Prophylactic Treatment Male 0 (0%) Not applicable | 43.6 £19.7
n=80 36
p-value >0.05 <0.001* >0.05 >0.05

* p<0.05 considered significant

In this study, we compared the empirical prophylactic treatment protocol to

the decolonization-decontamination prophylaxis protocol to determine the

best regimen to use at our hospital. All patients in the empirical treatment

group received empirical prophylaxis before surgery, whereas in the decoloni-

zation-decontamination prophylaxis group, the antibiotic was directed by the

culture results.
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In our study, six of the 127 (4.7%) patients who followed the empirical prophy-
laxis plan, which included antibiotic medication given 1 h before surgery and
up to 4 h during surgery, developed infections. Vargas et al. studied the effect
of a short-term antimicrobial prophylaxis regimen on the prevalence of post-
operative infection in elective orthopedics and traumatology. In the group that
received the empirical antibiotic treatment, the prevalence of infection was
3/69 (4.3%), which is virtually identical to our findings'®. Antibiotic prophy-
laxis before surgery is critical to ensure adequate antibiotic concentrations.
We administered the antibiotic 1 h before the surgery. In the medical litera-
ture, the administration timing is still up for debate, and in different stud-
ies, ranges between 15 and 120 min before the skin incision'%. According to
Yeap et al., antibiotics should be given 30—60 min before surgery, during an-
esthesia induction, or at least 10 min before the tourniquet is inflated®. Most
antibiotics should be given 30 min before skin incision, according to Stefans-
dottir et al., and administration more than 60 min before surgery or incision
is linked to a greater risk of surgical infection??. Several investigations have
found a link between S. aureus colonization and the development of surgical
site infection in cardiothoracic, gastrointestinal, and orthopedic surgeries. In
2017, the American College of Surgeons (Chicago, Illinois) and the Surgical
Infection Society (East Northport, New York) published guidelines that ad-
dressed this issue, stating that screening and decolonization should be based
on baseline surgical site infection and methicillin-resistant S. aureus rates?.
Before total joint replacement and cardiac surgeries, the American Society of
Health-System Pharmacists (Bethesda, Maryland) recommends screening and
decolonization for all patients colonized with S. Aureus™. Methicillin-resistant
S. aureus bundles (screening, decolonization, contact precautions, and hand
hygiene) are extremely successful when all of the components are used to-
gether. The guidelines also state that in the literature, no single decoloniza-
tion technique has been proven effective. Nasal mupirocin has been used alone
and in combination with chlorhexidine gluconate bathing. The anterior nares
have also been decolonized with povidone-iodine solutions?®. This guideline
was used in our prospective group (n = 93), and we noticed that there was no
infection in this group.

In our study, we started nasal mupirocin five days before surgery and informed
patients who had a positive MRSA culture result to shower the night before
and in the morning of the procedure. We had remarkable success with this
strategy because the infection rate was zero and no elevation in CRP noted.
Nasal decolonization exhibited a significant prophylaxis effect against surgical
site infections caused by S. aureus, according to a meta-analysis of 17 stud-
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ies. Essentially, seven studies looked at a protocol that included decolonization
and glycopeptide prophylaxis only for MRSA-colonized patients, as we did in
our study, and found that it had a significant prophylaxis effect against Gram-
positive surgical site infections®®. For the outcome to be effective, Murphy et
al. advocated the use of these techniques within three months of surgery®.

Schweizer et al., by comparing the empirical antibiotic prophylaxis with the
decolonization-decontamination method, concluded that S. aureus screening,
decontamination, and targeted prophylaxis as part of a bundle were linked to a
small but statistically significant reduction in complex S. aureus SSIs=.

A study conducted in an orthopedic hospital in Spain and published in 2019
revealed findings that are comparable to those of the present study. The study
encompassed a control group consisting of 400 patients who underwent sur-
gical procedures from January 2009 to December 2013. Additionally, a sec-
ond intervention group of 403 patients was included, who were exposed to a
screening and decontamination strategy for nasal carriers of S. aureus between
January 2014 and December 2016. Upon doing a comparative analysis of sur-
gical-site infection (SSI) rates, it was observed that the intervention group ex-
hibited a statistically significant decrease in both overall SSI (p<0.009) and S.
aureus-specific SSI (p<0.02)%.

The study covered all patients who underwent orthopedic surgery during a
specific time period, and because the hospital has a limited capacity and the
restricted condition of COVID-19, only a small number of patients were in-
cluded, which is a constraint that prevents the study’s findings from being
generalized. Additionally, the economic burden of the decolonization-decon-
tamination implementation approach was not measured in our study, which
is another limitation.

According to our findings, using the decolonization-decontamination method
reduces the rate of infection in orthopedic surgeries, and we can advocate it
as a preventive strategy. However, more pharmaco-economic research with a
larger sample size is needed to determine the cost-effectiveness and practical
utilization of the method.

STATEMENT OF ETHICS

All procedures performed were in accordance with the ethical guidelines of the
Chamber of

Pharmacists of Kosovo Non-invasive Ethical Committee (Decision Number:
12.11.2021/378).

38 | Acta Pharmaceutica Sciencia. Vol. 62 No. 1, 2024



CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.
AUTHOR CONTRIBUTIONS

DA, NA, and BB conceived and designed the study; DA obtained ethics ap-
proval and collected patient’s data; DA and NA wrote the article. NA and BB
performed the statistical analysis. BB supervised the overall study and revised
the article.

Acta Pharmaceutica Sciencia. Vol. 62 No. 1,2024 | 39



REFERENCES

1. Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG. CDC definitions of nosocomial
surgical site infections, 1992: a modification of CDC definitions of surgical wound infections.
Infect Control Hosp Epidemiol, 1992;13:606-608.

2. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR. Guideline for Prevention of
Surgical Site Infection, 1999. Centers for Disease Control and Prevention (CDC) Hospital In-
fection Control Practices Advisory Committee. Am J Infect Control, 1999;27(2):97-96. Doi:
10.1086/501620

3. Singh R, Singla P, Chaudhary U. Surgical site infections: classification, risk factors, patho-
genesis and preventive management: review article. Int J Pharma Research Health Sci,
2014;2:203-214.

4. Perencevich EN, Sands KE, Cosgrove SE, Guadagnoli E, Meara E, Platt R. Health and eco-

nomic impact of surgical site infections diagnosed after hospital discharge. Emerg Infect Dis,
2003;9:196-203. Doi: 10.3201/eid0902.020232

5. Badia J, Casey A, Petrosillo N, Hudson P, Mitchell S, Crosby C. Impact of surgical site infec-
tion on healthcare costs and patient outcomes: a systematic review in six European countries.
J Hosp Infect, 2017;96:1-15. Doi: D1016/j.jhin.2017.03.0040i:10.

6. Monahan M, Jowett S, Pinkney T, Brocklehurst P, Morton DG, Abdali Z, et al. Surgical site
infection and costs in low- and middle-income countries: a systematic review of the economic
burden. PLoS One, 2020;15(6):€0232960. Doi: 10.1371/journal.pone.0232960

7. Cecchini M, Langer J, Slawomirski L. Antimicrobial resistance in G7 countries and beyond:
economic issues, policies and options for action. OECD better policies for better lives, 2015;
1-75.

8. Waddell TK, Rotstein OD. Antimicrobial prophylaxis in surgery. Committee on Antimicro-
bial Agents, Canadian Infectious Disease Society. CMAJ, 1994;151:925-931.

9. Talbot TR. Surgical site infections and antimicrobial prophylaxis. In: Mandell GL, Ben-
nett JE, Dolin R., Eds. Principle and practice of infectious diseases. 7th edition. Philadelphia:
Churchill Livingstone, 2010; 3890-3905.

10. Bratzler DW, Dellinger EP, Olsen KM, Perl TM, Auwaerter, Bolon MK, et al. Clini-
cal practice guidelines for antimicrobial prophylaxis in surgery. Am J Health Syst Pharm,
2013;70:195-283. Doi: 10.1089/sur.2013.9999

11. Klein EY, Van Boeckel TP, Martinez EM, Pant S, Gandra S, Levin SA, et al. Global increase
and geographic convergence in antibiotic consumption between 2000 and 2015. Proc Natl
Acad Sci, 2018; 115(15):E3463-E3470. Doi: 10.1073/pnas.1717295115

12. Van Kasteren MEE, Kullberg BJ, De Boer AS, Mintjes-de Groot J, Gyssens IC. Adher-
ence to local hospital guidelines for surgical antimicrobial prophylaxis: a multicentre audit
in Dutch hospitals. J Antimicrob Chemother, 2003;51:1389-1396. Doi: 10.1093/jac/dkg264

13. Bedouch P, Labarére J, Chirpaz E, Allenet B, Lepape A, Fourny M, et al. Compliance with
guidelines on antibiotic prophylaxis in total hip replacement surgery: results of a retrospec-
tive study of 416 patients in a teaching hospital. Infect Control Hosp Epidemiol, 2004;25:302-
307. Doi: 10.1086/502396

14. Butt SZ, Ahmad M, Saeed H, Saleem Z, Javaid Z. Post-surgical antibiotic prophylaxis:
Impact of pharmacist’s educational intervention on appropriate use of antibiotics. J Infect
Public Health, 2009; 12:854-860. Doi: 10.1016/j.jiph.2019.05.015

40 | Acta Pharmaceutica Sciencia. Vol. 62 No. 1, 2024



15. Bode LG, Kluytmans JA, Wertheim HF, Bogaers D, Vandenbroucke-Grauls CM, Troelstra
A, et al. Preventing surgical-site infections in nasal carriers of Staphylococcus aureus. N Engl
J Med, 2010;362: 9-17. Doi: 10.1056/NEJMo0ao808939

16. Hebert C, Robicsek A. Decolonization therapy in infection control. Curr Opin Infect Dis,
2010;23:340-345. Doi: 10.1097/QCO.0bo13e32833ae214

17. Kaur DC, Narayan PA. Mupirocin resistance in nasal carriage of Staphylococcus au-
reus among healthcare workers of a tertiary care rural hospital. Indian J Crit Care Med,
2014;18(11):716-721. Doi: 10.4103/0972-5229.144013

18. Vargas-Mena R, Arredondo-Goémez E, Pavia-Carrillo EF. Efecto de un esquema corto de
profilaxis antimicrobiana sobre la prevalencia de infecciones postoperatorias en cirugia elec-
tiva de traumatologia y ortopedia Effect of a short antimicrobial prophylaxis regimen on the
prevalence of postoperative infection in elective orthopedics and traumatology surgery. Acta
Ortop Mex, 2012;26:369-374.

19. Yeap JS, Lim JW, Vergis M, Au Yeung PS, Chiu CK, Singh H. Prophylactic antibiotics in
orthopaedic surgery: Guidelines and practice. Med J Malaysia, 2006;61:181-188.

20. Niimi R, Hasegawa M, Kawamura G, Sudo A. One-day antibiotic infusion for the preven-
tion of postoperative infection following arthroplasty: A case control study. ISRN Orthop,
2011;839641. Doi: 10.5402/2011/839641

21. Andersson AE, Bergh I, Karlsson J, Eriksson BI, Nilsson K. The application of evidence-
based measures to reduce surgical site infections during orthopedic surgery-Report of a sin-
gle-center experience in Sweden. Patient Saf Surg, 2012;6:1-11. Doi: 10.1186/1754-9493-6-11

22, Stefansdottir A, Robertsson O, W-Dahl A, Kiernan S, Gustafson P, Lidgren L. Inadequate
timing of prophylactic antibiotics in orthopedic surgery. We can do better. Acta Orthop,
2009;80:633-638. Doi: 10.3109/17453670903316868

23. Singla A, Qureshi R, Chen DQ, Nourbakhsh A, Hassanzadeh H, Shimer Al, et al. Risk of
surgical site infection and mortality following lumbar fusion surgery in patients with chron-
ic steroid usage and chronic methicillin-resistant Staphylococcus aureus infection. Spine,
2019;44:408-413. Doi: 10.1097/BRS.0000000000002864

24. Ban KA, Minei JP, Laronga C, et al. American College of Surgeons and Surgical Infection
Society: Surgical Site Infection Guidelines, 2016 Update. J Am Coll Surg, 2017;224:59-74.
Doi: 10.1016/j.jamcollsurg.2016.10.029

25. Anderson MJ, David ML, Scholz M, Bull SJ, Morse D, Hulse-Stevens M, et al. Efficacy of
skin and nasal povidone-iodine preparation against mupirocin-resistant methicillin-resistant
Staphylococcus aureus and S. aureus within the anterior nares. Antimicrob Agents Chem-
other, 2015;59:2765-2773. Doi: 10.1128/AAC.04624-14

26. Schweizer M, Perencevich E, McDanel J, Carson J, Formanek M, Hafner J, et al. Effective-
ness of a bundled intervention of decolonization and prophylaxis to decrease Gram positive
surgical site infections after cardiac or orthopedic surgery: systematic review and meta-anal-
ysis. BMJ, 2013;346:f2743. Doi: 10.1136/bmj.f2743

27. Murphy E, Spencer S J, Young D, Jones B, Blyth MJ. MRSA colonisation and subsequent
risk of infection despite effective eradication in orthopaedic elective surgery. J Bone Joint
Surg Br, 2011;93: 548-551. Doi: 10.1302/0301-620X.93B4.24969

28. Pelfort X, Romero A, Brugués M, Garcia A, Gil S, Marrén A. Reduction of periprosthetic
Staphylococcus aureus infection by preoperative screening and decolonization of nasal carri-
ers undergoing total knee arthroplasty. Acta Orthop Traumatol Turc, 2019;426-431.

Doi: 10.1016/j.a0tt.2019.08.014

Acta Pharmaceutica Sciencia. Vol. 62 No. 1, 2024 | 41



Acta Pharm. Sci. Vol 62:(1), 2024
Research article
DOI: 10.23893/1307-2080.APS6203

Levels of adiponectin, malondialdehyde and
lipid profile in women with polycystic ovary
syndrome

Zainab Haitham FATHI™, Zaid Muwafagq YOUNUS, Sameer Mohammed MAHMOOD,
Jehan A. MOHAMMAD

University of Mosul, College of Pharmacy, Department of Pharmacognosy and Medicinal Plants, Mosul, Iraq

ABSTRACT

Polycystic ovary syndrome (PCOS) is a heterogeneous disease affects about
4-18% of women of reproductive age worldwide, with associated increased
risk of endocrine, metabolic, and reproductive defects. Adiponectin (ADP),
the most abundantly secreted adipokine, is a homeostatic regulating factor for
insulin, lipid, and glucose through its antioxidant, anti-fibrotic, and anti-in-
flammatory effects. Serum levels of adiponectin, malondialdehyde (MDA), and
lipid profile were evaluated in the fasting sample in 30 healthy underweight
women as a control group, and 30 females with PCOS, age, and body mass
index (BMI) matched with the healthy control. Compared with the healthy
control, serum levels of adiponectin were significantly lower in females with
PCOS. Additionally, total cholesterol (TC) levels were significantly higher in
concomitant women compared to the control group. Interestingly, no signifi-
cant variations were observed in the serum levels of MDA, LDL, TG, VLDL,
and HDL. However, no significant correlations were found between the study
groups. In conclusion, findings of our study revealed that low adiponectin and
high total cholesterol levels could serve as predictive markers of PCOS risk in
lean women with a family history of PCOS, or women with fewer symptoms.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a complex and heterogeneous endocrine
disease affecting women of reproductive age, with a prevalence rates ranged
from 4-20% using the applied criterion'. The presence of two out of the fol-
lowing three criteria is required for the diagnosis of PCOS: polycystic ovaries,
ovulatory dysfunction, and hyperandrogenism2. PCOS is not only a reproduc-
tive disorder but also a metabolic disorder, with affected women being at an
increased risk of developing insulin resistance, dyslipidemia, obesity, type 2 di-
abetes, and cardiovascular disorder3*. Adiponectin is an adipose tissue-derived
adipokine and a hormone that influences multiple metabolic processes through
its anti-atherogenic, anti-inflammatory, and insulin-sensitizing properties’. Ad-
iponectin has been shown to decrease in females with PCOS, and this decrease
has been attributed to the insulin resistance which is a characteristic of PCOS®*.
Insulin resistance leads to decreased production of adiponectin, which in turn
aggravates insulin resistance and contributes to the metabolic abnormalities as-
sociated with PCOS’. Moreover, adiponectin has a direct effect on ovarian func-
tion. Adiponectin receptors are expressed in the ovary, and studies have shown
that adiponectin can stimulate steroidogenesis and follicular growth°-2, Adi-
ponectin also reduces the production of androgens in the ovary, which is a key
feature of PCOS'. The decrease in adiponectin levels in PCOS contributes to the
hyperandrogenism and ovulatory dysfunction associated with this disorder.

Oxidative stress play a significant role in the pathophysiology of several diseas-
es, including PCOS®. The underlying mechanisms linking PCOS with oxidative
stress are not fully understood. It is believed that oxidative stress may lead to the
development of insulin resistance by impairing insulin signaling pathways and
promoting inflammation*®. Furthermore, oxidative stress may lead to the hyper-
androgenism seen in PCOS by promoting the production of androgens by the
ovaries and adrenal glands?. Moreover, it has been shown that adiponectin has
antioxidant properties and protects against oxidative stress, and the decline in
adiponectin levels may be a factor in PCOS patients’ increased oxidative stress®.
Malondialdehyde (MDA) is a byproduct of lipid peroxidation that is often used
as a marker for the presence of oxidative stress in the body'*2°. Several studies
have reported increased levels of MDA in females with PCOS and is related with
insulin resistance and dyslipidemias 2. The elevated levels of MDA in females
with PCOS suggest the presence of oxidative stress in this population.

Dyslipidemia is a common metabolic abnormality PCOS, and females with
PCOS are more likely to have dyslipidemia including, decreased high-density
lipoprotein (HDL) levels and increased triglyceride, low-density lipoprotein
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(LDL) levels, compared to women without PCOS?%>23, The mechanisms under-
lying the relationship between dyslipidemia and PCOS are thought to be re-
lated to insulin resistance, androgen excess, and obesity*?. Dyslipidemia is a
significant risk factor for the development of cardiovascular disease (CVD) in
women with PCOS.

Previous studies have shown that adiponectin, MDA, and lipid profile are al-
tered in women with PCOS95%2, However, the relationship between these
biomarkers and the metabolic disturbances associated with PCOS is not well
understood. Therefore, this study aimed to assess the serum levels of adi-
ponectin, MDA, and lipid profile in females with PCOS and compare them with
those of healthy controls. We hypothesize that women with PCOS will have
lower levels of adiponectin, higher levels of MDA, and dyslipidemia compared
to healthy controls.

METHODOLOGY
Subjects

This cross-sectional study involved 60 females with an age range between (16-
35) years, from August 2022 to September 2022. Thirty women with polycystic
ovary syndrome and thirty healthy underweight women as a control group. For
all participants, the body mass index (BMI) was calculated from the measured
weight and height.

Biochemical measurements

All blood samples were obtained from women after overnight fasting and incu-
bated for 10 mins at 37°C in a water bath, and then centrifuged at 3500 rpm for
12 mins. Sera were obtained and stored at -20°C for estimation of adiponectin,
malondialdehyde, TC, LDL, TG, VLDL and HDL.

ELISA was applied to determine the concentration of adiponectin using a kit
provided by USBIOLOGICAL (USA)*. The modified method, in which MDA
and thiobarbituric acid (TBA) react to form a pink compound detectable at 532
nm, was used to determine the serum malondialdehyde concentration?s.

An enzymatic colorimetric method was used to measure fasting serum TG?*,
TC, and HDL using BIOLABO kit while, VLDL and LDL levels were deter-
mined using Friedewald’s equation®.

Data analysis

All values are set as mean + standard deviation (SD). Unpaired t-tests were
used for comparisons between PCOS and control groups, using GraphPad
Prism software version 8.0.2, California, USA.
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RESULTS and DISCUSSION

The demographic characteristics of the control and PCOS groups are described
in Table 1. Sixty women included in this study, of which 30 were healthy wom-
en and 30 had PCOS. No significant variations in mean age were observed
between the control and the PCOS group (p-value 0.29). However, there was
a significant difference in body mass index (BMI) between the women with
PCOS and control groups (p-value 0.0012). PCOS women had significantly
higher BMI (mean difference 1.81) (Figure 1).

Table 1. Demographic characteristics of the control and PCOS groups

Parameters Control (n=30) PCOS (n=30)
Age (years) 23.67 +6.126 21.97 £ 4.478
BMI (Kg/m?) 17.74 £+ 0.7032 19.55 + 1.956°

PCOS: polycystic ovary syndrome. BMI: body mass index. Values set as mean
+ standard deviation (SD). Unpaired t-test was used, where *p < 0.05 sets as
statistically significant
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Figure 1. Demographic characteristics of the control and PCOS groups. (A) Age, (B) BMI.
PCOS: polycystic ovary syndrome. BMI: body mass index. Values set as mean + standard
deviation (SD). Unpaired t-test was used, where *p < 0.05 sets as statistically significant.

Validation of serum levels of adiponectin, malondialdehyde and li-
pid profile

Women with PCOS had significantly lower serum adiponectin levels (Figure 2),
and significantly higher total cholesterol levels than the control group (Figure 3).
However, no significant variations in the levels of MDA (Figure 4), LDL, VLDL,
TG, and HDL (Figure 3) were observed between the study groups Table 2.
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Table 2. Serum levels of adiponectin, malondialdehyde and lipid profile

Parameters Control (n=30) PCOS (n=30)
Adiponectin (pg/ml) 11.24 +1.140 10.12 £ 1.403°
Malondialdehyde (pmol/L) 0.3953 + 0.1802 0.6647 + 0.5970
TC (mmol/L) 120.8 + 16.56 144.6 + 37.08"

LDL (mmol/L) 52.13 +£22.39 66.01 + 35.66

TG (mmol/L) 89.33 + 17.45 106.4 + 34.00

VLDL (mmol/L) 17.89 + 3.500 21.31 £6.778

HDL (mmol/L) 49.67 +10.95 53.90 + 11.42

TC: total cholesterol. LDL: low-density lipoprotein. TG: triglyceride. VLDL:
very low-density lipoprotein. HDL: high-density lipoprotein. Values set as

mean + standard deviation (SD). *p < 0.05 represents statistically significant
differences, as set by unpaired t-test
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Figure 2. Serum levels of adiponectin. Values set as mean + standard deviation (SD).
*p < 0.05 represents statistically significant differences, as set by unpaired t-test.
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Figure 3. Lipid profile. TC: total cholesterol. LDL: low-density lipoprotein. TG: triglyceride.
VLDL: very low-density lipoprotein. HDL: high-density lipoprotein. Values set as mean =

standard deviation (SD). *p < 0.05 represents statistically significant differences, as set by
unpaired t-test.
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Figure 4. Serum levels of malondialdehyde. Values set as mean + standard deviation (SD).

The complicated nature of PCOS makes it extremely challenging for physicians
to trace the underlying cause and identify the key signs to aid in the diagnosis
of illness and the associated metabolic repercussions®®. One of the principal al-
terations in PCOS is dyslipidemia, which is primarily caused by insulin resist-
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ance and glucose intolerance and has an impact on other potential biomarkers
including adiponectin®*3°. Thus, reduced adiponectin level could indicate the
persistence of PCOS3'. The current study focused on lean women with PCOS,
indicated by BMI, to reveal an average reduced level of adiponectin. Physi-
ologically, decreased adiponectin level is a feature in obese individuals which
reversed with reduced body weight3>33, Although women involved in the cur-
rent study are not apparently obese, they indicated significant increase in BMI
compared to their corresponding control. It is known that adiponectin level is
negatively correlated with BMI32. Consequently, the present results may reflect
normal findings as the adiponectin level in tested individuals with PCOS were
inversely related to BMI. This was in agreement with certain studies that indi-
cated reduced adiponectin production with increased obesity, and this is well
correlated also with the dyslipideamia associated with PCOS3+3¢, However,
the fact that these women are considered underweight, indicated by BMI, may
highlight the metabolic abnormality arises from PCOS’s pathophysiological
changes spotted by lower adiponectin and increased cholesterol levels. This is
an important characteristic of PCOS where there are changes in the circulating
levels of adipokines, including adiponectin, causing disturbed lipid metabo-
lism which may even be observed in non-obese women?. This was consistent
with Mirza S. et al. whom conducted a case control study to explore the level of
adiponectin in PCOS non-obese females3®. The study indicated lower levels of
adiponectin in PCOS women compared to their healthy controls of the same age
and weight range. The study also claimed the usefulness of adiponectin as a bi-
omarker for PCOS in lean young women. Beyazit et al. investigated the levels of
adipokines, including adiponectin, and their correlation with obesity in PCOS
women?®. The study reveals reduced levels of adiponectin in PCOS women with
averaged BMI below than 25 and concluded that adiponectin may serve as a
significant biomarker in the diagnosis of PCOS which may support the findings
from the current study. However, in a study by Arikan et al. to evaluate the var-
iations in the resistin and adiponectin levels in non-obese PCOS young women,
the results where contrary with that of the current study#*°. It reveals signifi-
cantly elevated adiponectin levels in PCOS women compared to their controls.
Geloneze B et al. raised another claim demanding that the level of adiponectin
is positively correlated with that of HDL independently from obesity or BMI34.
The latter may partially correlate with the present results in highlighting de-
creased levels of adiponectin in PCOS and dyslipidaemia changes. However,
the current study disagreed with the results from Geloneze B et al. in revealing
no significant variations between HDL levels in PCOS women compared to
their controls#. In fact, only total cholesterol in the current results, out of other
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lipid profile markers, was significantly elevated in PCOS women. This is possi-
bly because of the younger age and below averaged weight of women included
in the study which could limit the chances of showing advanced pathologi-
cal changes normally observed in older and obese PCOS patients. This could
be the same reason why malonaldehyde level was not significant compared to
controls showing no indication of altered oxidative stress. Chen et al. evaluated
the levels of adiponectin and leptin and their association with lipid profile in
obese and lean women with PCOS®. the study results revealed no significant
changes in the level of adiponectin in lean PCOS women compared to controls
which disagreed with the results from the current study. The results also were
not consistent with the present study in showing significant elevation in serum
levels of LDL, and triglyceride in lean women with PCOS. Uckan et al. studied
the relationship between oxidative stress markers and metabolic abnormali-
ties in PCOS women, and indicated strong correlation between oxidative stress
and metabolic changes in PCOS#2. The study disagreed with the results of the
current research as it revealed significant changes in MDA, LDL, and HDL
levels in non-obese women with PCOS compared to controls.

Goziikiiciik et al., also investigated the levels of adiponectin and leptin along
with lipid profile in normal weight PCOS women. The results were consist-
ent with the results of the current study as it revealed no significant variations
in lipid profile including serum triglycerides, LDL, and HDL between PCOS
women and control subjects. Karadeniz et al. explored oxidative stress mark-
ers and lipid profile in young non-obese PCOS patients#. The study concluded
no significant variations between PCOS patients with controls owing to the
younger age of the patients and being non-obese. This was consistent with the
results from the current work and may thus support the claims that adiponec-
tin and total cholesterol levels could serve as useful markers in PCOS. This was
evident as these indices showed significant difference in PCOS patients com-
pared to other markers even in younger non-obese individuals.

Findings from the current study revealed statistical difference in the serum
levels of both adiponectin and total cholesterol spotted in lean young women
with PCOS. These markers may serve as early predictive markers of PCOS in
these individuals even when other indicators are not evident or yet significant.
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ABSTRACT

Opuntia ficus-indica (L.) Mill. belong to the Cactaceae family, since can grow
in conditions where other plants cannot survive, it is distributed in many parts
of the world due to its socioeconomic, nutraceutical, and ecological proper-
ties. Especially, its fruits and cladodes are used as herbal medicine for various
health problems in different countries. Pharmacological effects such as antiox-
idant, antimicrobial, anticancer, antiulcer, hepatoprotective, wound healing,
hypocholesterolaemia, anti-diabetic, and anti-obesity were demonstrated with
conducted studies. In this study, the anatomy of cladode and fruit of O. ficus-
indica grown in Tiirkiye has been studied in detail. Cyclocytic stomata were
detected on both fruit and cladode surfaces. Abundant calcium oxalate crystals
and mucilage cells were detected in both fruit and cladode. The importance of
anatomical study was emphasized for plants to be used for food and medicinal
purposes.

Keywords: Opuntia ficus-indica, cladode, fruit, anatomy

INTRODUCTION

Opuntia ficus-indica (L.) Mill. is a perennial drought-resistant plant in the
Cactaceae family, adapted to arid and semi-arid areas. The plant, which is gen-
erally known as “prickly pear” in the world, is known by names such as “Frenk
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inciri, Hint inciri, Kaynana dili” in Tiirkiye. Although its origin is Mexico, it
is grown in many parts of the world today such as Mediterranean countries,
South Africa, and North and South America*s.

Shrub or small tree with the succulent trunk, which is 2-4 m high, are spread.
As the trunk ages, woody branches form in the lower part. The trunk has un-
dergone metamorphosis by taking the shape of a leaf and is called a cladode. Its
trunk has an articulated structure, and the joints are 10-40 x 7-20 c¢m in size,
ranging from oblong-elliptical to obovate and flattened. Caducous leaves are
about 3 mm long and subulate. As with other plants, they also develop spines
rather than leaves, these spines are white in colour. They may develop spiny
structures called glochids are weak, thin, small brush-like structures, alongside
or in place of these spines and yellow colour. Glochids are found in small mer-
istematic eyes called areoles. Glochids are found in the areole space in clusters
of 7-12. Areoles do not have spines and their number varies between 1-6. The
surfaces of spines are rough, however, glochids have smooth ones. The flowers
are hermaphrodites and bright yellow. The berry is oval, 5-10 ¢cm long, red,
yellow, orange, or purplish. There are areoles on the berry, the berry usually
does not bear spines. The seed has bony testa. It is whitish, and numerous3*.

Food products made from its fruit and cladodes are plentiful. Its fruits are uti-
lized to produce a variety of items such as jams, juices, alcoholic beverages,
natural sweeteners, body lotions, shampoos, and creams. Its cladodes are con-
sumed as vegetables. Their principal usage is flour, which can be used in place
of maize or wheat flour in baked goods including bread, cookies, and cakes®.
In Italy, cladodes are used directly for skin diseases, viral infections (Herpes),
and joint pain, while in South Africa it is recommended for haemorrhoids and
toothache’®. In Ethiopia, the cladodes are set on fire for anthrax in livestock
and applied to the affected area when hot, and crushed and rubbed into their
skin for lice or flea infestations?. In the Philippines, the decoction of cladodes
is recommended for diarrhoea. In Bolivia, it is recommended as moxibustion
for angina, headache, and oedema, while its sap is consumed for cough. The
sap obtained by crushing it is used for burns in the form of direct application,
for hair such as shampoo, for kidney pain directly or by heating, and its decoc-
tion for body cleansing''2. While the jam of the fruit is consumed for cough
and cold in Italy, the fruit is eaten directly for gastritis in Ethiopia”.

The plant grows naturally in the Mediterranean and Aegean regions of Turkey
and also is cultured in these regions4. The decoction of cladodes is used for
bronchitis by drinking a glass three times a day, and its mash is used by mak-
ing compresses for rheumatism in Turkey'. Its cladodes and fruits are applied
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with salt once a day for 1-2 weeks for dislocation and tonsillitis by heating,
boiling, or in the form of cataplasm®. The fruit is eaten as fruit after peeling
the prickly skin in the Mediterranean Region of Turkey (Fig. 1). This fruit is
also eaten fresh for stomach-ache, 10 times a day on an empty stomach?. After
peeling, it is consumed for diabetes, and anaemia, as well as a laxative and
aphrodisiac. Peeled fruits are also used for moistening in the form of mash*® 1.

Figure 1. Opuntia ficus-indica fruits and peeling off the prickly skin of the fruit
(Photo. A. Koroglu)

Itis reported that especially, flavonoids, phenolic acids, betalains, carotenoids,
and sterols in the fruit*°3°. The fruit also is rich in Vitamin C and E [20, 21, 25,
31]. Its seeds are regarded as a good source of unsaturated fatty acids®>32. It has
been indicated that the cladodes contain especially flavonoids, phenolic acids,
tannins, and carotenoids33-3.

Antioxidant, antimicrobial, antileishmanial, and anticancer activities of the
fruit have been demonstrated by in vitro studies2:242528:3039-42 [ts neuropro-
tective, sedative, hypocholesterolemic, antiulcer, and hepatoprotective effects
have been approved by in vivo studies2°294344, Especially, antioxidant and an-
timicrobial activities studies have been carried out on the cladodes in vitro
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3435374546 The pharmacological effects of cladodes such as antiulcer, wound
healing, anti-inflammatory, hepatoprotective, antidiabetic, antispasmodic, hy-
pocholesterolemic, and anti-obesity have also been demonstrated by in vivo
studies3+354752, The number of anatomy studies on the cladode is limited53-s.
In addition, no clear study was found about the anatomy of the fruit, except for
the structure of the pericarp of the seed?®.

This study aims to determine the anatomical features of the fruit and cladode
of Opuntia ficus-indica, which is of great importance in terms of both medici-
nal and food use.

METHODOLOGY

The fruits and cladodes samples were collected in Antalya-Olympos (Tiirkiye)
on August 22, 2017 (Figure 1-2) and preserved in 70% alcohol. The specimens
were identified by Professor Aysegiil Koroglu. At least 5 different samples were
examined, and cross and surface sections were taken. The cross and surface
sections taken from these samples were examined under the light microscope
(Leica CME) with Sartur reagent 5 and their images were obtained with the
Leica DFC280 camera.

Figure 2. Opuntia ficus-indica (Photo. A. Kéroglu)
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RESULTS and DISCUSSION
Anatomy of the cladode blade

The morphological view of the cross-section of the cladode blade is shown in
Figure 3. In the cross-section, it is surrounded on the outside by a thick waxy
cuticle layer. The epidermis cells are rectangular and single-row. The hypoder-
mis is usually 4-rowed and the walls of its cells are thickened. Big druses are
observed in this part. The chlorenchyma consists of multi-row, thin-walled,
and long rectangular-shaped cells with plastids. It contains a large number
of druses and starches. Mucilage cells are observed in the chlorenchyma. Be-
low the chlorenchyma is the part where the vascular bundles are located. The
vascular bundles are of the closed collateral bundle type, with a xylem on the
inside and phloem on the exterior. The core is usually composed of round and
colourless cells. It carries abundant druses and starches (Figure 4).

Figure 3. The morphological view of the cross-section of the cladode blade
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Figure 4. The microscopic image of the cross-section of the cladode blade; A., B.: General
view, C. Druse in chlorenchyma, D. Mucilage cells in the chlorenchyma, E. Vascular bundle,
F. Druse in the core. c: core, ch: chlorenchyma, cu: cuticula, d: druse, e: epidermis, h:
hypodermis, m: mucilage cells, ph: phloem, v: vascular bundle, xy: xylem.

In the surface section, the epidermis cells are polygonal and slightly wavy-
walled. Cyclocytic stomata were observed, the subsidiary cells of which were not
very clear. The presence of druses and mucilage cells was observed (Figure 5).
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Figure 5. The microscopic image of the surface section of the cladode; A. General view, B.
Stomata, C. Druses, D. Mucilage cell.

