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Aims and Scope of Acta Pharmaceutica Sciencia

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

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

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

Yours Faithfully

Prof. Dr. Gülden Zehra OMURTAG
Editor
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INSTRUCTIONS FOR AUTHORS

Manuscripts must be prepared using the manuscript template.

Manuscripts should contain the following elements in the following order:

Title Page

Abstract

Keywords

Introduction (without author names and affiliations)

Methodology

Results and Discussion

Statement of Ethics

Conflict of Interest Statement

Author Contributions

Funding Sources (optional)

Acknowledgments (optional)

References

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

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

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

Keywords: Max. 5

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

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

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

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

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

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

1. Scope and Editorial Policy

1.1 Scope of the Journal

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

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

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

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

1.2 Manuscript Categories

Manuscripts can be submitted as Research Articles.

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

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

1.4 Patents and Intellectual Property

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

1.5 Professional Ethics

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

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

1.5.1 Author Consent 

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

1.5.2 Plagiarism 

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

1.5.3 Use of Human or Animal Subjects 

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

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

1.6 Issue Frequency

The Journal publishes 4 issues per year.

2. Preparing the Manuscript

2.1 General Considerations

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

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

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

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

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

2.1.2 Nomenclature 

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

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

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

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

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

2.1.3 Compound Code Numbers

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

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

• Once in the abstract.

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

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

2.1.4 Trademark Names 

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

2.1.5 Interference Compounds 

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

2.2 Manuscript Organization

2.2.1 Title Page

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

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

2.2.2 Abstract and Keywords 

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

Keywords: instructions for authors, template, journal

2.2.3 Introduction 

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

2.2.4 Methodology

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

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

2.2.5 Results and Discussion 

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

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

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

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

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

Examples

For printed articles 

• Article with 1-6 authors: 

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

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

• Article with more than 6 authors: 

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

For electronic journal articles

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



XVActa Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

For books and book chapters 

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

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

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

2.2.8 Tables

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

2.2.9 Figures, Schemes/Structures, and Charts

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

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

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

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

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

- Black & White line art: 1200 dpi

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

- Color art (RGB color mode): 300 dpi

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

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

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

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

2.2.10 Image Manipulation

Images should be free from misleading manipulation. Images included in an 
account of research performed or in the data collection as part of the research 
require an accurate description of how the images were generated and pro-
duced. Apply digital processing uniformly to images, with both samples and 



XVIIActa Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

controls. Cropping must be reported in the figure legend. For gels and blots, 
use of positive and negative controls is highly recommended. Avoid high con-
trast settings to avoid overexposure of gels and blots. For microscopy, apply 
color adjustment to entire image and note in the legend. When necessary, au-
thors should include a section on equipment and settings to describe all image 
acquisition tools, techniques and settings, and software used. All final images 
must have resolutions of 300 dpi or higher. Authors should retain unprocessed 
data in the event that the editors request them. 

2.3 Specialized Data

2.3.1 Biological Data 

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

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

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

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

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

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

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

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

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

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

2.3.3 Confirmation of Structure 

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

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

3. Submitting the Manuscript

3.1 Communication and Log in to Author’s Module 

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

3.2 Registration to System 

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

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

3.3 Submitting a New Article 

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

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

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

3.3.2 Institutions Authors should give their institutional information during 
submission.

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

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

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

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

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

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

3.4 Adding Article

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

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

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

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

This page is the last step of the transaction which ensures that entered infor-
mation is controlled.
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3.4.1 Your Files After adding the article you may find all information related 
to article under Your Files window.

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

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

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

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

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

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

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

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

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

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

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

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

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

3.5 Article Review Process

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

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

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

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

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

Istanbul Medipol University, School of Medicine, Department of Medical History and Ethics, Istanbul, Türkiye

Coffee, which ranks first in the world as a beverage, is a medicinal plant with im-
portant effects. As it is known, coffee is the fruit seed of a tree from the Coffea 
genus of the Rubiaceae family, which grows in tropical hot climates.

The emergence of coffee worldwide and its use by the masses began in Yemen in 
the 1450s. Common ideas of historians who study the history of coffee based on the 
documents of that time; Coffee was known by religious Sufi groups in Yemen since 
the 15th century and was drunk due to its “stimulating” effect. In addition, when 
it was realized that it gave lightness and vigor to the body and eliminated lethargy 
and laziness, it became frequently consumed in Hejaz, Egypt, and Damascus in 
twenty years.

The Ottoman Empire ruled these geographies at that time. Those who went on pil-
grimage brought the coffee in these lands to Ottoman cities and made them popu-
lar. Due to demand, coffee was brought to Istanbul by ships and sold by merchants. 
In the 1555s, two coffeehouses were opened in Tahtakale, Istanbul, and as their 
customers increased, many coffeehouses were established in other neighborhoods.

Europe became familiar with coffee from the Ottomans in the 17th century. The 
first coffeehouse was opened in Venice in 1615, and soon coffeehouses were opened 
in Marseille, London, Vienna and Paris, and coffee became a sought-after beverage 
in a short time.

When coffee began to be loved and consumed widely by the Ottomans, questions 
began to be asked whether this new drink was harmful to the body and, if so, what 
it was. Of course, the doctors of the time had to answer these questions.

Since coffee was a new drink, there was no information in the medical books of the 
time. Ömer Eş-Şâzelî, one of the Islamic physicians, stated that it is a cure for every 
ailment, like Zamzam, and that it works for whatever purpose it is consumed, in 
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1418. Although Şihabeddin et-Tanbedavi said that coffee has no intoxicating prop-
erties, it has relaxing and reinforcing properties; Ottoman physicians had to say 
the last word.

The most comprehensive report on this subject was written by al-Kusuni, the chief 
physician of Suleiman the Magnificent, in 1566; “I have not found any information 
about coffee in any of the medical books I have read or seen. What I will say now 
is based on my own experience”. He and other physicians summarized the benefits 
of coffee as follows; its biggest benefit is that it is stimulant, promotes vigor and 
comfort to the body, relieves anxiety, and please the heart. Due to its drying effect, 
it dries the moisture in the body, such as cold and sputum, and removes excess 
moisture from the stomach. It treats diseases caused by excess blood and sputum 
fluids. It prevents excess fluid accumulated in the body from going bad, dries it, 
strengthens the stomach, and increases urination. It releases the intestinal gases, 
prevents vomiting, moderates the temperament, increases blood flow, increases 
appetite and facilitates digestion.

But one thing that was well known was not to overdo it in drinking coffee. Ottoman 
physicians drew attention to two things; Do not roast the coffee too much and drink 
the appropriate amount.

Ottoman physicians wrote that coffee had also harmful effects due to its medici-
nal properties and this problem could be solved with some precautions, in their 
medical books. According to the medical rules of the time, each medicinal plant had 
“hot, cold, dry, moist” properties, and its harmful effects were corrected by balanc-
ing its dominant feature with its opposite. On this basis, coffee had a “cold and dry” 
feature. For this reason, some measures had to be taken to balance this effect.

They reported that the “dry” feature of coffee could be balanced with a glass of wa-
ter, and the “cold” feature could be balanced by eating a piece of sugary food with 
it. This situation was explained in medical books as follows; A person who wants 
to drink coffee should either eat dessert before or along with it, and add sugar or 
honey in it. A person who wants to drink coffee to feel fit, to get rid of laziness and 
for the other benefits mentioned earlier, should eat plenty of desserts and drink 
peanut oil or liquid oil. Thus, offering sugar and Turkish delight along with coffee 
became in line with the doctors’ regulations.

In response to a question about whether it is healthy to drink coffee immediately 
after a meal, chief physician Bedreddin el-Kûsûnî said that anything drunk during 
a meal disrupts the digestion of the food, and the best time to drink coffee is when 
the meal is complete and digestion begins.