Anatomy of the fruit

The morphological view of the fruit and morphological view of the cross-sec-
tion of the fruit are shown in Figures 6 and 7, respectively. In the exocarp, the
thick waxy cuticular layer is located. Usually, rectangular and single-row cells
make up the epidermis. The cells of the hypodermis usually have four rows and
it has thicker cell walls. In the hypodermis, abundantly big druses are seen.
Multi-row colourless long cylindrical parenchyma cells are located under the
hypodermis. The mesocarp consists of irregularly shaped paranchymatic col-
ourless cells with plastids. The presence of mucilage cells was observed in the
mesocarp. Druses are observed more intensely in the mesocarp than in the
exocarp. The vascular bundles are of the closed collateral bundle type and scat-
tered in the mesocarp (Figure 8).
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Figure 6. The morphological view of the fruit of Opuntia ficus-indica

5c¢cm

Figure 7. The morphological view of the cross-section of the Opuntia ficus-indica fruit; e:
exocarp, m: mesocarp, en: endocarp, s: seed
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Figure 8. The microscopic image of the cross-section of the Opuntia ficus-indica fruit; A., B.:
General view, C. Druse in exocarp parenchyma, D. Druses in the mesocarp, E. Vascular bundle,
F Mucilage cells in the mesocarp. e: epidermis, ex: exocarp, cu: cuticula, h: hypodermis, m:
mesocarp, m: mucilage cell,.p: parenchyma, ph: phloem, xy: xylem.

In the surface section of the fruit of Opuntia ficus-indica, the epidermis cells
are irregularly shaped and have slightly wavy walls. Cyclocytic stomata are pre-
sent and the cells adjacent to the stoma are not clear. Abundant large druses
are observed on the surface of the fruit (Figure 9).

Figure 9. The microscopic image of the surface-section of the fruit; A. General view, B.
Stomata and druses, C. Stomata
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Different parts of O. ficus-indica are used in various fields such as health, nu-
trition, and cosmetics. Fruits and cladodes contain high amounts of important
nutrients. The fruits and cladodes have been used in traditional folk medicine
for many years in different parts of the world for different purposes. There are
many studies about the chemical properties and biological activities of fruits
and cladodes. However, the number of anatomy studies on the fruit and clad-
ode is limited. Anatomical studies are very important for the identification of
microcharacters of medicinal plants part (drugs).

As a result of the anatomical examinations; cyclocytic stomata with unclear
adjacent cells in both cladode and fruit surface sections; on the other hand,
abundant calcium oxalate crystals were detected in the cross and surface sec-
tions of two different parts of Opuntia ficus-indica (Figures 4, 5, 8, 9). It was
observed that the hypodermis layer was collenchymatic in the cross-section of
the cladode and fruit (Figures 4A, 4B, 8B and 9B). Mucilage cells were char-
acteristically determined on the cladode surface and among the parenchyma
cells in the cross-section (Figures 4D and 5D). In addition, mucilage cells
were determined in the mesocarp part of the fruit (Figure 8F). The anatomi-
cal findings we obtained are generally combined with the source data found
compatibless5°, The presence of pseudohypoderm in the cladode and that this
structure has a collenchymatic and mucilage structure were stated by Metcalfe
and Chalk (1965) 58, but this structure was not observed in our study and the
presence of mucilage was found in the chlorenchyma part.

The main purposes of calcium oxalate crystal production in plants are high-
capacity calcium regulation and herbivore defence. The crystals consist of
calcium that the plant takes from the outside and oxalate that it biologically
synthesizes. Studies have shown that ascorbic acid is a precursor in the bio-
synthesis of oxalate. Since ascorbic acid is also an antioxidant substance, there
may be a relationship between antioxidant activity and the presence of calcium
oxalate crystals. Because it increases the amount of oxalate excreted in urine
and leads to the development of kidney stones, oxalate content may be harmful
to human health.

In this study, the anatomical structures of Opuntia ficus-indica fruit and clad-
ode grown in Tiirkiye were examined using light microscopy for the first time.
The anatomical structure of the fruit has been revealed in detail. Cladodes and
fruits, which are consumed for their medicinal and nutritive properties, con-
tain plenty of druses. For this reason, clinical studies should be conducted on
whether excessive or long-term consumption carries risks for human health.
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ABSTRACT

Globally, the number of multi-drug resistant microbes increases critically and
the search for novel antimicrobial agents from medicinal plants becomes nec-
essary to overcome such serious problem. The antimicrobial activity of the
methanol extract of Brachychiton rupestris leaves and its fractions was as-
sessed against six pathogens through two in-vitro assays: Agar well diffusion
and broth microdilution. UPLC-ESI-MS analysis of these samples was also
performed. Mucor circinelloides was resistant to the tested samples. The inhi-
bition zone of the samples ranged between 10 and 23 mm while the minimum
inhibitory values ranged between 31.25 and 1000 ug/mL. The samples pro-
duced significant antimicrobial potential. Based on the UPLC-ESI-MS analy-
sis, the phytochemical profile of both the methanol extract and the ethyl ace-
tate fraction comprise a variety of phenolic compounds and hydroxy fatty acids
while that of the n-butanol fraction composed of phenolic compounds mainly

*Corresponding author: Heba R. MOHAMED

E-mail: hebaraafat_p@sci.asu.edu.eg

ORCIDs:

Heba R. MOHAMED: 0000-0003-2114-775X

Eman A. EL-WAKIL: 0000-0003-1173-6024

Maher M. EL-HASHASH: 0000-0003-2550-8479
Mohamed SHEMIS: 0000-0003-2493-7466

El-Sayed S. ABDEL-HAMEED: 0000-0002-0482-2170
(Received 24 Jan 2023, Accepted 7 June 2023)

Acta Pharmaceutica Sciencia. Vol. 62 No. 1,2024 | 69



flavonoids. B. rupestris could be considered a promising source of natural an-
timicrobials.

Keywords: Brachychiton rupestris, antimicrobial, UPLC-ESI-MS, phenolics,
microdilution assay

INTRODUCTION

Infectious diseases represent one of the major causes of morbidity worldwide.
Despite the existence of a variety of potent antibiotics in the market, the death
rate due to microbial infections increases recently. This may be due to the abil-
ity of the pathogenic microbes to develop resistance against the available an-
timicrobial drugs as a way to survive. The excessive and improper use of the
available commercial antibiotics participated in the emergence of antimicrobi-
al resistance (AMR). The increased number of multidrug resistance microbes
side by side with the multiplicity of the undesirable side effects of the existing
antimicrobials and the appearance of new maladies for which no treatment yet
exists creates a crucial need to find out novel and potent antimicrobial agents®

For centuries, man depends on medicinal plants, in the treatment, control
and prevention of various illnesses. Nowadays, people in both developed and
developing countries are still relying on medicinal plants in providing their
primary health care needs by the reason of their affordability, availability and
safety due to their lesser toxicity and lesser side effects in comparison with
conventional synthetic drugs®. Presently, medicinal plants are considered a
valuable source for searching for new drug leads based on their richness with
bioactive secondary metabolites such as flavonoids and phenolic acids®.

Brachychiton rupestris (T.Mitch. ex Lindl.) K. Schum. is one of the medicinal
plants that is characterized by its bottle shaped trunk and belongs to the family
Malvaceae. Too little studies have been conducted on B. rupestris. B. rupestris
was reported to possess significant antischistosomal potential on Schistoso-
ma mansoni as well as potent hypoglycemic and hepatoprotective activity on
experimental animals in addition to antioxidant, antimicrobial and cytotoxic
activities 58, Based on the previously published papers, the phytochemical pro-
file of B. rupestris comprises flavonoids, phenolics, sterols and volatile com-
pounds®s,

Ultra-high performance liquid chromatography (UHPLC) hyphenated with
mass spectrometer (MS) is a newly applied separation and identification tech-
nique which is characterized by its remarkable high resolution, speed, sensi-
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tivity and time and resources saving. It has been widely used in the separation
and tentative identification of secondary metabolites existed in plant extracts
and fractions*.

This study aimed to investigate the antimicrobial activity of the methanol ex-
tract B. rupestris leaves as well as its ethyl acetate and n-butanol derived frac-
tions against six microbial strains through two in-vitro methods. Also, sepa-
ration and tentative identification of their phytochemical profile through the
application of UPLC-ESI-MS in the negative ionization mode.

METHODOLOGY
Plant material

Leaves of Brachychiton rupestris were collected in September 2017 from
Orman Garden, Giza, Egypt. Both Mrs. Treaze Labib (a consultant of plant
taxonomy at the Agriculture Ministry and the ex-director of Orman Garden)
and Mrs. Rehab Mohamed Eid (a botanist at Orman Garden Herbarium) per-
formed the identification process of the plant specimen and a voucher sam-
ple (No. 278 BC) was deposited in Orman Garden Herbarium. The collected
plant leaves were shade dried at room temperature and were then blended to a
coarse powder using an electric blender.

Extraction and fractionation processes

The plant leaves fine powder (200 g) was successively extracted with 85%
aqueous methanol at room temperature. The resultant extract was then fil-
tered and evaporated under a reduced vacuum using a rotary evaporator
(BUCHI, Germany) till complete dryness affording crude methanol extract of
33.58 grams (16.79%). The crude extract was then fractionated using petro-
leum ether, methylene chloride, ethyl acetate and n- butanol successively and
evaporated under reduced pressure till complete dryness giving approximately
1 g of petroleum ether, 2.70 g of methylene chloride, 0.90 g of ethyl acetate,
4.50 g of n- butanol and 11.10 g of aqueous fractions.

UPLC-ESI-MS profiling

Waters XEVO TQD UPLC-ESI-MS (MAo1757, Milford, USA) equipped with
ACQUITY UPLC- BEH Ci18 (1.7: 2.1 umx 50 mm) column was used to sepa-
rate and tentatively identify the major secondary metabolites in the B. rup-
estris methanol extract and its ethyl acetate and n-butanol derived fractions.
A stock solution of the three test samples (100 ug/mL) was prepared through
dissolution in HPLC analytical grade MeOH previously filtered with a 0.2 um
membrane disc filter. 10 uL of each sample was injected into the UPLC instru-
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ment. The mobile phase elution was carried out at a flow rate of 0.2 mL/min
using two eluents: eluent A is H O acidified with 0.1% formic acid and eluent
B is MeOH acidified with 0.1% formic acid. The gradient elution was set as fol-
lows: 0—5 min, 10%—30% B; 5—15 min, 30%—70% B; 15—25 min, 70%—90% B,
25—32 min, 90%—100% B.

The negative ESI ionization ion mode was performed by applying the following
parameters: source temperature 150 °C, cone voltage 60 €V, capillary voltage 3
kV, desolvation temperature 440 °C, cone gas flow 50 L/h, and desolvation gas
flow 900 L/h. Mass spectra were detected in the ESI between m/z 100—1000.
The peaks and spectra were processed using the Masslynx 4.1 software. The
separated compounds were tentatively identified by comparing their retention
time (R)) and their mass spectra with the previously published literature.

Antimicrobial properties
Microbial strains and growth conditions

Four bacterial strains including two gram-positive bacteria; Bacillus Subtilis
(ATCC 6633) and Staphylococcus aureus (ATCC 6538) and two gram-negative
bacteria; Escherichia coli (ATCC 8739) and Pseudomonas aeruginosa (ATCC
90274) in addition to two pathogenic yeasts; Candida albicans (ATCC 10221)
and Mucor circinelloides (AUMC 6696) were used to investigate the antimi-
crobial properties of the crude methanol extract of B. rupestris leaves and its
ethyl acetate and n-butanol derived fractions. Non supplemented Mueller-
Hinton agar or routine bacteriology laboratory Mueller-Hinton agar plates
(pH, 7.2-7.4 after gelling) were used to culture the microbial strains. Genta-
mycin was used as a positive control.

Agar well diffusion assay

Briefly, Mueller-Hinton agar plates were inoculated with a suspension of the
test microbes adjusted to 108 CFU/mL. Then, 6 mm diameter holes were made
aseptically in the inoculated plates. In each hole, 100uL of the antimicrobial
agent (gentamycin) or the plant test samples at a concentration of 10 mg/mL
(methanol) were loaded. The agar plates were then incubated for 24 h at 37°C
for bacteria or 48 h at 37°C for yeast. The antimicrobial agent as well as the test
samples will diffuse in the agar medium and inhibit the growth of the microbial
strains tested. After the incubation period, the zone of microbial growth inhibi-
tion was measured accurately in mm as an indication of antimicrobial activity=.
The strength of the antimicrobial activity of the test samples against the test
microorganisms was assigned based on the diameter of the growth inhibition
zone as follows; potent antimicrobial potential when the growth inhibition
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zone diameter is greater than 30 mm, strong when the growth inhibition zone
diameter ranged between 30 and 21 mm, moderate when the growth inhibition
zone diameter ranged between 20 and 16 mm, weak when the growth inhibi-
tion zone diameter ranged between 15 and 10 mm and little or no activity if the
inhibition zone diameter is less than 10 mm?.

Minimum inhibitory concentration (MIC)

The minimum inhibitory concentration is the lowest concentration of an anti-
microbial agent that prevents the visible growth of a microorganism which can
be determined via a broth microdilution susceptibility test. Briefly, pure cul-
tures of the test microbes were grown overnight and diluted in Muller Hinton
broth to a concentration between 105 CFU/mL to 10° CFU/mL. A stock solution
of the test samples was then prepared by dissolving 10 mg of each sample in
10 mL of distilled water (1000 ug/mL). Furthermore, serial two fold dilutions
of the test samples were prepared and distributed in 96-well microtiter plates
ranging from 1000 to 0.06 ug/mL. Ten microliters of the prepared microbial
suspension were added to the wells. Sterility and a growth control well were
also included for every test microorganism. The microtiter plates were then
incubated for 24 h at 37°C. The MICs were indicated via observing the turbid-
ity which is the reflection of microbial growth. MIC is the lowest concentration
where no visible growth is observed‘fractions and isolated compounds from
this plant. Bioassay guided fractionation was also undertaken to deeply evalu-
ate the antibacterial activity of the water fraction of the leaves extract. This is to
provide preliminary scientific evidence to the ethnopharmacology usage of this
plant by investigating antibacterial properties of the plant and its isolated con-
stituents. Methods: Bio-assay guided fractionation and subsequent isolation
of compounds using open column chromatography. The antibacterial activ-
ity against gram positive and gram negative ATCC strain and resistant clinical
strains were evaluated using microtiter broth dilution method to determine
minimum inhibitory concentration (MIC.

RESULTS and DISCUSSION

Identification of the major chemical constituents of B. rupestris us-
ing (UPLC-ESI-(-ve)-MS)

The secondary metabolites existed in the crude methanol extract of B. rupestris
leaves, the ethyl acetate and the n-butanol derived fractions were tentatively
identified via UPLC-ESI-MS analysis. Their TICs were exhibited in Figure 1.
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Figure 1. Total ion chromatograms (TIC) of A)-85% MeOH extract, B)- EtOAC fraction and C)-
n-BuOH fraction of B. rupestris leaves, Numbering of peaks indicates compounds tentatively
identified in the Tables (1-3).

Compounds tentatively identified in the methanol extract of
B. rupestris leaves

Ten phenolics and five hydroxy fatty acids were identified in the methanol ex-
tract of B. rupestris leaves. The retention time, the molecular weight and the
fragmentation data of these compounds were presented in Table 1. Peak 1,
R, 0.79 min, exhibited [M-H] ion at m/z 341 and product ions at m/z 179
[M-H-162]"and 135 which are the characteristic fragments of caffeic acid pro-
duced due to loss of hexosyl residue (162 Da). So, this compound was identified
as caffeoyl hexoside. Peak 2, R 1.00 min, showed a molecular ion peak at m/z
191 with a fragment ion at m/z 127 [M~H-CO-2H,O]so that it was identified
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as quinic acid”. Peak 3, R, 7.20, had a [M-H]"ion at m/z 401 in addition to two
base peaks at m/z 269 formed due to loss of pentosyl residue (132 Da) and 161
formed as a result of loss of both pentosyl and hexosyl residues (132 Da+162
Da). This compound was identified as benzyl alcohol hexose pentose®. Peak 4,
R, 7.50 min, exhibited the deprotonated molecule ion at m/z 593 and fragment
ion at m/z 431 due to loss of hexose sugar in addition to two more fragment
ions at m/z 163 and 119 which are indicative of coumaroyl residue thus this
compound was identified as Kaempferol-3-O-coumaroylhexoside>*°. Peak 5,
R, 8.77 min, displayed a parent ion peak at m/z 739 and two main fragments
at m/z 430 [M-2H-146-162]" (loss of hexose and deoxyhexose sugars) and
284 formed due to loss of deoxyhexosyl residue from the previous peak. This
MS data suggested that this compound could be kaempferol deoxyhexoside
hexoside deoxyhexoside *'. Peak 6, R, 9.41 min, had a parent ion at m/z 609
in addition to two major fragment ions at m/z 463 and 300 such MS data in-
dicated that this compound could be rutin®>. Peak 7, R, 9.81 min, showed the
[M-H]- ion at m/z 433 and two fragments ions at m/z 300 and 152 which are
indicative of quercetin aglycone that was formed as a result of loss of pentose
sugar (132 Da) so that this compound was identified as quercetin pentoside*
Peak 8, R, 10.48 min, exhibited a molecule ion at m/z 593 and two fragments
at m/z 447 (loss of rhamnosyl moiety) and 285 (loss of rutinosyl moiety). This
MS data indicated that this compound could be kaempferol rutinoside=+. Peak
9, R, 15.31 min, exhibited a molecular ion peak at m/z 327 and fragment ions
at m/z 239, 229, 211 and 171. This compound was identified as oxo-dihydroxy-
octadecenoic acid isomer based on data published by?. Peak 10, R, 16.08 min,
showed a molecular ion peak at m/z 329 in addition to base peaks at m/z
229, 221 and 171. This compound was identified as trihydroxy-octadecenoic
acid based on similar MS data reported by>. Peak 11, R, 20.25 min, showed a
molecule ion at m/z 293 in addition to a fragment ion at m/z 275. These MS
fragments were consistent with MS data of hydroxy-octadecatrienoic acid that
was reported by*. Peak 13, R, 21.24 min, displayed a molecule ion at m/z 295
with three fragment ions at m/z 277, 195 and 171. Also, peak 14, R, 21.15 min,
displayed a molecule ion at m/z 309 with two fragment ions at m/z 295 and
180. These compounds were identified as hydroxy-octadecadienoic acid and
dihydroxy-octadecadienoic acid, respectively depending on MS fragmentation
patterns reported by*. Peak 15, R, 22.02 min, exhibited a deprotonated mol-
ecule ion at m/z 577 and fragment ions at 397, 353 [M—-H-104-120]; the loss
of 104 Da indicated the partial fragmentation of C- deoxyhexosyl moiety (>2X |
)~ion while the loss of 120 Da is characteristic for C- hexosyl flavone and 311.
According to the mentioned MS data, this compound was identified as Api-
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genin 8-C-deoxyhexoside-6-C-hexoside®. Peak 16, R, 23.13 min, exhibited a
molecular ion peak at m/z 325 and a base peak at m/z 293 formed due to loss
of O, molecule. This compound was identified as p-coumaroyl hexoside=’.

Table 1. Compounds tentatively identified in methanolic extract of B. rupestris leaves by

UPLG-ESI-(-ve)-MS

Peak R:I' MW [M-HI Fragments Ten_t'fnivg

no. (min) (m/z) (m/z) Identification
0.79 342 341 179,135 Caffeoyl-0-hexoside
1.00 192 191 127 Quinic acid
7.20 402 401 269, 161 Benzyl alcohol hexose pentose
750 | 504 | 503 | 431,163,119 Ao o
8.77 740 739 430, 284 Kaempfe(;gl éjeeoo;;/r?ee;é);i(?ee hexosi-
9.41 610 609 463, 300 Rutin
9.81 434 433 300, 152 Quercetin pentoside
10.48 | 594 593 447, 285 Kaempferol rutinoside
15.31 398 327 | 239,229 211,171 Oxo-dihydrox_y-octadecenoic acid

isomer

16.08 330 329 229,211,171 Trihydroxy-octadecenoic acid
20.25 294 293 275 Hydroxy-octadecatrienoic acid
20.64 | 298 297 265 Unknown
21.24 296 295 277,195, 171 Hydroxy-octadecadienoic acid
21.51 310 309 295, 180 Dihydroxy-octadecadienoic acid
2202 | 578 | 577 | 397,353,311 | APigenin&-Cdeoxynexoside6-C-
23.13 | 326 325 293 p-coumaroyl hexoside
23.71 556 555 337 Unknown
23.97 | 572 571 | 540, 483, 447, 339 Unknown
2417 582 581 | 483, 455, 339, 163 Unknown
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Compounds tentatively identified in the ethyl acetate fraction
derived from the methanol extract of B. rupestris leaves

Twenty-two phenolics and three hydroxy fatty acids were tentatively identified
in the ethyl acetate fraction derived from the methanol extract of B. rupestris.
The retention time, the molecular weight and the MS data of these compounds
were presented in Table 2. Peak 1, R, 1.35 min, exhibited a parent ion at m/z
169 and a daughter ion at m/z 125 which are indicative to gallic acid®®. Peak 2,
R, 2.46 min, showed a precursor ion at m/z 153 that was fragmented by losing
CO, molecule producing ion at m/z 109 and hence this compound was identi-
fied as protocatechuic acid®. Peak 3, R, 4.27 min, showed a molecule ion at m/z
153 and a fragment ion at m/z 108 which was formed due to loss of carboxylic
group (— COOH, 45 Da) so that it was identified as dihydroxybenzoic acids°.
Peak 4, R, 4.88 min, displayed [M-H] ion at m/z 183 and a fragment ion at
m/z 124 which are indicative of methyl ester of gallic acid®. Peak 5, R, 5.67
min, showed a molecule ion at m/z 177 that was further fragmented by losing
CO, molecule producing ion at m/z 133. So, this compound was identified as
6, 7-dihydroxycoumarin (esculetin)®. Peak 6, R 5.99 min, showed a parent
peak at m/z 179 and a base peak at m/z 135 formed due to loss of 44 Da (CO,)
which suggested that this compound could be caffeic acid®. Peak 7, R, 6.84, has
a molecule ion at m/z 633 and three fragment ions at m/z 463, 301 and 166.
This compound was identified as corilagin as its MS data was consistent with
the reported MS data of corilagin®3. Peak 8, R, 7.21, showed a parent ion at m/z
327 [2M—-H] - and fragment ions at 283 [2M—H—-44] - formed due to loss of
CO,, 237 [2M-H-2x45] ~ formed due to loss of two carboxylic groups (COOH)
and 163 (p-coumaric acid). So, this compound was identified as a dimer of
coumaric acid. Peak 9, R, 7.52 min, exhibited a molecular ion peak at m/z 593
with fragment ion at 431 formed due to loss of hexose sugar in addition to
two more fragments at m/z 163 and 119 which are indicative to coumaric acid
thus this compound was identified as Kaempferol-3-O-coumaroylhexoside 34.
Peak 10, R, 7.69 min, showed a molecule ion at m/z 305 and fragment ions at
273 and 247. This compound was identified as methyl brevifolin carboxylate24.
Peak 11, R 7.97 min, presented a molecule ion at m/z 303 and fragments at
m/z 285, 151, 125 and 119. Based on this MS data, this compound was identi-
fied as taxifolin®. Peak 12, R _8.67 min, showed a precursor ion at m/z 615
and daughter ions at 463 and 301. This fragmentation pattern was consistent
with quercetin galloyl hexoside®. Peak 15, 16 and 19 possessed the same MS
pattern; [M—H] ~ion at m/z 593 and fragment ions at m/z 447 and 285 and so
identified as kaempferol rutinoside isomers that was also identified in MeOH
ext. of B. rupestris. Peak 13, 14, 21, 22, 24, 25 and 26 were identified as rutin,
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quercetin hexoside, oxo-dihydroxyoctadecenoic acid, trihydroxyoctadecenoic
acid, dihydroxy-octadecadienoic acid, apigenin 8-C-deoxyhexoside-6-C-hexo-
side and p-coumaroyl hexoside, respectively as they had already identified in
the MeOH extract of B. rupestris based on the MS data of the same compounds
reported in the literature. Peak 17, R, 11.79 min, exhibited a molecular ion at
m/z 301 and fragment ions at m/z 289, 179 and 151 and so was identified as
quercetin®. Furthermore, peak 18, R, 12.28 min, possessed a molecule ion at
m/z 285 and a fragment at m/z 151 and hence was identified as luteolin or
kaempferol®. Also, peak 20, R, 13.43 min, had a molecule ion at m/z 269 and a
fragment ion at m/z 151 and was identified as apigenin3®.

Table 2. Compounds tentatively identified in EtOAc fraction derived from methanolic extract of
B. rupestris by UPLC-ESI-(-ve)-MS

Peak RT MW [M-HI Fragments Ten.t.alivg
no. (min) (m/z) (m/z) Identification
1.35 170 169 125 Gallic acid
2.46 154 153 109 Protocatechuic acid
4.27 154 153 108 Dihydroxybenzoic acid
4.88 184 183 124 Methyl gallate
5.67 178 177 133 6,7-dihydroxycoumarin (Esculetin)
5.99 180 179 135 Caffeic acid
6.84 634 633 463, 301, 166 Corilagin
7.21 328 327 283,237,163 Dimer of coumaric acid

7.52 594 593 431,163, 119 Kaempferol-3-0-coumaroylhexoside

7.69 306 305 273, 247 Methyl brevifolin carboxylate
797 | 304 | 303 | P LT Taxifolin

8.67 616 615 463, 301 Quercetin galloyl hexoside
9.41 610 609 463, 301 Rutin

9.77 434 433 301 Quercetin pentoside
10.05 594 593 447, 285 Kaempferol rutinoside isomer
10.42 594 593 447, 285 Kaempferol rutinoside isomer
11.79 | 302 301 289, 179, 151 Quercetin
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12.28 286 285 151 Luteolin or Kaempferol

1252 | 594 593 447,285, 227 Kaempferol rutinoside isomer

1343 | 270 269 151 Apigenin

1524 | 328 | so7 | 239221 oyo.ginydroryoctadecenoic acid

16.03 | 330 329 229,211,171 Trihydroxyoctadecenoic acid

20.61 298 297 265 Unknown

2147 | 310 309 295, 180 dihydroxy-octadecadienoic acid
Apigenin 8-C-deoxyhexoside-6-C-

21.98 | 578 577 397, 353, 311 hexoside

23.10 | 326 325 293, 277 p-coumaroyl hexoside

23.74 556 555 337 Unknown

2418 | sg2 | 81 | 100 900%% Unknown

Compounds tentatively identified in the n-butanol fraction derived
from the methanol extract of B. rupestris leaves

Eleven phenolic compounds were tentatively identified in the n-butanol frac-
tion derived from the methanol extract of B. rupestris. The retention time, the
molecular weight and the MS fragmentation data of these compounds were
presented in Table 3. Peak 1, R, 6.84 min, exhibited a molecular ion at m/z
633 with a fragment ion at m/z 301. This compound was identified as corilagin
which was also identified in the ethyl acetate fraction of B. rupestris. Peak 2,
R, 7.19 min, showed a parent ion at m/z 401 and a fragment ion at m/z 269
resulting from loss of pentose sugar. So, this compound was identified as ben-
zyl alcohol hexosyl pentoside®®. Peak 3, 6 and 7 were identified as kaempfer-
ol-3-O-coumaroylhexoside, rutin and quercetin pentoside based on their MS
fragmentation data that is consistent with previous reports. These compounds
were also identified in both the B. rupestris MeOH ext. and its ethyl acetate
derived fraction. Peak 8 and 10 had the same [M—H] ~ion at m/z 593 as well as
the fragment ions at m/z 447 and 285 and so they were identified as kaempfer-
ol rutinoside isomers that were also identified in the MeOH ext. and its EtOAc
derived fraction. Peak 4, R, 8.39 min, exhibited [M—H] - ion at m/z 755 and
fragment ions at m/z 593 [M—-H-162] -, 445 [M—2H-162-146] ~ and 289. So,
this compound was identified as Kaempferol hexosyl deoxyhexosyl hexosides.
Peak 5, R, 9.09 min, showed a molecular ion peak at m/z 739 and fragment
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ions at m/z 431 [M—H—-308] ~produced due to loss of rutinosyl moiety and
285[M-H-308-146] ~formed as a result of losing of one more deoxyhexosyl
moiety. This compound was identified as Kaempferol hexosyl di-deoxyhexo-
side®. Peak 9, R 10.26 min, showed [M—H] - ion at m/z 591 with two major
base peaks at m/z 445 [M—H—-146] - resulting from loss of deoxyhexosyl sugar
and 269 [M—H-146-176] ~ formed as a result of breaking down of glucuronide
moiety from the previous peak leading to formation of apigenin aglycone. So,
this compound was identified as apigenin glucuronide deoxyhexoside3?. Peak
11, R, 21.94 min, showed a precursor ion at m/z 593 and fragment ions at m/z
577, 353 and 311. This compound was identified as vicenin-22.

Table 3. Compounds tentatively identified in n-BuOH fraction derived from methanolic extract
of B. rupestris by UPLC-ESI-(-ve)-MS

Peak RT MW [M-H] Fragments Tentative
no. (min) (m/z) (m/z) Identification
6.84 634 633 301 Corilagin
7.19 402 401 269 Benzyl alcohol hexosyl pentoside

7.48 594 593 431,163, 119 Kaempferol-3-0-coumaroylhexoside

Kaempferol hexosyl deoxyhexosyl

8.39 756 755 593, 445, 289 hexoside

9.09 740 739 431, 285 Kaempferol hexosyl dideoxyhexo-

side
9.39 | 610 609 463, 301 Rutin
9.76 434 433 300 Quercetin pentoside
10.06 | 594 593 447,285 Kaempferol rutinoside isomer
10.26 | 592 591 445, 269 Apigenin glucuronide deoxyhexoside
10.44 594 593 447,285 Kaempferol rutinoside isomer
2194 | 504 | 593 | 577,353,311 Vicenin 'zrfé\f;gf(;‘ei;"e’&di'c'
23.75 | 556 555 Unknown
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Antimicrobial properties
Agar well diffusion assay

The antimicrobial potential of the crude methanol extract of B. rupestris leaves
as well as its ethyl acetate and n-butanol derived fractions was assessed against
six pathogenic microorganisms using agar well diffusion assay (Table 4, Fig-
ure 2). In particular, the three test samples exerted no antimicrobial activ-
ity against the pathogenic yeast Mucor circinelloides (AUMC 6696). They also
showed moderate antibacterial activity against B. subtilis. The n-butanol frac-
tion exhibited strong antibacterial activity against S. aureus with an inhibi-
tion zone of 21 mm in diameter while the crude extract and the ethyl acetate
fraction showed weak antibacterial activity with an inhibition zone of 15 mm
and 13 mm, respectively. Also, the methanol extract exhibited strong antibac-
terial activity against E. coli with an inhibition zone of 23 mm diameter while
the n-butanol fraction exhibited moderate antibacterial activity against E. coli
with an inhibition zone of 18 mm diameter. The anti- E. coli response of the
methanol extract and the n-butanol derived fraction was greater than the re-
sponse produced by the used positive control (gentamycin) at the same con-
centration and conditions where its inhibition zone was 17 mm diameter. Both
the ethyl acetate and the n-butanol fractions exerted moderate antimicrobial
activity against P. aeruginosa and C. albicans, respectively with an inhibition
zone of 16 mm in diameter. Moreover, the methanol extract and the n-butanol
fraction had weak anti-P. aeruginosa with inhibition zone of 15 mm and 12
mm diameter, respectively. The same response was also observed for the crude
extract and the ethyl acetate fraction against C. albicans whose inhibition zone
diameter was 14 mm and 12 mm, respectively.
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Table 4. Antimicrobial activity via well diffusion assay of the methanol extract,

the ethyl acetate and the n-butanol derived fractions of B. rupestris leaves

Results are expressed as zone of growth inhibition (mm), NA: no growth inhibition

Sample Crude EtOAc n-BuOH
Pathogenic MeOH derived derived Gentamycin
microorganism extract fraction fraction

Zone of growth inhibition (mm)

Gram-positive bacteria
Bacillus subtilis (ATGC 6633) 16 17 19 25
Staphylococcus aureus
(ATCC 6538) 15 13 21 19
Gram-negative bacteria
Escherichia coli (ATCC 8739) 23 10 18 17
Pseudomonas aeruginosa (ATCC
90274) 15 16 12 22
Fungal strains
Candida albicans
(ATCC 10221) 14 12 16 21
Mucor circinelloides (AUMC NA NA NA 16

6696)
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Pathogenic microorganism

Bacillus subtilis
(ATCC 6633)

Staphylococeus aureus (ATCC
6538)

I J‘ Rl | |
(£ | |
Escherichia coli
(ATCC 8739)
Pseudomonas aeruginosa
(ATCC 90274)
Candida albicans
(ATCC 10221)
Mucor cirginellpides (A\UMC
6696)

Figure 2. Antimicrobial activity via well diffusion assay of 2HR: 85% MeOH extract, 3HR:
EtOAC derived fraction and 5HR: n-BuOH derived fraction of B. rupestris leaves (10 mg/mL)
against tested microorganisms in MHA medium after incubation for 24 h at 37° for bacteria or

48 h at 37° for yeast.
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Minimum inhibitory concentration (MIC)

The MIC values of the three samples under investigation against the five sus-
ceptible pathogens were demonstrated in Table 5. The test sample is consid-
ered a strong antimicrobial agent if its MIC value equals or lower than 500 ug/
mL'. Accordingly, the methanol extract of B. rupestris leaves and its ethyl ac-
etate fraction could be considered strong microbial inhibitors against the test
samples where their MIC values ranged between 31.25 to 250 ug/mL and 100
to 500 ug/mlL, respectively. Also, the n-butanol fraction exhibited strong anti-
microbial activity against all the test microbes except for P. aeruginosa where
its MIC values ranged between 62.5 and 1000 ug/mL. The most potent anti-
microbial activities of the methanol extract, the ethyl acetate fraction and the
n-butanol fraction were observed against E. coli, E. coli and B. subtilis, respec-
tively where their MIC values were 31.25, 100 and 62.5 ug/mL, respectively.

Table 5. Minimal inhibitory concentrations of the methanol extract, the ethyl acetate and the
n-butanol derived fractions of B. rupestris leaves against tested microorganisms

Samples
Grude | EIOAC | | b oy derived
- MeOH | derived -
Pathogenic extract | fraction fraction
microorganisms
Conc. (pg/mL)
Bacillus subtilis (ATCC 6633) 125 125 62.5
Staphylococcus aureus (ATCC 6538) 125 500 250
Escherichia coli (ATCC 8739) 31.25 100 250
Pseudomonas aeruginosa (ATCC 90274) 250 125 1000
Candida albicans (ATCC 10221) 125 500 250
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ABSTRACT

The Musaceae family of herbaceous plants, which includes the genus Musa,
includes the edible fruit known as the banana. It is one of the most important
fruit crops in the world and extensively grown in tropical nations for its great
food uses. Banana peel, a waste that makes up 40% of the banana’s weight and
it is abundant in nutrients, bioactive compounds and antioxidants. Physical
characteristics of banana peels were assessed, including yield, pH, bulk densi-
ty, nutritional and antioxidant potential in this study. Results showed that the
yield of banana peel powder 12.20%, the pH 5.60 and the bulk density 62.86
g/100 ml. The nutritional analysis results showed the percentage concentra-
tions of moisture, ash, crude fat, crude fiber, crude protein, carbohydrate
and energy were 7.50+0.45, 6.70+0.35, 1.81+0.03, 29.52+1.30, 3.22+0.07,
51.25+2.50 and 234+5.60, respectively. The findings of antioxidant research
showed that, all the extracts of banana peel powder have a strong ability to
scavenge the free radicals, however the methanolic extract had a greater free
radicals scavenging activity ranged from (33.98+2.08-82.03+4.30%) than wa-
ter extract (21.30+1.40-69.01+£3.60%) and chloroform extracts (6.02+0.50-
38.02+2.15%). According to these findings, banana peel is a low-cost source of
dietary fiber, carbohydrates, and natural antioxidants that may be successfully
employed in the food, pharmaceutical and other industries. As a result, banana
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wastes could pave the way for future study in uncharted territory.

Keywords: banana peel, nutrients, fiber, antioxidants, DPPH

INTRODUCTION

The banana (Musa sp., Musaceae family) is an important fruit crop used for
food in tropical and subtropical parts of Asia, America, Africa and Australia®.
In 2019, the global banana production was 116.8 million tons (Figure 1a % pro-
duction) and are predominantly produced in Asia, America, Africa, Oceania
and Europe (Figure 1b; yearly production) and it is one of the most important
fruits, ranking second to grapes, tomatoes and apples in terms of economic
value?. With carbohydrates making up 22-32% of the weight of the fruit, it
serves as a vital food supply for millions of people in developing countries and
is an excellent source of energy. It is rich in minerals including potassium,
magnesium, phosphorus, and folate as well as vitamins A, B6 and C. The fruit
also contains a lot of sugar and other acids in addition to antioxidants and vita-
min A. Banana is a high fibre food that lowers blood cholesterol levelss.
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Figure 1a. % Production of banana predominantly
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Figure 1b. Year wise production of banana predominantly

Fresh bananas make up 35-40% peels and if this enormous amount of waste
is not properly disposed off, it might be hazardous to the environment*. How-
ever, as vegetables and fruits are rich in protein and important amino acids like
leucine, valine, phenylalanine, and threonine (Figure 2), fibre and minerals,
this by-product may be put to better use in order to reduce waste and provide a
new source of food. The peel of a banana contains a lot of dietary fibre, which is
proven to reduce the risk of conditions including diverticulosis, diabetes, colon
cancer, irritable bowel syndrome and constipations. Given the importance of ba-
nanas as a crop across the world create tones of leftover after each harvest season
such as leaves, pseudo stems, stalks, and inflorescences®. Research on banana
trash looked at the acceptability of each waste component, including the seeds
and peels’. Banana peels have a strong antioxidant capacity and several ailments
have been treated including burns, diarrhea, ulcers, and inflammation®.

Acta Pharmaceutica Sciencia. Vol. 62 No. 1,2024 | 91



5 2 NH,

Leucine Valine

OH O

4 OH

NH,

Phenylalanine Threonine

Figure 2. Essential amino acids in banana peel

Numerous epidemiological studies demonstrate the benefits of eating antioxi-
dants that lower the incidence of illnesses related with oxidative stress, such as
diabetes, cancer and heart disease?. By scavenging free radicals and reducing
oxidative stress, dietary antioxidants may aid in the preventing and treating a
variety of illnesses. The use of synthetic antioxidants is restricted due to poten-
tial health hazards so a latent substitute for synthetic antioxidants is dietary
antioxidants'. Because of the cheap and enormous amounts of plant bio waste
generated, their application may be expanded to the food sector, wherein they
can be employed to produce new, useful meals like antioxidants.

When compared to other fruits, banana peels have higher quantities of phenols,
an important secondary metabolite. The phenolic compounds gallic acid, cate-
chin, epicatechin, tannins and anthocyanins are among those found in banana
peel. Figure 3 depicts the putative mechanism of these phenolic compounds’
antioxidant activity through inhibiting reactive oxygen species production.
ROS is essential for maintaining homeostasis and plays numerous functions
including cellular signal transduction. But high degree of ROS concentration
might produce aberrant cell signalling, which leads to cell damage. Numerous
studies have connected ROS to a variety of chronic disorders, including neuro-
degeneration, cancer, diabetes and inflammation®. This study’s objective was
to assess the banana peel potential as a nutrients and natural antioxidants.
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Figure 3. Putative mechanism of the antioxidant activity of phenolic compounds of banana peel

METHODOLOGY
Chemicals and reagents

Analytical grade of chemicals Methanol, Chloroform, citric acid, DPPH and
Folin’s phenol reagent from Sigma, Aldrich & Fluka Chemical Co. (St. Ouis,
Mo, USA). Distillation equipment was used to prepare the distilled water.

Materials

The bananas were acquired from a nearby market. The fruit was properly
cleaned with tap water and then with distilled water before being separated
into pulp and skins. The peels were chopped into small pieces and to decrease
enzymatic browning soaked in a 0.5% (w/w) citric acid solution for 10 minutes.
The solution was drained and dried to constant weight in a hot air oven at
45 °C. Using a milling blender, the dry peel was grinded into a homogeneous
powder that passed through a 40 mesh screen sieve. The banana peel powder
(Figure 4) was immediately packaged in polyethylene bags and refrigerated at

4+2 °C for analysis.

Figure 4. Banana, its peel and powder
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Yield

The succumb of banana peel powder was calculated by dividing the amount of
powder produced by the amount of fresh banana peel utilized and converting
the results to gram of powder per 100g%.

pH value

A suspension of banana peel powder (8% w/v) was made, agitated for 5 min-
utes and then let to stand for 30 minutes before filtering. Using a pH meter, the
filtrate’s pH value was determined by meter (InoLab pH Level-1, Germany)?.

Bulk Density (BD)

A 100 mL graduated cylinder was filled with a 20 g sample. After tapping the
cylinder ten times, the BD was determined by reading the final volume?®.

BD = Mass of Materials / Volume of Material after tapping
Nutritional content determination

The proximate composition (moisture, ash, fat, crude fiber, crude protein and
carbohydrate) of the banana peel powder was assessed using established pro-
cedures AOAC, 2016"7. The moisture content of the peel powder was evaluated
by drying it in an oven at 105°C to a consistent weight. For six hours, the fat
was extracted with hexane (40-60°C) using a soxhlet equipment. For protein
determination, the Micro-Kjeldahl technique was used. Carbohydrate content
was calculated by using following formula®.

Carbohydrates % = 100- (moisture % + protein % + ash % + fat % + crude fiber %).
Gross energy determination

Using information from the proximate analysis, the samples’ gross energy was
estimated by dividing the percentages of crude protein, crude carbohydrate,
and crude fat by 4.0 and 9.0, respectively which was expressed as Kcal/100g".

Extract preparation for antioxidant study

5gm of banana peel powder was added in 100ml of methanol & chloroform
which was extracted in soxhlet apparatus. In the case of aqueous extraction, 5gm
of sample with 100ml of distilled water was heated for 2 hours. The supernatant
was collected after it had been filtered with filter paper for antioxidant study=°.

Antioxidant activity by DPPH assay

Using methanolic, aqueous and chloroform extracts of banana peel powder;
the DPPH free radical scavenging activity was assessed by Brand-Williams
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(1995) method? with slight modification?2. Based on the stable 2, 2-diphenyl-
1-picrylhydrazyl’s capacity to scavenge free radicals, the antioxidant activity of
banana peel extracts was evaluated. A solution of 0.004% DPPH in methanol
was made, and 3 ml of this mixture was added to samples containing 1 to 5 mg/
ml. After 30 minutes in the dark, these solution combinations’ optical densities
were measured at 517 nm using spectrophotometer (UV-Vis-1700, Shimadzu,
Japan). As a blank, 3 ml of DPPH solution in 100 pl of methanol were used to
measure antioxidant activity as fallows.

Antioxidant activity % =1 — [A /A 1 x 100

sample control

Statistical evaluation

The outcomes were shown as mean standard deviation (SD). The use of one-
way analysis of variance to statistically evaluated the data. The Tukey test was
carried out to see whether there were any changes between sample means that
were significant at p=0.052.

RESULTS and DISCUSSION
Physical parameters

The results of yield revealed that the yield of banana peel powder was 12.50%.
These findings were consistent with the prior report by Azza et al.>¢, which
stated that the yield of banana peel powder was 12.85%. The pH of banana peel
powder was determined which 5.60. These findings are slightly higher than by
Rodriguez-Ambriz et al.?5, who observed that the banana peel flour’s average
pH ranged from 4.80 to 5.47. The pH variations might be attributable to termi-
nal residues within the starch molecules?*. The bulk density was 62.86 g/100
ml which indicating that the particles were more compact. These values are
comparable to those found by Ferreira et al.?” who depicted the BD values of
banana peel (62—66 g/100 ml). The BD represents the porosity of a food prod-
uct that affects packaging design and wet ability, greater BD is a desired qual-
ity for amplified easiness with which flour can be dispensed=?8. Furthermore,
the maximum BD of composite flour shows that this flour may be utilized as a
thickening in the food processing sector, as well as in food preparation due to
its potential to assist lower the thickness of paste which is a principal feature in
restorative and child feeding®.

Nutritional contents

Nutritional contents provide essential nutritional composition information
and aids in determining sample quality. It provides information on moisture,
ash, fat, fiber, protein, carbohydrate, energys® and the values of these contents
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are shown in table 1. The moisture content of the banana peel powder was
7.50+0.45%3' observed 11.56% moisture content in banana peel waste, while32
reported 6-10% moisture content. It has been observed that low moisture con-
tent reduces the danger of mould growth and allows samples to be preserved
for a longer period of time. The ash percentage was recorded 6.70+0.35%, that
is comparable to other staples3s. After heating eliminates water and organic
compounds ash is the inorganic byproduct that is left. Adeyemi et al34. It is
crucial to remember that the quantity of mineral elements in food is deter-
mined by the ash composition. The fat content of banana peel powder was 1.81
+ 0.03%, which was comparable to Morais et al.3> but lower than Munguti et
al.3°. This might be due to variances in varietals or geographical factors.

According to our findings, the crud fiber content was 29.52+1.30 which is quite
high and indicating that the banana peels powder is a rich source of fiber. The
peels’ high fiber content suggests that they may help alleviate constipation
and promote overall health of human being?. Additionally, bile salts (which
are made of cholesterol) were removed from the gut by dietary fiber, which
helped lower blood levels of LDL cholesterol®. The content of carbohydrates
was found to be 51.25+2.50%, which are one of the most significant elements
in meals and raw materials. Carbohydrates are naturally added to food items
to give nutrients which also improving the texture and overall quality of food
products?®. Banana peel has a significant amount of carbon and may be uti-
lized as an absorbent to remove different contaminants from contaminated
water+4, The values of gross energy calculated in this study which indicating
that banana peel powder has a excellent energy similar to those of other fruit
leftovers, including citrus peels#>43,

Table 1. Nutritional facts of banana peel powder

Sr. No. Parameters Values (9/1000)
1 Moisture 7.50 + 0.45
2 Ash 6.70+0.35
3 Crude fat 1.81+0.03
4 Crude fiber 29.52 +1.30
5 Crude protein 3.22 £0.07
6 Carbohydrate 51.25+2.50
7 Energy (Kcal/100g) 234 £ 5.60

Data are represented + standard deviation
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Antioxidant activity by DPPH assay

DPPH (2,2-diphenyl-1-picrylhydrazyl) is widely employed to assess the capacity
of dietary ingredients to scavenge free radicals+. The antioxidants activities of
various extracts of banana peels powder showed that the free radical scavenging
activity of methanol extract was superior to aqueous extract, followed by chloro-
form extracts. The % inhibition DPPH of banana peels in methanol extract was
ranged from 34-82 (Figure 5) and the % inhibition DPPH of banana peels in
aqueous extract was ranged from 21-69 (Figure 6) while the % inhibition DPPH
of banana peels in methanol extract was ranged from 6-38 (Figure 7) at concen-
tration 1-5 mg/ml. Our results are in accordance to given literature*-+5,
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Figure 5. % Inhibition (DPPH) of chloroform extracts of banana peel powder
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Figure 6. % Inhibition (DPPH) of water extract of banana peel powder
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Figure 7. % Inhibition (DPPH) of methanol extract of banana peel powder

Although oxidative stress is a severe issue, utilizing plant material might re-
duce ROS damage through a variety of mechanisms+. We employed banana
peel powder as a natural antioxidant for efficiently use of banana processing
waste and this free radical scavenging capability of banana peel powder was
due to presence of its polyphenolic contents. Banana peel is thought to have a
total phenolic content that is three times greater than the fruits. The phenolic
constituents of banana peels may be separated into four classes, flavonols, hy-
droxycinnamic acids, flavan-3-ols, and catecholamines5“52. According to prior
studies fruit peels are rich in dietary fiber and phytonutrients including trit-
erpenes, sterols, active amines, polyamines, carotenoids, fatty acids and thus
could be used in a variety of nutraceutical productss354.

CONCLUSION

From this study we conclude that the banana peel powder is a low-cost viable
source of dietary fibre, which promote proper digestion of meals. Moreover
our research has shown that banana peel has significant natural antioxidants
which might aid the pharmaceutical industry and provide consumers a better
knowledge of the manufacturing of value-added products.

STATEMENT OF ETHICS
All the necessary ethical rules were followed while performing research.
CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

98 | Acta Pharmaceutica Sciencia. Vol. 62 No. 1, 2024



AUTHOR CONTRIBUTIONS

Not Applicable

FUNDING SOURCES

No funding or other financial support was received for this study.
ACKNOWLEDGMENTS

The authors are thankful to the reviewers for the kind suggestions to improve
manuscript quality.

Acta Pharmaceutica Sciencia. Vol. 62 No. 1,2024 | 99



REFERENCES

1. Hikal WM, Kacaniova M, Husain Said-Al Ahl AH. Banana peels as possible antioxidant and
antimicrobial agents. Asian J Res Rev Agri, 2021;3(3):35-45.

2. FAO. World Food and Agriculture - Statistical Yearbook. Rome: FAOSTAT; 2021. Available
from: https://doi.org/10.4060/cb4477en

3. Oyeyinka BO, Afolayan AJ. Potentials of Musa species fruits against oxidative stress-
induced and diet-linked chronic diseases: in vitro and in vivo implications of micronutri-
tional factors and dietary secondary metabolite compounds. Molecule, 2020;25(1):10. Doi:
10.3390/molecules25215036

4. Azarudeen AM, Nithya R. Pharmaceutical Aspects of Banana peel: A Review. J Pharm Sci
Res, 2021;13(2):112-117.

5. Zhang W, Li X, Jiang W. Development of antioxidant chitosan film with banana peels ex-
tract and its application as coating in maintaining the storage quality of apple. Int J Biol
Macromolecul, 2020;154:1205-1214. Doi: 10.1016/j.ijbiomac.2019.10.275

6. Gomes S, Vieira B, Barbosa C, Pinheiro R. Evaluation of mature banana peel flour on physi-
cal, chemical and texture properties of gluten free. Rissol. J Food Proc Preserv, 2020;46(2).
Doi: 10.1111/jfpp.14441

7. Zuorro A, Iannone A, Natali S, Lavecchia R. Green synthesis of silver nanoparticles using
bilberry and red currant waste extracts. Processes, 2019;7:193. Doi: 10.3390/pr7040193

8. Khoozani AA, Birch J, Bekhit AE. Production, application and health effects of banana
pulp and peel flour in the food industry. J Food Sci Technol, 2019;56:548-559. Doi: 10.1007/
$13197-018-03562-z

9. Adin SN, Gupta I, Aqil M, Mohd Mujeeb M, Ahad A. BBD driven optimization of extraction
of therapeutically active xanthanoid mangiferin from Mangifera indica L. leaves and its anti-
oxidant activity. Pharmacog Res, 2023;15(1):84-93. Doi: 10.5530/097484900279

10. Saeed MK, Zahra N, Abidi SHI Q. Syed Phytochemical Screening and DPPH Free Radi-
cal Scavenging Activity of Aloe vera (Aloe barbadensis Miller) Powder. Int J Food Sci Agri,
2022;6(3):301-308. Doi: 10.26855/ijfsa.2022.09.010

11. Sidhu JS, Zafar TA. Bioactive compounds in banana fruits and their health benefits. Food
Qual Safety, 2018;2(4):183-188. Doi: 10.1093/fqsafe/fyyo19

12. Swietek M, Lu YC, Konefal R, Ferreira LP, Cruz MM, Ma YH, Horak D. Scavenging of
reactive oxygen species by phenolic compound-modified maghemite nanoparticles. Beil J of
Nanotechnol, 2019;10(1):1073-1088. Doi: 10.3762/bjnano.10.108

13. Zaini HM, Roslan J, Saallah S, Munsu E, Sulaiman NS, Pindi W. Banana peels as a bi-
oactive ingredient and its potential application in the food industry. J Functional Foods,
2022;92:1-12. Doi: 10.1016/j.jff.2022.105054

14. Romelle F, Ashwinim P, Manohar R. Chemical composition of some selected fruit peels.
European J Food Sci Technol, 2016;4(4):12-21.

15. Pearson D. The Chemical Analysis of Foods. 7 edition. London: Church-Hill Livingstone.
1976.

16. FAO. “Natural additives from industrial wastes”. Research Continues, Ain Shams Univer-
sity, 1982; 31(1):567-577.

17. AOAC. Official Methods of Analysis of the Association of Official Analytical Chemists. 20th
ed. Published by the Association of Official Analytical Chemists, USA, 2016.

100 | Acta Pharmaceutica Sciencia. Vol. 62 No. 1, 2024



18. Speight J. Handbook of coal analysis, chemical analysis: A Series of Monographs on Ana-
Iytical Chemistry and Its Applications. 2nd edition. John Wiley & Sons, New York USA, 2015.

19. Akinyeye RO, Oluwadunsin A, Omoyeni A. Proximate, mineral, anti-nutrients, phyto-
chemical screening and amino acid compositions of the leaves of pterocarpus mildbraedi
harms. Elec J Env Agric Food Chem, 2011;10:1848-1857.

20. Veluman S. Phytochemical screening and antioxidant activity of banana peel. IJARIIE,
2016;2(1):91-102.
21. Brand-Williams W, Cuvelier ME, and Berset CLWT. Use of a free radical method to evalu-
ate antioxidant activity. LWT-Food Sci Technol, 1995;28(1):25-30. Doi: 10.1016/S0023-
6438(95)80008-5

22. Saeed MK, Ahmad I, Hina S, Zahra N, Kalim I. Physico-chemical analysis, total polyphe-
nolic content and antioxidant capacity of yellow dye extracted from Curcuma longa. Biologi-
cal Sciences-PJSIR, 2021;64(1):25-29. Doi: 10.52763/PJSIR.BIOL.SCI.64.1.2021.25.29

23. Sharoba AM, Farrag MA, Abd El-Salam AM. Utilization of some fruits and vegetables
waste as a source of dietary fiber and its effect on the cake making and its quality attributes. J
Agro Proces Technol, 2013;19(4):429-444. Doi: 10.21608/jfds.2013.72084

24. Azza A, Abou-Arab Ferial M, Abu-Salem B. Nutritional and anti-nutritional composi-
tion of banana peels as influenced by microwave drying methods. Int Scholar Sci Res Innov,
2017;11(12):845-852.

25. Rodriguez-Ambriz SL, Islas-Hernandez JJ, Agama-Acevedo E, Tovar J, Bello- Pérez LA.
Characterization of a fiber-rich powder prepared by liquefaction of unripe banana flour. Food
Chem, 2008; 107:1515-1521. Doi: 10.1016/j.foodchem.2007.10.007

26. Eshak SN. “Sensory evaluation and nutritional value of balady flat bread supplemented
with banana peels as a natural source of dietary fiber”. Annals of Agric Sci, 2016;61:299-235.
Doi: 10.1016/j.20as.2016.07.002

27. Ferreira SL, Mariana S, Monica CP, Moro Thaisa MAJ, Basto Gabriela, Andrade MS, Gon-
calves R, Edira CBA. Formulation and characterization of functional foods based on fruit and
vegetable residue flour. J Food Sci Tech, 2013;13197:1061-1064. Doi: 10.1007/s13197-013-
1061-4

28. Abu-Bakar SSK, Ahmad N, Jailani F. Physicochemical properties and sensory evalua-
tion of banana peel flour biscuits. Int J Engg Technol, 2018;7:253-256. Doi: 10.14419/ijet.
v7i4.14.27576

29. Chandra S, Singh S, Kumari D. Evaluation of functional properties of composite Flours
and sensorial attributes of composite flour biscuits, J Food Sci Technol, 2015;52(6):3681-
3688. Doi: 10.1007/513197-014-1427-2

30. Abubakar US, Yusuf KM, Safiyanu I, Abdullahi S, Saidum SR, Abdu GT and Indee AM,
Proximate and mineral composition of corn cob, banana and plantain peels. Int J Food Sci
Nut, 2016;1(6):25-27.

31. Pathak PD, Mandavgane SA, Kulkarni BD, Fruit peel waste: characterization and its po-
tential uses. Curr Sci, 2017;113(3):444.

32. Kabenge I, Omulo G, Banadda N, Seay J, Zziwa A, Kiggundu N. Characterization of ba-
nana peels wastes as potential slow pyrolysis feedstock. J Sustainable Dev, 2018;2:14. Doi:
10.5539/jsd.viin2pi4

33. Anhwange BA, Ugye TJ, Nyiaatagher TD. Chemical composition of Musa sapientum (Ba-
nana) peels. EJEAFC, 2009;8(6):437-442.

Acta Pharmaceutica Sciencia. Vol. 62 No. 1,2024 | 101



34. Adeyemi OS, Oladiji AT. Compositional changes in banana (Musa sp.) fruits during ripen-
ing.African J Biotechnol, 2009;8(5):858-859.

35. Morais R, Rotta E, Sargi S, Bonafe E, Suzuki R, Souza N, Matsushita M, Visentainer J,
Proximate composition, mineral contents and fatty acid composition of the different parts
and dried peels of tropical fruits cultivated in Brazil. J Braz Chem Soc, 2017;28(2):308-318.
Doi: 10.5935/0103-5053.20160178

36. Munguti JM, Liti DM, Waidbacher H, Straif M, Zollitsch W. Proximate composition of
selected potential feedstuffs for Nile tilapia (Oreochromis niloticus L.) production in Kenya.
Die Bodenkultur, 2006;57(3):131-141.

37. Anna C, Ewa Z, Dmytro Y, Zvenyslava Z, [zabela G, Sylwia K. Mineral content of the pulp
and peel of various citrus fruit cultivars. Biol Trace Element Res, 2020;1193:555-563. Doi:
10.1007/s12011-019-01727-1

38. Olayinka BU, Etejere EO. Proximate and chemical compositions of watermelon (Citrullus
lanatus) (thunb.) matsum and nakai cv red and Cucumber (Cucumis sativus). Int Food Res
J, 2018;25(3):1060-1066.

39. Ashish B, Manish K, Panditand PR. Amelioration of in-vivo antioxidant activity by banana
extracts. Int J Pharm Biol Arch, 2012;3(1):157-161.

40. Salim MR, Chowdhury KAJ, Rayathulhan R, Yunus K, Sarkar MZI. Biosorption of
Pb and Cu from aqueous solution using banana peel powder. Desalin and Water Treat,
2016;57(1):303-314. Doi: 10.1080/19443994.2015.1091613

41. Kibria AA, Kamrunnessa MD, Rahman M, Kar A. extraction and evaluation of phytochem-
icals from banana peels (Musa sapientum) and banana plants (Musa paradisiaca). Malay-
sian J Halal Res (MJHR), 2019;2(1):22-26. Doi: 10.2478/mjhr-2019-0005

42. Sulekha G, Jaya G. Orange Peel: A potential source of phytochemical compounds. Inter-
national J Chemtech Res, 2018;11(02):240-243.

43. Hassan Pyar, Peh K.K. Chemical Compositions of banana peels (Musa sapientum) Fruits
cultivated in Malaysia using proximate analysis. Res J Chem Environ, 2018;22:108-113.

44. Saeed MK, Zahra N, Neelam S, Kiran S, Syed HIA, Quratulain S. Extraction of poppy seed
(Papaver somniferum L.) oil and its antioxidant activity by DPPH Assay. LGU J Life Sci,
2022;6(2):95-106. Doi: 10.54692/1gujls.2022.0602211

45. Tawfeeq TA, Amani Tawfeeq AA, Eldalawy R, Ibraheem SK. Phytochemical analysis,
GCMS identification, and estimation of antioxidant activity of Iraqi Vitex negundo L. J Med
Chem Sci, 2023;6(4):876-883. Doi: 10.26655/JMCHEMSCI.2023.4.19

46. Okolie JA, Henry OE, Epelle EI. Determination of the antioxidant potentials of two differ-
ent varieties of banana peels in two different solvents. Food Nut Sci, 2016;7:1253-1261. Doi:
10.4236/fns.2016.713115

47. Fidrianny I, Anggraeni NAS, Insanu M. Antioxidant properties of peels extracts from three
varieties of banana (Musa sp.) grown in West Java-Indonesia. Int Food Res J, 2018;25(1):57-
64.

48. Gbenga-Fabusiwa FJ, Yemisi A, Jeff-Agboola YA, Ololade ZS, Akinrinmade R, Agbaje DO.
Waste-to-wealth; nutritional potential of five selected fruit peels and their health benefits: A
review. Afr J Food Sci, 2022;16(7):172-183. Doi: 10.5897/AJFS2021.2138

102 | Acta Pharmaceutica Sciencia. Vol. 62 No. 1, 2024



49. Masood S, Rehman A, Thsan MA, Shahzad K, Sabir M, Alam S, Ahmed W, Shah ZH,
Alghabari F, Mehmood A, Chung G. Antioxidant potential and a-glucosidase inhibitory ac-
tivity of onion (Allium cepa L.) peel and bulb extracts. Brazilian J Biol, 2023;83:1-9. Doi:
10.1590/1519-6984.247168

Pereira A, Maraschin M. Banana (Musa spp.) from peel to pulp: ethnopharmacology, source of

bioactive compounds and its relevance for human health. J Ethnopharmacol, 2015;160:149-
163. Doi: 10.1016/j.jep.2014.11.008

50. Vu HT, Scarlett CJ, Vuong, QV. Phenolic compounds within banana peel and their poten-
tial uses: A review. J Functl Foods, 2018;40:238-248. Doi: 10.1016/j.jff.2017.11.006

51. Shang C, Gu Y, Koyama T. Major triterpenes, cycloeucalenone and 31-norcyclolaudenone
as inhibitors against both a-glucosidase and a-amylase in banana peel. Int J of Food Sci Tech-
nol, 2021;56(7):3519-3526. Doi: 10.1111/ijfs.14978

52. Swati G, Md. Akhlaqur R, Shanthy S. Citrus fruit as a potential source of phytochemi-
cal, antioxidant and pharmacological ingredients. J Sci Healthcare Explor, 2021;3(1). Doi:
10.2019/JSHE.2581.8473/202101001

53. Hashim M, Hamid Z, Gul Z, Akbar A. Functional, nutritional and medicinal potential of
banana peel. Pure Appl Biol, 2023;12(1):470-490. Doi: 10.19045/bspab.2023.120049

Acta Pharmaceutica Sciencia. Vol. 62 No. 1,2024 | 103



Acta Pharm. Sci. Vol 62:(1), 2024
Research article
DOI: 10.23893/1307-2080.APS6207

Assessment of patients’ adherence to
antihypertensive therapy in a teaching
hospital in Ogun state, Nigeria

Olutayo A. ADELEYE', Tolulope 0. AREMU?%*, Henry OKERI?®

1Department of Pharmaceutics and Pharmaceutical Technology, Federal University Oye-Ekiti, Ekiti State, Nigeria.
2 Department of Clinical Pharmacy and Pharmacy Administration, Federal University Oye-Ekiti, Ekiti State, Nigeria.
3 Department of Pharmaceutical Chemistry. University of Benin, Benin City, Edo State, Nigeria
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INTRODUCTION

Hypertension is a chronic, non-communicable disease that affects individuals
of various age groups, sex and socio-economic status'. Despite the advances
made in prevention, detection, management and control of hypertension over
the years, the disease remains a global public health concern®. It is a major risk
factor for stroke, ischaemic heart disease, other cardiovascular diseases and
chronic kidney disease. It is a major cause of mortality, causing more than 10
million deaths globally every year3+. In 2021 an estimated 1.28 billion adults
aged 30-79 years had hypertension globally with about two-thirds living in low-
and middle-income countries (LMICs)s5. The burden of hypertension has been
on the rise over the past few decades in sub-Saharan Africa. In West Africa,
hypertension prevalence ranges from 12%-68%, while prevalence of hyperten-
sion is between 12%-36.8% in Nigeria®®. Medication adherence, which is ‘the
degree to which a person’s behavior corresponds with the agreed recommen-
dations from a healthcare provider is important, especially in management of
chronic illnesses®. There have been documented cases of individuals who do
not, however adhere to their medication regimen4. World Health Organi-
zation also reported that in developed countries, up to 50% of patients with
chronic illnesses do not adhere to their medications, while the adherence rate
is even lower in developing countries'®. Hypertension is associated with one of
the highest risks of premature mortality’s. Poor adherence to antihypertensive
therapy has been associated with various issues such as poor blood pressure
control, re-hospitalization and increase healthcare costs'®7. Reports also show
that blood pressure control is associated with marked reductions in cardiovas-
cular events and reduced mortality*s. Thus, it is important to improve patient
adherence to antihypertensive therapy so as to achieve desirable blood pres-
sure control2. The Health Belief Model (HBM) has been used to explain and
predict the health behaviours of individuals for preventing and/or controlling
diseases (such as hypertension) and their complications. It has shown efficacy
in predicting health behaviors in individuals with or at risk of developing cardi-
ovascular disease®. It was introduced in the 1950s by social psychologists God-
frey Hochbaum, Irwin Rosenstock and Stephen Kegels and is used to explain
a wide range of health behaviour?°. The Health Belief Model constructs can
be used to study non-adherence to hypertension and other chronic diseases.
It predicts health-related behaviour with six constructs, which are: perceived
susceptibility to a health problem, perceived severity of the health problem,
benefits of taking action, barriers to taking action, cues to action and self-effi-
cacy?'. The Health Belief Model postulates that for a person to avoid a disease,
the individual should believe that he/she is susceptible to the disease and that
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having the disease will cause a degree of severity of the disease on some aspect
of the person’s life. Also, undertaking a particular action would be favourable
to health and the action would have to overcome barriers such as convenience,
cost, discipline and time. Cues to action is the trigger for protective health be-
havior and can be internal (such as the appearance of the signs and symptoms
of a disease) or external (such as the impact of mass media-radio, television,
or advice from relatives, friends and health providers)z2. The HBM has been
used to assess people’s behavior to diagnosed illnesses, especially with regards
to adherence to medication regimens. The Hill Bone medication adherence
subscale assesses hypertensive patient’s behavior with regard to medication
adherence?s. Several countries have carried out studies on adherence to anti-
hypertensive medication using the health belief model and Hill Bone medica-
tion adherence subscale®*5, Limited studies have, however been carried out on
adherence in hypertensive patients in Nigeria using the Hill Bone medication
adherence subscale and the health belief model*®. The aim of this study was to
assess adherence of hypertensive patients to therapy using the Hill Bone medi-
cation adherence subscale and evaluate the influence of the health belief model
on adherence at the Medical Out-Patient Department of Olabisi Onabanjo Uni-
versity Teaching Hospital, Sagamu, Ogun state, Nigeria.

METHODOLOGY
Study setting

The study was conducted at the Medical Outpatient Department (MOPD) of
Olabisi Onabanjo University Teaching Hospital, Sagamu. Olabisi Onabanjo
University Teaching Hospital is a tertiary care facility located in Sagamu, a
suburban town with a population of 253.4122.

Study design

The study was a descriptive cross-sectional design which was conducted by
pharmacists for 12 weeks from July to October, 2018.

Study population

All patients with hypertension, who were receiving antihypertensive therapy
and met the following criteria:

Inclusion criteria

Hypertensive patients who were 18 years and above at the time of the study,
had been on antihypertensive therapy for at least 6 months and who consented
to participate in the study.
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Exclusion criteria

Hypertensive patients less than 18 years of age, yet to be placed on therapy,
those too sick to participate and those who did not consent to participate in
the study.

Sample size determination

A sample size of 333 was calculated for this study using Kirkwood?” sample size
determination formula:

Z2P(1-P)
nETar

Where:

n= sample size

p=expected proportion in population based on previous studies or pilot stud-
ies (31.8%)

d= margin of sampling error acceptable (0.05)

Z= Standard normal deviate corresponding to 95% confidence level=1.96.
Sampling procedure

Hypertensive patients attending clinics between 8 am and 2 pm from Monday
to Friday, who met the inclusion criteria, were randomly sampled for the study.

Ethical approval

Ethical approval was obtained from the Human Research Ethics Commit-
tee of Olabisi Onabanjo University Teaching Hospital with reference number
OOUHREC/PHARM/B/000123.

Data collection tool

The data collection tool was a pre-tested, self-report questionnaire which com-
prised of seven sections- A, B, C, D, E, F and G. Section A contained 10 items
on demographic variables of participants. Section B contained 8 items on ad-
herence to anti-hypertensive therapy adapted from the Hill-Bone medication
adherence subscale. Section C contained 6 items on perceived severity of hy-
pertension in patients. Section D contained 6 items on patients’ perception
on susceptibility. Section E contained 6 items on perceived benefits of adher-
ence to anti-hypertensive therapy. Section F contained 5 items on perceived
barriers of non-adherence to anti-hypertensive therapy. Section G contained 7
items on patients’ perception on cue to action.

Acta Pharmaceutica Sciencia. Vol. 62 No. 1,2024 | 107



The items in section B (the Hill-Bone medication adherence subscale) were
on a four-point Likert scale of daily (1), frequently (2), rarely (3) and never (4)
with total score ranging from 8 (minimum) to 32 (maximum). Sections C, D,
E, F and G (the Health Belief Model) were on a four-point Likert scale which
were: strongly agree (SA), agree (A), disagree (D) and strongly disagree (SD).
The scores attached to these scales were: SA=4; A=3; D =2;SD=1.

Validity

The questionnaire was translated from English to Yoruba language which is
the language spoken predominantly in the area. After translation it was back-
translated and compared to the original questionnaire to check for differences
and make necessary revisions in order to ensure that the meaning of the origi-
nal questionnaire is retained.

For content validity, the questionnaire was examined by two cardiologists
working at Cardiac unit at General Hospital, Ikorodu, Lagos State. The re-
searcher held discussions with the cardiologists to look into issues of clarity,
specificity of variables to be measured and relevance of the contents of the
questionnaire in Nigerian context. The study instrument was pretested using
10 patients on antihypertensive therapy at another hospital not used in the
main study (General Hospital in Ikorodu, Lagos State).

Reliability

The Cronbach Alpha values obtained were 0.840, 0.729, 0.710, 0.682, 0.675
and 0.680 for adherence, perceived severity, perceived susceptibility, per-
ceived benefit, perceived barriers and perceived cue to action respectively of
which adherence, perceived severity, perceived susceptibility are above the
reference value of 0.7%5.

Data collection

Data were collected by the researcher and two trained assistants. The questionnaire
consisted of closed ended questions and was written in English language that is un-
derstood and well-spoken by most Nigerians. The Yoruba version of the question-
naire was given to those who didn’t understand English. The time used to complete
one form was about 15 minutes. Data was collected within a period of 12 weeks.

Outcome measure

The main outcome measure was the percentage of patients with adherence lev-
els to antihypertensive medication >80% using the modified Hill Bone medi-
cation adherence subscale?t. Secondary outcome measures were predictors of
adherence to antihypertensive therapy.
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Data analysis

Data were entered into the computer using SPSS version 17.0. Data were sum-
marized using frequency tables and cross tabulations. Descriptive statistics
such as mean, standard deviation and simple percentage analysis were em-
ployed to compare rate of adherence. Pearson correlation analysis was done
to determine the relationship between the independent variables and the de-
pendent variable in the study. Multiple regression analysis was adopted to de-
termine the combined effect of psycho-social variables suggested by Health
Belief Model on adherence to antihypertensive therapy. The test was conduct-
ed at 5% level of significance.

RESULTS and DISCUSSION
Socio-demographic data of respondents

Out of 333 questionnaires distributed, a total of 325 (97.6% response rate)
were retrieved. Most of the respondents (63.7%) were 60 years and below,
female (56.3%) and married (62.2%). Sixty-nine respondents (21.2%) had no
formal education, while only forty two (12.9%) had tertiary education as shown
in Table 1.