This information functioned as rules followed by Ottoman society. Serving Turkish 
coffee with a glass of water and a piece of sugar, especially Turkish delight, became 
a tradition which shaped by the directives of Ottoman physicians. This tradition 
continues to this day.
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ABSTRACT

The COVID-19 pandemic has prompted researchers to look for novel com-
pounds with SARS-CoV-2 antiviral potential. Numerous studies have dem-
onstrated that natural compounds have potent antiviral properties. This re-
view suggests potential natural products and their isolates for treating human 
coronaviruses based on effective herbal treatments for coronavirus infections. 
Given the effects of human coronavirus strains, finding alternative isolated 
compounds from plants (like anthraquinones and coumarin) that could pre-
vent viral infection will aid in hastening the medication discovery process. It is 
known that anthraquinone derivatives have immune-stimulating, anti-inflam-
matory, and antiviral properties. Coumarin, a naturally occurring compound, 
is also a promising therapeutic candidate because of its solubility, stability, 
and low toxicity. These natural substances may interfere with target-specific 
proteins to stop viral replication in the host. Natural remedies not only stop 
viruses from attaching to the host body but also stop them from reproducing 
and strengthen the host’s immune system. 

Keywords: antiviral, human coronavirus, COVID-19, natural products,
protease
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INTRODUCTION

Coronaviruses (CoVs) are a family of viruses that can cause illness in humans 
and animals. They belong to the subfamily Coronavirinae in the family Coro-
naviridae, and they derive their name from their crown-like appearance when 
viewed under a microscope. The four coronavirus genera are α-, β-, γ-, and -δ, 
each contain a positive-sense single-stranded RNA genome1. Due to CoVs’ ten-
dency for mutation and recombination during replication, coronaviruses are 
more diverse than they otherwise could be. Human Coronaviruses (HCoVs) are 
recognized respiratory infections linked to a variety of respiratory outcomes. 
The emergence of Middle East respiratory syndrome coronavirus (MERS-CoV) 
in 2012 and severe acute respiratory syndrome coronavirus (SARS-CoV) in 
2002-2003 highlighted the significance of human coronaviruses and their po-
tential for high pathogenicity. These outbreaks prompted increased attention 
and research focused on understanding and mitigating the impact of HCoVs2,3.

The primary pharmacologically active targets of severe acute respiratory syn-
drome coronavirus (SARS-CoV-2) are 3-chymotrypsin-like protease (3CLpro), 
papain-like protease (PLpro), RNA-dependent RNA polymerase, and spike 
(S) proteins. There are currently no proven antiviral treatments or preven-
tative coronavirus vaccinations available4. However, several synthetic drugs 
have shown promise, such as hydroxychloroquine and chloroquine phos-
phate, which function by various mechanisms, including the alkalization of the 
phagolysosomes of the host cell5. Several more recent antiviral drugs are also 
promising, including lopinavir, remdesivir, and arbidol. Along with these, lopi-
navir/ritonavir, nucleoside analogs, neuraminidase inhibitors, and the peptide 
EK1 are also recommended as possible treatments6. 

To prevent coronavirus disease (COVID-19) infection, natural products, and 
herbal remedies are employed since they potentially impact medication dis-
covery7. Drug development for several illnesses is already based on plant, fun-
gal, and marine sources of natural compounds. These exhibit antiviral activity 
against human CoV-2, contributing to the creation of a high-quality medica-
tion for the treatment of COVID-19. These herbal remedies operate by prevent-
ing the S protein from interacting with the angiotensin-converting enzyme-2 
(ACE-2) receptors of host cells8. Many of these boost the immune system’s 
ability to fight the virus, inflammation, oxidative stress, and fibrosis caused by 
COVID-199.

To prioritize the screening of compounds against SARS-CoV-2 in the quest for 
innovative therapeutic candidates to treat or prevent COVID-19, a compre-
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hensive assessment of the antiviral activity attributed to well-known natural 
products is a helpful place to start10. The present study claims that the natural 
products anthraquinone and coumarin have strong anti-SARS-CoV-2 efficacy. 

METHODOLOGY

SARS-CoV and natural products

The SARS-CoV-2 family of enveloped RNA viruses infects people and causes 
severe pneumonia and life-threatening respiratory illnesses. The spike protein 
binds to ACE-2 receptors and facilitates the fusion of the virus and the host 
membrane, which allows the coronavirus (CoV) to enter host cells (pulmonary 
and bronchial epithelial cells)11,12,13,14. Viral variety and SARS-CoV capacity for 
fast mutation, even during an epidemic, have impeded the creation of potent 
antiviral medicines with a broad range of action. Therefore, it is crucial to cre-
ate antiviral medications that may either greatly lessen the signs and symp-
toms of SARS-CoV infection or safely and effectively prevent the transmission 
of SARS-CoV. It would be crucial to focus on creating straightforward, tiny 
molecules that are affordable to create and administer. Recently, numerous 
promising treatments against SARS-CoV-2 virus, including remdesivir, inflixi-
mab, and imatinib, have been discovered. Remdesivir has been approved for 
use in urgent situations and exhibits strong antiviral activity15,16. To stop the 
illness from spreading, finding new medication leads that are more generally 
effective against coronavirus is crucial.

Natural products may be used to treat COVID-19 by preventing some stages of 
the virus’ life cycle, such as C3en the virion binds to the appropriate receptor 
on the cell surface. Transmembrane protease serine 2 is a 3CLpro that is im-
portant for cleaving viral peptides into virulence-enhancing functional units. 
It can activate spike proteins and is involved in the infection of host cells by 
SARS-CoV-2. Because excessive soluble versions of the ACE-2 are implicated 
at this stage, utilizing ACE-2 inhibitors as a therapy option is a possibility3. 
Coronavirus replication-transcription complex enzymes involved in transcrip-
tion, translation, virion assembly, budding, and release include reverse tran-
scriptase and RNA-dependent RNA polymerase (RdRP). Many of the afore-
mentioned mechanisms have been observed for the action of natural coumarin 
compounds17. Therefore, it is expected that blocking the SARS CoV-2’s main 
protease, non-structural proteins (NSP10/NSP16) methyltransferase, phos-
phatase, and endoribonuclease by a possible inhibitor molecule may signifi-
cantly increase the coronavirus’s ability to develop and infect its host as shown 
in Figure 1.
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Figure 1. Overview of inhibition of human coronavirus protein

RESULTS and DISCUSSION

Anthraquinone against human coronavirus

Anthraquinone

Anthraquinones (AQs) are a class of chemicals derived from a variety of herbal 
remedies (Figure 2), including Senna species, that are used in both traditional 
Chinese medicine and the Ayurvedic medical system to treat a variety of infec-
tious and non-infectious disorders18. Additionally, anthraquinone derivatives 
have been linked to antiviral19, anti-inflammatory20, and immunological boost-
ing properties21. Therefore, it may be advantageous in the COVID-19 infection 
if the bioactive is shown to have anti-viral, anti-inflammatory, and immune-
stimulating characteristics. This may be proven using the idea of network 
pharmacology or a polypharmacological approach.

Figure 2. Structure of anthraquinone

Bioactives of anthraquinone 

About 700 compounds associated with AQs have been identified. 200 of these 
were extracted from plants, while the remaining were found in diverse marine 
and terrestrial sources like lichens, bacteria, fungi, marine invertebrates, and 
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sponges22. For instance, the most well-known and well-studied AQs, emodin, 
chrysophanol, and physcion, were found in marine fungi such as Aspergillus, 
Penicillium, and Microsporum sp., as well as in terrestrial sources (plant en-
dophytic fungi). Amrubicin, daunorubicin, diacerein, doxorubicin, epirubicin, 
idarubicin, mitoxantrone, and valrubicin are examples of commercially avail-
able medications that contain anthraquinone scaffold23.

Bioactive compounds of anthraquinone against human 
coronaviruses and their antiviral mechanism

Numerous investigations revealed that anthraquinones might be used to pre-
vent the entrance, replication, and release of numerous viruses, including cor-
onaviruses as shown in Table 1. Aloe-emodin, anthrarufin, alizarine, dantron, 
and emodin are some of the anthraquinones of R. emodi that have been shown 
to bind to SARS-CoV-2 in the active sites of the RNA binding domain of nu-
cleocapsid phosphoprotein using in silico studies. The compounds might be 
completely evaluated and released as possible therapeutic candidates to treat 
COVID-19 due to their ability to bind to all three active sites with binding ener-
gies ranging from -25.45 kcal/mol to -45.48 kcal/mol24.

Various research indicates that emodin exhibits significant antiviral activities 
against coxsackie B virus, herpes simplex viruses, hepatitis B virus, human 
cytomegalovirus, Japanese encephalitis virus, Cypridine herpesvirus 3 virus, 
influenza A virus, Zika virus, poliovirus, and several viral diseases. Therefore, 
it has been stated that emodin has antiviral properties that help to prevent or 
lessen SARS-CoV infection25. According to Hsiang and colleagues, emodin can 
prevent spike protein-pseudotyped retrovirus infectivity and SARS-CoV spike 
protein interactions with ACE-2 in Vero E6 cells26. Researchers also demon-
strated that emodin can prevent the release of SARS-CoV from infected cells 
as well as the 3A ion channel of the coronavirus27. Blind molecular docking ex-
periments revealed that certain naturally occurring antiviral anthraquinones 
could work well as COVID-19 main protease (Mpro) inhibitors because they 
bind close to the active site that contains the catalytic dyad HIS41 and CYS145 
through non-covalent forces28. 

Hepatitis B virus replication was suppressed by Rhein from Rheum palma-
tum ethanol extract29. Rhein is a promising therapeutic drug for the treatment 
of SARS-CoV-2 because it inhibits the interaction between the S protein and 
ACE-230. The S protein-ACE-2 interaction was reduced by pre-incubating rhein 
with biotinylated S protein. The influence of rhein on the activity of the human 
liver enzyme cathepsin B within endosomes is a crucial stage in SARS-CoV-2 
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infections, as described by Savarino et al. in 200731. It has been demonstrated 
that rhein is also capable of docking the spike proteins including PLpro, Mpro, 
and RdRP active sites. Rhein is favorable as a SARS-CoV-2 inhibitor as a result 
of all these discoveries. Furthermore, the scientists demonstrated that rhein 
from Polygonaceae had a minor suppression of the interaction of enzymes with 
S proteins30. Rhein has demonstrated its capacity to prevent several human 
coronaviruses (HCoV-229E, HCoV-OC43, and SARS-CoV-2) from infecting 
and replicating in research32. 

A powerful inhibitor of SARS-CoV-2 Mpro is the antitumoral valrubicin33. 
Our research revealed that valrubicin has a strong affinity for Mpro, PLpro, 
and RdRp, as well as for spike proteins, allowing us to hypothesize that val-
rubicin may be a viable inhibitor of SARS-CoV-2. It has been demonstrated 
that idarubicin has a multi-target anti-SARS-CoV-2 impact due to its ability to 
bind to spike proteins as well as Mpro, PLpro, and RdRp. Idarubicin showed 
a significant affinity for endoribonuclease34. According to Jin et al., daunoru-
bicin was claimed to be a possible SARS-CoV-2 Mpro inhibitor35. According to 
the current study, daunorubicin shows a strong affinity for PLpro, RdRp, and 
spike proteins. Doxorubicin, an anticancer medication with previous antiviral 
efficacy, might be employed to beat SARS-CoV-2 by elevating cellular methyl-
glyoxal content to virucidal levels36. Patients with COVID-19 may benefit from 
very brief therapy with doxorubicin that increases cellular MG. Human cyto-
megalovirus inhibition by emodin, rhein, and hypericin was reported17, and the 
antiviral activity of emodin, aloe-emodin, chrysophanol, physcion, and rhein, 
against the Japanese encephalitis virus, was also reported37. Aloe-emodin, 
emodin, and chrysophanol were also shown to inhibit the SARS-CoV 3CLpro38. 

With an IC50 value of 366 μM, aloe-emodin has been shown to have anti-viral 
properties against SARS-CoV-2 by reducing the cleavage activity of 3CLpro 
in a dose-dependent manner38. The results of docking research demonstrated 
that several anthraquinones and their derivatives like emodin 8-glucoside, 
and chrysophanol 8-O-D-glucoside may bind to SARS-CoV-2 proteins, includ-
ing the spike protein, papain-like protease, and 3CLpro. 1,3,6-trihydroxy-2-
methyl-9,10-anthraquinone-3-O-(6′-O-acetyl)—d-xylopyranosyl-(1->2)-d-
glucopyranoside and Torososide B were identified as the top hits39. The viral 
polypeptides are incorporated into the ubiquitin system by 3CLpro, which also 
interferes with the homeostatic action of functional proteins40, and was pri-
marily targeted by torososide B. Additionally, PLpro modifies the role of pro-
tein phosphatases 1A and 1B as replicase proteins to modify the viral life cycle, 
which is mostly blocked by torososide B41. 
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Similar to how ACE-2 serves as a receptor for spike proteins to enter the 
host cell, this process is primarily controlled by 1,3,6-trihydroxy-2-met-
hyl-9,10-anthraquinone-3-O-(6′-O-acetyl)—D-xylopyranosyl-(1->2)—D-
glucopyranoside42. These findings suggest the likelihood that COVID-19 will 
be resistant to the antiviral effects of anthraquinone derivatives.

Table 1. Anthraquinones involved in the inhibition of target proteins of coronavirus

Bioactive 
compounds Structure Source(s) Target 

Inhibitor References

Alizarine Rheum emodi

binds to SARS-CoV-2 in 
the RNA binding domain 

of the nucleocapsid 
phosphoprotein active 

sites

[24]

Aloe-emodin

Aloe vera,
Rheum emodi,

Rheum officinale,
Rheum palmatum

inhibits the SARS-CoV 
3CLpro [38]

Anthrarufin Rheum emodi

binds to SARS-CoV-2 in 
the RNA binding domain 

of the nucleocapsid 
phosphoprotein active 

sites.

[24]

Chrysophanol

Aloe vera,
Rheum emodi,

Rheum officinale,
Dianella longifolia

binds to SARS-CoV-2 
proteins, including 

3CLpro, PLpro and spike 
protein

[39]

Dantron Rheum emodi

binds to SARS-CoV-2 in 
the RNA binding domain 

of the nucleocapsid 
phosphoprotein active 

sites

[24]

Emodin

Aloe vera, Cassia 
occidentalis,

Cassia obtusifolia, Rheum 
palmatum,

Polygonum multiflorum, 
Rumex chalepensis, 

Scutellaria baicalensis

prevents SARS-CoV 
spike protein interactions 

with ACE-2
[26]
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Hypericin Hypericum perforatum
binds to the membrane 

envelope of SARS-CoV-2 
with a strong affinity [43]

Physcion Rheum officinale, 
Rheum palmatum

binds to SARS-CoV-2 
proteins [37]

Rhein Rheum officinale,
Rheum palmatum

reduces S protein-ACE-2 
interaction [30]

Torososide B Cassia torosa inhibits 3CLpro and 
PLpro

[39]

1,3,6-trihydroxy-
2-methyl-9,10-

anthraquinone-3-O-
(6’-O-acetyl)—D-
xylopyranosyl-(1 

2)—D-glucopyranoside

 Morinda citrifolia

prevents SARS-CoV 
spike protein interactions 

with spike protein and 
ACE-2 [39]