Table 1. Socio-demographic variables of Respondents

Variable Frequency %
Age
<60 years 207 63.7
> 60 years 118 36.3
Gender
Male 142 43.7
Female 183 56.3

Marital Status

Married 202 62.2
Separated 51 15.7
Widowed 72 22.1

Highest Educational
Qualification
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None 69 21.2
Primary Education 85 26.2
Secondary Education 129 39.7
Tertiary education 42 12.9
Occupation:
Unemployed 166 51.1
Employed 159 48.9

Adherence to therapy based on socio-demographic variables

Most respondents (775.8%) who were 60 years and below were adherent to their
medications. The adherence rates of male and female patients were 46.5% and
68.8% respectively. The adherence rate was higher among married patients
(69.8%) than separated and widowed patients (45.1% and 38.9% respective-
ly). Adherence rate was also higher among patients with tertiary education
(76.2%) than those with primary, secondary or no education. Patients who
were employed had higher adherence rate (78.0%) than those who were not
employed (40.1%).

Age and gender were significantly associated with adherence (p=0.032 and
p=0.025 respectively) as shown in Table 2.
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Table 2. Adherence to therapy based on socio-demographic variables

Therapy Adherence
Variables Non-Adherent . Adherent p-value
Frequency " Frequency %
Age
<60 years 50 24.2 157 75.8 0.032
>60 years 83 703 35 29.7
Gender
Male 76 535 66 465 0.025°
Female 57 311 126 68.8
Marital Status
Married 61 302 141 69.8 0.071
Separated 28 54.9 23 451
Widowed 44 61.1 28 389
Educational Background
None 24 Hnr 35 58.3 0.068
Primary Education 41 48.2 4 51.8
Secondary Education 57 442 2 55.8
Tertiary Education 10 23.8 32 76.2
Occupation
Unemployed 9 59 68 401 0.081
Employed 35 22 124 78

*p<0.05 is significant

Patients’ adherence to antihypertensive medications

One hundred and ninety-two patients (59.1%) were adherent to their antihy-
pertensive medications as shown in Figure 1.
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m Adherent m Nom-adherent

Figure 1. Patient adherence to antihypertensive medications

Adherence to therapy based on psycho-social variables

Patients with high perception of severity of their health condition had higher
adherence rate of 79.7% compared to patients with low perceived severity.
Adherence rates of hypertensive patients with low and high perceptions of
susceptibility of having hypertension were 47.7% and 72.2% respectively. The
adherence rates of hypertensive patients with low and high perceptions on the
benefits of using antihypertensive medications were 39.2% and 78.1% respec-
tively. Patients with low perception of barriers to treatment had higher adher-
ence rate to antihypertensive therapy of 70.2% compared to those with high
perception of barrier of 49.4%. Hypertensive patients with high perceived cues
to action had higher adherence rate (71.0%) than patients with low perceived
cues to action.

Adherence to therapy was significantly associated with patients’ perception on
severity, susceptibility, benefits, barriers and cue to action as shown in Table 3
(p=0.021, p=0.001, p=0.031, p=0.0015 and p=0.010 respectively).
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Table 3. Adherence to therapy based on psycho-social variables

Patients Perceptions on Therapy Adherence
Non-Adherence Adherence
Frequency(%) Frequency(%) p-Value
Severity
Low 109(52.7) 98(47.3) 0.021°
High 24(20.3) 94(79.7)
Susceptibility
Low 91(52.3) 83(47.7) 0.001"
High 42(27.8) 109(72.2)
Benefits
Low 96(60.8) 62(39.2) 0.031°
High 37(21.9) 132(78.1)
Barriers
Low 45(29.8) 106(70.2) 0.015°
High 88(50.6) 86(49.4)
Cue to Action
Low 88(51.8) 82(48.2) 0.010°
High 45(29.0) 110(71.0)

*p<0.05 is significant

Patients’ reasons for non-adherence to therapy

Reasons for non-adherence among the patients included forgetting to take

medications, sense of feeling better, perceived deteriorating health despite the

use of therapy, perceived ineffectiveness of the medication and cost of medica-

tions as shown in Figure 2.
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Figure 2. Patients’ reasons for non-adherence to therapy

Relationship between psycho-social variables of health belief model
and adherence to therapy by hypertensive patients

There was significant (positive but low) relationship between therapy adher-
ence and perceived severity (r= 0.104; p<0.05). Furthermore, the result re-
vealed that there was no significant relationship between adherence to therapy
and perceived susceptibility (r= 0.141; p>0.05).

Likewise, there was significant (positive but low) relationship between per-
ceived benefits and adherence to therapy (r= 0.274; p<0.05) However, per-
ceived barriers had significant (negative but moderate) relationship with
adherence to therapy (r= -0.528; p<0.05). Perceived cue to action had sig-
nificant (positive but low) relationship with adherence to therapy (r= 0.197;
P<0.05). More so, there was significant (positive but low) relationship between
perceived severity of hypertension and perceived susceptibility (r = 0.285;
P<0.05). Also, perceived severity had significant (positive but low) relationship
with cues to action (r = 0.202; p<0.05). Perceived benefit of using medication
showed significant negative, moderate relationship with perceived barriers (r
=-0.45; p<0.000). Also perceived benefits of using medication showed moder-
ate positive relationship with cues to action (r = 0.323; p<0.05).
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Table 4. Relationship between psycho-social variables suggested by HBM and adherence to
therapy (n=325)

Variables 1 2 3 4 5 6

Adherence to therapy (1) 1.000

Perceived Severity 2 104 1.000

Perceived Susceptibility (3) A4 285" 1.000

Perceived Benefits (4) 274 .090 -.062 1.000

Perceived Barriers ()| -528** -090 061 -449** 1.000

Perceived Cue to Action (6) 197* 202" 180" 323" 323 1.000

* Correlation is significant at the 0.05 level (2-tailed).

** Correlations is significant at 0.01 level (2-tailed).

The composite effect of psycho-social variables on adherence to
therapy

The predictor variables were perceived severity, perceived susceptibility, per-
ceived benefit, perceived barriers and cues to action. The result indicated sig-
nificant model fit for the data (F = 12.911; p<0.05). The amount of variance
in therapy adherence which is accounted for by the predictors is 32.8% (R2 =
0.328) while other variables accounted for 67.2%. Perceived barrier being the
strongest predictor of adherence to therapy by patients suffering from hyper-
tensive (B = -0.477; p=0.000). A negative beta coefficient indicates a negative
association between perceived barriers and adherence to therapy. Other pre-
dictor variables such as perceived severity, perceived susceptibility, perceived
benefit and cues to action were not statistically associated with adherence of
patients to antihypertensive therapy.

Reported adherence rate to antihypertensive therapy among the patients in
this study was 59.1%. There was a significant association between age, gender
of patients and adherence to antihypertensive medications while marital status,
educational level and occupation of patients had no significant association with
adherence. Also, there was significant association in adherence to therapy by pa-
tients according to their perceptions on severity, susceptibility, benefits, barriers
and cue to action. Reasons for non-adherence to therapy reported in the study
included forgetting to take medication, sense of feeling better, deteriorating
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health despite the use of therapy, ineffectiveness of the therapy and cost of medi-
cations. Furthermore, the result revealed that psycho-social variables had sig-
nificant combined effect on adherence rate to therapy and that perceived barrier
was the only psycho-social variables potently predicting adherence to therapy.

The rate of adherence in this study is similar to that reported by Takahashi et al.>
who conducted a study in 3 district hospitals in South-Eastern Asia and reported
that half of the hypertensive patients (50%) adhered to antihypertensive medica-
tion. Ambaw et al.3° reported a higher adherence rate of 64.6% in a hospital in
Ethiopia while Algabbani and Algabbani?, and Hussein et al.*? reported lower ad-
herence to antihypertensive therapy by patients of 42.2% and 46.12 respectively.

The study found that more hypertensive patients 60 years and below adhered
to their antihypertensive medication compared to older hypertensive patients.
Similarly, Joho® who conducted a cross-sectional study of hypertensive pa-
tients in 3 district hospitals in Dar es Salaam Tanzania reported that hyperten-
sive patients who were less than 64 years had higher adherence rate than those
who were 65 years and above. However, Hussein et al.*? reported that younger
age (<40 years) was a significant predictor of adherence compared to older pa-
tients. In contrast, Lee et al.3? conducted a study in South Korea and found that
older people adhered more to antihypertensive therapy compared to younger
people. Probable reason could be perceived susceptibility and severity. How-
ever, in a cross-sectional study in Saudi Arabia conducted among hypertensive
patients at primary health clinics in Prince Sultan Medical City there was no
relationship between age and medication adherences. There was a higher rate
of adherence reported by female patients compared to male patients in the
study which was significant. This finding was similar to reports by Joho,* who
reported that females had higher adherence to antihypertensive therapy com-
pared to males. The low rate of adherence to antihypertensive therapy by male
patients may be due to fear of the side effect of antihypertensive drugs, one of
which is erectile dysfunction33. Algabbani and Algabbani? reported no signifi-
cant relationship between gender and adherence.

Hypertensive patients with tertiary education in the study had higher adher-
ence rate compared to those with little or no educational background, which
is similar to the studies by Hussein et al.** and Joho#, in which patients with
higher education were more adherent to their medication. The probable rea-
son could be because education plays an important part in comprehension,
retention, recollection and application of health information and knowledge
and patients with higher level of education may have a better understanding
of the importance of controlling their blood pressure and the consequences of
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poor drug adherence?®. Married hypertensive patients in the study reported
higher adherence rate than separated and widowed patients. The help, care
and support patients received from spouses could be a reason why there was
higher rate of adherence among married patients compared to those who were
not. This result supported the findings of Joho®* who reported that married
participants were more adherent to treatment than non-married participants.
A study by Najjuma et al.34 of Southwest Ugandan patients also reported that
patient’s family support contributed to medication adherence. A meta-analysis
by Abegaz et al.3> showed that interventions adapted to family engagement can
improve antihypertensive adherence.

Reasons reported for non-adherence to antihypertensive therapy reported in
the study included forgetfulness, cost of the medications, feeling better, fear of
the side effects, avoiding addiction to drugs and use of traditional medicine.
Similar reasons were reported by Takahashi et al.2? in an observational study of
hypertensive patients for not adhering to their medication regimen.

The study reported significant relationship between drug therapy adherence
and perceived severity. This implies that the higher the perceived severity of
hypertension the greater the adherence to therapy. There was however no sig-
nificant relationship between adherence to therapy and perceived susceptibil-
ity. There was a significant relationship between perceived benefits and adher-
ence to therapy. This implies that the higher the perceived benefit of therapy,
the higher the adherence to treatment. Perceived barriers had significant nega-
tive relationship with adherence to therapy, meaning the higher the perceived
barrier, the less the adherence. Perceived cue to action was significantly re-
lated with adherence to therapy meaning that when individuals receive more
reminders of the importance of treatment adherence, they are more likely to
adhere to medication. More so, there was significant relationship between per-
ceived severity of hypertension and perceived susceptibility. This implies that
the higher the perceived severity of hypertension the higher the perception of
being vulnerable to the complications of hypertension. Also, perceived severity
had significant relationship with cues to action implying that the higher the
perceived severity of hypertension the higher the inclination to follow the cues
to action (reminders). Perceived benefit of using medication showed signifi-
cant negative relationship with perceived barrier, this meant that the higher
the perception of benefit the lower the perception of barriers. Also perceived
benefit of using medication showed positive association with cues to action,
meaning that the higher the perception of benefit, the higher the inclination
to heed reminders. Similarly, Joho3! reported significant relationship between
perceived susceptibility, perceived benefits of therapy, perceived barriers to
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treatment, cues to action and adherence to antihypertensive therapy by hyper-
tensive patients. In contrast, in the study reported by Osamor and Ojelabi®,
only perceived susceptibility, perceived benefit of medication and perceived
barriers to treatment had significant relationship with adherence.

The study reported that out of all the five HBM variables, only perceived barriers
to adherence significantly predicted the adherence rate of hypertensive patients
to antihypertensive medication. In contrast, Osamor and Ojelabi'® reported that
only perceived susceptibility was a significant predictor of adherence.

A limitation of the study was that the sample size used was less than the cal-
culated sample size. This can be improved in subsequent studies by making
allowance for attrition. Also, test-retest reliability was not carried out which
should have further helped to determine the reliability of the test instrument
used in the study. Another study limitation is that the study was conducted in
only one healthcare facility. Multi-centre studies will ensure that the results
can be generalized.

In the study, 59.1% of patients adhered to therapy. Age and gender were sig-
nificantly associated with adherence. With the exception of perceived suscep-
tibility, all the health belief constructs correlated with adherence to therapy.
Perceived barriers to adherence significantly predicted adherence of patients
to therapy. Pharmacists should educate patients on importance of drug adher-
ence for better blood pressure control.
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ABSTRACT

Imported grain starches are in high demand but are expensive, and their sup-
ply is unreliable. To address the need for innovative formulators, the devel-
opment and use of native starches or the synthesis of modified starches with
predetermined functions from locally sourced underused plants as excipients
in pharmaceutical industries is critical. The primary goal of this research is to
explore the influence of physical and chemical modification on the compres-
sional and packing features of dual blends of Ibuprofen with Oryza glaber-
rima and Digitaria exilis starches in oral tablet formulation. Different ratios of
starches and Ibuprofen were used in the direct compression method to prepare
the tablets. From the native starch forms, pregelatinized and carboxymethyl-
ated starches were produced. The manufactured tablets’ compressional fea-
tures were investigated using the Heckel, Gurham, and Kawakita equations, as
well as density measurements. Pregelatinization resulted in a faster onset but
a lower amount of plastic deformations than native and carboxymethylated
starch formulations. Increasing the particle size of these starches substantially
impacts densification, rearrangement of particles, fragmentation propensity,
and elastic/plastic deformation. The modified starches would make acceptable
excipients because they increased tablet densification compared to the native
forms.
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INTRODUCTION

For many decades, several plant starches have been investigated as pharma-
ceutical excipients'. Due to their affordability, inertness, and capacity to serve
as a binding, gliding, disintegrating, and filling agent for solid dosage forms,
starches are among the most readily available and widely utilized excipients in
the drug industry to prepare tablets> 3. Native or untreated starches are weak
structurally and have limited functional options when making tablets; their
function must be increased through modifications. Modifying or treating na-
tive starches through physical, chemical, or enzymatic techniques can be used
to obtain desired functionalities or improve their physiochemical properties3+.

Understanding powders’ packing, cohesive, and compressional characteris-
tics are crucial in developing and manufacturing solid dosage forms like pow-
ders, tablets, and capsules of pharmaceutical standards; this is critical when
combining powders, filling capsules with powders or granules, and dies in the
course of tableting®. Several models characterizing powder blends have draw-
backs, such as requiring a spherical shape for model validation®, working only
with a small particle size fraction?, or losing accuracy as an additional powder
component is added?®. As a result, model failure will arise when the particle size
distribution is wider or skeweds.

Various techniques, such as compaction stimulators or instrumented produc-
tion presses, can be used® to evaluate the compaction characteristics of phar-
maceutical dosage forms. The compaction equation can demonstrate the link
between powder parameters such as volume, porosity, density, void space, and
compaction pressure. Constructing a linear plot by fitting the experimental
data to an equation is necessary to make comparisons between several data
sets easier™.

The association between volume and compression pressure is used to generate
a mathematical model of the compaction process. Thus, increasing the com-
pression force or pressure causes the volume of powders to decrease during
powder compression; however, this compression process may be well described
by monitoring changes in powder porosity as the compression pressure is in-
creased'. The manufactured tablets’ compressional features were studied us-
ing the Heckel, Gurham, and Kawakita equations and density measurements'
435, Various equations provide a comprehensive picture of the powder com-
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paction process and excipient behavior. Tablets should also be strong enough
to withstand post-compaction stress during handling and transportation®.

The Heckel equation depicts the relationship between the powder’s relative
density (D) and the compaction pressure (P). The equation is expressed as:

In[1+(1-D)]=KP+A............. [1]

K is the plasticity slope of the compressed powder and the reciprocal of the
mean yield pressure (Py). The constant A, commonly known as the equation’s
intercept, is related to the tableting method, which comprises die filling, pow-
der particle rearrangement, and deformation. Using the equation below, the
value of relative density (D, or D), also known as the overall degree of densi-
fication and rearrangement of powder particles, can be derived from constant
AW,

The initial rearrangement phase of densification due to die filling is described
by the powder’s relative density at the point where the applied pressure equals
zero (D). The difference between D, and D _, known as the relative density D,
represents the rearrangement when low pressures are applied to the powder
bed:

D.=D, D .o [3]

B A o

Powder compression can be analyzed using the Kawakita equation and the
amount of volume decrease (C), which is stated as:

C=(V~V,)=+V_ =abP = (1+bP)...... [4]
The preceding equation can be rewritten as follows:
P-C=(P+a)+(@=+ab)........ [5]

Where V_ is the initial bulk volume of the powder, and V, is the bulk volume
after compression. The constant a represents the material’s lowest porosity be-
fore compression, while the constant b represents its plasticity. P, is the pres-

sure necessary to lower the powder bed by half, defined by the reciprocal of
b12,17,18.

The Gurnham equation states that a fractional increase in pressure increases
apparent mass density relative to the prior pressure®. The association is as

follows:
%" =AdD ... [6]

124 | Acta Pharmaceutica Sciencia. Vol. 62 No. 1, 2024



P represents pressure, D represents apparent density based on solid weight
and total volume, and A represents a constant.

Volume decrease can be expressed as porosity (¢) in pharmaceutical powder
compaction, as follows:

. Apparent densit,
Porosity =1 — (W—,y)
(True density)

Where p, denotes the material’s particle or actual density.

Previous studies have shown that excipient compressional qualities can be uti-
lized to validate the role of excipients in medication formulations'® 22, The
Heckel, Kawakita, and Gurnham compressional equations were employed to
examine Ibuprofen tablets made by direct compression utilizing native, prege-
latinized, and carboxymethylated starches from Oryza glaberrima (African/
Ofada rice) and Digitaria exilis (Fonio/Acha). Ofada rice is the generic name
of the indigenous rice species Oryza glaberrima, Steud Family Poaceae, which
is mainly cultivated in Southwest Nigeria®2. Rice has high starch content mak-
ing it a potentially inexpensive source of starch for the pharmaceutical indus-
try2. Also, Digitaria exilis (Acha), a food grain consumed in many parts of
Africa and India, belongs to the same subfamily as maize, sorghum, and pearl
millet. The starch from its grains is comparable in structure and physicochemi-
cal properties to starch from conventional cereal grains. However, Acha starch
shows a higher water binding capacity than wheat, rice or maize starches,
making it suitable for several pharmaceutical applications.

The principal goal of this study was to establish the packing, flow and cohe-
sive characteristics of Ibuprofen tablet formulations containing untreated and
treated versions of these locally sourced starches as filler binders. This study
used Ibuprofen as the benchmark drug to determine how starch-based excipi-
ents affected tablets made from drugs with poor compaction characteristics?.
Several studies reported that Ibuprofen bulk powder has poor flow properties,
inadequate compaction behavior, and adheres to the surfaces of punch and
die, making tablet formulation development difficult 2%-27 28,

METHODOLOGY

Ibuprofen powder BP, sodium chloride and acetic anhydride were sourced
from BDH Chemicals Limited. Magnesium stearate was acquired from Aldrich
Chemical Company Inc., USA. Acetone was obtained from Merck Limited,
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Germany. All the active and inactive pharmaceutical ingredients used in this
study were of pharmaceutical standard and analytical grade.

Production of the native starches

The Oryza glaberrima and Digitaria exilis grains were acquired locally in Ni-
geria. The pure starch polymers were generated by aqueous extraction using
Odeniyi*® method with modification. In a nutshell, each sample’s grains were
soaked in distilled water for 2-3 days. The mixture was blended using an Oster-
izer Dual range Pulse Matic Milling blender (John Oster Manufacturing Co.,
Racine, Wisconsin, USA) into a slurry before being strained through a muslin
cloth. The filtrate was allowed to settle after being suspended in distilled water.
The obtained supernatant was decanted at 12-hour intervals, and the starch
slurry was re-suspended in distilled water. After 72 hours, the cake was col-
lected and milled on a local milling machine; then dried for 48 hours in a 50
°C oven (Laboratory oven TT-9083, Techmel and Techmel, TX, USA) before
being milled to smaller particles with the Osterizer Dual range Pulse Matic
Milling blender. A sieve with a mesh size of 0.315 mm was used to obtain the
fine powder. The powder that resulted was then sealed in an airtight container.
A sieve with a mesh size 120 was used to sift dry whitish end-products.

Synthesis of the pregelatinized starches

The two native excipients were pregelatinized in the laboratory according to
the method by Okunlola and Adewusi®. 100 g of dry starch powder was dis-
solved in 100 mL of distilled water to create an aqueous slurry of each starch,
which was then heated at 55 °C while being stirred every 10 minutes. The de-
rived paste was crisp-dried for 48 hours at 60 °C in a hot air laboratory oven
(TT-9083, Techmel and Techmel, TX, USA). The dried mass was ground into
powder in a laboratory mill (Christy and Norris Ltd., Chelmsford, UK). Before
use, all the starches were run through a sieve with a number 120 mesh (125
um). These modified excipients were kept in airtight amber containers.

Synthesis of the carboxymethylated starches

A 100 g sample of native starch powder was combined with 400 mL of a 7.5
% w/v monochloroacetic acid solution in 1-propanol. The starch suspension
was mixed with 10 mL of a 30 % w/v sodium hydroxide solution and heated
on a hot plate for 20 minutes at 50 °C with constant stirring (200 revolution
per minute). The reaction was then neutralized with glacial acetic acid before
filtering through filter paper. The remaining sediment was washed with 80 %
methanol, then 100 % methanol. The obtained starch was dried for six hours in
an oven at 50 °C The dehydrated starch fragments recovered were crushed into
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a fine powder and sifted utilizing a British standard sieve with a mesh size of 120
mesh (125 pm). The powdered starch was weighed and kept in airtight vesselss3'.

Analysis of particle size

The light microscope with batch number BH-2 BHS and manufactured by
Olympus, Tokyo, Japan, was used for determining the particle size, with ap-
proximately 200 particles per sample being viewed. Each starch form’s mean
diameter, d, was ascertained by plotting the cumulative number of percent
oversize versus particle size.

Determination of moisture content

Using an Ohaus infrared moisture content analyzer (Ohaus Scale Corporation,
New Jersey), the percentage moisture content of 10 mg of each starch form was
determined and recorded.

Densities measurements and compressibility characteristics

Using xylene as the displacement fluid, the particle density of each starch form
was determined using the pycnometer method by Ayorinde et al32. Each starch
powder’s bulk density was ascertained using established procedures from the
previous study?'. Tapped density was determined by applying 100 taps at a
standardized rate of 38 taps per minute to 30 g of each starch sample in a
graduated cylinder. The calculations were carried out in triplicate. Each starch

powder’s relative density, D , was calculated by dividing its bulk density by

o’

its particle density. Previous research on these specific starches forms gener-
ated Hausner’s ratio and Carr’s index values3'.

The preparation of tablets

Binary blends of drug and excipients were made for direct compression, as il-
lustrated in Table 1.

Each formulation containing the appropriate amounts of starch and Ibupro-
fen was well combined. The powder combinations (total of 400 mg per tablet)
were compacted by utilizing a Carver Hydraulic Hand Press (Model C, Fred S.
Carver Inc., Menomonee Falls, Wisconsin, USA) equipped with a calibrated
pressure gauge. The flat-faced punch and 12.5 mm die were lubricated with a
2 % w/v magnesium stearate in acetone before each compression to prevent
the tablet from sticking to the surface of the punch and die. The compressional
pressures used were from 0.25 to 1.5 metric tonnes, with a dwell period of
sixty seconds. After being carefully removed from the assembly, the pills were
stored in sealed containers atop silica gel for 24 hours for elastic recovery be-
fore determining their properties.
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Table 1. Drug and excipient composition in tablet forms

. Ibuprofen Excipient
Formulation
% %
F, 90.0 10.0
F, 75.0 25.0
F, 50.0 50.0
F, 25.0 75.0
F, 00.0 100.0

Establishment of Heckel relationships for the native and modified
starches

The In 1/1-D was plotted versus applied pressure P for the different types of
starches, also at different amounts of starch in the formulations. The extended
linear plots’ slope and intercept on the y-axis were K and A. Equation 2 was
used to calculate total pre-compression density D, at zero and low pressures,
whereas mean pressure P was derived as a reciprocal of K. Dy (relative density
at low pressures) was calculated by subtracting D, from D , the powder bed’s
relative density at zero pressure (Equation 3)'¢2°,

Determination of Kawakita relationships for the different starches

The constant C, which signifies the level of volume reduction, was estimated
utilizing Equation 4. P/C was plotted versus applied pressure P for the native
and modified starches in the preparations at the varied starch concentrations.
The constants a and ab were calculated using the slope and intercept of the
straight line from Equation 5. Regression plots with Equation 6 were used to
calculate P,, the pressure needed to drop the powder bed volume half, and D,
the packed beginning relative density'®2.

C=(V,-V,)+V =abP =+ (1+bP) ...... [4]
P+C=Pz+a)+@@+ab) ... [51]
d?" =AdD e [6]
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Establishment of Gurnham relationships for the native and
modified starches

Percent porosity (% €) was plotted against InP (natural logarithm of applied
pressure) for different starches in the formulation at various concentrations.
As previously stated, the slope of the regression line derived from each plot
was used to calculate the value of ¢, a term for compressibility that signifies the
influence of change in pressure on porosity, and d, which corresponded to the
enhanced compressibility features!® 2.

Statistical analysis

The data derived from the formulations were statistically analyzed using the
Students’ t-test and ANOVA, with P < 0.05 regarded as the importance level
(GraphPad Software Inc., San Diego, USA)

RESULTS and DISCUSSION
Physical properties of the untreated and treated starches

Particle sizes of the starches had almost doubled following modifications (Table
2). Particle size study revealed that the native form had the smallest diameter,
d, for the two different starches used in this study. Native African rice starch
granules (7.24 um) proved to be of a smaller size than pregelatinized (15.37
um) and carboxymethylated (13.13 um) granules. Native Fonio starch granules
(3.16 um) were also smaller than those that had been pregelatinized (4.98 pm)
and carboxymethylated (7.69 pm). The mean diameter of native African rice
and Fonio starch increased considerably after modification. The swelling of
the starch granules brought on by gelatinization and the subsequent amylose
leaching could be the source of the pregelatinized starches’ larger particle size.
The loss of amylose content after gelatinization results in enhanced amylo-
pectin activity, improving starch swelling capacity. Several investigations have
found that swelling power is closely related to amylose and its characteristics.
Therefore, it was suggested that the degree of amylose lipid complexation,
the amount of amylose that has been leached, and the phosphate content all
substantially impact swelling power. Amylose lipid complexes limit swelling
power, but the presence of phosphate groups in starch improves starch’s water
binding ability and, therefore, its swelling power'®3:33. These events are likely
responsible for the high solubility, swelling power, and water absorption indi-
ces observed in pregelatinized starches3'. Previous research has confirmed that
pregelatinized starch has more excellent water absorption, swelling capacity,
and solubility than native starch due to hydrogen bond breakdown and am-
ylose leaching caused by gelatinization3435. The highest value for anticipated
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particle diameter was found in pregelatinized African rice. Larger particle sizes
improve powder flow, which should improve compressibility3®37.

The particle diameter of the two starches was also increased by carboxymeth-
ylation, which disrupts the starch granule structure and increases amylose
leaching, resulting in starch granule enlargement. Adding the carboxymethyl
group makes these starches more hydrophilic and aids in water holding, ex-
panding the particle dimension of the chemically modified starches**sS.

Table 2. Physical properties of the pure and modified starches (n =3, mean + s.d)

g:;?lrrit Starch form DidaM;lZ;]er, Pani(c ;E rﬂﬁ;‘s"" Hall;:;lizr’s Carr’s index cm‘?;s;;l (r;,)
(m)

African Rice Native 7.24+378 | 156:0.002 | 1.23:0.05 | 19.35:4.80 11.00
Pregelatinized | 15.37+13.17 | 1.47:001 | 1.18:0.02 | 14.62:4.66 10.44
Carboxymethylated | 13.13+7.15 1.63:0.02 | 1.21£0.05 | 17.504.97 9.48
Fonio Native 3.16£1.85 1.48+0.002 | 1.25:0.06 | 19.90+6.04 10.12
Pregelatinized 4.98+3.02 1.47+0.001 | 1.19:0.04 | 16.26+4.00 9.93
Carboxymethylated | 7.69+3.99 | 1.52:0.003 | 1.33:0.02 | 23.55:1.42 10.23

Table 2 also shows the different starches’ physical properties, their respective
particle densities, Hausner’s ratios, and Carr’s indices. The particle density of
Ibuprofen was 1.062 gcm3, while its mean particle diameter was 44.15 um.

The particle density of Ibuprofen powder was very low (1.063 gem™), and the
mean particle diameter was exceptionally high (44.15 um). Ibuprofen’s weak
flow properties and elevated cohesion explain its poor compression qualities
and, thus, the necessity for acceptable excipients with good flow and compres-
sion capabilities®. Ibuprofen demonstrates poor flow, compaction (tableting),
and dissolution profile because of its hydrophobic structure and high cohesive,
adhesive, and viscoelastic characteristics; therefore, it should be combined
with excipients with superior physicochemical properties to enhance its com-
pression and dissolution behavior#®. Except for the carboxymethylated fonio,
pure starch forms from the starches used in this study showed lesser particle
density values than the treated forms. During powder mixing, the powder den-
sity had an impact, and segregation could occur due to size and shape. The
behavior of the starch during packing affects unit operations like die, capsule
filling, and compression#.
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Flowability test using the Hausner ratio and Carr’s index (compressibility in-
dex) revealed lower values for the pregelatinized and carboxymethylated forms
of African rice starch compared to their native form (Table 2), suggesting supe-
rior flow characteristics to their untreated formss. Pregelatinized Fonio flowed
better than its native form, whereas carboxymethylated Fonio exhibited poor
flow properties (Table 2). The Hausner and Carr’s indices for starches were
ranked in the following order: African rice; pregelatinized < carboxymethyl-
ated < native and Fonio; pregelatinized < native < carboxymethylated. The
flowability of botanical starches was generally ranked in the order of African
rice > Fonio. From the previous study on these native and modified forms of
these starches by Omoteso et al.3, the larger particle size of these modified
starch granules may be attributed to the improved flow of pregelatinized and
carboxymethylated starches. Larger particles flow better due to superior den-
sity and gravitational influences, but finer particles are more cohesive as a re-
sult of surface effectsss.

The native and the modified starches exhibited Hausner ratios more promi-
nent than 1.11 and Carr’s indices greater than 10. Values below 15 on Carr’s
index denote good flowability, while values above 25 denote poor flowability.
Additionally, Hausner ratio values higher than 1.25 indicate poor flowability.
The values of these indices will help the formulator in the judicious selection
of excipients to prevent impeding the movement of powder into the die cavi-
ties through the hopper, which could affect the weight uniformity of the pro-
duced tablets20:314142, Pregelatinized starches exhibiting lower Hausner’s ratio
values than native starch indicate improved flowability2°354°. Therefore, starch
modification, particularly pregelatinization, increases the flowability of native
starch. Carboxymethylated starch also demonstrated outstanding flow prop-
erties. The most common pharmaceutical-modified starch is pregelatinized
starch. Based on earlier research on pregelatinized starch, this treatment en-
hances starch flowability, disintegration, and hardness+. Generally, there was
a direct relationship between the particle density, Carr’s index, and Hausner
ratio values between the native and modified starches (Table 2).

The moisture level of the samples that were examined ranged from 9.48 % to
11.00 % (Table 2). Except for carboxymethylated Fonio starch, which has a
slightly greater % moisture content than native Fonio starch, native starches
were shown to have higher moisture contents than their modified counter-
parts. The moisture content of native African rice was the highest (11.00 %),
while carboxymethylated African rice had the lowest moisture content (9.48
%). Because starch is typically absorptive, the minor increase in carboxym-
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ethylated Fonio’s moisture content from 10.12 % to 10.23 % may be the re-
sult. However, all experimental starch samples’ moisture content ranges were
within the normal ranges anticipated at 50 % relative humidity3®+4,

The Heckel relationships of the pure and treated starches of African
rice and Acha

Heckel relationships in Table 3 and Figure 1 yielded the following conclu-
sions. The type A Heckel relationship was achieved due to the plot of In (1/1-
D) against applied pressure for pure starches (100 % starch) being linear and
nearly parallel. Plastically deformed materials do this#. All formulations with
experimental starch excipients produced linear plots with correlation coeffi-
cients over 0.970.

The slope and intercept of the extrapolated linear plots determine K and A,
respectively. P, the pressure needed to distort particles, was computed as a re-
ciprocal of K and measured plasticity. Low P values suggest higher and faster
initiation of plastic deformation, whereas high P_values indicate the opposite.
P values were found to be usually lower in formulations comprising prege-
latinized starch. Also, untreated starch formulations had lower P values than
carboxymethylated ones but higher than the pregelatinized ones; this implies
that pregelatinized starches stimulated faster commencement of plastic flow
than other forms of starches', with pregelatinized < carboxymathylated< na-
tive for African rice starch and pregelatinized < native < carboxymethylated for
Fonio. P values in African rice formulations primarily increased as the amount
of starch excipients rose; however, there were differences in the values ob-
tained for Fonio formulations. Table 3 demonstrates that the plasticity of the
formulations appears to decrease as the amount of starch in the preparations
increases. The order of P values by the source was mainly Fonio > African
rice. Low P, values suggest higher and faster initiation of plastic deformation,
whereas high P values indicate the opposite.

The constant A is related to the particle rearrangement and filling of the die
prior to the deformation and bonding of the particle. D, is the powder bed’s rel-
ative density when no pressure is exerted. It describes the early rearrangement
stage of densification and is calculated from the relationship between loose
bulk density and particle or true density. The entire degree of densification ac-
complished at zero and low pressures following rearrangement processes be-
fore any significant amount of inter particulate bonding is the relative density
D, of the material during densification at which a cohesive unbroken tablet has
just been generated. The phase of densification is the powder’s relative density
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under low-pressure D, which occurs after using low pressures because of par-
ticle rearrangement or fragmentation before significant particle deformation
occurs'. Tablet formulations containing pregelatinized starch had the highest
D, and D values* and the lowest D, values.

In contrast, carboxymethylated starch formulations had intermediate D and
D, values and the lowest D, values. Tablets containing natural starch exhib-
ited moderate D, values, the highest D, values, and the lowest D values. The
D, values for the various tablet preparations declined as the amount of starch
increased.

The values for D , D,, and D, for two botanical sources decrease with increasing
the amount of starch in the formulations with minor variances. Greater values
of these factors indicate a higher level of early packing in the die, a higher over-
all densification, and higher particle rearrangement during the initial stages
of compression, respectively. The perceived drop in D, values showed that
powder particle rearrangement in the initial stages of compression declined at
these starch amounts for formulations with increasing starch contents.

The decreasing D, values as the quantity of starch adjuvants in the prepara-
tions grew suggested that as the starch content increased, the initial packing
of the powder particles in the preparations because of die-filling decreased.
D, values rose in formulations, including modified starches, with the highest
levels in formulations utilizing pregelatinized starch. Pregelatinized and car-
boxymethylated starches with larger powder particles were expected to have
greater D values in their formulations. Previous researches have described
this pattern'®. As a result, pregelatinization of these two starches generated
the optimum early packing of the formulation particles in the die, followed by
carboxymethylated particles.