Coumarin against human coronavirus

Coumarin

The naturally occurring heterocyclic compounds known as coumarins (2H-
1-benzopyran-2-ones) are made up of fused benzene and pyrone rings (Fig-
ure 3). They are O-hydroxycinnamic acid lactone derivatives. The term “cou-
marou”, which is the French name for the tonka bean (Dipteryx odorata, 
Fabaceae), from which coumarin was initially isolated in 1820, served as the 
basis for the name coumarin44. A group of naturally occurring or artificially al-
tered chemicals of natural origin known as coumarin derivatives demonstrate 
a wide range of biological properties, including antibacterial, anticancer, anti-
oxidant, anti-HIV, and antiviral activities45,46,47,48. Given that coumarin deriva-
tives and pharmaceuticals share a similar structural makeup, it is reasonable 
to assume that this class of chemicals may also be active against SARS-CoV-2. 
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Figure 3. Structure of coumarin

Bioactives of coumarin

More than 1300 coumarins have been identified from a variety of natural sources, 
including fungi, bacteria, and plants. About 150 distinct plant species from over 
30 different families, including Asteraceae, Apiaceae, Caprifoliaceae, Calophyl-
laceae, Fabaceae, Guttiferae, Moraceae, Nyctaginaceae, Oleaceae, Rutaceae, and 
Thymelaeaceae, have been documented to contain coumarins49. The numerous 
plants contain coumarin and its derivatives, which are referred to as “natural cou-
marins”. Examples include floroselin, frutinone A, and rutamarin, which were 
derived from the respective plants Ruta graveolens, Polygal fruticose, and Seseli 
sessiliflorum50. Simple coumarins, furanocoumarins, pyranocoumarins, phenyl-
coumarins, and diocoumarins are the different types of natural coumarins.

Bioactive compounds of coumarin against human coronaviruses 
and their antiviral mechanism

The most highly recommended plant-derived drugs that may have consider-
able inhibitory effects on COVID-19’s primary protease were bergapten, hera-
clenin, heraclenol, imperatorin, oxypeucedanin, psoralen, and saxalin51. Nu-
merous studies have looked into how different classes of naturally occurring 
coumarin phytochemicals affect the activity of viral proteins like protease, in-
tegrase, reverse transcriptase, and DNA polymerase, as well as how they affect 
the blocking of viral entry against a variety of human viruses like the influenza 
virus, human immunodeficiency virus, herpes simplex virus, and hepatitis B 
and C52. Researchers have demonstrated the in silico screening of coumarin 
derivatives against methyltransferase NSP10/NSP16, protease, ADP-ribose of 
phosphatase NSP3, and NSP15 endonuclease of SARS-CoV-253.

The findings demonstrated the identification of eight compounds from cou-
marin phytochemicals (licopyranocoumarin, glycycoumarin, inophyllum, ox-
ypeucedanin hydrate, mesuol, and wedelolactone) with a significant inhibitory 
potential against the SARS coronavirus. All of these drugs docked at the active 
site and interacted with 3CLpro proteins catalytic dyad (Cys-His) in a manner 
reminiscent of ritonavir and lopinavir54.
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Bavacoumestan A (C-97) and 6-O-D-Glucopyranosyl-5-hydroxyangelicin (C-
88) were two of the substances with the highest docking scores in the main 
protease active site. Daphnorin (C-49) and glycycoumarin (AV-29), which 
were tested against methyl transferase, produced the best results. In compari-
son to other studied compounds, daphnorin has good effects when docked in 
the active site of RBD-COV-2-S proteins. Finally, the most effective coumarin 
was inophyllum G2 (AV-35) against human ACE-255. 

To compare the binding scores of 17 coumarin derivatives with those of the 
model inhibitors like favipiravir, warfarin, hydroxychloroquine, and remdesiv-
ir, molecular docking studies were performed against MPro, Spike with ACE-2, 
NSP12 with RNA, NSP15, and NSP16. All receptors were found to be sensitive 
to the coumarin series; however, NSP12 or NSP12/RNA received the highest 
ratings56.

All three of the developed derivatives of hymecromone, psoralen, and phen-
procoumon showed strong interactions and high binding affinities with the 
drug target. The high binding attractions were caused by the compound’s -OH 
groups, His41, a catalytic dyad in Mpro, and the quantity and distance of hy-
drogen bond interactions with the SARS-CoV-2 targets57. Aerial portions of 
Artemisia glauca were used to extract a novel dicoumarin, jusan coumarin. 
Jusan coumarin and X77, the co-crystallized ligand of Mpro, showed a lot of 
similarities. Four ligand-based computational, molecular similarity, finger-
printing, Density Functional Theory (DFT,) studies, and pharmacophore stud-
ies were used to confirm the similarities. The molecular docking tests of jusan 
coumarin against Mpro demonstrated that it binds perfectly, with a binding 
energy of about -18.45 kcal/mol58.

 The primary viral protein 3-CLpro, was the target of in silico research that 
demonstrated the antiviral potential of coumarin and benzophenone deriva-
tives with favourable docking scores59. In a recent study, Singh and co-workers 
suggested benzophenone-coumarin derivatives (BCDs) as effective inhibitors 
of the SARS-CoV-2 virus’s major target RdRp, which is important in the repli-
cation of the viral genome60,61.

According to the findings of the molecular docking investigation, the binding 
affinities of the complexes L1 ((3-(1-((3-chlorophenyl)amino)ethylidene)-chro-
man-2,4-dione), L2 ((3-(1-((4-chlorophenyl)amino) ethylidene)-chroman-2,4-
dione), and L3 ((3-(1-(phenylamino)ethylidene)-chroman-2,4-dione)) and 
their corresponding palladium complexes were higher than those of chloro-
quine and cinanserin. All of the compounds were attached to the protein’s ac-
tive site near the His41-Cys145 catalytic dyad62.
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According to the molecular dynamics simulation results, coumarin-triazole-
thiophene hybrid4-(((4-ethyl-5-(thiophene-2-yl)-4H-1,2,4-triazol-3-yl)thio)
methyl)-6,7-dimethyl-2H-chromen-2-one forms stable complexes with PLpro, 
Mpro, and NSP3 (range 207-379-AMP and 207-379-MES)63.

Table 2. Coumarins involved in the inhibition of target proteins of coronavirus

Bioactive 
compounds Structure Source(s) Target 

Inhibitors References

Glycycoumarin Vegetable roots 

interacted catalytically 
with His41, and 

inhibited 3CLpro via 
hydrogen bonding 

with Cys44 and Asp48

[54]

Mesuol Stem Bark of Mesua 
borneensis L. inhibit the SARS-CoV 

CLPro

[54]

Wedelolactone

Eclipta alba 
(false daisy) 

and in Wedelia 
calendulacea

inhibit the SARS-CoV 
CLPro

[54]

Licopyrano
coumarin Glycyrrhiza 

uralensis
inhibit the SARS-CoV 

CLPro
[54]

6-O-D-
Glucopyranosyl-5-
hydroxyangelicin 

(C-88) Ficus ruficaulis inhibit the SARS-CoV 
MPro

[55]

Daphnorin (C-49) -
inhibit the SARS-CoV 

methyltransferase [55]
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Psoralen

Psoralea corylifolia 
seeds, celery, 
common fig, 

parsley, West Indian 
satinwood, and in all 

citrus fruits

inhibit the SARS-CoV 
MPro [57]

Benzophenone-
coumarin derivatives 

(BCDs) -

inhibit the SARS-CoV 
RdRp [60]

Jusan coumarin Artemisia glauca inhibit the SARS-CoV 
MPro [58]

The current study discusses the possibilities for treating COVID-19 and the 
role of natural compounds like anthraquinone and coumarin that have shown 
promise as anti-CoV medicines. To fully understand the underlying cellu-
lar and molecular mechanisms, however, extensive in vivo investigations on 
relevant animal models are required because various research regarding the 
antiviral effects of these drugs is still in the preliminary stages. There aren’t 
many pharmacokinetic studies on these compounds, but they ought to be done 
to develop a pharmacokinetic profile. Clinical trials are necessary to examine 
the effectiveness and security of their anti-CoV medications on human beings. 
More significantly, research should be done to examine any possible interac-
tions between available natural antivirals and anti-CoV effects.
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ABSTRACT 

Measles is an infectious disease caused by a virus of the genus Morbillivirus 
and is considered as global health problem. Several causes have been pos-
tulated that affect the success rate of vaccination, including benzo[a]pyrene 
exposure which widely distributed in air pollution. This study aims to evalu-
ate the effect of BaP exposure to mouse immunity after measles vaccination. 
Several immunological parameters observed in this study were the expres-
sion of CD4+TNF-α+, CD4+IFN-γ+, CD4+IFN-α+, CD8+IFN-α+, CD11b+IL17+, 
B220+CD25+, and the ratio of CD4+:B220+ from benzo[a]pyrene-exposured 
BALB/c mouse post-measles vaccination. Each sample was analyzed using a 
flow cytometry analysis. According to our findings, we found that benzo[a]
pyrene interferes several parameters of immune system in measles-vaccinat-
ed mice. These findings suggested that the pollutant compounds especially 
benzo[a]pyrene can suppress the success rate of vaccination. 
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INTRODUCTION

Measles is an infectious disease caused by a virus of the genus Morbillivirus. 
Initial infection with measles affects the respiratory and lymphatic systems. 
The measles virus replicates and enters the bloodstream1. Furthermore, the 
measles virus will then replicate and flow into the bloodstream. In the circula-
tion, viruses infect erythrocytes and leukocytes. Infected leukocytes diminish 
lymphocytes and exacerbate immunosuppression2. Measles also cause second-
ary infections such as pneumonia, respiratory tract infections, and inflamma-
tion of the brain. A report showed that secondary infection has high possibility 
causing deaths3. According to Widagdo, about 90% of measles patients have 
a history of contact with other patients. Transmission of this disease can be 
through large droplets from the respiratory tract, but also through small drop-
lets such as through inhaled air4.

A prominent strategy to reduce the incidence of measles is expanding the vac-
cination program among society. Vaccination is an activity to induce specific 
antigens in the body to trigger a specific immune response5. Generally, the 
measles vaccination can be divided into a single or a combination vaccine ad-
ministration. Measles vaccine can induce body protection for a long time and 
the very common measles vaccine that widely used is a live attenuated vaccine2. 

The success rate of vaccination can be influenced by internal and external fac-
tors. The success rate of the measles vaccination depends on the presence of 
maternal inhibitory antibodies, the maturity of the immune system of the vac-
cine recipient, and the dose of vaccine administered to the patient6. In addi-
tion, external factors such as pollution are also thought to affect the success 
rate of vaccination by reducing antibody responses to the vaccine7. One of the 
pollutant compounds contained in vehicle exhaust gas, cigarette smoke, and 
the residue of organic materials combustion such as benzo[a]pyrene (BaP). 
Research has shown that BaP can affect the immune system8. As widely known, 
the immune system components such as lymphocytes, macrophages, or pro-
inflammatory cytokines have an important role in the immune response after 
vaccination. For an instance, the TNF-α activity post-vaccination is critical for 
regulating the cascade of pro-inflammatory cytokine production and recruit-
ment of immunocompetent cells. Therefore, from above explanation we aim 
to evaluate the effect of BaP exposure to mouse innate and adaptive immunity 
after measles vaccination.
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METHODOLOGY

Sample preparation and treatment groups

This study was occupied about 24 pathogen-free female BALB/c mice aged 
2-week-old which obtained from LPPM Gadjah Mada University. In this study, 
the treatment groups were vehicle (Veh.), mice injected with BaP (B), mice in-
jected with vaccine (V), and mice injected with both vaccine and BaP (VB). The 
measles vaccine used in this present study is a live attenuated type of measles 
vaccine. Each dose of vaccine contains dry measles virus, kanamycin sulfate 
and erythromycin (Bio Farma, Indonesia). The dose of measles vaccine inject-
ed was 20 mg/kg BW. Similarly, the dose of BaP injected was 20 mg/kg BW. 
This study has been evaluated by Research Ethics Commission of Brawijaya 
University with ethical clearance no. 930-KEP-UB.

Treatment procedures

The experimental treatment of mice was carried out after a week acclimatiza-
tion process. The injection of BaP was carried out every 3 days for 5 weeks 
(9 times injection), except for the vehicle treatment and the measles vaccine. 
Measles vaccine injection was carried out once at the beginning of the treat-
ment through subcutaneous approach. On the other hand, BaP injection was 
performed intraperitoneally after finishing vaccination procedures (Figure 1). 
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Figure 1. Schematic picture showed how benzo[a]pyrene interferes the measles vaccination 
effects of the immune system, including the innate and adaptive immunity and the production 
of cytokines on BALB/c mice.

Isolation of splenocytes and antibody staining

The protocol used for splenocytes and antibody staining was based on our pre-
vious studies9-12. Spleen organs from each treatment were isolated and washed 
using phosphate buffer saline to remove fat and debris. The homogenate of 
sample was put in a propylene tube and stored in an ice box. All homogenates 
were centrifuged at 2500 rpm for five minutes at 4oC to separate the pellet and 
supernatant. The pellet was resuspended using 1 ml of PBS. Each sample was 
put in a microtube for next antibody staining procedures. The sample was then 
centrifuged at 2500 rpm for five minutes at 4oC. The supernatant portion was 
discarded, while the pellet portion was added with 50 μl of extracellular anti-
body. The added antibodies were anti-CD4, anti-CD8, anti-CD11b, and anti-
B220 (Biolegend, San Diego). Samples were incubated for 20 minutes in an 
ice box. Samples containing extracellular antibodies were added with 50 μl of 
cytofix. The samples were then incubated for 20 minutes in an ice box. Then 
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500 μl of washperm was added to the sample. The sample was centrifuged 
again at 2500 rpm for five minutes at 4oC. The supernatant was discarded 
while the pellet was added with 50 μl of intracellular antibody. The intracel-
lular antibodies used were anti-TNF-α, anti-IFN-α, anti-IFNγ, and anti-IL-17 
(Biolegend, San Diego). Samples were incubated for 20 minutes in an ice box.

Flow cytometry, chemical interaction prediction, and data analysis

Stained samples were added with 300 μl of PBS. Each sample was put into a cu-
vette for analysis using a flow cytometer. Each sample was analyzed using the 
BD Bioscience FACSCaliburTM flow cytometer (BD Biosciences). Data analysis 
of flow cytometry results was carried out using the BD CellQuest ProTM pro-
gram (BD Biosciences). Furthermore, STITCH database (http://stitch.embl.
de/) was used to evaluate the interaction between chemical (benzo[a]pyrene) 
with certain protein13,14. Statistical test was performed by one way ANOVA 
analysis. The analysis was carried out with SPSS Ver. 20 software. The further 
tests used were the Tukey-HSD and Games Howell tests with p<0.05.

RESULTS and DISCUSSION

Effect of BaP exposures on CD4+TNF-α+ expression 

The relative number of CD4+TNF-α+ molecules in the BaP group did not have 
a significant difference with the vehicle group (Figure 2). Oppositely, the re-
search conducted by Lu et al. showed that BaP exposure increases TNF-α 
production and SIRT115. SIRT1 is a regulatory protein that plays a role in the 
control of inflammation. SIRT1 protects cells from chronic inflammation by 
regulating NF-κB activity16. Activation of Nf-κB could enhance the production 
of pro-inflammatory cytokines including IL-1β and TNF-α17. 
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Figure 2. Relative number of CD4+TNF-α+, CD4+IFN-γ+, CD4+IFN-α+, CD8+IFN-α+ on experi-
mental mice. Different number on graph showed the significant difference among experimental 
group (p<0.05).