In native and carboxymethylated Fonio and native African rice starch and Ibu-
profen tablet formulations, D, values were higher than D values, representing
the particle rearrangement stage at the preliminary step of compression; this
might be ascribed to powder particle fragmentation caused by the use of low
pressures, resulting in the stuffing of inter particulate void spaces that were
primarily in existence at zero pressure; this promotes compaction'® 4.
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Table 3. Parameters calculated from Density measurements and Heckel plots for drug-native
and modified starch blends

Native Pregelatinized Carhoxymethylated
Conc.
Starch Source Cowtw) | P 0 ol ) e p 0 ol
e e O e T A B T I S R T e N
10 | 357.14 | 0.326 | 0.904| 0.578| 70.42 | 0.618 | 0.906 | 0.288 | 833.33 | 0.361 | 0.878 | 0.517
Fonio starch
(Digitaria exili) 25 | 58824 10.309|0.850 | 0.541 |555.56 | 0.587 | 0.913 | 0.326 | 126.58 | 0.340 | 0.706 | 0.366
50 | 555.56 | 0.284|0.850 | 0.566 |476.19|0.542 | 0.887 | 0.345 | 714.29 | 0.310 | 0.734 | 0.424
75 | 416.67 |0.262|0.733 | 0.471|263.16 | 0.503 | 0.773 | 0.270 | 588.24 | 0.285 | 0.763 | 0.478
100 | 500.00 | 0.244 | 0.713{0.469 | 434.78 | 0.470 | 0.766 | 0.296 | 666.67 | 0.264 | 0.780 | 0.516
African rice 10 | 29412 | 0.387 | 0.814 | 0.427 | 204.08 | 0.648 | 0.951 | 0.303 | 166.67 | 0.562 | 0.870 | 0.308
(Oryza glaber-
fima) 25 | 344.83 |0.362|0.868 | 0.506 | 222.22 | 0.607 | 0.865 | 0.258 | 200.00 | 0.532 | 0.840 | 0.308
50 | 45455 0.328|0.707 | 0.379 | 322.58 | 0.549 | 0.830 | 0.281 | 666.67 | 0.489 | 0.803 | 0.314
75 158824 10.300|0.732 | 0.432 |238.10| 0.502 | 0.869 | 0.367 | 285.71 | 0.452 | 0.674 | 0.222
100 | 625.00 | 0.276 | 0.642 | 0.366 | 250.00 | 0.462 | 0.720 | 0.258 | 312.50 | 0.421 | 0.760 | 0.339

P, Mean yield pressure/ mean pressure; D , Relative density at zero pressure;

D,, Overall degree of densification and rearrangement of powder particles or

total pre-compression density at zero and low pressures; D,, Relative density

at low pressure.
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Figure 1. Overlays of Heckel plots for tablet preparations comprising Native (-), Pregelatinized
(~---- ), and Carbokxymethylated (. . . .. ) starches of African rice (Ofada) and Fonio (Acha):

Kawakita relationships for the untreated and treated starches of
African rice and Fonio

Since no single expression has been proven to be perfect for describing powder
compatibility, the Kawakita expression is frequently employed in examining
the compressibility of pharmaceutical powders. Figure 2 showed linear rela-
tionships for all formulations and applied pressures, with a correlation value
greater than 0.999. Thus, the densification mechanisms of the formulation of
Ibuprofen tablets can be explained by equation?3.
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Figure 2. Overlay of Kawakita plots for Ibuprofen tablet preparations containing pure and
treated starches (Pregelatinized and Carboxymethylated) of African rice (Ofada) and Fonio
(Acha) at 10% w/w

The Heckel equation parameter P differs from the Kawakita parameter P, in
that the latter (Heckel) seems to correspond to the overall amount of plas-
tic deformation happening in the course of compression, whilst the previ-
ous (Kawakita) is related to the commencement of plastic deformation in the
course of compression¥. Since P, measures the inverse plastic deformation
during compression, a reduced P, value indicates enhanced or greater overall
plastic deformation #. In the untreated and treated starch forms and differ-
ent quantities of starch in the preparations, the level of P, values by botanical
starch origin varied.

The discrepancies in P, values reported between starch formulations and
Ibuprofen tablet preparations can be related to variations in characteristics
throughout the preparation process, as Ibuprofen formulations, unlike starch,
are several-component systems. In a one-component system, specifically na-
tive starch, deformation capacity is free from other components; however,
plastic deformation starts whenever any component’s yield point is surpassed
in a several-component system, like Ibuprofen tablet formulations. The defor-
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mation of any component after its yield value in the latter system may activate
the deformation of other components in the system. Since the type of the speed
and amount of plastic deformation are more complex for several components
than for a single component, it may be hard to forecast the deformation pa-
rameter of multiple component systems and identify its characteristics from
those of its single components*®. However, the presence of Ibuprofen in the
formulation is responsible for the changes observed in the binary formulation
established in this work.

The pure form of the starch increased the P, values. Pregelatinization reduced
overall plastic deformation in the formulation of two botanical sources. Also,
pregelatinized starches had the highest P, values (Table 4). At 10 % starch
concentration, pregelatinized Fonio and African rice starch showed extremely
high P, values. The carboxymethylated P, value was also high at 10 % starch
content of Fonio starch. P, values for pure starches were in the order African
rice > Fonio by botanical origin at 10 % starch concentration. The P, values for
pregelatinized and carboxymethylated starch tablets were Fonio > African rice
in that order at 10 % starch concentration. A higher P, number indicated lesser
overall plasticity, whereas a lower value indicated increased total plasticity.

D, (packed initial relative density) values varied with the rise in starch quantity
in the Ibuprofen formulations, including the different starches, except native
and pregelatinized Fonio starch, where D, values increased with increasing
starch concentration. D, levels were often more significant in treated than in
pure starch preparations. The formulations comprising pregelatinized starch
had lower values than those including carboxymethylated starches. Thus, car-
boxymethylation and pregelatinization increased initial particle packing in
Ibuprofen preparation. Furthermore, modification of starches at greater con-
centrations of starch resulted in higher packed initial relative density values of
the Ibuprofen preparations compared to lower packed initial relative density
values at smaller concentrations of starch content in the preparations.

D, and D, (loose initial relative density) values from the Kawakita and Heckel
parameters (Tables 3 and 4) showed no clear trend or pattern in identifying the
higher value. Although D, had the most significant and lowest numbers, D s val-
ues were in the middle. D, values represent the packed primary relative density
of formulations when modest pressure or tapping is applied, whereas D_ values
represent the loose initial relative density caused only by die filling. In the cor-
responding formulations, the Heckel parameter D, which pertains to densifica-
tion at low pressures, had both greater and lower values than D.. Particle size,
morphology, and packing geometry of powder affect the two parameters.
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Table 4. Features calculated from Kawakita plots for the drug-native and modified starch

blends
Starch Native Pregelatinized Carboxymethylated
Starch Source Conc. P P P
(%ow/w) (MNlr(n'z) D, (Mlen'Z) D, (Mlen'Z) D,

10 3.578 0.186 29.281 0.388 15.5%4 0.308

25 7.016 0.198 2.955 0.407 0.505 0.354

Fonio (Digitaria exilis) 50 4.923 0.199 1.455 0453 6.290 0.374

75 2.846 0.227 0.793 0.454 0.729 0.339

100 16.163 0.232 0.500 0.466 6.966 0.345

10 0.871 0.274 26.632 0428 1.385 0.546

25 7.118 0.269 0.569 0.500 4.014 0.544

African rice

(Oryza glaberrima) 50 0.799 0.306 1.299 0.508 2.508 0.632

75 11.899 0.323 0.939 0475 0.405 0.809

100 1.002 0.347 0.668 0.525 0.441 0.679

P, Pressure necessary to lower the powder bed by 50%; D,, Packed initial rela-
tive density.

Gurnham relationships of the untreated and treated starches of
African rice and Acha

The Gurnham equation is another way to determine the compressibility of bulk
powders. A rise in pressure causes a proportionate elevation in the apparent
density of a substance!®+. The apparent density D and the natural logarithm of
applied pressure, In P, can thus have a linear relationship. Porosity € is com-
monly used to express volume reduction. Then, porosity and In P are linearly
related. The slope and intercept are represented by the inferred linear plot’s
constants ¢ and d, respectively. The slope constant ¢ is a metric of excipient
compressibility, describing the influence of pressure variation on compact po-
rosity.
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Table 5. Features calculated from Gurnham plots for drug-native and modified starch blends

Starch Native Pregelatinized CGarboxymethylated
Starch Source Conc.
(%ow/w) c d c d c d
10 377 | 4048 | 259 | 1458 | 0% | 1500
25 381 | 3810 | 102 | 1188 | 774 | 4885
(Digi;‘;g"exms) 50 191 | 233 | 381 | 2728 | 241 | 3387
75 150 | 1953 | 449 | B2 | oM | 3204
100 | 368 | 2243 | 327 | 33 | 228 | 2917
10 313 | 2733 | 134 | 906 | 343 | 2275
25 213 | 1048 | 395 | 2655 | 412 | 2832
0 I;\Zf;;j‘;bgf; |9 40 | M6 | 307 | 622 | 173 | 2474
75 340 | w90 | 275 | 2143 | 658 | 5254
100 | 384 | 4757 | 609 | 4617 | 474 | 3869

¢, Slope; d, Intercept.

Table 5 and Figure 3 demonstrate Gurnham correlations for formulations with
75 % starch excipients. There was a decrease in porosity with the increased ap-
plied pressure and starch concentration in the starch-Ibuprofen formulation.
As pressure increases due to the powder’s densification, pores close and po-
rosity decreases. This result is corroborated by previous research?°. Porosity €
plots vs In P revealed a linear association with negative correlation coefficients
I > 0.920, indicating a reverse link amid porosity and applied pressure. More
significant slope (c¢) values were frequently reported for African rice starch
formulations than for Fonio starch preparations, signifying that African rice
starch formulations had more significant densification than acha starch. The
slope values of the two starch sources’ untreated, pregelatinized, and carboxy-
methylated preparations differed significantly (p < 0.05).

The intercept (d) was most significant in carboxymethylated starch prepara-
tions, smallest in pregelatinized, and intermediate in native. It has been pro-
posed that increased compressibility properties correspond to the influence of
d on material compressibility=°.
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Figure 3. Overlay of Gurnham plots for Ibuprofen preparations comprising Native (-),
Pregelatinized (- -) and Carboxymethylated (. . .) starches of Ofada rice and Acha: 75 % w/w

In conclusion, Pregelatinized and carboxymethylated African rice and Fonio
starches were successfully synthesized from their native starch forms. Prege-
latinization induced faster commencement of plastic deformations but lowered
the overall quantity of plastic deformations in formulations. Modified starch
forms, particularly pregelatinized ones, would make effective excipients be-
cause they increased tablet densification. The amount of pregelatinized starch
used in tablet production is less than that of regular starch. Ibuprofen tablets
with African rice starch had stronger densification than those utilizing Fonio
starch.
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ABSTRACT

The objective of this study was to determine the effect of an education program
on physicians’ knowledge, appropriate prescribing, and administration of pro-
ton pump inhibitors (PPIs) in hospitalized internal medicine patients. This
quasi-experimental, prospective study was conducted in a university hospital
over a period of three months, and included patients who received PPIs before
(1 month) and after (1 month) the education program. A questionnaire was
used to assess physicians’ knowledge before and after the education program.
In this study, a total of 215 patients and 32 physicians participated. The rate of
appropriate PPI prescribing for indication and administration route increased
from 46.4% to 49.5% and from 48.2% to 51.5%, respectively, after the educa-
tion program (p>0.05). The mean number of correct answers on the knowl-
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edge questionnaire increased by 5 out of an average of 10 correct answers be-
fore the education to 15 correct answers after the education (p=0.001).

Keywords: proton pump inhibitors, education, internal medicine, pharma-
cists, medication review

INTRODUCTION

Proton pump inhibitors (PPIs) are medications that are used to treat a va-
riety of gastrointestinal (GI) conditions, including peptic ulcer disease, gas-
troesophageal reflux disease, GI hemorrhages, dyspepsia, Helicobacter pylori
eradication, Zollinger-Ellison syndrome (ZES), erosive gastritis, and esophagi-
tis*2. PPIs are sometimes prescribed without a clear indication or for unneces-
sarily long periods of time, which is referred to as overuses.

It is common for patients hospitalized in internal medicine departments to re-
ceive acid suppression therapy (AST). It has been observed that proton pump
inhibitor (PPI) treatment often begins during a hospital stay and continues
after the patient is discharged. However, the inappropriate use of PPIs has
been linked to increased medication costs and an increase in undesirable side
effects4.

There is a high rate of inappropriate use of PPIs in hospitalized patients, ac-
cording to several studies. De Rijdt et al. found that 43% of non-critical pa-
tients in their study were prescribed long-term AST without a proper indi-
cation!. Other studies have also found high rates of inappropriate AST use,
including 69.2% in a study by Nachnani et al., 44% during hospitalization and
47% after discharge in a study by Sheik-Taha et al., and 69% of patients receiv-
ing PPI treatment in a study by Nasser et al. who did not have a valid indication
for PPI use5”.

Another important issue regarding the inappropriate use of PPIs concerns the
route of administration. In 2004, two hospital reports on PPI use indicated
that 56% of patients receiving intravenous (IV) PPIs had inappropriate indica-
tions, most of which were indications for stress ulcer prophylaxis (SUP). On
the other hand, oral PPIs have several advantages over IV formulation, includ-
ing lower cost, less use of hospital resources, and fewer complications associ-
ated with IV administration”®. Currently, IV PPIs are approved by the US Food
and Drug Administration (FDA) to treat ZES patients with pathological hyper-
secretory conditions who cannot tolerate oral medications due to complicated
erosive esophagitis. In practice, the use of IV PPIs is much more common. The
decision to administer IV PPI depends on several factors such as the patient’s
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ability to swallow, gastric motility, intestinal transit, and permeability®. Given
the potential complications and cost, IV PPIs should be considered among in-
appropriate uses in cases where oral PPIs could be used instead.

The aim of this study is to improve the knowledge of physicians regarding the
appropriate use of PPIs in terms of indications and administration route, fol-
lowing an educational program on PPI prescribing in the internal medicine
services.

METHODOLOGY

This study, which was a prospective, quasi-experimental design, was conduct-
ed at a university hospital between October 1, 2019, and January 15, 2020. The
study was divided into two parts: a pre-education phase (October 1-30, 2019)
and a post-education phase (December 15, 2019-January 15, 2020). During
both periods, the researchers evaluated the treatment of patients hospitalized
in the internal medicine services and assessed the appropriateness of PPI use.
The study included adult patients who were admitted to the internal medicine
services and used PPIs for any reason during their hospitalization. The goal
was to include at least 200 patients in the study without any sampling, based
on the number of hospitalized patients in the relevant services for the periods
in which the study was conducted.

The patient’s demographic information such as age, gender, comorbidities,
reason for hospitalization, total hospital stay, recent hospitalization history in
the last six months, smoking, and alcohol use were collected using a “Patient
Profile Registration Form” Information regarding the patient’s medication use
and results of biochemical laboratory tests were obtained from the patient’s
medical records.

The appropriateness of the indication and method of administering PPIs was
assessed by a clinical pharmacist and a gastroenterology specialist, using ev-
idence-based criteria from previous studies**3. To evaluate the appropriate-
ness of the indication and administration route of PPIs, the medical records
and drugs of inpatients were examined. The appropriateness of the indication
was evaluated by considering accompanying risk factors (such as the use of
non-steroidal anti-inflammatory drugs [NSAIDs], systemic corticosteroids,
antiplatelet, and anticoagulant drugs) and information from the package in-
sert of PPIs. When evaluating the appropriateness of the administration route,
factors like tolerance of oral medications, pathological hypersecretion states,
swallowing ability and gastric motility were taken into consideration.

In the second part of the study, an educational program was organized by gas-
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troenterology specialists for internal medicine residents, lasting one hour. The
program covered general information about PPIs, including mechanism of
action, appropriate indications, recommended treatment duration, potential
side effects, contraindications, drug interactions, common inappropriate uses,
safety concerns, and options for administration route (IV or oral). The educa-
tion was concluded with case studies and discussion. On the same day, a ques-
tionnaire which included a knowledge test was administered to the physicians,
both before and after the education.

The questionnaire given to the participating physicians consisted of three sec-
tions and a total of 34 questions. The questionnaire, which was created by the
authors, was self-structured and had 11 questions in total, with the first section
asking about sociodemographic information and the second section contain-
ing general questions about PPI use (such as frequency of prescribing PPIs for
hospitalized and discharged patients and recognizing adverse effects caused
by PPIs). The third section, which evaluated the education, had 23 questions
about PPIs, covering topics such as indications, side effects, safety, and drug
interactions.

The primary outcome of this study is to enhance the knowledge level of inter-
nal medicine residents on the appropriate use of PPIs through education, and
as a result, to decrease the inappropriateness of PPIs prescribed to patients in
terms of indication and administration.

Statistical Analysis

As the data collected did not follow a normal distribution, non-parametric sta-
tistical tests were used for the analysis. The chi-square test was used to analyze
categorical variables, while the Mann-Whitney U test was used for nonpara-
metric numerical values. The McNemar-Bowker Test was used to compare the
responses to the questionnaire before and after the education. The statistical
analysis was performed using IBM SPSS Statistics for Windows, Version 25.0.
(Armonk, New York: IBM Corp.). The results were considered statistically sig-
nificant at a 95% confidence interval, with a p<0.05. There was no missing
data in the study.

RESULTS and DISCUSSION

During the study period, 302 patients were admitted to the internal medicine
services. A total of 215 patients who used PPIs during their hospitalization
were included in the study, 112 in the pre-education period and 103 in the post-
education period. Eighty-seven patients (28.8%) were not included as they did
not use PPIs during the study period. Thirty-two physicians participated in the
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education on appropriate PPI prescribing. The patients included in the study
were 54% male, and 80,6% of the physicians participating in the education
were female. There was no significant difference in sociodemographic charac-
teristics between the patients included in the study before and after the edu-
cation. Table 1 shows the sociodemographic information of the patients who
were evaluated for PPI appropriateness in the first period of the study.

Table 1. Sociodemographic characteristics of patients™

Before Education
(n=112), n (%)

After Education
(n=103), n (%)

Age, Median (IQR)

64.50 (52.25-74.75)

64.00 (47.00-75.00)

Gender
Male 60 (53.6) 56 (54.4)
Female 52 (46.4) 47 (45.6)
Smoking 17 (17.5) 23 (24.0)
Alcohol 3(3.1) 1(1.0)
History of hospitalization in 29 (61.7) 39 (61.9)

the last 6 months

IQR: Interquartile range *There was no statistically significant difference in
terms of sociodemographic characteristics.

The appropriateness of PPI uses for patients participating in the study was
evaluated in terms of indication and administration route. When compared to
before and after the education, the results for PPI appropriateness were not
found to be statistically significant (p>0.05). When all periods were evaluat-
ed, it was determined that PPI was used with an inappropriate indication at a
rate of 47.9% and by an inappropriate administration route at a rate of 49.7%.
Other comparisons of PPI use before and after education are shown in Table 2.
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Table 2. Comparison of PPI use appropriateness in the pre-and post-education periods

Before After
Total Education Education p value
PPl indication
compliance at 103 (47.9)
admission, n (%) 52 (46.4) 51 (49.5) 0.651
PPl administration route
compliance at admission | 0 *97) | 54 48.2) 53 (51.5) 0.635
Prognosis, n (%) 15 (6.9)
Intensive Care Unit 3(1.4) 110((0899)) ) g‘g% 0422
Death Discharge 197 (91.6) 101 (9'0 2) 96 (9'3 2)
Total number of days 10 (7.00- 10 (7.00- 10 (6.00- 0.810
using PPI, Median (IQR) 14.00) 14.00) 14.00) '
Total length of stay in 11(8.00- 10 (8.00- 12 (8.00- 0.297
hospital, Median (1QR) 17.00) 17.00) 18.00) :

IQR: Interquartile range, PPI: Proton pump inhibitor

Before the education, the physicians participating in the survey were asked
5 general questions about the use of PPIs. According to their responses, the
physicians reported that they frequently initiate PPI treatment (46.9%) in hos-
pitalized patients. When it comes to patients who were already taking the drug
at home, physicians stated that they mostly did not evaluate the appropriate-
ness of indication (71%) or the duration of treatment. They also frequently pre-
scribed PPIs at discharge. The distribution of other responses to the general
questions about the use of PPIs is shown in Table 3.

The accuracy of the answers on the questionnaire given after the education
were compared to the answers given before the education. The median (in-
terquartile range) of correct answers before and after the education were 10
(8-11.25) and 15 (13-17) respectively. The mean number of correct answers in-
creased by 5 (from 10 to 15) after the education, which was found to be statisti-
cally significant (p=0.001).

The questionnaires conducted before and after the education on PPIs were
grouped into 4 categories. According to the group of questions, there was an
average increase of 22.6% in correct answers for indication questions, 19,1%
for interaction questions, 17.8% for side-effect questions, and 23.6% for safety
questions. The comparison of the questionnaire questions before and after the
education according to their categories is shown in Table 4.
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In this study, the appropriateness of PPI treatment in terms of indication and
administration route for patients admitted to internal medicine services was
evaluated and the impact of education on these usage rates was assessed. It
was determined that approximately half of the patients had inappropriate PPI
use and administration route rates when all periods were evaluated.

Table 3. Distribution of physicians’ opinions about PPI use before education

. The number of
Questions Answers participants, n (%)
Rarely 3(9.4)
How often do you start PPl treatment for .

your hospitalized patients? Sometimes 14 (43.8)
Often 15 (46.9)

<30% 6(18.8)

In what percentage of patients do you start 31-59% 9(281)
PPI treatment? 60-89% 12 (37.5)

290% 5(15.6)

How often would you evaluate the Never 4(125)

appropriateness of indication and .
treatment duration in a patient with Sometimes 23 (71.9)
L ”

PPl among the medications used at home? Always 5 (15.6)
<30% 5(15.6)
How often do you write PPI treatment in the 31-59% 17(531)
discharge prescription? 60-89% 7219)

=290% 3(9.4)

Have you observed any PPI-related adverse Yes 8 (25.0)

reactions in

your patients? No 24 (75.0)

PPI: Proton pump inhibitor

Pham et al. reported that while the rate of PPI use was 29% at hospital admis-
sion, this rate increased to 71% by the time of discharge, and that PPI use was
prescribed for appropriate indications in only 9.9% of patients2. A 7-month ret-
rospective review of a large teaching hospital in Australia found that only 37%
of the inpatient population used PPIs for indications deemed acceptable by the
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Australian Pharmaceutical Benefits Program™. Other studies also support the
findings of this study regarding the inappropriate use of acid suppressants.
Walker et al. reported that 67% of PPIs were prescribed for unapproved indi-
cations in their study involving hospitalized patients's. Other studies have re-
ported rates of inappropriate PPI use as high as 57% and 60%+%. Our findings,
along with previous studies, suggest that the prescribing of acid-suppressing
drugs is relatively common and often inappropriate. The rates of inappropriate
PPI use reported in these studies were found to be higher than in this study.
The differences in these rates may be due to variations in the guidelines, con-
sensus, and sources used to evaluate indication appropriateness.

In this study, physicians reported that their PPI prescribing habits at hospi-
tal admission were moderate to high. The habit of prescribing PPIs without
considering appropriate indication criteria at admission leads to high rates of
inappropriate use'. A review reported that prophylaxis for gastro-duodenal
ulcers in patients without risk factors, prophylaxis for stress ulcers in non-
intensive care units, patients receiving steroid therapy alone without risk of
gastric ulcers, and excessive treatment of functional dyspepsia are the main
causes of inappropriate use of PPIs'57, However, the development of stress
ulcers is rare in general hospitalized patients, and guidelines recommend this
practice only for intensive care patients®.

Table 4. Distribution of the number of participants who answered the survey questions
correctly before and after the education

Participation | Correct answer p
(n) (%) value

Category of Questions Before | After | Before | After
Indication Questions
Injectable PPI is always preferred for
hospitalized patients

There is no need for PPI use in a patient over 65
years of age who is taking low-dose aspirin for 10 13 33.3 48.1 NS
cardiovascular prevention

A PPI should be added to the discharge
prescription of a patient using steroids long 6 18 20 66.7 NS
term

A PPI should be added to the discharge
prescription of a patient using NSAIDs

A PPI should be added to the discharge
prescription of a patient with a history of ulcer

23 26 76.7 | 96.3 NS

11 19 36.7 | 704 NS

27 22 90 81.5 NS
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Barret’s esophagitis, idiopathic Helicobacter
pylori/NSAID (-) ulcers, Zollinger-Ellison
syndrome, NSAID use with a high risk of Gl 10 13 33.3 481 NS
bleeding are examples of short-term PPl use
indications

Helicobacter pylori eradication, stress ulcer
prophylaxis, functional dyspepsia, peptic ulcer
treatment and maintenance are examples of
long-term (PPI indications)

7 13 23.3 48.1 NS

The most effective medication group for the

initial treatment of GERD is PPIs 26 27 86.7 100 NS

Patients using steroids (if they are not using
NSAIDs), patients with portal hypertensive
gastropathy and

acute pancreatitis can be given as examples of
patients who need to use PPIs for stress ulcer
prophylaxis

4 13 13.3 48.1 | 0.01

PPI can be used for stress prophylaxis in

patients outside the intensive care unit 4 15 233 55.6 | 0.0001

Average 13.1 179 | 436 | 66.2

Interaction Questions

It is recommended that a patient using
omeprazole and levothyroxine take both drugs 25 22 83.3 81.5 NS
together on an empty stomach

PPIs may increase the absorption and serum

concentration of digoxin 17 22 56.7 81.5 NS

PPIs can increase the toxicity of warfarin and

phenytoin 15 23 50 85.2 NS

PPIs can decrease serum concentrations of

diazepam, theophylline, methotrexate 0 5 0 185 NS

Average 14.2 18 47.5 66.6

Advers Effect Questions

Clostridium difficile infection is not associated

with PP] use 18 24 60 88.09 | 0,042

It was observed that the risk of osteoporosis did
not increase in patients receiving long-term PPI 22 24 73.3 88.9 NS
therapy

One of the conditions associated with the use
of PPIs is the increased risk of community- 1 6 3.3 22.2 | 0,021
acquired pneumonia

It is accepted that there is a relationship between

PPI use and dementia 5 6 16.7 222 NS

In chronic PPl use, magnesium, calcium and

B12 levels should be monitored once a year 24 27 80 100 NS

Average 14 174 46.6 64.4
Safety Questions
PPl use in pregnant women is safe 9 16 31 59.3 NS
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Long-term use of PPIs may delay the diagnosis
of gastrinoma in the patient

Long-term use of PPI can be stopped suddenly 5 13 16.7 48.1 NS

The use of PPIs is considered safe in patients
with cirrhosis

Average 12.5 17.7 41.9 65.7

23 21 76.7 | 778 NS

13 21 43.3 77.8 NS

GERD: Gastroesophageal reflux disease, GI: Gastrointestinal, NS: Not signifi-
cant, NSAID: Non-steroidal anti-inflammatory drug, PPI: Proton pump inhibitor

Another issue of concern regarding the inappropriate use of PPIs in this study
is the unnecessary use of IV PPIs in patients who are able to take them orally.
Approximately half of the patients had such an inappropriate route of adminis-
tration. IV PPIs are more expensive compared to oral PPIs and have only a few
absolute indications. More than half of the hospitalized patients prescribed IV
PPIs could have taken oral PPIs instead®. Recent studies have shown that IV
PPI preparations are associated with gastric hypersecretion and ZES associ-
ated with neoplastic conditions, severe non-variceal upper GI bleeding cases
that cannot take oral medication, GI bleeding with the risk of recurrent con-
tinuous bleeding, and high rates of GI bleeding in intensive care units without
access to enteral nutrition or without oral intake. its use in risky patients is
considered appropriate?°. Inappropriate use of IV PPI has been observed in
various studies, especially in cases with no high suspicion of upper GI bleed-
ing2>22, Lai et al. reported inappropriate IV PPI use at 74.5%, and Alsultan et
al. reported as high as 71.7%2>23. Alsultan et al. also noted differences between
consultants, specialists, and practitioners in the inappropriate prescribing of
IV PPI?°. These rates are considerably higher than the rates found in our study.

In this study, the impact of education on PPI use was evaluated. The education
was evaluated by a knowledge test containing 23 questions about PPIs, includ-
ing indications, side effects, drug safety, and drug interactions. The physicians’
knowledge level was found to have increased by an average of 5 correct answers
after the education, with the largest increases observed in questions about PPI
safety and indications. However, this statistically significant increase in the lev-
el of knowledge did not provide a positive change in the PPI prescribing habits
of physicians in the post-training period. Previous studies have also attempted
to reduce inappropriate PPI use through different methods. Odenthal et al.
implemented a program led by a clinical pharmacist, which included patient
education and follow-up, in a family medicine clinic to reduce inappropriate
PPI use. The clinical pharmacist evaluated PPI-using patients through visits to
determine whether the PPIs used were candidates for discontinuation. Of the
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patients followed up on, 86% successfully discontinued the use of PPIs. This
suggests that a program led by a clinical pharmacist, which includes detailed
discontinuation instructions, patient education, and follow-up, can be effective
in avoiding the prescribing of long-term PPI therapy®+. In a study conducted at
a university hospital in France, the prescribing of PPIs was analyzed over a pe-
riod of three years, during which 132.890 prescriptions were evaluated. Out of
these, 701 (4.6%) were identified as problems with PPIs. The most commonly
reported issues were the lack of proper indications (24.4%) and inappropriate
routes of administration (19.8%). To address these issues, recommendations
were made to discontinue the drug or adjust the dosage in 40.5% of cases. The
primary intervention was to discontinue the use of PPIs due to their inappro-
priate use. Through these pharmaceutical interventions during prescription
analysis, the use of PPIs was optimized. The study highlights the importance of
communication strategies to improve the education and practice of healthcare
professionals, especially through the actions of pharmacists.

In this study, it was found that a one-day training program alone did not sig-
nificantly decrease the rate of PPI use for inappropriate indications or admin-
istration. This may be due to the passive nature of the intervention and the
need for more comprehensive and long-term approaches, such as implement-
ing a national guideline, incorporating appropriate instructions for use into
electronic systems, and providing continuing education for physicians and
medical personnel, as previous studies have shown to be effective in reducing
inappropriate PPI use*®29, It is important to note that continuing education is
crucial in ensuring that physicians and medical personnel adopt generally ac-
cepted principles and use PPIs in a balanced manner™.

One of the strengths of this study is that it demonstrated the effectiveness of a
one-day education program in significantly increasing the knowledge level of
physicians about PPIs. However, the study also has limitations, such as being
dependent on the information present in medical records, which may be in-
complete, and not reflecting the long-term impact of education. Additionally,
the study was conducted in a single center academic tertiary hospital with a
relatively small sample size, making it difficult to generalize the results to other
hospitals and internal medicine services.

In conclusion, our study highlights the need for improvement in the appropri-
ate prescribing and administration of PPIs among internal medicine residents.
The results showed that a one-day education program can increase the knowl-
edge level of physicians about PPIs, but this increase was not reflected in their
prescribing and administration habits. To address this issue, hospitals should
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implement guidelines on the use of PPIs, provide regular education to phy-
sicians by experts, and monitor the long-term effects of these interventions.
Additionally, implementing controlled policies such as formulary restriction,
restricting IV PPI administration to specific indications, and including drug
discontinuation orders for certain indications may also help improve the ap-
propriate use of PPIs.
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ABSTRACT

This study investigates the relationship between skin autofluorescence (SAF)
levels and lifestyle habits in healthy young adults. The study was conducted be-
tween January 2022 and December 2022 with 300 healthy young adults. The
questionnaire form in which the participants’ sociodemographic characteristics,
general habits and dietary habits were questioned, Mediterranean Diet Adher-
ence Scale (MEDAS), International Physical Activity Questionnaire-Short Form
(IPAQ-SF), Pittsburgh Sleep Quality Index (PSQI) were applied, anthropomet-
ric measurements were taken by the researcher, and SAF levels were measured.
At the end of the study, the mean SAF levels of the participants were observed
to be 1.48+0.21 AU. SAF levels were found to be 1.49+0.21 AU in women and
1.47+0.21 AU in men. It was found that SAF levels did not differ significantly
by gender (p>0.05). Smokers’ SAF levels (x=1.60 AU) were statistically signifi-
cantly higher than non-smokers’ SAF levels (x=1.43 AU) (p<0.05). A significant
correlation was observed between SAF levels and BMI (body mass index), waist
circumference, hip circumference, waist height ratio, adherence to a Mediter-
ranean diet and physical activity levels (p<0.05). No significant correlation was
observed between participants’ sleep quality and their SAF levels. In conclusion,
adopting healthy eating and lifestyle habits reduces SAF levels.
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INTRODUCTION

Advanced glycation end products (AGEs) are a heterogeneous group of com-
pounds produced endogenously from the non-enzymatic glycation of proteins,
lipids, and nucleic acids. In addition to the endogenous formation of these
products, smoking and consumption of AGE-rich foods also contribute to the
AGE pool exogenously*2.

Advanced glycation end-products are part of normal metabolism but can be-
come pathogenic if their accumulation in tissues increases. The pathogenic ef-
fects of AGEs affect the body through two mechanisms: AGE receptor-mediat-
ed and AGE receptor-free. AGEs can directly cross-link with body proteins and
change their functions and structures. In addition, they have pro-inflammato-
ry effects through AGE receptors3+.

Various methods are currently used to detect AGEs in tissues, biological fluids,
and foods. Skin biopsies are the gold standard for determining AGE levels in
tissues. Skin autofluorescence (SAF) is recommended as a simple, noninvasive
way of assessing AGE tissue accumulation5®.

It is predicted that lifestyle habits such as eating habits, physical activity level,
smoking, and sleep quality may affect the formation and accumulation of AGEs
in the human body. There are very few studies investigating SAF levels in the
general population. These studies evaluated limited lifestyle habits.

There has been no study conducted on this subject among the Turkish popu-
lation. With this study, it was planned to determine the mean SAF levels of
young adults in the Turkish population. It was also planned to compare them
with other countries’ populations. The main purpose of the research is to
evaluate the potential relationship between SAF levels and lifestyle habits in
healthy young adults.

METHODOLOGY

This study is based on a cross-sectional research model. The study was con-
ducted between January 2022 and December 2022 with 300 healthy young
adults aged 18—30 years. Participants signed a consent form, stating that they
voluntarily participated in the study. The inclusion criteria of the study were
to be between 18-30 years old, volunteer to participate in the study. Exclusion
criteria were having scars and/or tattoos on the inner arm and dark skin col-
our that has potential to interfere with SAF-AGE measurement, pregnancy and
lactation, having chronic diseases and language barrier that makes it difficult
to communicate.
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The questionnaire form applied to the study participants consists of demo-
graphic characteristics, general health information, nutritional habits, anthro-
pometric measurements, the Mediterranean Diet Adherance Scale (MEDAS),
the International Physical Activity Questionnaire (IPAQ)-Short Form, and the
Pittsburgh Sleep Quality Index (PSQI).

The skin autofluorescence levels were measured by the investigators using
the “AGE Reader” device (DiagnOptics Technologies, Groningen, The Nether-
lands) from the dominant forearm, approximately 10-15 cm below the elbow
bend, at room temperature and with the participants in a sitting position. The
AGE Reader is a non-invasive device that uses the characteristic fluorescent
properties of certain AGEs to calculate levels of AGEs deposited in the skin.
Since the accumulation of AGEs in the body increases with age, each age has a
normal AGE value. The software of the manufacturer considers a value lower
than 1.53 AU in this age group as low risk.

The research data were analyzed using SPSS (Statistical Package for Social Sci-
ences) for Windows 22.0 program. Numbers, percentages, means, and stand-
ard deviations were used as descriptive statistical methods. In the comparison
of quantitative continuous data between two independent groups, the t-test
was used. For comparing quantitative continuous data among more than two
independent groups, the one-way ANOVA test was employed. Following the
ANOVA test, Scheffe’s post hoc analysis was conducted to determine the dif-
ferences. Pearson correlation analysis was applied to the study’s continuous
variables. The significance level (p) for comparison tests was taken as 0.05.
The correlation coefficients (r) are evaluated as follows: 0.00-0.25 very weak;
0.26-0.49 weak; 0.50-0.69 moderate; 0.70-0.89 high; 0.90-1.00 very high.

RESULTS and DISCUSSION

Atotal of 300 people, 150 women and 150 men, participated in the study. Table
1 shows the demographic characteristics and general habits of the participants.

The average body weight for women was 59.19+12.07 kg, and for men, it was
77.14+10.33 kg. The average height was 163.24+5.59 cm for women and 177.18+5.65
cm for men. The average BMI values were 22.22+4.45 kg/m?2 for females and
24.55+2.92 kg/m2 for males. Furthermore, the average waist circumference for
females was 71.09+8.39 cm, while for males, it was 86.11+8.22 cm. The average
hip circumference was 94.76+9.76 cm for females and 102.32+7.38 cm for males.
The waist/hip ratios were 0.75+0.05 for females and 0.84+0.05 for males. The
waist/height ratios were 0.43+0.05 for females and 0.48+0.04 for males. The an-
thropometric measurements of men were found to be statistically higher (p<0.05).
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According to BMI data, 64.7% of women and 54.7% of men were classified as
normal. 41.3% of men were overweight. Waist circumference measurements
showed that 89.3% of women and 82.7% of men were normal. In regards to
waist-hip ratios, 98.7% of women and 82.0% of men were found to be normal.
According to waist-to-height ratios, 68.0% of women were healthy, 59.3% of
men were healthy, and 39.3% were overweight.

Table 1. The demographic characteristics and general habits of the participants

Demographic characteristics and Female Male Total
general habits (n=150) (n=150) (n=300)
(X+SD) (XSD) (X+SD)
Age (years) 22,07+1,91 23,76+3,41 22,92+2,89
Marital status n % n % n %
Married 5 33 11 7,3 16 5,3
Single 145 96,7 139 92,7 284 94,7
Smoking
Yes 23 15,3 62 41,3 85 28,3
No 127 84,7 88 58,7 215 7

Alcohol intake

Yes 4 2,7 36 24,0 40 13,3

No 146 97,3 114 76,0 260 86,7

n: Number, X+SD: mean+standard deviation

The study examined the frequency of main meals, snack consumption, and
skipped main meals among the participants. Results showed that 56.0% of
the participants had two main meals, while 34.3% had three main meals.
Among females, 59.4% had two main meals, and 25.3% had three main meals.
Among males, 52.7% had two main meals, and 43.3% had three main meals.
Regarding snacks, 44.0% of the participants had one snack, and 33.0% had
two snacks. Furthermore, 64.9% of the participants skipped breakfast, while
30.7% skipped lunch.
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According to the scoring of the MEDAS, the average score for females was 6.06
+ 2.38, while for males it was 6.25 + 2.08 (p>0.05). In terms of adherence
to the MD, 71.0% of the participants had inadequate adherence, 10.7% had
acceptable adherence, and 18.3% had a high level of adherence. It was found
that 72.0% of females and 70.0% of males had inadequate adherence to the
Mediterranean diet.

The average MET score for females was 1426.46 + 1371.55 MET-min/week,
while for males it was 1922.01 + 1767.34 MET-min/week (p<0.05). In terms of
physical activity levels, 28.0% of females were classified as inactive, 64.0% as
moderately active, and 8.0% as active. Among males, 29.3% were classified as
inactive, 48.7% as moderately active, and 22.0% as active.

The average PSQI score for females was 7.14 + 3.74, while for males it was 5.52
+ 4.19 (p<0.05). It was found that 34.0% of females had good sleep quality,
while 66.0% had poor sleep quality. Among males, 55.3% had good sleep qual-
ity, while 44.7% had poor sleep quality.

The study found that the average total SAF level of the participants was similar
between genders, with no significant difference observed (p>0.05). The SAF
levels are provided in Table 2.

Table 2. Skin autofluorescence levels according to gender

Female Male Total
SAF levels (n=150) (n=150) (n=300) p value
(XSD) (X+SD) (XSD)
SAF (AU) 1,49+0,21 1,47£0,21 1,48+0,21 0,470

Independent Samples T-Test, n: Number, X+SD: mean+standard deviation

Significant differences were found in SAF levels based on smoking status
(p<0.05). The SAF levels of smokers (X=1.60 AU) were higher than those of
non-smokers (x=1.43 AU). However, no significant difference was observed in
SAF levels based on alcohol intake (p>0.05). The SAF levels based on smoking
and alcohol intake status are provided in Table 3.
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Table 3. Skin Autofluorescence levels based on smoking and alcohol intake

. Age (AU)
Variables (X=SD) p value
Smoking

Yes 1,60+0,21

No 143019 <0.001

Alcohol intake
Yes 1,50+0,18
No 147+0.22 0,550

Independent Samples T-Test, X+SD: mean+standard deviation

The skin autofluorescence levels of the participants showed a significant differ-
ence according to their BMI values (p<0.001). The levels were highest in obese
individuals (X=1.76), above average in overweight individuals (x=1.54), and
lowest in both normal weight (X=1.43) and underweight individuals (Xx=1.43).
There was no significant difference found between SAF levels and waist-hip
ratio (p>0.05). However, there was a significant difference in SAF levels ac-
cording to waist-to-height ratio (p<0.05). The SAF levels of individuals classi-
fied as overweight based on waist-to-height ratio (x=1.55 AU) were higher than
those classified as normal (x=1.44 AU). The SAF levels based on anthropomet-
ric measurements are provided in Table 4.
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Table 4. The skin autofluorescence levels according to the anthropometric measurements

Variables AGE (AU) p value
BMI? (kg/m?) (X+SD)
Underweight 1,43+0,17
Normal 1,43+0,21
<0.001
Overweight 1,54+0,18
Obese 1,76+0,19

Waist-to-hip ratio?

Normal 1,50+0,21
0,063
Risk 1,47£0,19
Waist-to-height ratio?
Underweight 1,500,18
Healthy 1,44+0,22 <0.001
Overweight 1,55£0,19

a: One-way analysis of variance (ANOVA) b: Independent samples t-test,
X+SD: mean+standard deviation

The participants’ SAF levels showed a significant difference according to their
Mediterranean diet adherence (p<0.05). Participants with insufficient adher-
ence to the Mediterranean diet had higher SAF levels (x=1.50) than those with
acceptable adherence (X=1.41). Additionally, participants with insufficient
adherence had higher SAF levels (x=1.50) than those with strict adherence
(x=1.41). There was no significant difference found between SAF levels and
physical activity levels based on IPAQ, as well as between SAF levels and sleep
quality based on PSQI. Table 5 shows SAF levels according to different scales.
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Table 5. Skin autofluorescence levels of the participants according to different scales

Variables AGE (AU) p value
(X+SD)
MEDAS"?
Insufficient adherence 1,50+0,21
0,005
Moderate adherence 1,41+0,18
Strict adherence 1,41+0,20
IPAQ?
Inactive 1,52+0,23
0,077
Minimally Active 1,47+0,20
Active 1,44+0,21
Psar
Good sleep 1,47+0,21 0,466
Poor sleep 1,48+0,21

a: One-way analysis of variance (ANOVA) b: Independent samples t-test,
X+SD: mean+standard deviation

When examining the correlation analyses, significant positive correlations
were found between BMI, waist circumference, hip circumference, waist-to-
height ratio, and SAF levels. Additionally, significant negative correlations
were observed between adherence to the MD, physical activity levels, and SAF
levels. The correlation relationships between other variables were not statisti-
cally significant (p>0.05). The correlation analysis between various variables
and SAF levels is presented in Table 6.
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Table 6. Pearson correlation coefficient (r) between skin autofluorescence and measured
variables

Correlation coeffcient

Variables " p value

BMI 0.32** <0.001

Waist circumference 0.17** <0.001

Hip circumference 0.24** <0.001

Waist-to-height ratio 0.21** <0.001
Waist-to-hip ratio 0,02 0,76
Meal frequency -0,10 0,07
Snack frequency 0,05 0,41

MEDAS score -0.28** <0.001
IPAQ score -0.14* 0,02
PSQl score 0,11 0,07

*<0.05; **¥<0.01; Pearson Correlation Analysis

This study represents a pioneering effort in establishing reference values for
SAF in the young and healthy Turkish population. These reference values hold
significant potential for application in various translational and clinical studies.

The average SAF values of individuals who participated in our study are lower
compared to studies conducted in China, the Netherlands, and Japan. It is
uncertain whether these differences stem from demographic and/or ethnic
variations among the studied groups.

The study found no significant differences in SAF levels between genders. This
aligns with previous research that has also reported similar results, indicating
that gender may not be a significant factor influencing SAF levels 1. However,
some studies have reported slight variations in SAF levels between genders,
suggesting that there might be other factors associated with gender, such as
skincare practices or hormonal differences, that could indirectly contribute to
differences in SAF levelst2.

Consistent with previous research, our study found that smokers exhibited
higher SAF levels compared to non-smokers, indicating a potential association
between smoking status and increased accumulation of AGEs in the skin. The
relationship between smoking and increased SAF levels has been consistently
demonstrated in numerous studies**. Smoking contributes to the formation
and accumulation of AGEs through several mechanisms. Firstly, smoking in-
troduces exogenous AGEs into the body. Secondly, tobacco extracts and smoke
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contain glycotoxins that enhance the formation of AGEs by interacting with
proteins. Thirdly, smoking leads to increased oxidative stress, systemic in-
flammation, and endothelial dysfunction, all of which promote the formation
of AGEs". These mechanisms collectively contribute to the harmful effects of
cigarette smoking on health.

In terms of anthropometric measures, our study revealed significant positive
correlations between BMI, waist circumference, hip circumference, waist-
to-height ratio, and SAF levels. These findings are in line with previous re-
search, which consistently supports the link between adiposity measures and
increased AGE accumulation reflected by higher SAF levelst-3. Adipose tissue,
particularly in the abdominal region, is known to promote systemic inflamma-
tion, oxidative stress, and metabolic abnormalities, all of which contribute to
the formation of AGEs'.

In our study, we observed significant correlations between adherence to the
MD and SAF levels. These findings are supported by other research indicat-
ing that the MD is inversely related to circulating AGE levels, particularly in
populations with type 2 diabetes and older adultss"7. The diet’s emphasis on
fruits, vegetables, legumes, whole grains, nuts, and olive oil provides protec-
tive effects against AGE formation and oxidative stress . Overall, adhering to
a MD appears to be beneficial in reducing AGE levels and promoting better
health outcomes.

Within the scope of our study, we discovered significant correlations between
physical activity levels and SAF levels. Consistent with previous research,
higher physical activity levels were associated with lower SAF levels, suggest-
ing that regular physical activity may contribute to reducing AGE accumula-
tion7*. The benefits of physical activity in improving metabolism, insulin sen-
sitivity, antioxidant defenses, and circulation likely play a role in reducing AGE
formation and accumulation®°. Incorporating regular physical activity into a
healthy lifestyle can potentially contribute to maintaining health and minimiz-
ing AGE burden.

The absence of a significant correlation between PSQI and SAF levels in our
study suggests that sleep quality may not directly impact the accumulation of
AGEs, as reflected by SAF levels. The literature on the relationship between
sleep quality and AGE accumulation reveals inconsistent findings. Some stud-
ies reported a positive association between poor sleep quality and high AGE
accumulation®, while others found no significant association®. These incon-
sistencies can be attributed to differences in study populations, methodologies
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and/or other factors. Insufficient sleep time or poor sleep quality can increase
oxidative stress and inflammation, potentially leading to higher AGE levels=.
However, more research is needed to examine the relationship between sleep
quality and SAF levels.

In our study, no statistically significant relationship was found between dietary
habits and SAF levels. To date, limited research has been conducted to specifi-
cally investigate the potential correlation between eating frequency, meal skip-
ping, and SAF levels. More studies are needed to explore the potential relation-
ship between main meal frequency, snack consumption, and meal skipping,
and SAF levels.

In conclusion, this study provides valuable information regarding SAF levels
factors. The findings show that gender may not play a significant role in af-
fecting SAF levels. In contrast, smoking, anthropometric measures, adherence
to MD, and physical activity levels are associated with SAF levels. However,
further research in larger and more diverse population samples is needed to
confirm these findings and explore the underlying mechanisms.
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ABSTRACT

The in vitro antioxidant activity and phenol, phenolic acid, flavonoid, and
proanthocyanidin content of Lotus sanguineus (Vural) D.D.Sokolof extracts
were investigated. The aerial parts of Lotus sanguineus have high antioxidant
activity. While the ethyl acetate extract has the highest antioxidant activity,
in contrast the hexane extract shows lowest activity. In addition, phytochemi-
cal antioxidant compounds, phenolic substance, phenolic acid, flavonoid and
proanthocyanidin contents of the extracts were determined. The highest total
phenolic, phenolic acid, flavonoid and proanthocyanidin contents were found
in the ethyl acetate extract. The obtained data supported the result that the
plant has antioxidant activity.
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INTRODUCTION

The genus Lotus L. (Fabaceae) is represented by 125 species worldwide'. Lotus
species semishrubs or rarely shrubs naturally distributed in Europe, Asia, Af-
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rica, Australia, some islands of the Atlantic and Pacific Oceans and the Socotra
archipelago in the Indian Ocean?3. Lotus sanguineus (Vural) D. D. Sokoloff
(Syn. Dorycnium sanguineum Vural) is an endemic species and has a very
limited distribution in Karaman, Turkey# and is locally called kizil gerneviiks.
According to IUCN (2019), the status of L. sanguineus was evaluated as CR
(Critically Endangered).

In traditional medicine, aerial parts of Dorycnium rectum have been used to
treat burns and wounds® and muscular-skeletal, cardiovascular, digestive and
skin disorders’. D. pentaphyllum have been used as antidiarrhoeal®. D. penta-
phyllum and D. graecum as antihemoroidal®®.

Previous studies indicate that the extracts and compounds of Dorycnium rec-
tum'3, D. pentaphyllum®“7, D. herbaceum'®* and D. hirsutum?® have vari-
ous biological activities such as antibacterial, antifungal, antiparasitic, anti-
inflammatory, anthelmintic, cytotoxic and antioxidant activities.

Phytochemical components present in the genus Dorycnium have been report-
ed such as sulfur-containing compounds, isoflavonoids, flavonoids, hydroqui-
none glucoside, phenylbutanone glucoside and polyphenolic compounds©#-28,

Oxidative stress caused by free radicals contribute to the development and
progression of various chronic diseases such as diabetes, atherosclerosis, can-
cer, liver disease, neurodegenerative disorders and autoimmune diseases. An
imbalance between antioxidant systems and the production of oxidants, in-
cluding ROS, is known as oxidative stress?. Exogenous antioxidants such as
flavonoids and polyphenols found in fruits, vegetables, and medicinal plants
act as scavenging ROS, chelating metals, and regulating enzymatic and non-
enzymatic systemss3®3t. Therefore, there has been increasing efforts to identify
new antioxidants from natural resources32.

There are no reports in the literature dealing with the phytochemical profile
and bioactivities of L. sanguineus. Aim of this study to determine the in vitro
antioxidant activity of L. sanguineus extracts and their phenol, phenolic acid,
flavonoid, and proanthocyanidin content.

METHODOLOGY
Plant material

The aerial parts of Lotus sanguineus were collected in the vicinity of Karaman-
Bucakkisla in July 2019 and identified by Omer Cecen. A voucher specimen
(KNYA 28307) was deposited in the Herbarium of Selguk University (KONYA).
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Chemicals

All chemicals, enzymes and references used in the experimental protocols were
purchased from Sigma Chemical Co. (St. Louis, MO, USA). The quality of all
chemicals was of analytical grade.

Extraction

Coarsely powdered aerial parts (50 g) of the plant were sequentially extracted
at room temperature with hexane and 80% methanol. The extracts were indi-
vidually concentrated in a rotary evaporator under reduced pressure to dry-
ness. Hexane and methanol extracts of the aerial parts were 0.1975 g, 0.40%
and 6.4958 g, 12.99%, respectively. The methanol extract was redissolved in
a mixture of methanol/water (10:90) and then sequentially partitioned with
dichloromethane and ethyl acetate; the resulting extracts were separately con-
centrated in vacuo to dryness and aqueous-methanol extract was lyophilized.
Dichloromethane, ethyl acetate and aqueous-methanol extracts of the aerial
parts were 0.63 g (1.26%, w/w), 0.1860 g (0.37%, w/w) and 6.4958 g (12.99%,
w/w) respectively.

Quantitative assessment of phytochemical profile
Total phenolic content

The total phenolic content of the extract was determined according to the
method of Singleton and Rossi*. 75 pL of Na,CO, and 100 pL of Folin-Ciocal-
teu Reagent were added to 20 pL of freshly diluted extract. Then the compos-
ite was left to incubate in the dark at room temperature for 30 minutes. The
absorbance was measured spectrophotometrically at 690 nm using a 96-well
microplate reader. The total phenolic content of the extracts was expressed as
mg gallic acid equivalents (GAE) in 1 g dry extract.

Total phenolic acid content

The total phenolic acid content of the extracts was detected spectrophoto-
metrically with respect to the method declared by Mihailovi¢ et al. in 201634.
1 mL of each of extract, Arnow reagent, 0.1 M HCl, and 1 M NaOH solutions
were mixed. Later, the eventual volume was adjusted to 10 mL with distilled
water. The absorbance of samples was measured immediately at 490 nm. The
total phenolic acid content of the extracts was stated as caffeic acid equivalents
(CAE) in 1 g dry extract.
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Total flavonoid content

The total flavonoid content of the extracts was calculated according to the alu-
minum chloride colorimetric method developed by Woisky and Salatino3s. 50
uL extracts were mixed with 150 uL of 75% ethanol, 10 pL of 10% aluminum
chloride solution, 10 pL of 1M potassium acetate. The mixture was incubated
in the dark at room temperature for 30 minutes. The absorbance was read
spectrophotometrically at 405 nm. The results were expressed as quercetin
equivalents (QE) in 1 g dry extract.

Total proanthocyanidin content

The total proanthocyanidin content of the extracts was explored with regard
to the vanillin-HCl method emphasized by Ariffin et al.3® 2.5 mL of 1% vanillin
and 2.5 mL of 9 M HCl were added to 1 mL of the sample in a capped glass tube.
The mixture was allowed to incubate in the dark for 20 minutes at 30 °C. The
absorbance was read spectrophotometrically at 492 nm. The total proantho-
cyanidin content of the extracts was expressed as (-)-epicatechin equivalents
(ECE) in 1 g dry extract.

Estimation of antioxidant activity based on free radical-scavenging
activity
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical-scavenging activity

The scavenging activity of the extracts against DPPH radical was assessed us-
ing the method described by Akter et al.373% 25 uL of extracts were separately
added to 200 puL 0.1 mM DPPH solution prepared in methanol before use. The
mixture was incubated at room temperature in the dark for 50 minutes. The
absorbance was read at 540 nm. MeOH was used in the control group and bu-
tylated hydroxy toluene (BHT) was used as the reference material.

DMPD (N, N’-dimethyl-p-phenylenediamine) radical-scavenging
activity

The scavenging activity of the extracts against DMPD radical was expressed
by using the method described by Fogliano et al. in 1999%. 15 uL of extracts
were separately added to 210 pL of the DMPD solution prepared before use.
The mixture was incubated at room temperature in the dark for 50 minutes.
The absorbance was measured at 492 nm. The results were given as mg Trolox
equivalent (TE) per g material.
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Estimation of antioxidant activity based on metal-related activity
Ferric reducing antioxidant power (FRAP)

FRAP assay was performed according to a method described by Benzie and
Strain“°. 10 pL of extracts and 30 pL of distilled water were mixed with a work-
ing FRAP reagent in a microplate. The mixture was incubated at 37°C for 30
minutes. Later, the absorbance was recorded at 593 nm using a 96-well mi-
croplate reader. BHT was used as the reference substance. The results were
expressed as uM FeSO,.7H,0 per g material.

Cupric reducing antioxidant capacity (CUPRAC)

CUPRAC activity was determined according to the method found by Apak et
al. with some modifications*. 85 uL of each of 10 mM CuSO » 7-5 mM neocu-
proine, and 1 M ammonium acetate buffer (pH 7.0) solutions were mixed in
a microplate. Later, 51 pL of distilled water and 43 pL of extracts were added
respectively. The mixture was incubated at room temperature for 1 hour. After
the incubation period, the absorbance was read at 450 nm. The results were
given as mg ascorbic acid equivalent (AAE) per g material.

Determination of total antioxidant capacity by
phosphomolybdenum method (TOAC)

The total antioxidant capacities of the samples were measured with regard to
the phosphomolybdenum method found by Prieto et al. with small modifica-
tions*2. 300 pL of the reagent solution were mixed with 30 pL of warrantably
diluted extracts. The microplate containing the mixture was incubated at 95°C
for 9o minutes in a water bath. After the incubation period, the samples were
cooled to room temperature, and the absorbance was read at 690 nm using a
96-well microplate reader. The results were given as mg ascorbic acid equiva-
lent (AAE) per g material.

Statistics

The experiments were performed in triplicate. The results were assessed as
mean + standard deviation. Statistical comparisons were made using one-way
analysis of variance (ANOVA) followed by Students—Newman— Keuls post hoc
test for multiple comparisons. In addition, Pearson correlation coefficients
were calculated. The statistically significant difference was detected as p < 0.05.

RESULTS and DISCUSSION

This work is the first report concerning the in vitro antioxidant activity and
phenol, phenolic acid, flavonoid, and proanthocyanidin contents of the aerial
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parts of Lotus sanguineus (i.e., Dorycnium sanguineum). D. herbaceum ac-
etone, ethyl acetate, and ethanol extracts were investigated for their in vitro
antioxidant activity with quantification of phenolic compound contents and
the ethanol extract showed highest antioxidant activity and total phenolic con-
tent in a previous study*®. The total polyphenolic and flavonoid content and the
antioxidant effect of the hydroalcoholic extract of D. herbaceum were also in-
vestigated and the total polyphenolic content was found higher than the flavo-
noid content and the extract showed significant antioxidant activity in earlier
studies®. The total flavonoid content and the antioxidant effects of the metha-
nol, ethyl acetate and n-butanol extracts of D. hirsutum were determined in
previous studies. The amounts of flavonoids in the ethyl acetate extract was
found considerably higher than in the other extracts and, showed highest an-
tioxidant activity=°.

The phytochemical profiles observed with the extracts of L. sanguineus are
shown in Table 1. The highest total phenolic, phenolic acid, flavonoid and
proanthocyanidin contents were found in the ethyl acetate extract.

Table 1. Total phytochemical profile of the extracts

Extracts 1 2 3 4 5

Total Phenolic Content* 320.5+15.08° 3394 +4.29° 3405+945 4225+3.79° 381.8+8.33

Total Phenolic Acid

Content® 117.4+2.80° 2544+943> 2383:07% 283.3:949 60.6+0.79

Total Flavonoid

Contentt 28.1+£535* 345:543  585:271" 90.1:560° 3.2+186°

Total Proanthocyanidin

Content? 117.03£229° 160.1£6.05° 131.3+3.15° 3246+2.10° 153.7 +0.52¢

1: MeOH extract; 2: Hexane extract; 3: CH2C12 extract; 4: EtOAc extract; 5:
aqueous-methanol extract

A Results were expressed as the mean of triplicates + standard deviation (S.D.)
and as mg gallic acid equivalents (GAE) in 1 g dry extract. ® Results were ex-
pressed as the mean of triplicates + standard deviation (S.D.) and as mg caffeic
acid equivalents (CAE) in 1 g dry extract. ¢ Results were expressed as the mean
of triplicates + standard deviation (S.D.) and as mg quercetin equivalents (QE)
in 1 g dry extract. ® Results were expressed as the mean of triplicates + stand-
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ard deviation (S.D.) and as mg (-)-Epicatechin equivalents (ECE) in 1 g dry
extract. ¢ Values with different letters within a row were significantly different

(p<o0.05)
In vitro antioxidant activity potential observed with the extracts of L. san-
guineus are shown in Table 2.

Table 2. /n vitro antioxidant activity potential of the extracts expressed as EC50 values (ug/mL)

Name of the analysis 1 2 3 4 5

DPPH radical-scavenging 570.4 1846.3 + 673.6 = 550.4 + 584.8 +

activity? 3.73 36.57° 20.06° 1.41¢ 13.68¢

DMPD radical-scavenging  113.0 = . 295+ 119.8 + 143.8 +
activity® 1.56° 3.40¢ 1.63¢ 2.96¢

Ferric reducing 1189.3 + 298.5 + 9229+ 38802+ 13441z
antioxidant powert 27112 8.33 61.58¢ 84.85¢ 23.35¢

Cupric reducing 289.9 + 543 « 2354 758.3 = 222.6 +
antioxidant capacity® 1.712 4.51° 15.40° 51.94¢ 6.26°
Total 122.8 + 155.6 + 1179+ 228.6 + 921+
antioxidant capacity® 3.89¢ 14.93° 7.50° 5.89° 5.56°

1: MeOH extract; 2: Hexane extract; 3: CH2C12 extract; 4: EtOAc extract; 5:
Aqueous-methanol extract

P.S. 1) EC_ value of the reference compound “butylated hydroxytoluene
(BHT)” in DPPH scavenging activity is found to be 827.41 + 1.66. 2) FRAP
activity of the reference compound “butylated hydroxytoluene (BHT)” is found
to be 2556.85 + 50.24 uM FeSO4 eq. in 1 g dry extract. AResults were expressed
as the mean of triplicates + standard deviation (S.D.) and DPPH activity was
expressed as EC_ in ug/mL equivalents. "Results were expressed as the mean
of triplicates + standard deviation (S.D.) and as mg Trolox equivalents (TE) in
1 g dry extract. “Results were expressed as the mean of triplicates + standard
deviation (S.D.) and as uM FeSO, equivalents in 1 g dry extract. "Results were
expressed as the mean of triplicates + standard deviation (S.D.) and as mg
ascorbic acid equivalents (AAE) in 1 g dry extract. *¢ Values with different let-
ters within a row were significantly different (p < 0.05).

The results obtained from this study showed that the aerial parts of L. san-
guineus have high antioxidant activity. Extracts have been shown to have free
radical scavenging activity and the capacity to reduce metal ions involved in
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free radical production by in vitro antioxidant tests. While the ethyl acetate ex-
tract has the highest antioxidant activity, in contrast the hexane extract shows
lowest activity. The data obtained for the phenol, phenolic acid, flavonoid, and
proanthocyanidin contents of the extracts supported the result that the plant
has antioxidant activity.
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ABSTRACT

Tanacetum parthenium L. (Feverfew) is daisy-like Asteraceae plant carrying
sesquiterpene lactones; used for the treatment of migraine and anti-inflamma-
tory effect. This study aims to evaluate T. parthenium extract and major me-
tabolite parthenolide for in vitro COX-1/COX-2, LOX inhibitory activity. The
extract analyzed by HPTLC. To evaluate COX-1/COX-2 inhibition assays, stud-
ied with commercial kits (20pg/mL concentration for extract, 5 ug/mL for par-
thenolide). The major component of extract characterized as parthenolide. IC,|
values for COX-1/COX-2 inhibition of extract were 10.45 and 9.81ug/mL, for
parthenolide; 4.86 and 1.9oug/mL. SI values of T. parthenium extract and par-
thenolide were 0.93 and 0.39. Extract showed selective COX-2 inhibitory activ-
ity. The inhibition value of extract on LOX was 80% and inhibition value of par-
thenolide was 41.13%. The results suggested that T. parthenium extract showed
selective potential for COX-2 enzyme inhibition. To the best of our knowledge,
the extract was tested with COX-1, COX-2, and LOX enzymes for the first time.
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INTRODUCTION

Tanacetum parthenium L., (Syn: Matricaria parthenium L.) also known as
‘Feverfew’ is an Asteraceae family plant and it has daisy-like flowers. Tanace-
tum sp. grows in a wide range of area, native to the Balkan Peninsula. It easily
grows along roadsides, woods and fields in North Africa, Europe, Australia,
Turkiye, China and Japan. Feverfew was mentioned in Materia Medica by Di-
oscorides and used as a traditional remedy for inflammation and fever*2.

T. parthenium extracts and preparations were used as a prophylaxis against
migraine, also against fever, psoriasis and arthritis ethnobotanically. Feverfew
was called as ‘medieval aspirin’ in 1770’s'. The plant was used since ancient
times for headache, menstrual difficulties and any kind of inflammation. An-
other usage of feverfew is using the fresh flowering heads as insect repellent?.
Feverfew tincture was also useful for swellings caused by insect bites. Feverfew
also was a popular herb for menstrual cycle and hormones. It was known as
“general strenghtener of the wombs”. Traditionally, feverfew was used for asth-
ma, pain, stomachache, threathened misscariage, spasm, tinnitus and vertigos.

According to previous in vivo and in vitro studies, aerial parts of feverfew has
anti-inflammatory4, antinociceptives, antileishmanial®®, antioxidant?, antipro-
tozoal'>", a-glucosidase inhibitory'?, anti-HSV-1'3, anti-migraine'# and insecti-
cide? activities. These activities are mainly based on the sesquiterpene lactone
content of the plant. Some of these compounds are germacrane type sesquit-
erpene lactone; parthenolide?, guaianolide (11,13-dehydrocompressanolide)”
and a-methylenebutyrolactone®.

Inflammation is a kind of defence mechanism caused by the action of inflam-
matory agents in the body*. Nowadays, anti-inflammatory drugs are widely
used in order to relief the symptoms of inflammation. Regular usage of an-
ti-inflammatory drugs can cause gastrointestinal side effects, caused by the
cyclooxygenase (COX) enzyme mechanism in the body. Lypoxygenase (LOX)
enzyme is another important factor for inflammation cascade. Excessive accu-
mulation of reactive oxygene species can cause release of cytokines and activa-
tion of LOX".

The aim of this present study was to evaluate in vitro anti-inflammatory activ-
ity of T. parthenium extract obtained by the aerial parts of the plant and par-
thenolide. Standardization of T. parthenium extract was searched according to
European Pharmacopoeia by High Performance Thin Layer Chromatography
(HPTLC). Anti-inflammatory activity was evaluated by the COX-1, COX-2 and
LOX assays, respectively.
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METHODOLOGY
Materials

Lypooxygenase (1.13.11.12, type I-B, Soybean), linoleic acid and test materi-
als were purchased from Sigma (Sigma-Aldrich GmbH, Sternheim, Germany).
COX-1 and COX-2 enzyme assay kits were purchased from Cayman Chemical
Company (Ann Arbor, Michigan). All used chemicals were of analytical grade
or higher if not otherwise stated.

Plant material and extraction

Dried aerial parts of T. parthenium as certified Pharmacopoeial quality were
obtained from Caelo. Dried plant material was grounded to fine powder. 100
g of the powdered material were weighed and extraction was carried out with
methanol for 1 hour with shaking. At the end of 1 hour, the extract was filtered
through Whatman no:1 filter paper and concentrated with the help of a rotary
evaporator. The process was repeated 3 times in total.

HPTLC analysis

HPTLC fingerprint analysis was held with an accepted methodology deter-
mined by HPTLC Association'®. HPTLC analyzes were performed with CAMAG
HPTLC system. Glass HPTLC plates coated by silica gel was used as the sta-
tionary phase, cyclohexane:ethylacetate (50:50, v:v) was used as the mobile
phase. The substances were applied to the HPTLC plate using the Linomat 5
applicator system. Samples were applied to the plates as 7-mm bands, 8 mm
apart. T. parthenium extract was dissolved in methanol as 50mg/mL density,
and applied 5uL to the plate. 0,2 mg/mL parthenolide solution was used as an
analytical standart. Anisaldehyde derivatization reagent was used and spots
belonged to the extract were observed under the sunlight.

Enzyme inhibition assays
LOX enzyme inhibition

The in vitro LOX enzyme inhibition capacity was determined by using modi-
fied spectrophotometric method described by Baylac and Racine®.

Lypoxygenase (1.13.11.12, type I-B, Soybean), linoleic acid and test materi-
als were purchased from Sigma (St. Louis, MO, USA). Potassium phospohate
buffer solution (1,94 mL; 100 mM; pH9.0), 40 ul test solution and 20 pl ly-
poxygenase enzyme solution were prepared and incubated for 10 minutes in
25°C environment. 50 pl linoleic acid solution was added to the reaction and
measured the absorbance change at 230 nm for 20 minutes. Test materials and
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Nordihydroguairatic Acid (NDGA), which was used as a positive control were
dissolved in methanol. All kinetic studies were performed using quartz cu-
vettes. The 50% inhibition (IC50) values of the test substances were calculated.

COX enzyme inhibition

COX enzyme inhibition results were screened by using colorimetric method.
For this experiment, commercial COX-1 and COX-2 enzyme kits were used and
the experimental protocol was carried out under the conditions determined by
the company that supplied the purchased kit=°. The concentration used for the
T. parthenium extract was 20ug/mL, for parthenolide was 5 ug/mL.

Statistical analysis

Statistical analysis was assessed by using GraphPad Prism 8 (GraphPad Soft-
ware, Inc., San Diego, California; Version 8.4.3). One-way analysis of variance
(ANOVA) and Dunnett’s or Tukey post hoc tests were used for the statistical
assesment to multiple comparisons. Significance limit was statedas P < 0.05
and all repeated tests were in triplicate.

RESULTS and DISCUSSION
Standardization

HPTLC analysis was used for standardization of the T. parthenium extract
and its major metabolite, parthenolide. HPTLC chromatograms of the parthe-
nolide and T. parthenium extract are given in Fig. 1. As a result, parthenolide
was detected between 12 spots in the T. parthenium extract at R, = 0.45.
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Figure 1. HPTLC chromatogram of T parthenium methanolic extract (1. T. parthenium extract,
2. Parthenolide)

Since European Pharmacopoeia states that standardized T. parthenium extract
should contain parthenolide, the extract was analysed and approved according to
parthenolide by HPTLC system. Until now, only the essential oil of T. parthenium
was examined with HPTLC method*, most studies preferred to work with TLC and
HPLC method?®2. This is the first study using HPTLC method for 7. parthenium
extract. In a previous study, T. parthenium collected from Florina was extracted
by acetonitrile and examined by HPLC. Retention time was 35 min after the final
purification of parthenolide 22. Also there were studies obtaining parthenolide but
using another plant instead of T. parthenium. Tarchonanthus camphoratus leaves
was used and HPTLC analysis was the choice of method for parthenolide. By using
BDD-run (behavior-driven development), R = 0.15 was detected for parthenolide®.

COX-1, COX-2 and LOX enzyme inhibition

Anti-inflammatory activity of T. parthenium extract and parthenolide were ex-
amined by using the in vitro COX and LOX enzyme activities. COX-1 and COX-
2 enzyme kits were used for measuring inhibition capacity of 7. parthenium
extract and parthenolide. IC_ (ug/mL) inhibition values and selective indexes
are given in Table 1.

Indomethacine was used as positive control as COX-2 selective anti-inflam-
matory agent. The IC_| values of T. parthenium extract on COX-1 and COX-2
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was 10.45 and 9.81, the IC,, values of parthenolide on COX-1 and COX-2 was
4.86 and 1.90, respectively. As given in Table 1, despite the inhibition power
of parthenolide on COX-1 more than COX-2, T. parthenium extract was more
powerful effect of inhibiting COX-2. The SI value of parthenolide was 0.39,
hence the SI value of T. parthenium was 0.93. T. parthenium extract showed
selective inhibitor effect on COX-2 compared to parthenolide.