 

The treatment groups were vehicle (Veh.), mice injected with BaP (B), mice 
injected with vaccine (V), and mice injected with both vaccine and BaP (VB).

Furthermore, vaccine group showed that the relative number of CD4+TNF-α+ 
was significantly lower than the vehicle group. Research conducted by Ovsy-
annikova et al. stated that the administration of the vaccine increases in the 
amount of TNF-α18. The increase in TNF-α is one of the stages of the body’s 
response when an antigen in the form of vaccine is inserted until it finally suc-
ceeds in forming specific antibodies. The decrease in CD4+TNF-α+ production 
in the vaccine treatment when compared to the control could be caused by 
several possibilities. In general, the TNF-α cytokine would experience a signifi-
cant increase after the second dose of measles vaccine was given. 
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BaP administration to vaccinated-mice caused a decrease in the relative num-
ber of CD4+TNF-α+ molecules. BaP is a chemical compound that can cause cell 
damage and can be converted into metabolites which have immunosuppres-
sant activity. BaP metabolites are immunosuppressant that leading in DNA 
mutations and DNA damage. In addition, decreased TNF-α production might 
occurs due to inhibition of CD4 T cell proliferation19. Similarly, the decrease in 
CD4+TNF-α+ in VB treatment group could also be caused by an increase in the 
number of regulatory T cells. Regulatory T cells can produce TGF-β which can 
suppress the production of pro-inflammatory cytokines20.

The administration of antigen in the form of a vaccine caused the activation of 
CD4 T cells. Activated CD4 T cells had a higher number of AhRs protein when 
compared to inactivated CD4 T cells21. AhR protein is a BaP receptor for initiat-
ing the production of CYP1B1 or CYP1A1 enzymes. These enzymes are involved 
in the metabolism of BaP to produce metabolites that are immunosuppressant. 
This fact is in line with our in silico finding (Figure 3) about the possible inter-
action between BaP and other type of target protein such as CYP1A2, CYP1A1, 
AHR, CYP1B1, TREX1, CYP4B1, CYP4X1, CYP2C8, CYP2J2, and CYP2D6. Ac-
cording to the predicted functional partner score, there are three proteins with 
the highest value including CYP1A2, CYP1A1, and AHR. The above prediction 
might confirm that BaP might have the closest influence with these proteins. 
Furthermore, the predicted proteins were involved in several pathways relat-
ed to the BaP induction, including metabolism of xenobiotics by cytochrome 
P450, chemical carcinogenesis, serotonergic synapse, and others (Table 1). To 
the greater extend, the prediction also showed BaP included in several biologi-
cal activity including small molecule metabolic process, oxidation-reduction 
process, cellular catabolic process, cellular lipid metabolic process, monocar-
boxylic acid metabolic process, and others (Figure 4).
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Figure 3. (A) The interaction among benzo[a]pyrene and possible targeted protein that 
include or affected by benzo[a]pyrene. (B) The predicted functional partners involved within the 
interaction with benzo[a]pyrene.

Table 1. The list of KEGG enrichment related to the target proteins which involved in the 
interaction with benzo[a]pyrene

No Pathway Description
False 

Discovery 
Rate

Genes Involved

1 Metabolism of xenobiotics by 
cytochrome P450 6.19E-06 CYP1A1,CYP1A2,CYP1B1,CYP2D6

2 Chemical carcinogenesis 6.19E-06 CYP1A1,CYP1A2,CYP1B1,CYP2C8

3 Serotonergic synapse 2.34E-05 CYP2C8,CYP2D6,CYP2J2,CYP4X1

4 Linoleic acid metabolism 2.70E-05 CYP1A2,CYP2C8,CYP2J2

5 Tryptophan metabolism 6.00E-05 CYP1A1,CYP1A2,CYP1B1

6 Ovarian steroidogenesis 0.000107 CYP1A1,CYP1B1,CYP2J2

7 Steroid hormone 
biosynthesis 0.000109 CYP1A1,CYP1A2,CYP1B1

8 Retinol metabolism 0.000126 CYP1A1,CYP1A2,CYP2C8

9 Drug metabolism - 
cytochrome P450 0.000144 CYP1A2,CYP2C8,CYP2D6

10 Arachidonic acid metabolism 0.0136 CYP2C8,CYP2J2
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Figure 4. Possible biological process related to the target proteins which involved in the 
interaction with benzo[a]pyrene

Effect of BaP exposures on CD4+IFN-γ+ expression

In this present study, the BaP increase the relative number of CD4+IFN-γ+ 
(Figure 2). This is probably because CD4 T cells are still able to carry out repair 
mechanisms against DNA damage caused by BaP metabolites. On the other 
hand, the production of IFN-γ was lower in the vaccine treatment compared to 
the vehicle group. 

Vaccination will stimulate the immune system to increase immunity against 
incoming pathogens. Research conducted by Ovsyannikova et al. stated that 
administering measles vaccine to experimental animals caused an increase in 
the production of pro-inflammatory cytokines, including IFN-γ22. The immune 
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system has a time limit of activation against the injected measles virus antigen. 
Antibody production, which indicates the last stage of the immune response to 
measles virus antigen, occurred on day 35 after vaccination23. Meanwhile, the 
maximum production of IFN-γ as a pro-inflammatory cytokine occurred on 
day 12 post-vaccination24. 

Furthermore, the results showed that the relative number of CD4+IFN-γ+ ex-
pression did not have a significant difference between the vaccine and BaP-
vaccine treatments. In general, BaP administration led to an increase in post-
vaccination IFN-γ production. Research conducted by Hur et al. stated that 
BaP can trigger FasL gene transcription in macrophages. FasL is one of the 
proteins involved in cell apoptosis25. 

As research conducted by Wu et al. showed that BaP is also a combustion de-
rived particulate matter group that has the potential to damage macrophage 
cells located in mucosal areas26. The IFN-γ is one of the pro-inflammatory cy-
tokines that play a role in macrophage activation27. Therefore, increasing the 
amount of IFN-γ is one of the body’s defense mechanisms to balance the num-
ber of macrophages in the body.

IFN-γ and TNF-α are pro-inflammatory cytokines that work together in mac-
rophage activation28-30. When the production of TNF-α by CD4 T cells decreas-
es, then CD4 T cells will produce more IFN-γ to compensate for the decreased 
production of TNF-α. In addition, one other function of IFN-γ is to increase 
the amount of TNF-α31,32. Increasing the amount of IFN-γ becomes important 
to meet the body’s need for TNF-α which has decreased due to BaP. Continu-
ous exposure to BaP causes the increasing the expression of CD4+IFN-γ+. The 
continuous production of pro-inflammatory cytokines will activate immuno-
competent cells. Activated immune cells will cause chronic inflammatory reac-
tion.

Effect of BaP exposures on IFN-α production by CD4+ and
CD8+ T cells

Interestingly, we found the significant differences between all treatment 
groups. There is an increasing trend in the percentage of IFN-α expression in 
CD4+ T cells. Meanwhile, the percentage of IFN-α expression by CD8+ T cells in 
Veh. and V treatment groups did not show any significant difference. However, 
a significant increase occurred in the treatment groups B and VB (Figure 2).

The increase in IFN-α expression on CD4+ and CD8+ occurred in BaP treat-
ment, either without or in combination with measles vaccine. It is possible that 
the increase in IFN-α is a response to cell damage caused by BaP injection. The 
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higher IFN-α production compared to Veh. and V treatment groups aimed to 
increase the cytotoxicity of cytotoxic T cells. The important reason behind the 
increase cytotoxic T cells aim to kill damaged cells that have been affected by 
exposure to BaP. This refers to Li et al. who stated that one of the functions of 
IFN-α is to increase the cytotoxicity of cytotoxic T cells33. Meanwhile, the high 
CD8+IFN-α+ T cells in BaP group were thought to be a form of compensation 
for the low IFN-α expression in CD4+ T cells. 