In a previous study, parthenolide-depleted extract of feverfew inhibited the ac-
tivity of pro-inflammatory enzymes 5-lipoxygenase, phosphodiesterase-3 and
4, on the other hand, the same extract was not effective on COX-1 and COX-
2. In this case, the parthenolide is the responsible secondary metabolite from
anti-inflammatory effect. The extract also inhibited the release of nitric oxide,
PGE, (Prostoglandin E ) and TNF-a from macrophages®. In another study,
anti-inflammation activity of T. parthenium was studied in different pathways
such as PGE, level, brain-derived neurotrophic factor (BDNF), interleukin-10
(IL-10), and IL-1f gene expression+. To the best of our knowledge, this is the
first comparative study includes COX and LOX inhibiting potential of T. par-
thenium extract and parthenolide.

Regarding anti-inflammatory activity, COX-2 enzyme selectivity is important
in order to avoid the side effects. COX-1 inhibition leads to classical NSAIDs
side effectss. Since patients and health professionals avoiding from gastroin-
testinal side effects, selective COX-2 inhibition is very popular. The results of
this study showed that ethnobotanical use of T. parthenium as an anti-inflam-
matory herb has an explanation.

In this present study, as a marker of anti-inflammatory activity, LOX inhibi-
tion capacities of T. parthenium extract and parthenolide was evaluated. Mod-
ified spectrophotometric method was used for determination of LOX enzyme
capacity and the results support that parthenolide have a significant potential
of inhibiting LOX enzyme. LOX inhibition results stated as % inhibition value
which were belonged to parthenolide and T. parthenium extract were shown
in Table 1. Parthenolide showed 41.13% and T. parthenium extract showed
80.12% inhibition on LOX enzyme. NDGA was used as positive control. LOX
enzyme inhibition values prove that T. parthenium extract was a lot more
powerful inhibitor compared to major component, parthenolide. This effect
may be cause of synergistic mechanism of compounds beyond the standard
compound, parthenolide. Isolated compounds were known as the source of
biologic activity but recent studies showed that it is not true and synergistic
effect usually stronger than only one molecule. A previous study stated the in-
hibiting capacity of T. parthenium extract fractions on leukocytes as strong?.
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In another research, the IC_; value of LOX inhibition of parthenolide-depleted
extract was 11.8 + 4.8 pug/ml>4.

Table 1. IC,; and Sl values for COX-1 and COX-2 inhibition and % inhibition values for LOX of
T. parthenium extract and parthenolide

, -~ ——
Material o G50 (ne/ )cox-z Lofal'l'l‘g'('f,}:')““ s+
Lparthenium 4045, 155 981+1.07  80.12+2.02 093
extract
Parthenolide  4.86 + 0.5 190£014  41.13:1.25 0.39
Indomethacine  1.03+0.02 (uM) 7.4 +0.12 (M) NT 7.02
NDGA NT NT 99.8+0.19 NT

*Selective Index= COX-2IC_ / COX-1IC_.
*Not tested

As a conclusion, it was observed that T. parthenium methanol extract was ef-
fective on inflammation and it was selective on COX-2 enzyme. LOX inhibition
of T. parthenium extract was promising. To the best of our knowledge, the
extract was tested with COX-1, COX-2 and LOX enzymes for the first time. The
in vitro biological activities may be due to sesquiterpene lactones, mainly par-
thenolide. Thanks to the findings of this present research, T. parthenium can
be considered as a source of COX-2 selective anti-inflammatory compounds.
These data indicated that T. parthenium standardized extract is a valuable
plant material. Further pharmacological and clinical studies are needed for
lightening the chemical reactions.
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ABSTRACT

This study aimed to determine dietary habits, the time spent on sleeping and
physical activity among primary school children and to compare the responses
given by the children and their parents about their dietary habits. This cross-
sectional study was conducted on 282 children. A questionnaire including de-
mographic characteristics, dietary habits, and some anthropometric measure-
ments were performed. Physical activity and sleep duration were statistically
different between overweight/obese and normal-weight children groups. The
consumption of breakfast, lunch, fresh vegetables, dessert with dairy products,
meat and meat products, chocolates, wafer, instant cake, pastry, and fast food
was statistically higher in the overweight/obese group. Additionally, a statisti-
cal difference was found between “lunch consumption”, “junk food consump-
tion” and “the child finishes all food on his/her plate” according to the respons-
es of children and parents. It is important to raise awareness of healthy eating,
exercise, and sleeping habits among primary school children.
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INTRODUCTION

Overweight and obesity are an increasing public health concern among chil-

*Corresponding author: Hatice Merve BAYRAM
E-mail: merve.bayrm@gmail.com

ORCIDs:

Halime Pulat Demir: 0000-0001-9509-4473
Hatice Merve BAYRAM: 0000-0002-7073-2907
(Received 22 Aug 2023, Accepted 18 Sep 2023)

Acta Pharmaceutica Sciencia. Vol. 62 No. 1,2024 | 193



dren worldwide!. In Turkey, the prevalence of childhood obesity has grown in
the past few decades. According to the World Health Organization (WHO) Eu-
ropean Childhood Obesity Surveillance Initiative-2013, 22.5% of 7-8-year olds
in the country were obese or overweight (14.2% overweight, 8.3% obese). In
November 2017, the Turkish Minister of Health stated that the prevalence of
obesity had grown to around 10%?2. Childhood obesity considered by the WHO
to be one of the most serious problems of the 21st century - is a well-known
cause of non-communicable diseases (such as cardiovascular diseases, diabetes
mellitus, and certain types of cancer) in adults3. In order to prevent childhood
obesity, interventions should be made to gain healthy nutrition behaviors, in-
crease the level of physical activity, and regulate sleep duration and hours#+s.

Nutritional behaviors have considerably changed in recent years, and the
consumption of high-energy-density and processed foods has increased®. Ac-
cording to a Turkish study, it was found that primary school children consume
chocolate with added sugar at least once or twice a week, or even more. Ad-
ditionally, most of them consumed crisps-potato and sugary drinks (such as
cola)’. Appropriate dietary habits provide a basis for the healthy growth and
development of children®. Since it is difficult to reshape eating habits in adult-
hood, it is important to provide healthy dietary habits to children, especially
due to negative health effects on emotional and social life and irregular de-
velopment®°. Therefore, understanding the relationship between dietary and
lifestyle habits is necessary for the treatment of overweight and obesity.

In recent years, the spent time on outdoor activities or sports has dramati-
cally decreased among children, and the spent time on screen activities such as
playing video games, watching TV, or using electronic devices has increased*'.
Specifically, positive associations were found between watching TV and vari-
ous indices of adiposity in children in the literature'®. The reasons for that are
increasing consumption of snack foods while watching TV, and increased de-
mand for high-energy and processed foods advertised on TV*34. The fact that
children spend more time with electronic devices prevents them from engag-
ing in outdoor activities and sports activities*.

Sleep plays a role in growth and development as well as health status in chil-
dren, due to the control over the circadian rhythm, which is related to energy
homeostasis®. Changes in the circadian clock are associated with temporal al-
terations in feeding behavior and increased weight gain®°. A few studies showed
that short sleep duration is related to childhood obesity'7.

For all these reasons, it is important to determine the actual prevalence of
overweight and obesity in children and determine the relative contribution
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of lifestyle habits (dietary habits, physical activity, and sleep duration). The
present study aimed to determine dietary habits, the time spent sleeping and
physical activity, and anthropometric measurements in primary school chil-
dren. Additionally, the responses of both children and parents to questions
about children’s dietary habits were compared.

METHODOLOGY
Study design and participants

This cross-sectional study was conducted among children aged 6-10 years
primary school students in Avcilar, Istanbul between October and December
2017. We used power analysis for sample selection. The prevalence was cal-
culated as 20%, type 1 error rate a 0.05%, type 2 error rate § 0.05%, and test
power 1-B = 0.95%. According to the calculation we included a total of 300
students (40.7% boys and 59.3% girls) in this study. However, since 18 parents
did not complete the survey, a total of 282 children were included in the study.

The public primary schools were randomly selected from the institutional
registry list of the Ministry of Education using online resources. Avecilar is a
district on the European side of Istanbul. There are a total of 67,905 students
studying in 53 primary schools (49,043 students) and 35 secondary schools
(18,862)9. We randomly selected 19 primary schools located in the center of
Avcilar. Also, children from these schools were randomly selected using a ran-
dom list of the classes. Both children, parents, and school authorities gave their
informed written consent for the study and approved the protocol. The Local
Education Authority granted permission for the study.

A questionnaire including some demographic characteristics (gender, age, dis-
ease, time spent on physical activity, time spent on electronic devices, time
spent on sleeping, and dietary habits was performed on the children. Before
the study, expert opinion was obtained from 5 academicians specializing in
nutrition and exercise for the survey questions. Some necessary changes were
made to the questions by conducting a pilot study on a group of 20 students.
Additionally, some anthropometric measurements were taken by a trained re-
searcher to eliminate the bias.

Dietary habits

Dietary habits were determined using a questionnaire adapted version of the
“Turkey Childhood Obesity Survey” (COSI TUR) study=°. “WHO European
Childhood Obesity Surveillance Initiative — COSI” study is a study initiated by
WHO in 2007-2008. Turkey was included in the COSI program for the first time
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in the 3rd round. The study was carried out in cooperation with the Turkey Min-
istry of Health, the Ministry of National Education, and Hacettepe University
within the framework of the criteria and protocol determined by the WHO?°.

Questions about dietary habits were the number of meals, frequency, and place
of main meals and snacks. Furthermore, questionnaire included 19 food items
including fresh fruits (grown in season such as mandarin, orange, pomegran-
ate, apple, pear, etc.), fresh vegetables and salads (grown in season such as
spinach, leek, carrot, beet, radish, etc.), fruit juice (packaged, sold at the gro-
cery store), fruit juice (freshly squeezed), soft drinks containing sugar (such
as cola, ice tea, fanta, etc.), diet soft drinks (such as cola with zero sugar, diet
cola, sprite with zero sugar, etc.), unflavored milk, flavored milk (such as ca-
cao, fruit, etc.), cheese, yoghurt/ayran, dessert with dairy products (such as
rice pudding, pudding, chicken breast), red meat/poultry, fish, egg, legumes
(such as haricot, chickpeas, lentils, etc.), nuts (such as hazelnuts, peanuts, al-
monds, walnuts, etc.), bread/rice/pasta/bulgur, junk foods (such as chip, pop-
corn, chocolate, instant cake, pastry, etc.), and fast foods (such as sandwich-
es, pitas, hamburgers, fried chicken, french fries, chicken nuggets, pizza, hot
dogs). Children reported how many times per day, week, or month they con-
sumed these specific food items during the last month. The frequency of food
consumption was recorded in five categories: never, 1-2 times per month, 1-3
times per week, 4-6 times per week, and every day. Additionally, a question-
naire including the same dietary habits of children was used for the parents,
and the responses given by the children and parents were compared.

Anthropometric measurements

Anthropometric measurements (height, waist circumference, and hip circum-
ference in centimeters) of the children were taken according to the standard
procedures®. The height of patients was taken using a stadiometer (brand name:
Tanita) with the nearest 0.1 cm, while each participant was standing erect
against the wall with heels together touching the wall, without shoes. Waist cir-
cumference was measured using a non-stretch plastic tape within 1 mm after
normal exhalation, at the umbilicus level, and without clothing in the area. The
hip circumference was measured using a non-stretch plastic tape from the wid-
est point between the waist and the thigh. Body composition in terms of weight
(kg), body mass index (kg/m?), fat (%), and skeletal muscle mass (kg) was meas-
ured using the Inbody 120 system (Inbody 120, Inbody, South Korea). Body
mass index (BMI) <5 percentile indicates thinness, and BMI >85 overweight
and obesity. BMI values between 5 and 85 percentiles refers to normal weight.
The prevalence of wasted and short stature in children was also determined by
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using weight-for-height percentile values by the WHO?2. According to the WHO
classification, <3 percentile refers to wasted, 3 and 15 percentiles as short, 15
and 85 percentiles as normal height, and > 85 percentile as tall.

Sleep duration

To determine sleep duration, both weekdays and weekend mornings were
asked to wake up and sleep time of the children. Total sleep time was calculat-
ed in hours as the difference between bedtime and wake-up time for weekdays
and weekend days and as the mean duration of sleeping using the equation:
(weekday time x 5 + weekend day time x 2)/75.

According to the National Sleep Foundation recommendations for school-age
children, sleep duration was classified as low if less than 9 h mean per night, rec-
ommended if between 9 and 11 h per night or high if more than 11 h per night=s.

Physical activity

We asked about the time spent on physical activity such as outdoor activities
or sports, on both weekdays and weekends for determining the physical activ-
ity behaviors. Total physical activity time was calculated in hours for weekdays
and weekend days and as the mean duration of physical activity using the same
equation for sleep duration: (weekday time x 5 + weekend day time x 2)/75.

According to the WHO and Turkey Physical Activity Guideline recommenda-
tions for children, physical activity duration was classified as low if less than
1 h per day, normal if equal to 1 h per day or high if more than 1 h per day=+2.

Statistical analysis

Data were evaluated with the statistical program SPSS 23.0 (Statistical Pack-
age for the Social Sciences, Inc.; Chicago, Illinois, United States). Categori-
cal data were expressed as the frequency (percentage), and differences were
analyzed using the chi-square test. Quantitative variables were expressed as
the mean + SD (standard deviation), and the Kolmogorov-Smirnov test was
used to assess whether the data were normally distributed. We also analyzed
the homogeneity of the variables. Differences in quantitative variables were
analyzed by the student’s t-test or Mann-Whitney U-test, as appropriate. For
all statistical tests, a p-value of <0.05 was considered statistically significant.

RESULTS and DISCUSSION

282 children (58.5% girls, 41.5% boys, mean age 8.34 + 1.15 years) and their
parents completed the study. The most three popular physical activity types
were football (28.0%), running (25.3%), and basketball (16.0%) among chil-
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dren. According to the height classification, the majority of children (52.5%)
were in the normal range. Additionally, the majority of children (55.7%) were
normal weight, 23.4% were overweight, and 12.0% were obese (Table 1).

Table 1. Characteristics of children (n=282)

Characteristics Boys (n=117) Girls (n=165) Total (n=282)
Age (year)* 8.42+1.04 8.46+1.13 8.34+1.15
Time spent on watching TV, playing video games, and using electronic devices (mean hour)*

Weekdays 1.72 £1.51 150+ 143 1.64 £1.43
Weekend days 247+2.16 1.90 £ 1.56 1.99+1.80
Time spent on physical activity (mean hour)*

Weekdays 1.94 £ 0.69 1.76 £ 0.49 1.83+0.51
Weekend days 1.64£1.24 1.09+0.51 142 £1.06
Type of physical activity™**

Football 42 (35.9) 42(28.0)
Running 10 (13.5) 28 (36.8) 38(25.9)
Baskethall 14(18.9) 10(13.2) 24 (16.0)
Sleep duration (mean hour)*

Weekdays 10.07 £2.00 1022 £2.42 10.71£3.05
Weekend days 11.37 £4.05 10.97 £ 2.46 11794532
Body weight (kg)* 30.29 + 8.47 30.12£7.59 30.19£7.94
Height (cm)* 129.96 +7.79 129.62 + 8.38 129.76 £ 8.12
BMI (kg/m?)* 17.74 373 17.72£329 17.73£3.47
Classification of height

Wasted 11 (9.4) 21 (12.6) 32 (11.3)
Short 31(26.5) 47 (28.4) 78 (27.7)
Normal 66 (56.4) 82 (50.0) 148 (52.5)
Tall 9(7.7) 15(9.0) 24 (8.5)
Classification of BMI

<5 percentile 9(7.6) 16 (9.7) 25(8.9)
5-85 percentile 68 (58.1) 89 (53.9) 157 (85.7)
=85 percentile 22 (18.8) 44 (26.7) 66 (23.4)
=95 percentile 18 (15.4) 16 (9.7) 34 (12.0)
Waist circumference (cm)* 61.60 £+ 12.74 58.08 + 12.69 59.53 +12.79
Hip circumference (cm)* 69.92 +12.36 68.48+15.24 69.07 +14.10
Body muscle weight (kg)* 1.711£227 11.80£6.98 11.76 £ 5.54
Body fat percentage (%)* 22.04 +9.91 24,63 + 8.61 23.56 £ 9.22

*Meanxz standard deviation, **the first 3 most popular types of physical activ-
ity; BMI, Body Mass Index.
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Classification of physical activity and sleep duration were statistically different
between the two BMI groups (p<0.05). Additionally, the sleep duration in chil-
dren with normal BMI was higher than the overweight and obese children, and
similar results were found considering only weekdays or weekend days (Table 2).

Table 2. Classification of physical activity, sleep behaviors, and gender by BMI.

5-85 BMI percentile =85 BMI percentile Total

(n=157) (n=100) (n=257) pvalue

n (%) n (%) n (%)
Gender 0.78
Boy 68 (63.0) 40 (27.0) 108 (42.0)
Girl 89 (59.7) 60 (40.3) 149 (58.0)
Mean physical activity level 1.99+0.96 1.93+0.72 1.95+£1.75 0.06*
Weekdays 1.95+1.75 1.60+1.17 1.83+£1.58 0.90
Weekend days 231178 2.36£2.01 2.33+1.86 0.18
Classification of physical activity 0.04*
Low 67 (42.6) 34 (24.0) 101(39.2)
Normal - 2(20) 2(0.8)
High 90 (57.4) 64 (64.0) 154 (60.0)
Sleep duration
Mean sleep duration 1046 £2.27 1042 £ 1.81 1044 +1.98 0.04*
Weekdays 10.23+1.80 1012293 10.16 £2.25 0.02*
Weekend days 11.19+3.03 11.04+£354 11.13£3.21 0.04*
Classification of sleep duration 0.03*
Low 4(25) 4(4.0) 8(3.2)
Recommended 78 (49.7) 47 (47.0) 125 (48.6)
High 75 (47.8) 49 (49.0) 124 (48.2)

*p<0.05, differences between the two BMI groups; p-values were computed
with chi-square test for gender, classification of physical activity, sleep du-
ration, and BMI groups; Student’s T-test for mean sleep duration and BMI
groups; Mann-Whitney U-test for mean physical activity and BMI groups;
BMI, Body Mass Index.

According to the frequency of specific food groups, it was found that consump-
tion of breakfast, lunch, fresh vegetables, dessert with dairy products, meat
and meat products, chocolates, wafer, instant cake, pastry, and fast foods was
statistically different between normal weight and overweight/obese groups
(p<o0.05) (Table 3).
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Table 3. Frequency of children’s consumption of certain foods by BMI

4-6 per 1-3 per 1-2 per

Foods Everyday week week month Never pvalue
n (%) n (%) n (%) n (%) n (%)

Breakfast

Normal weight 133 (84.8) 1(0.6) 20 (12.7) - 3(1.9) 0.04*

Overweight and obese | 60 (60.0) 6(6.0) 22 (22.0) 9(9.0) 3(3.0)

Lunch

Normal weight 107 (68.2) 15(9.5) 30 (19.1) 2(1.3) 3(1.9) 0.04*

Overweight and obese | 64 (64.0) 7(7.0) 11(11.0) 8(8.0) 10(10.0)

Dinner

Normal weight 137 (87.3) 12 (7.6) . - . 085

Overweight and obese | 84 (84.0) 6 (6.0) 3(3.0) 5(5.0) 2(2.0)

Fresh fruit

Normal weight 2(1.3) 2(1.3) 30(19.1) | 47(299) | 76(484) 032

Overweight and obese - 2 28 (28.0) 24(24.0 46 (4

Fresh vegetables

Normal weight 15(9.5) 9(5.7) 40(25.5) | 40(25.5) | 53(33.9) 0.04*

Overweightand obese | 11(110) | 5(50) | 41(41.0) | 20(200) | 23(23.0)

Soft drinks containing sugar
Normal weight 77(49.0) | 30(19.1) | 38(24.2) 10 (6.4) 2(1.3)

Overweight and obese | 50 (50.0) 16 (16.0) | 23(23.0) 7(7.0) 4(4.0) ha
Diet soft drinks

Normal weight 127 (80.9) 15(9.5) 9(5.8) 4(2.5) 2(1.3) 0.27
Overweight and obese | 89 (89.0) 9(9.0) 1(1.0) - 1(1.0)

Milk

Normal weight 22 (14.0) 2(1.3) 36(229) | 26(16.6) | 71(452) 036
Overweight and obese | 10(10.0) 4(4.0) 21(21.0) 18(18.0) | 47(47.0)

Flavored milk

Normal weight 35(22.3) 14 (8.9) 50(31.8) | 32(204) | 26(16.6) 019
Overweight and obese | 38 (38.0) 4(4.0) 30(30.0) 14(14.0) | 14(14.0)

Cheese

Normal weight 16 (10.3) 3(1.9) 31(19.7) | 28(17.8) | 79(50.3) 040
Overweight and obese 6 (6.0) 5(5.0) 18(18.0) | 23(23.0) | 48(48.0)

Yoghurt, ayran

Normal weight 1(0.6) 7(4.5) 46(29.3) | 40(255) | 63(40.1) 024
Overweight and obese 3(3.0) 2(20) 31(31.0) 16 (16.0) | 48(48.0)

Dessert with dairy products

Normal weight 26 (16.6) | 50(31.8) | 56(35.6) 18 (11.5) 7(4.5) 0.04*
Overweight and obese | 26(26.0) | 40(40.0) | 22(22.0) 4(4.0)

Meat and meat products

Normal weight 15(9.5) 21(134) | 70(446) | 30(199) | 21(134) 0.02*

Overweightand obese | 13(13.0) | 17(17.0) | 54(540) | 14(140) | 2(20)
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Fish

Normal weight 18(115) | 50(31.8) | 62(39.5) 13(8.3) 14(8.9) 07
Overweightand obese | 14(14.0) | 38(38.0) | 31(31.0) 7(7.0) 10(10.0)

Egg

Normal weight 12 (7.6) 7(45) 37(236) | 36(229) | 65(414) 046
Overweight and obese 6(6.0) 3(3.0) 30(30.0) | 17(17.0) | 44(44.0)

Legumes

Normal weight 21 (134) | 20(127) | 58(37.0) | 30(19.1) | 28(17.8) 039
Overweight and obese 7(7.0) 11(11.0) | 49(49.0) 15(15.0) | 18(18.0)

Nuts

Normal weight 8(5.1) 28(178) | 63(40.1) | 30(19.2) | 28(17.8) 062
Overweight and obese 4(4.0) 15(15.0) | 39(39.0) 13(13.0) | 29(29.0)

Bread, rice, pasta, bulgur

Normal weight - (5.1) 20(12.7) | 41(26.1) | 88 (56. 019
Overweight and obese | 10(10.0) 4(4.0) 21(21.0) 19(19.0) | 46 (46.0)

Chips and Popcorn

Normal weight 26 (16.5) | 40(25.5) | 62(39.5) 18 (11.5) 11 (7.0) 091
Overweight and obese | 28(28.0) | 27(27.0) | 32(32.0) 7(7.0) 6 (6.0)

Chocolate, wafer, instant cake, pastry

Normal weight 1(0.6) 49(31.3) | 61(38.9) | 23(146) | 23(14.6) 0.06*
Overweight and obese | 11(11.0) | 35(35.0) | 37(37.0) 15 (15.0) 2(2.0)

Fast foods

Normal weight 10 (6.4) 50(31.8) | 50(31.8) 19(122) | 28(17.8) 0.001*
Overweightand obese | 26(26.0) | 38(38.0) | 31(31.0) 3(3.0) 2(2.0)

*p<0.05, differences between the two BMI groups; p values were computed
by chi-square test; BMI, Body Mass Index. Normal weight children (n= 157),
overweight and obese children (n=100)

In the responses of children and parents about dietary habits, a statistical dif-
ference was found between “lunch consumption”, “junk food consumption”
and “the child finishes all food on his/her plate” (p<0.05). Parents said more
when children said they consume less junk food; whereas parents said less
when children said they finish more all food on his/her plate. Additionally,
“the child continues to eat his/her favorite food even if he/she is full” was sta-
tistically different between the two BMI groups (p<0.05). Because overweight
and obese children had a higher prevalence of continuing to eat “his/her fa-
vorite food even if he/she is full” than children of normal weight (not shown in

table) (Table 4).
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Table 4. Differences between children’s and parents’ responses to children’s dietary habits

Every day 4‘;\’682? 1-3 per week 1{;;{?;: Never | pualue* | ..
Breakfast consumption
Children 196(695) | 2000 | s1¢8n) | 932 | e | %P | oos
Parents 181(64.2) | 37(13.1) 29 (10.3) 21(7.4) 14 (5.0)
Lunch consumption <0.001* | 0.04*~
Children 188 (66.7) 25(8.9) 43 (15.2) 11(3.9) 15(5.3)
Parents 211(746) | 38(13.5) 15(5.3) 11(3.9) 7(2.5)
Dinner consumption 0.46 0.85
Children 235 (83.3) 20(7.1) 17 (6.0) 5(1.8) 5(1.8)
Parents 248 (88.0) 17 (6.0) 8(2.9) 6(2.1) 3(1.1)
Junk food consumption 0.004~ 0.62
Children 21 (7.5) 31(11.0) | 127(45.0) | 60(21.3) 43 (15.2)
Parents 51(18.1) 46 (16.3) 84 (29.8) 66 (23.4) 35 (12.4)
The child continues to eat his/her favorite food even if he/she is full 0.62 0.01**
Children 40 (14.2) 32 (11.3) 56 (19.9) 33(11.7) | 121(429)
Parents 59 (21.0) 27 (9.6) 41 (14.5) 39(13.8) | 116(41.1)
The child consumes fast foods when he/she does not like the food 0.31 0.80
Children 9(3.2) 12 (4.3) 37 (13.1) 31(11.0) | 193(68.4)
Parents 25(8.9) 14 (5.0) 33(11.7) 39(13.8) | 171(60.6)
The child finishes all food on his/her plate 0.001* 0.20
Children 122 (432) | 38(13.5) 70 (24.8) 27 (9.6) 25(8.9)
Parents 82 (29.1) 63 (22.3) 86 (30.5) 29(10.3)
The child likes to eat fast foods more than home-made meals 0.35 0.84
Children 26 (9.2) 16 (5.7) 29 (10.3) 44 (15.6) | 167(59.2)
Parents 37 (13.1) 19 (6.7) 37 (13.1) 52 (18.5) | 137(48.6)

*p<0.05, the difference between children and parents, **p<0.05, the differ-
ence between the two BMI groups; p values were computed by chi-square test;
BMI, Body Mass Index.

The childhood obesity rate is increasing worldwide and has become a major
global burden, particularly in developed countries.*# Our findings showed
that 23.4% of children were overweight and 12.0% were obese. Classification
of physical activity and sleep duration were statistically different between the
normal and overweight/obese groups. Additionally, the consumption of fresh
vegetables, desserts with dairy products, meat and meat products, chocolate,
wafer, instant cake, pastry, and fast foods were statistically different between
the two BMI groups. We also compared the responses of children and par-

ents about dietary habits and found that “lunch consumption”, “junk food con-
sumption” and “the child finishes all food on his/her plate” were statistically
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different. Since parents said more when children said they consume less junk
food; whereas parents said less when children said they finish more all food on
his/her plate.

Obesity is a disease of modern life, and childhood obesity is one of the most
serious global public health challenges of the 21st century according to the
WHO?°, Its prevalence has doubled in more than 70 countries since 1980.%
Turkey, with a 10% increase in childhood obesity from 2013 to 2017, is one of
these countries.? Our results showed that a total of 8.9% of children were un-
derweight, 55.7% normal, 23.4% overweight and 12.0% obese according to the
BMI classification. Also, the prevalence of overweight and obesity was found
to be higher in girls than in boys (36.4% of girls and 34.2% of boys were over-
weight and obese). However, we did not find statistical differences between
BMI classification and gender (p: 0.30). Considering that the prevalence of
overweight and obesity is gradually increasing and may adversely affect, it is
urgent to take measures to reduce obesity.

Regular consumption of main meals is an important process in weight con-
trol8. Breakfast is the most important dietary habit due to individuals who
eat breakfast regularly are less likely to be obese?. According to the literature,
it was found that the percentage of children eating breakfast daily decreased,
and they skipped breakfast more frequently than other meals+29. Additionally,
studies showed that obese children tend to skip meals, particularly breakfast,
more often than children with normal BMIs.+3° Our results showed that 28.4%
of children skip breakfast, also 2.1% never had breakfast. Similarly to previous
studies, we found that overweight and obese children are more tend to skip
breakfast compared to normal-weight children (40.0%, and 15.2%, respec-
tively). Furthermore, lunch meal supplies about 30% of the daily energy and
represents the highest proportion of protein, fat, and carbohydrate intake=5.
According to a study, 53.9% of overweight and obese children skipped lunch?.
In this study, the prevalence of overweight and obese children who skipped
lunch (36.0%) was higher compared to normal-weight children (31.8%). This
may be the result of not having time for lunch at school or a false belief that
skipping meals is a weight loss control.

The WHO recommends a diet must be poor in fat, sugar, and salt, and rich in
fruits and vegetables®'. It has been reported that fruit and vegetable consump-
tion reduces the risks of all causes of mortality and morbidity from cardiovascu-
lar disease, stroke, diabetes mellitus, metabolic syndrome, non-alcoholic fatty
liver disease, and some types of cancer3>33. We found that 11.0% of overweight
and obese children eat fresh vegetables every day, and there was a statistical
difference between overweight/obese and normal-weight children. Addition-
ally, the prevalence of both overweight/obese children who did not consume
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fresh vegetables at 33.8% was higher compared to normal-weight children at
23.0%. Given that foods with lower energy density, such as fresh vegetables,
can help with weight management when eaten in place of high-calorie foods,
it is important that school-based nutrition intervention programs attempt to
increase children’s fresh vegetable intake34.

Studies indicated that children were the main consumers of fast foods and junk
foods”35. The consumption of these types of foods will result in increased weight
gain which, in turn, may cause many diseases such as diabetes mellitus, cardio-
vascular diseases, etc.#®In the present study, a statistical difference was found
between overweight/obese and normal-weight children in the consumption of
desserts with dairy products, junk foods (such as chocolate, wafer, instant cake,
and pastry), and fast foods. A total of 26.0% of obese children consumed fast
food every day. Additionally, chocolate, wafer, instant cake, pastry, and dessert
with dairy products consumption every day was 11.0% and 26.0%, respectively.

Furthermore, we analyzed the responses of children and parents about their di-
etary habits of children. A statistical difference was found between “lunch con-
sumption”, “junk food consumption” and “the child finishes all food on his/her
plate” due to parents said more when children said they consume less lunch and
junk food; whereas parents said less when children said they finish more all food
on his/her plate. The reason for this difference may be that when the study was
carried out, the children knew that the experts would ask questions about die-
tary habits, and they gave different responses from their parents in order to give
the correct response according to them. Also, the fact that the education level of
most of the parents on nutrition was generally low may have led to this difference.
Moreover, the parents might have had inadequate observations of their children’s
nutritional status, and their failure to follow what children ate played a role.

The association between obesity and physical activity in children has been
widely investigated'>3¢37, According to the WHO and national guide recom-
mendations for children, physical activity duration was classified as low if less
than 1 h per day, normal if equal to 1 h per day, or high if more than 1 h per
day?+25, We found that the mean hours of physical activity were 1.99 + 0.96 h
for normal weight and 1.93 + 0.72 h for overweight and obese children, these
values were at the recommended hours. Although most of the children were
classified as having high physical activity (60.0%), it was found that the physi-
cal activity levels of overweight and obese children were lower and this value
was statistically different. Physical inactivity is a major contributor to child-
hood obesity and health disparities throughout life3”. Overweight and obese
children might have passive hobbies (music, computer games, etc.) contrary to
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normal weight/underweight counterparts who could be involved in more ac-
tive hobbies such as basketball, football, athletics, etc.2 Therefore, it is impor-
tant to take measures to increase the level of physical activity at an early age.

Studies showed that short sleep duration is associated with inappropriate
dietary habits'®38. Therefore, it may be related to childhood obesity.>'7'® For
example, a study found that children with obesity had lower sleep duration
compared to children with normal weight (7.48 h versus 7.52 h). A recent
meta-analysis showed that short sleep duration was significantly associated
with obesity in preliminary school children+°. According to the National Sleep
Foundation recommendations for school-age children, sleep duration was rec-
ommended between 9 and 11 h per night?. In our study, a total of 48.6% of
children were in the recommended classification group. However, there was a
statistical difference between normal weight and overweight/obese groups, the
mean sleep duration of overweight and obese children was lower than normal-
weight children. The possible mechanism of the relationship between sleep
duration and obesity is that circadian clock changes are linked to temporal
changes in feeding behavior and increased weight gain.

The present study had some limitations. First, this was a cross-sectional study.
Therefore, a generalization based on the cause-effect relationship cannot be
made. Second, we collected data on dietary habits, physical activity, and sleep
duration by using a questionnaire. Additionally, our study was conducted
among public primary schools only. Thus, we did not take into the socio-eco-
nomic factors of children’s dietary habits. However, the strength of the study
is that it evaluated the responses of both children and parents in the face of
childhood obesity, which is increasing day by day in our country.

Our study indicated that the prevalence of overweight and obesity among pri-
mary school children was high. Therefore, some strategies should be taken to
decrease the prevalence of obesity. The prevention of childhood obesity re-
quires a multidisciplinary approach. In addition to diet and physical activity, it
is thought that the evaluation of sleep duration will be beneficial in the preven-
tion of childhood obesity. Therefore, future studies are needed.
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ABSTRACT

The aim of this study was to determine the relationship between healthy life-
style behaviors and risk of Type 2 Diabetes Mellitus of students, and also to com-
pare the sub-dimensions of Healthy Living-Style Behaviors Scale-1I (HLBS-II)
with the anthropometry and general characteristics. Socio-demographic form,
HLBS-II and The Finnish Diabetes Risk Score (FINDRISC) were used and an-
thropometric measurements were taken. With the increase in waist/height ratio,
physical activity sub-dimension of HLBS-II was affected (p<0.05). The medi-
cal check-up status effected every sub-dimension and the total score of HLBS-II
(p<0.001). With the increase in waist/hip ratio of female students, FINDRISC
also increased (p<0.001). As the waist/height ratio increased, the mean scores of
FINDRISC also increased (p<0.001). Students with a BMI value >30 had higher
FINDRISC scores (p<0.001). There is a negative relationship between HLBS-II
total score, nutrition, self-actualization, and stress management, which are sub-
dimensions of HLBS-II, and FINDRISC scores of students of health sciences.
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INTRODUCTION

Diabetes is defined as a metabolic disease with a chronic course that occurs
as a result of insufficiency in insulin secretion or in the use of insulin. This
metabolic disease is based on the constant high level of sugar in the blood".
According to TURDEP I and TURDEP II studies conducted on approximately
25.000 people in 1997 and 2010 in Turkey, diabetes prevalence increased from
7.2% t0 13.7% in a 12-year periods. It is important for individuals to be able
to understand health-related information and maintain their health, because
diabetes is a disease that can be prevented and/or controlled before it occurs.
Creating the correct perception and increasing awareness about the disease
shows that it is possible to prevent the rate of diabetes increase and all related
complications+. The main goal of the treatment of diabetic individuals should
be to provide glycemic control. In addition, other known risk factors such as
blood pressure and weight gain of patients should be monitoreds. In order to
bring diabetic individuals blood glucose levels to the reference levels and to
optimize their daily life activities, they should receive a medical therapy, medi-
cal nutrition therapy and increase their physical activity®.

The basis of healthy lifestyle choices and behaviors exhibited in adulthood is
laid in childhood and adolescence’. In this period, when young individuals start
university life, which also includes adolescence, they try to get used to many
changes that also affects their habits in adulthood. Individuals’ in this period,
leaving the family home, tending towards eating behaviors independent of the
family, preferring food such as fast food rather than healthy food, inactivity,
trying to get used to the university life, meeting new people and wanting to
resemble their peers, increasing the tendency to use tobacco and tobacco prod-
ucts may pave the way for the emergence of many chronic diseases such as dia-
betes in the future, as well as causing many changes in individuals’ private life
and healthy lifestyle behaviors®°. Some of the important causes of diabetes are
social environment, lack of information and motivation of individuals and an
understanding of unhealthy lifestyle". The fact that university students are in
the young age group may reduce the risk of diabetes, but the increase in obesity
in recent years due to the sedentary life of the students and the rapid life causes
the Type 2 Diabetes Mellitus (T2DM) risk prevalence of university students to
increase'>'3. Students are expected to reflect these behaviors to their lives with
the education they receive so that they can gain healthy eating habits, recog-
nize changeable risk factors of diabetes such as increasing physical activity,
and make healthy lifestyle behaviors a habit.
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Health sciences students’ application of healthy lifestyle behaviors to their
lives affects the lives of other people in terms of both increasing their quality
of life and being a role model for the society they live in®45, With this study,
it was aimed to determine the relationship between healthy lifestyle behaviors
of health science students, who will have a key role in the future both in the
society and health institutions, and their risk of developing T2DM.

METHODOLOGY
Study design and sampling

This cross-sectional study was conducted at Marmara University Faculty of
Health Sciences between November 2019 and May 2020.

The sample size was calculated using the Epilnfo program. In this calculation,
the incidence of the event was 50%, the error level was 5%, and the pattern ef-
fect was taken as 2, and the sample size was determined as 648. For the losses
that may arise during the research process, it was planned to invite 730 stu-
dents to the study.

The inclusion criteria for this study were: To be a registered student of the
Faculty of Health Sciences at the duration of the study. The exclusion criteria
were: Pregnant and lactating women, students that were diagnosed as Type 1
or Type 2 Diabetes Mellitus prior to the study.

Measures

The data was collected by the researchers during face-to-face interviews. Par-
ticipants of the study completed a socio-demographic form, The Healthy Liv-
ing-Style Behaviors Scale II (HLBS II) and The Finnish Diabetes Risk Score
(FINDRISC) form.

The Healthy Living-Style Behaviors Scale II: HLBS II was prepared by Walker
et al. in 1987 and renewed in 1996*°. The scale measures health-promoting be-
haviors, such as healthy eating, regular physical activity, positive relationships
and reducing stress, associated with an individual’s healthy lifestyle. The scale
consists of 52 items in total and has 6 sub-factors. Subgroups are health re-
sponsibility, physical activity, nutrition, self-actualization, interpersonal sup-
port and stress management. The overall score of the scale gives the healthy
lifestyle behaviors score. All items of the scale are positive. The rating is in
the form of a 4-point Likert; never (1), sometimes (2), often (3), regularly (4).
The lowest score for the entire scale is 52, the highest score is 208 and higher
scores are interpreted as good healthy lifestyle behavior of the individuals. In
our country, a validity and reliability study were carried out by Bahar and col-
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leagues; the Cronbach Alpha coefficient of the scale is 0.92 and it has a high de-
gree of reliability. The reliability coefficients of the sub-dimensions of the scale
are; Health responsibility 0.77, Physical Activity 0.79, Nutrition 0.68, Self-Ac-
tualization 0.79, Interpersonal Support 0.80, Stress Management 0.64"7.

The Finnish Diabetes Risk Score: FINDRISC was developed in 2003 by Lind-
strom and Tuomilehto to measure the 10-year risk of developing T2DM in
Finland'®. FINDRISC is also used by the International Diabetes Federation,
and its Turkish translation has been made by Turkey Endocrinology and Me-
tabolism Society in our country. It is recommended to be used for research
on risk of developing diabetes in the following 10-years. FINDRISC consists
of 8 questions. When the scores obtained to determine the diabetes risk of
individuals are added together, those who score less than 7 are considered to
have “low risk”, 7-11 points have “mild risk”, 12-14 points have “medium risk”,
15-20 points have “high risk” and more than 20 points are considered to have
“very high risk”.

Evaluation of anthropometric measurements

All anthropometric measurements were carried out by the researchers at the
faculty. The height of the students was measured with a fixed height meter
that had 0.5 cm intervals; the measurements were taken without shoes. For
body weight, a bioelectric impedance analysis device (Inbody 270 portable)
was used. Students were asked to remove all heavy clothing and shoes before
stepping on the device. The device was set to -1.0 kg for the remaining clothes.
Waist circumference (WC) was measured after normal exhalation, with an in-
flexible tape at the umbilicus level and without clothes in the area, and hip
circumference were measured around the largest part of hips and the distance
was noted.

Body mass index (BMI) was calculated as weight (kg) divided by height (m)
squared and classified into four groups according to World Health Organiza-
tion. The BMI was considered underweight if it was <18.5, normal if it was
18.5-24.9 kg/m?, overweight if the BMI was 25.0-29.9 kg/m?, obese if the BMI
was >30.0%°.

Statistical analysis

The data were evaluated statistically using the SPSS (Statistical Package for the
Social Sciences) 28.0 package program. The Kolmogorov Smirnov Z test was
used to determine whether the mean scores of the scale were compatible with
the normal distribution. Spearman correlation for determining the relation-
ship between scale scores (sub-dimensions of HBLS and FINDRISC); para-
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metric (Independent t-test, One-way ANOVA test), or non-parametric tests
(Man Whitney U test, Kruskal Wallis test) were used to compare scale scores
with independent variables. Statistical significance was accepted as p<0.05 in
all analyzes.

RESULTS and DISCUSSION

From the 730 students that were invited for the study, 9 students were exclud-
ed for reasons such as not meeting inclusion criteria, and with 721 students the
study was started. Five students were excluded from the study due to missing
data. Overall, 716 (98.1%) students in 2", 3" and 4 grades from the Depart-
ment of Nutrition and Dietetics, Physiotherapy and Rehabilitation, Midwifery,
Health Management and Nursing completed the study (Figure 1).

Enrollment

Assessed for eligibility (n= 730)

Excluded (n=9)
+ Not meeting inclusion criteria (n=5)
+ Declined to participate (n=4)

Allocation

A4

Allocated to study (n=721)
« Started the study (n=721)

Analysed (n=716)
+ Excluded from analysis (missing data) (n=5)

Figure 1. Modified CONSORT flow diagram for a single-arm, nonrandomized study

General characteristics of students were shown in Table 1. Of all students,
99.03% were single, most of the students (43.44%) lived with their family and
only 9.93% were employed. The median age of students was 21.0 (19.0-33.0),
BMI was 21.3 (15.8-38.5), the median waist circumference measurement was
71.6 cm (58-122) and the median hip circumference measurement was 96.0
c¢m (69.0-130.0). The median of total scores of HLBS II was 129.0 (64.0-185.0)
(not shown in table).
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Table 1. General characteristics and anthropometric measurements of students (n=716)

Variable Number (n) Percent (%)
Gender

Female 607 84.78
Male 109 15.22
Department

Nutrition and Dietetics 127 17.73
Midwifery 101 14.10
Physiotherapy & Rehabilitation 147 20.54
Nursing 283 39.53
Health Management 58 8.10
Class

2n grade 234 32.68
3"grade 253 35.34
4 grade 229 31.98
Body Mass Index

Underweight (<18.5) 85 11.87
Normal (18.50-24.99) 549 76.68
Overweight (=25) 67 9.35
Obese (=30) 15 2.09
Number of Main Meals

<3 meals 340 47.49
3 meals 372 51.96
>3 meals 4 0.55
Meal Skipping Status

Yes 578 80.73
No 138 19.27
Physical Activity Level

Very light 68 9.49
Light 226 31.57
Moderate 379 52.94
Vigorous 40 5.59
Maximal 3 0.41
Medical Problems

Yes 63 8.79
No 653 91.21
Medical Check-ups

Yes 247 34.49
No 469 65.51
FINDRISC Categories

Low Risk 615 85.9
Mild Risk 79 11.0
Medium Risk 17 2.4
High Risk 5 0.7
Very High Risk 0 0.0

Considering the risk of developing T2DM in the next 10 years, it was seen that
majority (85.9%) of the students participating in the study were in the low-risk
group and only a few of them (0.7%) was in the high-risk group. In a study in
which Colak used FINDRISC, it was observed that 72% of university students
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had low risk of T2DM, 24.7% had mild risk, 2.8% had moderate risk and 0.5%
had high risk, and these results were similar to our findings=.

The items of the FINDRISC scale and the distribution of students according to
these items were shown in Table 2. Since all the students were under the age
of 45, they received 0 points from this item. Only 2.1% of the students had a
BMI above 30 and 3.3% had higher waist circumference than reference values
and got 3 points in these categories (see Table 1 for the FINDRISC category
distribution of students).

Table 2. Distribution of FINDRISC Type 2 Diabetes Risk Factors (n=716)

FINDRISC Number Percent

Variables Category Scores () (%)
Age <45 0 716 100
No 0 289 40.4
Family history of diabetes Yes, 1stdegree relative 3 303 423
Yes, 2" degree relative 5 124 17.3
Female Male
I <80 <94 0 614 85.8
Waist Circumference (cm) 80-88 94-102 3 78 109
>88 >102 4 24 3.3
. . Yes 0 678 94.7
30 minutes exercise per day No 9 38 53
Daily consumption of Yes 0 364 50.8
vegetables and fruits No 1 352 49.2
Use of blood pressure No 0 695 97.1
medication Yes 2 21 2.9
. . No 0 669 93.4
History of high blood glucose Yes 5 47 6.6
<25 0 628 87.7
BMI 25-30 1 73 10.2
>30 3 15 2.1

According to the data obtained by comparing the anthropometric measure-
ments and the FINDRISC scores presented in Table 3; statistically significant
differences were found between T2DM risk scores and waist circumference of
both female students’ (p<0.001) and male students’ (p=0.01). It was observed
that students with a BMI value of 30 and above had statistically higher FIND-
RISC scores (p<0.001).

Table 3. Comparison of anthropometric measurements and FINDRISC Type 2 Diabetes Risk
Scores (n=716)

Variables FINDRISC Score (MeanzSD) Statistics* Post Hoc**
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Waist Circumference of Females (cm)

<80 3.07+2.39* F=198.03 p<0.001
80-88 6.03£3.73° c>b>a
>88 9.26+4.00°
Waist Circumference of Males (cm)
<94 3.5742.92¢ F=6.586  p=0.010
94-102 9.92+4.38 b>a
>102 11.60+2.07¢
Waist/Hip Ratio of Females
<0.85 3.55+2.96 Z=-5.750  p<0.001
>0.85 6.62:4.10
Waist/Height Ratio F=109'6702>a p<D.001
<04 3.04£2.30 ba
0.4-<0.5 3.20+2.54°
0506 8531362 Zzg
>0.6 11.85+1.77¢

d>c
BMI F=101 .96C8>a p<0.001
Underweight (<18.5) 3.23+2.312 b
Normal (18.50-24.99) 314247 oh
Overweight (=25) 7.49+3.9%° ih
Obese (=30) 11.73+2.18¢ e

*Z= Mann Whitney U test, F= One-Way ANOVA test **PostHoc = Scheffe
Test, Tamhane’s T2

Recent studies on waist/height ratio emphasize that this ratio is a better meas-
ure for determining cardiometabolic risk and T2DM risk than BMI, waist cir-
cumference and waist/hip ratio®*#4. In this study, a statistically significant dif-
ference was found between the waist/height ratio of the students and their
diabetes risk scores. When the data obtained were evaluated, it was deter-
mined that when waist/height ratio were increased, the averages of FINDRISC
scores were also increased.

In Gezer’s study to determine the risk of diabetes with nursing students be-
tween the ages of 19-24, the rate of female students in the low-risk group for
T2DM was found to be 65.5%, while the rate of male students in the same risk
group was found to be 77.0%. In our study, no relationship was found be-
tween the gender of the students and their diabetes risk scores.

Shown in Table 4, the relationship between the general characteristics of the
participants and their HLBS II scores was examined. The average of health re-
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sponsibility sub-dimension was higher in female students whose waist circum-
ference was higher than 88 cm and the average score of interpersonal support
sub-dimension was higher in those with a waist circumference lower than 8o
cm (respectively, p=0.001; p=0.037). The average score of the physical activity
sub-dimension of the nursing students was higher than the other departments
(p=0.021) and nutrition and dietetics students’ average score for the nutrition
sub-dimension was higher than the other departments (p<0.001). Also, the
mean score of the nutrition sub-dimension of third grade students was found
to be statistically higher than other grades (p=0.042) (not shown in table).
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Table 5. Relationship between sub-dimensions of Healthy Living-Style Behaviors Scale and
FINDRISC Type 2 Diabetes Risk Assessment (n=716)

Health Physical Nutrition Self- Interpersonal  Stress Total
Responsibility  Activity actualization ~ Support  Management HLBS Il Score

r p r p r p r p r p r p r p

FINDRISC 0.015 0.680 -0.034 0.361 -0.078 0.037 -0.085 0.022 -0.061 0.103 -0.127 0.001 -0.087 0.020
Total Score

*Spearman Correlation test

The correlations between the sub-dimensions of HLBS II and FINDRISC
scores were shown in Table 5.

In a study conducted with only female university students, the score of physi-
cal activity of sub-dimension of HLBS II were found to be the lowest of all
sub-dimensions?. In another study, it was found that male university students’
physical activity and stress management sub-dimensions of HLBS II were sig-
nificantly higher than female students=. Similar to this study, we found the
physical activity sub-dimension scores of male university students statistical-
ly higher than the scores of female students.

In a study it was found that the average scores of self-actualization, physical
activity, nutrition, interpersonal support and total HLBS II scores of the group
with normal waist-to-height ratio (0.4-0.5) to be significantly higher than stu-
dents with waist-to-height ratio lower than 0.4%. Similarly in our study we
found that physical activity sub-dimension of HLBS II scores were statistically
higher in students with normal waist-to height ratio (0.4-0.6). While some
studies could not find any difference between the nutrition sub-dimension and
BMI527, Alkan et al. found that students with normal BMI had higher scores in
nutrition sub-dimension than underweight students?s. In our study we found
that nutrition sub-dimension score was significantly higher in students that
were in the normal and overweight BMI range.

In current study, statistically significant differences were found between the
mothers’ educational status of the students and the health responsibility, nutri-
tion, self-actualization and interpersonal support. Also, statistically significant
differences were found between the fathers’ educational status of the students
and the sub-dimension of HLBS II; nutrition, interpersonal support and total
score of HLBS II. In a study conducted in Mexico, it was observed that as the
mothers’ educational level increased, the mean scores in nutrition, physical ac-
tivity, stress management, interpersonal support subscales and the total score
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of HLBS II increased significantly?®. In the study of Tugut and Bekar, when the
health perception and healthy lifestyle behaviors of university students were
examined, it was seen that educational status of mothers and fathers was ef-
fective in terms of health perception on university students®. These results
support our findings.

In similar studies it was stated that students mostly had three main meals3®3,
In the study conducted by Mazicioglu and Oztiirk with third and fourth grades
of university students, it was found that 48.9% consumed three meals a day,
24.8% consumed less than three meals and 26.1% consumed more than three
meals a days32. In our study, 51.96% of the students had three main meals, while
47.49% had less than 3 meals and 0.55% had more than 3 meals a day. Signifi-
cant differences were found between students’ main meal consumption status
and subscales of HLBS II; health responsibility, nutrition, self-actualization,
interpersonal support and total HLBS II scores. Accordingly, it was seen that
the average HLBS II score of those who consume more than 3 meals is higher
than those who consume 3 meals or less. The reason of majority of the students
participating in this study consuming 3 or more meals may be due to the fact
that the study was conducted in the faculty of health sciences and the aware-
ness on this issue was high.

In our study, statistically significant differences were found between students’
medical check-up status and HLBS II sub-dimensions; health responsibility,
physical activity, nutrition, self-actualization, interpersonal support, stress
management and HLBS II total score. Accordingly, the average HLBS II score
of the students who had medical check-ups was found to be higher than the
students who did not. In the study conducted by Cihangiroglu and Deveci
with health school students, it was determined that as the students’ evaluation
of their health status increased in the “good” direction, the total score of the
HLBS II scale and the mean scores of health responsibility, physical activity
and stress management also increased®. Similarly, in the study of Ayaz and
colleagues, it was reported that there was a positive significant relationship
between the importance of health and self-actualization, nutrition, stress man-
agement and HLBS II scale scores3s. The students’ fulfillment of these atti-
tudes and behaviors and their high scores suggested that they care about their
health, taking responsibility for their own care, monitoring their own health,
having regular medical check-ups, paying attention to the frequency and order
of medical controls, and their behaviors in maintaining and improving health
were sufficient.
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The fact that the study was conducted in a single university and the female gen-
der was very high compared to the males can be shown among the limitations
of the study. In addition, since the health awareness of the students studying
in health-related departments is high, it is necessary to conduct similar studies
with students from other departments.

In conclusion, this student-based study has various results that healthy living-
style behaviors have an important impact on the risk of type 2 diabetes mel-
litus. Students’ BMIs, waist/height ratio, waist to hip ratio, waist circumfer-
ences have effects on their FINDRISC scores. Also, genders, the educational
levels of parents, numbers of main meals and getting medical check-ups affect
their HLBS II scores. Moreover, the sub-dimensions of HLBS II (especially,
nutrition, self-actualization, and stress management) can affect the FINDRISC
total scores. When all our findings are considered together, the risk of devel-
oping T2DM may be low but still present in the students of health sciences,
especially in terms of anthropometric measurements and socio-demographic
characteristics.
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ABSTRACT

This study aimed to evaluate the charge variant profile of antibody-tomaymy-
cin conjugates using an imaged capillary isoelectric focusing method (icIEF).
Two unconjugated antibodies were examined, along with two conjugation
methods involving cleavable and non-cleavable linkers. The cleavable linker
contained one amine group. mAb-1 demonstrated greater homogeneity with a
single main peak at a pI of 8.5, whereas mAb-2 exhibited two main peaks at pI
values of 8.95 and 9.00. Conjugation with tomaymycin molecules resulted in
an increased charge heterogeneity of both cleavable and non-cleavable conju-
gates. The non-cleavable conjugates displayed a higher number of additional
acidic variants (pI range: 7.4 to 8.4 for mAb-1 and 8.2 to 8.9 for mAb-2) com-
pared to the cleavable conjugates (pI range: 7.8 to 8.4 for mAb-1 and 8.4 to 8.9
for mAb-2). The linker nature had a lesser influence on the charge heteroge-
neity of the antibody-tomaymycin conjugates compared to the nature of the
unconjugated antibody.

Keywords: antibody, charge isoforms, conjugates, linker

INTRODUCTION

Monoclonal antibodies (mAbs) constitute a very important therapeutic class
developed to treat various diseases, including cancer'. Conjugation of antibod-
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ies with chemotherapeutic drugs has been extensively studied to improve their
antitumor activity®>+. To date, the FDA has approved twelve antibody drug con-
jugates (ADCs) for marketings.

ADCs are composed of cytotoxic drugs covalently attached to monoclonal anti-
bodies via a chemical linker. The conjugation process of drug molecules often
involves cysteine (Cys) and lysine (Lys) residues on the monoclonal antibod-
ies®.

The choice of chemical linkers plays a critical role in determining the efficacy
of investigated ADCs59. The linkers must ensure the chemical stability of the
ADC in the bloodstream and facilitate the rapid release of cytotoxic agents to
target cells. ADC linkers in ADCs can be classified into two groups: cleavable
and non-cleavable linkers5®. Over 80% of approved ADCs employ cleavable
linkers®.

Cleavable linkers efficiently release the active agents from ADCs within tar-
geted cells through chemical mechanisms such as pH changes and redox reac-
tions (hydrazone or disulfide bonds) or enzymatic activity (peptide-based or
phosphate-based linkers)”. Non-cleavable linkers (thioether and maleimido-
caproyl) are chemically and enzymatically stable”.

The physicochemical properties of ADCs significantly influence their therapeu-
tic effectiveness, emphasizing the importance of evaluating ADC homogeneity.
Homogeneous drug conjugation is crucial for producing effective anticancer
ADCs®", Therefore, assessing the charge heterogeneity of ADCs using relevant
methods is essential4.

Monitoring the charge variants forms of mAbs or ADCs provides valuable in-
formation on protein stability, batch to batch purity, degradation pathways,
and more. Various chromatographic and electrophoretic methods have been
employed to evaluate the charge variant profile of ADCs®%°, Whole-column
imaging-detection capillary isoelectric focusing (icIEF) have been utilized for
monitoring the charge heterogeneity of mAbs and ADCs due to its advantages
such as higher resolution, speed, and quantitative analysis2°-.

Tomaymycin is an anti-cancer antibiotic produced by Streptomyces achro-
mogenes??. In this study, tomaymycin molecules were linked to two mono-
clonal antibodies through non-cleavable or cleavable linkers. The objective of
this work was to study the impact of the nature of the antibody and the linker
on the charge distribution profile of the tomaymycin conjugates using icIEF
method developed in another study?s.
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METHODOLOGY
Chemicals

The ICE280 chemical test kit, ICE280 electrolyte solution Kit, 1% and 0.5%
methylcellulose, and pI markers (6.61, 7.05, 8.18 and 9.5) were obtained from
Convergent Bioscience. The Pharmalyte solutions (3-10 and 8-10.5) were ob-
tained from GE Healthcare. Urea, sucrose, histidine, and phosphoric acid were
purchased from Sigma.

mAbs and ADCs

Two monoclonal antibodies, namely mAb-1 (anti-EphA2) and mAb-2 (anti-
CD19), were investigated in this study. The naked antibody solutions of both
mAbs were prepared in a phosphate buffer at a pH of 6.5 with an approximate
concentration of 10mg/mL.

The two mAbs were conjugated to tomaymycin molecules via two types of
linkers: cleavable and non-cleavable linker. These ADCs were formulated in a
buffer containing 10mM histidine, 10% sucrose, and N-methyl-2-pyrrolidone
(NMPs%) at a pH of 6.5 with an concentration of approximately 2mg/mL.

Sample preparation

The protein sample was prepared by diluting to the desired final concentration
in a solution containing 0.35% methylcellulose, 4% pharmalytes (3—10) and
pharmalytes (8—10.5) in a 1:1 ratio, 2M urea and pI markers (6.61, 8.81, 7.05,
and 9.5 Following the preparation, the sample was centrifuged at 6000rpm for
3minutes to remove any precipitates. Subsequently, the clarified sample was
transferred to a glass autosampler vial and centrifuged again to eliminate any
remaining bubbles. Finally, the prepared sample was placed in the autosam-
pler carousel for subsequent analysis.

icIEF instrument

The icIEF analysis was performed using an iCE280 instrument equipped with
a PrinCE autosampler, manufactured by Convergent Bioscience. The capillary
column utilized in the analysis had dimensions of 5o0mm length, 100um in-
ner diameter (ID), and 200um outer diameter (OD). This transparent capillary
column was embedded into a glass cartridge, and its inner surface was coated
with a fluorocarbon material to minimize electroosmotic flow. For the analysis
of both the ADCs and mAbs, a cathodic solution consisting of 100mM NaOH
and 0.1% methylcellulose, as well as an anodic solution containing 8omM
H,PO, and 0.1% methylcellulose, were employed. The protein focusing time
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was carried out for either 7 or 1ominutes at a voltage of 3000V. Detection of
the focused proteins was achieved using a CCD camera operating at a wave-
length of 280onm.

RESULTS and DISCUSSION

mAbs are protein molecules that often exhibit a significant level of charge het-
erogeneity. This heterogeneity can arise from modifications that occur during
various stages from production to storages. Characterizing the charge variant
profile of therapeutic mAbs is crucial for ensuring purity and batch-to-batch
consistency" 4.

In this study, two specific monoclonal antibodies were investigated: mAb-1,
an anti-CD19 antibody targeting the CD19 cell surface antigen, and mAb-2, an
anti-EphA2 antibody designed to recognize and bind to EphA2.

The charge heterogeneity profiles of these mAbs were analyzed using icIEF,
and the results are presented in (Figure 1). It was observed that mAb-1 exhib-
ited greater homogeneity and had a more acidic nature compared to mAb-2.
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Figure 1. Analysis of unconjugated antibodies by iclEF: (A) mAb-1 and (B) mAb-2.
Experimental conditions; final concentration 0.2 mg/mL in 0.35% methyl cellulose, 2% 3-10
pharmalytes and 2% 8-10.5 pharmalytes (1:1 ratio) and 2M urea. pl markers: 6.61, 8.18, 9.50.
Focusing time: 7min at 3000 V. Detection I: 280 nm.
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Table 1 provides further details regarding the charge variants of the two mAbs.
For mAb-1, a single main peak corresponding to a specific charge variant with
a pI value of 8.5 was observed, accounting for 85% of the total. On the other
hand, mAb-2 displayed two distinct charge variants, with pI values of 9.00
(60%) and 8.95 (30%). The presence of the more acidic charge variant in mAb-
2 (pI 8.95) suggests the possibility of deamidation occurring at one or two as-
paragine (Asn) residues, leading to a shift in the pI value compared to the main
charge variant (pI 9.00)%4. This observation aligns with previous studies that
have reported similar pI values for charge variants of anti-EphA2 mAbs, albeit
with higher percentages (9.0 at 64% and 8.9 at 36%)*.

Table 1. Charge variant profile of unconjugated antibodies (mAb-1 and mAb-2), including
charge variant number, p/range, A p/, And % Area of major species.

Unconjugated Charge variant p/and % Area of
antibody Number p/range Apl major species
mAb-1 3 8.3-8.6 0.3 8.5: 85%
mAb-2 4 8.9-9.1 0.2 8.95: 30%, 9.00: 60%

Overall, both mAbs exhibited an acceptable level of charge homogeneity, and
the observed degree of charge heterogeneity is consistent with what is typically
observed in therapeutic monoclonal antibodies in previous studies® 1192527,

Antibody-tomaymycin conjugate charge profile

Two monoclonal antibodies (mAb-1 and mAb-2) that were characterized using
icIEF were conjugated to tomaymycin molecules using either non-cleavable or
cleavable linkers. The effects of the linker type on the charge variant profile of
the resulting ADCs were evaluated using the icIEF method.

Cleavable conjugates

The tomaymycin molecules were conjugated to the amino groups of the mAb
Lys residues using an optimized cleavable linker that contained a hindered
disulfide bond (Figure 2). Conjugating the Lys residues of the mAb can re-
duce the solubility of the mAb conjugates due to the decreased net charge of
the resulting conjugate'+. To improve the solubility of the resulting ADCs, the
cleavable linker incorporates an amino group. This amino group is expected to
introduce additional positive charges to the antibody-tomaymycin conjugates
and potentially alter their charge profile. The charge variant profiles of the
cleavable antibody-tomaymycin conjugates are depicted in (Figure 3).
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Figure 2. Chemical structure of tomaymycin molecules conjugated to mAbs Lys residues
through cleavable linker. The cleavable linker contains a hindered disulfide bond and an amine
group.
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Figure 3. Analysis using iclEF of (a) cleavable mAb-1 tomaymycin conjugate, (b) cleavable
mAb-2 tomaymycin conjugate. Experimental conditions; final concentration 0.5 mg/mL in
0.35% methyl cellulose, 3—10 pharmalytes (2%) and 8—10.5 pharmalytes (2%) in 1:1 ratio and
2M urea. pl markers: 6.61, 7. 05, 9.50. Focusing time: 10 min at 3000 V. Detection I: 280 nm.
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As anticipated, the cleavable antibody-tomaymycin conjugates exhibited
greater heterogeneity compared to the corresponding unconjugated antibod-
ies''. While the unconjugated antibodies had a narrow pI range (Apl: 0.2 for
mAb-1 and ApI: 0.3 for mAb-2) (Table 1), the cleavable antibody-tomaymy-
cin conjugates displayed a wider pI range (Apl: approximately 0.5) and the
same number of charge variants (7) (Table 2). This charge heterogeneity in the
ADCs is due to the covalent binding of the tomaymycin-linker to the free amino
groups of the mAb Lys residues. Typically, mAbs contain up to 80 Lys resi-
dues®, resulting in a heterogeneous mixture of unconjugated mAbs and mAbs
conjugated with varying numbers of drugs in random combinations at differ-
ent sites on the antibodies®”.

Table 2. Charge variant profiles of cleavable tomaymycin conjugated mAb-1 and mAb-2,
including charge variant number, p/ range, A p/, and % area of major species

cleavahle Charge
tomaymycin variant p/range Apl p/and % Area of major species
conjugates Number
mAb-1 7 7.8-8.4 0.6 8.1: 21%, 8.2: 22%, 8.3: 18%, 8.4: 6%
mAb-2 7 8.4-8.9 0.5 8.5:21%, 8.6:21%, 8.75: 13%, 8.8: 4.8%

The cleavable antibody-tomaymycin conjugates exhibited increased acidity (pI
range for tomaymycin-conjugated mAb-1: 7.8 to 8.4 and mAb-2: 8.4 to 8.9)
compared to their unconjugated counterparts (pI range for mAb-1: 8.3 to 8.6
and mAb-2: 8.9 to 9.1). The decrease in the pI range of the cleavable ADCs is
attributed to the reduction in positive charges when the tomaymycin-linker is
attached to the mAb Lys residues. The number of Lys amino groups conjugated
to the tomaymycin-linker affects the pI values of the resulting charge variants,
with an increase in modified amino groups leading to more acidic variants.
Previous studies have demonstrated that chemical conjugation of mAbs with
various drugs using Lys residues can alter the electrostatic properties of the
mAD surface and decrease the pI values' 325,

The findings regarding the charge variant profiles of the investigated cleav-
able ADCs align with previous study on cleavable maytansinoid antibody con-
jugates, which exhibited higher heterogeneity and acidity compared to the
unconjugated monoclonal antibodies®. Similar observations were made by
Baylon et al., where the chemical conjugation of IgG1 Fc with Alexa Fluor 350
via Lys residues resulted in a decrease in the pI of the conjugated species com-
pared to the unconjugated species®.
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The pI values of the charge variants in the cleavable mAb-1-tomaymycin con-
jugates were lower than those in the cleavable mAb-2-tomaymycin conju-
gates. This can be attributed to the fact that mAb-1 is inherently more acidic
than mAb-2. Consequently, the pI values of the charge variants in the mAb-
1-tomaymycin conjugates shifted towards lower values compared to the charge
variants in the mAb-2-tomaymycin conjugates.

Evaluating the level of unconjugated antibodies in the ADC conjugates is cru-
cial, as residual unconjugated antibody can directly impact the efficacy of the
ADC"3°, Table 2 demonstrates that the percentage of charge isoforms corre-
sponding to unconjugated antibodies was approximately 0% in the ADC, indi-
cating the successful conjugation process of the mAb with tomaymycin.

Non-cleavable conjugates

The tomaymycin molecules were conjugated to the amino groups of Lys (Lys)
residues in the two monoclonal antibodies under investigation using non-
cleavable linkers, as depicted in (Figure 4). The charge heterogeneity profiles
of the non-cleavable tomaymycin-conjugated antibodies are presented in (Fig-
ure 5). Detailed information on the charge profiles of the non-cleavable mono-
clonal antibody tomaymycin conjugates, including the number of isoforms, pI
range, Apl, and pI and % area of major species, can be found in (Table 3).

| )
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Figure 4. Chemical structure of tomaymycin molecules conjugated to mAbs Lys residues
through non-cleavable linker.
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Figure 5. Analysis using iclEF of (a) non-cleavable tomaymycin mAb-1 conjugate, (b)
noncleavable tomaymycin mAb-2 conjugate. Experimental conditions; final concentration 0.5
mg/mL in 0.35% methyl cellulose, 2% 3-10 pharmalyte and 2% 8-10.5 pharmalyte in 1:1 ratio
and 2M urea. p/ markers: 6.61, 7.05, 9.50. Focusing time 10 min at 3000 V. Detection I: 280 nm.

Table 3. Charge variant profiles of non-cleavable tomaymycin conjugated mAb-1 and mAb-2,
including charge variant number, p/ range, A p/, And % Area of major species

Non-cleavable Charge
tomaymycin variant | plrange | Ap/ p/and % area of major species
conjugate number
mAb-1 9 7.4-8.4 1 8.1: 27%, 8.2: 27%, 8.3: 17%, 8.4: 10%
mAb-2 8 82-89 | 07 8.6:20%, 8.7: 22%, 8.8:17%, 8.9: 7.5%

Similarly for the cleavable tomaymycin conjugated antibodies, it was observed
that the non-cleavable conjugates exhibited greater heterogeneity and acidity
compared to their corresponding unconjugated antibodies. The pI ranges for
the mAb-1 and mAb-2 tomaymycin conjugates with non-cleavable linkers were
7.4 10 8.4 (ApI: 1) and 8.2 to 8.9 (ApI: 0.7), respectively. The increase in charge
heterogeneity of the non-cleavable conjugates (wide ApI) and the decrease of
the isoforms pI values was were attributed to the number of drugs attached
to the free amino groups of Lys residues in the antibodies. The percentage of
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charge isoforms corresponding to the naked antibodies was approximately 0%
for non-cleavable conjugates.

Comparison of charge profiles of cleavable and non-cleavable
conjugates

When comparing the charge profiles of cleavable and non-cleavable conju-
gates, it was observed that the non-cleavable mAb-1 tomaymycin conjugates
exhibited higher heterogeneity (ApI: 1) compared to the cleavable conjugates
(ApI: 0.6), while the non-cleavable mAb-2 conjugates showed a slight increase
in charge heterogeneity (ApIl: 0.6) compared to the cleavable conjugates (AplI:
0.5).

The number of charge variants was higher for the non-cleavable conjugates (9
for mAb-1 and 8 for mAb-2) compared to the cleavable conjugates (77 for both
mADb-1 and mAb-2).

The non-cleavable conjugates exhibited additional acidic variants (pI range:
7.4 to 8.4 for mAb-1 conjugates and 8.2 to 8.9 for mAb-2 conjugates) com-
pared to the cleavable conjugates (pI range: 7.8 to 8.4 for mAb-1 conjugates
and 8.4 to 8.9 for mAb-2 conjugates). These additional acidic isoforms sug-
gested an increase in the number of drug-linker attached to the amino groups
of Lys residues. Similar findings were reported by Lin et al., where the icIEF
charge profile of mAb-DM4 conjugates exhibited a shift in pI values towards
acidic values due to an increase in the number of conjugated DM4 molecules3.

As mentioned earlier, the cleavable linker contained a basic group (amino
group). Previous studies by Stan et al. indicated that conjugation of drugs to
mAb carbohydrates did not affect the protein charge, but when the drug-linker
possessed a charge, there was a change in the pI values of the resulting con-
jugates®2. Therefore, it was expected that the additional amino groups in the
cleavable linker would increase the pI of the charge variants in the cleavable
conjugates. Interestingly, the percentages of the most basic species (pI 8.4 for
mAb-1 and pI 8.9 for mAb-2 conjugates) were higher for the non-cleavable
conjugates compared to the cleavable conjugates. These results indicate that
the additional amino group in the cleavable linker did not significantly impact
the pI of the charge variants in the conjugates.

Two monoclonal antibodies, designated as mAb-1 and mAb-2, were conjugated
to tomaymycin molecules through either a non-cleavable or cleavable linker.
The results obtained from icIEF demonstrated that mAb-1 exhibited greater
homogeneity compared to mAb-2. Conjugation process led to a decrease in the
pI values and an increase in charge heterogeneity of the tomaymycin-antibody
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conjugate when compared to the unconjugated antibody. The impact of the un-
conjugated antibody’s characteristics on the pI isoform profile of the antibody-
drug conjugate (ADC) appears to be more significant than the nature of the
linker (cleavable vs non-cleavable).
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