Meanwhile, when compared with vehicle group, the percentage of CD4+IFN-α+ 
T cells in the vaccine treatment was higher. Similarly, Gibbert et al. stated that 
IFN-α is one of the signaling proteins produced by the body due to exposure to 
antigens such as viruses. Meanwhile, the injected vaccine is an attenuated mea-
sles virus that has the potential to increase the production of IFN-α in cells34.

Effect of BaP exposures on CD11b+IL-17+ expression

BaP administration to mice significantly increased the production of 
CD11b+IL-17+ (Figure 5). Research conducted by Mohinta et al. stated that BaP 
can cause an increase in IL-17 gene expression35. Measles vaccine administra-
tion in experimental animals caused an increase in the relative CD11b+IL-17+ 
count but there was no significant difference with the vehicle group. Research 
conducted by Nelson et al., stated that IL-17 was produced on day 10, 35, and 
optimally on day 52 after the entry of measles antigen36. The experimental 
animal surgery in this study was carried out on the 35th day after the measles 
vaccine injection. Therefore, it is possible that the body has started to produce 
IL-17 but has not reached the optimal amount.
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Figure 5. Relative number of CD11b+IL17+, B220+CD25+, and the ratio of CD4+:B220+ 
on experimental mice. Different number on graph showed the significant difference among 
experimental group (p<0.05). The treatment groups were vehicle (Veh.), mice injected with BaP 
(B), mice injected with vaccine (V), and mice injected with both vaccine and BaP (VB).

Administration of BaP to vaccinated mice significantly increased the relative 
number of CD11b+IL-17+. Research conducted by Mohinta et al. stated that BaP 
can cause an increase in the expression of the gene encoding IL-1735. The rela-
tive number of CD11b+IL-17+ in VB treatment was lower than in BaP group. 
This was due to the presence of regulatory T cells. The increase in IL-17 is 
always accompanied by an increase in regulatory T cells. The relative num-
ber of CD11b+IL-17+ had a relationship with the number of regulatory T cells 
and TGF-β production. TGF-β is a cytokine that widely produced by regula-
tory T cells and plays a role in controlling the number of pro-inflammatory cy-
tokines20. The continuous increase in the number of IL-17 has an unfavorable 
impact because IL-17 is a cytokine that plays a role in controlling autoimmune 
mechanisms. Autoimmunity is a disorder of control of immune cells and the 
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production of auto-antibodies that result in damage to the body’s own tissues37. 
Excessive IL-17 expression will cause chronic inflammation. The amount of IL-
17 in normal measles virus antigen response is always opposite to the amount 
of IFN-γ. This is because the inducer of IFN-γ, namely IL-12, also acts as an 
inhibitor of IL-17 production38.

Effect of BaP exposures on B220+CD25+ expression

A significant increase of memory B cell was found in BaP group (Figure 5). 
This is relatively far above the normal limit as reported by Amu et al. that the 
expression of memory B220+CD25+ cells in the spleen of healthy mice is about 
2% of the total concentration of B cells39. The increase in the percentage of 
B220+CD25+ expression in BaP group could be due to BaP being able to in-
crease CD25+ expression in B cells through activation of the NF-κB pathway. 
This is supported by Ba et al. who stated that long-term accumulation of BaP 
can increase the activity of the NF-κB promoter40. Brisslert et al. showed NF-
κB pathway blockade can inhibit the production of CD25+ by B cells41. Mean-
while, the low CD25+ expression in the VB group was thought to be due to the 
presence of the injected vaccine increasing the proliferation of B cells. 

Effect of BaP exposures on B220+:CD4+ ratio

In this present study we found vehicle group has the lowest B220+:CD4+ ratio. 
Meanwhile, a significant increase occurred in BaP treatment group. Meanwhile, 
the VB treatment group experienced a significant decrease compared to BaP 
group, while vaccine group did not differ significantly from VB group (Figure 5).

The injection of BaP can increase the ratio by decreasing the number of CD4+ 
T cells. The decrease in the number of CD4+ T cells is related to the nature of 
BaP as an immunotoxic. Furthermore, BaP suppresses immunity through p53-
dependent pathways which modulates signaling in lymphocytes and oxidative 
stress42. Meanwhile, the high ratio in the vaccine treatment was thought to be 
due to the fact that the vaccination was only carried out once, so that the ac-
cumulation of effector cells such as large numbers of CD4+ T cells in the spleen 
did not occur. This can be explained that the injected antigen is only transient 
and is unable to induce the accumulation of effector cells in the spleen. Accord-
ing to Sarkander et al., when the antigen is transient, more immune cells will 
accumulate in the bone marrow43. 

Finally, based on the result, we found that BaP interferes several parameters 
of immune system in measles-vaccinated mice. These findings suggested that 
the chemicals compounds such as BaP can suppresses the success rate of vac-
cination.
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ABSTRACT

Vitamin D deficiency has been linked to a higher prevalence of thyroid gland 
impairment. The association between 25-hydroxy Vitamin D3 concentrations 
and sonographic changes of thyroiditis was investigated. A total of 55 patients 
were divided into 3 groups according to the thyroid ultrasonography (US) find-
ings: Group 1: control cases (n=17); Group 2: intermediate (early) cases (n=14); 
and Group 3: active and late-stage thyroiditis cases (n=24). Serum 25-hydroxy 
Vitamin D concentrations, thyroid hormones (free T3, free T4, TSH) and an-
tibody levels (TPO Ab, Tg Ab) were assessed in different stages of thyroiditis. 
The Vitamin D concentrations of Group 1 (28.54 ± 20.43 ng/dL) were signifi-
cantly higher than those of Group 2 (14.48 ± 5.87 ng/mL) and Group 3 (14.3 
± 9.2 ng/dL) (p=0.025 and p=0.004, respectively). Tg Ab and TPO Ab signifi-
cantly increased in Group 3 compared to Groups 1 and 2 (p<0.001, p<0.001, 
respectively). 25-hydroxy Vitamin D3 deficiency was associated with thyroid 
gland morphological changes detected by ultrasonography.

Keywords: 25-OH Vitamin D3, autoimmune thyroiditis, anti-Tg, anti-TPO, 
sonography
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INTRODUCTION

Vitamin D is a well-known autoimmune system regulator. Vitamin D deficien-
cy has been linked to a higher prevalence of thyroid autoimmunity in certain 
populations, including children, adolescents, and obese individuals. Moreover, 
Vitamin D supplementation has shown promise in reducing antithyroid anti-
body levels, improving thyroid function1-3. However, while some papers publish 
evidence that Vitamin D is an important factor in developing autoimmune thy-
roiditis4-9, some papers report that their data do not provide any relationship10,11.

Conventional method of diagnosing autoimmun thyroiditis (AT) is detecting 
anti-thyroglubulin (anti-Tg) and anti-thyroperoxidase (anti-TPO) high in se-
rum12. During the development of autoimmune thyroiditis, structural changes 
occur in the gland. Hashimato Thyroiditis (HT) is characterized pathologically 
by lymphocytic infiltration of the interstitium, mainly lymphocytes with some 
plasma cells and macrophages12,13. The lymphoid tissue is distributed within 
and around the lobules and often exhibits large follicles with prominent ger-
minal centers12,14. The inflammatory process also results in oxyphilic changes 
in follicular epithelial cells, parenchymal atrophy of thyroid tissue, and varying 
degrees of fibrosis, imparting a firm consistency to the thyroid15. These chang-
es in the gland can be observed by ultrasonography. Thyroid ultrasonographic 
evaluation of patients with HT generally reveals diffuse enlargement of the 
gland, a heterogeneous background, and a general decrease in echogenicity. 
Other sonographic findings of HT often include hypervascularity and the pres-
ence of hypoechoic micronodules with an echogenic rim16,17. Some authors ad-
vocate the use of ultrasonography in cases of AT18,19 because it can provide in-
formation about the level of inflammatory activity20 and thyroiditis severity21. 
The histopathological findings and sonographic features in different stages of 
AT have been reported and used in clinical practice22. 

In this study, the association between thyroiditis and 25-hydroxy Vitamin D3 
levels was evaluated during different stages of thyroiditis based on morpho-
logical changes in the thyroid gland by using ultrasonography.

METHODOLOGY

The study groups

All patients (n=253) who were referred to our study radiologist for thyroid 
gland ultrasound (US) between June 2013 and February 2014 were included 
in the data. Among the patients, pregnant and breastfeeding women, pediatric 
patients, and patients who had undergone surgery and those with known ma-
lignancy, short neck, marked goiter, and thyroid nodules were excluded.
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After exclusion, the study was conducted with 55 cases (15 male, 40 female). 
All patients underwent physical examination, thyroid hormones (free T3, free 
T4 and TSH) and 25-hydroxy Vitamin D3 were analyzed, and thyroid sonogra-
phy evaluation was performed. This study was approved by the Medipol Uni-
versity Ethics Committee.

Sonographic evaluation of thyroid gland

In this study, thyroiditis staging by ultrasonography was performed and re-
ported as described by Ormeci et al.22. Briefly, normal thyroid parenchyma has 
a homogeneous medium-high level of echogenicity compared to periglandu-
lar muscles, diffuse tissue enlargement, parenchymal hypoechogenicity and 
coarsening. During US examination, the radiologist reported the thyroid gland 
sonographic findings as the echo texture (homogeneous or heterogeneous), 
echogenicity (hypo- or hyperechoic), contouring (regular or irregular), nodula-
tion or pseudonodulation, and vascularization of the thyroid gland (decreased, 
normal, or increased) (Table 1)22.

Table 1. Sonographic features of the groups22

Sonographic 
criteria

Group 1 
Normal thyroid

Group 2 
Early/indeterminate 

thyroiditis

Group 3
Chronic thyroiditis

Volume Normal Increased, normal Decreased

Echotexture Homogeneous Homogeneous, 
slightly heterogenous Heterogeneous

Echogenicity (com-
pare to the muscles) Hyperechoic Hyperechoic, slightly 

hypoechoic Hypoechoic

Contouring Smooth Smooth Irregular

Nodulation/ 
pseudonodulation No No, slightly nodular Pseudonodulation

Vascularization Normal Normal, increased Increased, normal, 
decreased

Patients were grouped by thyroid gland sonographic features according to the 
properties described above, and the patients were divided into 3 groups ac-
cording to sonography results as described in Table 1.
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Group 1 (control cases; Figure 1-a) consisted of cases with normal thyroid gland 
ultrasonography, clinical, and laboratory findings. Group 2 (intermediate/ear-
lystage cases; Figure 1-b) consisted of cases with minimal parenchymal hy-
poechogenicity and suspected heterogeneity but were still clinically suspected 
of autoimmune thyroiditis. Group 3 (active and advanced-late-stage thyroidi-
tis patients; Figure 1-c and 1-d) consisted of patients in whom the parenchyma 
was heterogeneous/hypoechogenic in appearance and who had interlobular 
septa, irregular contours, pseudonodules, and glands of reduced size22. Ultra-
sound evaluation of thyroid gland was performed by a single radiologist who 
was blind to the thyroid hormones data. A Doppler device (LOGIQ P6 Pro, GE 
Healthcare GmBH, Germany) fitted with a linear 11 MHz probe was used.
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Figure 1. (a) Group 1 (control cases) normal thyroid gland ultrasonography, (b) Group 
2 (intermediate/early-stage cases); minimal parenchymal hypoechogenicity and suspected 
heterogeneity, (c) Group 3 (active and advanced-late stage) parenchyma was heterogeneous/
hypoechogenic, (d) Group 3 (chronic stage) with parenchyma was heterogeneous/hypoechogenic.
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Hormone and 25-hydroxy Vitamin D3 analysis

Free triiodothyronine (fT3), free thyroxine (fT4), thyroid-stimulating hormone 
(TSH), anti-thyroid antibody (TPO Ab), anti-thyroglobulin (Tg Ab) and 25-hy-
droxy Vitamin D tests were performed by using electrochemiluminescence kits 
and an automated analyzer (COBAS e 6000 ROCHE). Serum samples from all 
patients were kept at -20°C until the end of data collection.

We used a double-blind approach throughout the data collection period. Both 
the clinical biochemist and radiologist were blinded to the patients’ clinical 
and study data throughout the data collection period.

Statistical analysis

SPSS for Windows was used for statistical analysis. The data are presented as 
the mean ± standard deviation (SD), median, frequency, ratio, and minimum 
to maximum. According to the Kolmogorov-Smirnov test, the distributions of 
free triiodothyronine (fT3), free thyroxine (fT4), thyroid-stimulating hormone 
(TSH), anti-thyroid antibody (TPO Ab), anti-thyroglobulin (Tg Ab) and 25-hy-
droxy Vitamin D3 test data were nonuniform (p<0.05). The Kruskal-Wallis test 
was used to compare three or more groups, and the Mann-Whitney U test was 
used to identify the group responsible for any observed difference.

RESULTS and DISCUSSION

Characteristics of the study groups

A total of 55 patients, consisting of 40 (72.7%) female and 15 (27.3%) male pa-
tients, were included in the study after the exclusion criteria. The mean age of 
all patients was 37.49 ± 11.76 (range between 18-64) years (Table 2).

As in the current study, thyroiditis was staged according to sonographic evalu-
ation as described by Ormeci et al. in Table 1, and patients were grouped into 3 
stages22. Subjects with no glandular disruption in the thyroid gland were called 
the group-1 control group and consisted of 17 patients (7 Female/10 Male). 
Early- and intermediate-stage thyroiditis cases in group 2 consisted of 14 (10 
Female/4 Male) individuals. In group 3, chronic and late-stage thyroiditis cas-
es consisted of 24 (23 Female/1 Male) people. Among the groups, we observed 
that the number of women increased significantly as the thyroiditis stage pro-
gressed. There was no significant difference between the groups in terms of age 
distribution (p=0.607; Kruskal-Wallis test) (Table 2).
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Table 2. Characteristics of the subjects and thyroid hormones, anti-thyroid antibodies and 
25-hydroxy Vitamin D3

Thyroiditis 
staging according 

to sonography 
evaluation N

Age
years

Mean ± SD
Median

min-max

Sex

free T3
(pg/mL)

Mean ± SD
Median

min-max

free T4
(ng/dL)

Mean ± SD
Median

min-max

TSH
(µIU/mL)

Mean ± SD
Median

min-max

anti-Tg Ab
(IU/mL)

Mean ± SD
Median

min-max

anti-TPO Ab
(IU/mL)

Mean ± SD
Median

min-max

25-OH Vit D3
(ng/mL)

Mean ± SD
Median

min-max

Group 1
Control Cases
no confirmed 

thyroiditis

17

35,6 ± 11,5
36,5

18-64
7F

10M

2,99 ± 0,42
(3,00)

2,14-3,60

1,23 ± 0,25
(1,17)

0,92-1,93

2,11 ± 1,68
(1,73)

0,45-9,59

18,97 ±  10,87
(17,00)

10,00-58,00

10,80 ± 13,37
(5,87)

5,00-63,50

28,54 ± 20,43
(22,4)

6,39-70,00

Group 2
Early/ intermediate-

stage thyroiditis 
cases

14
38,4 ± 10,3

(36,0)
20-60

10F
4M

3,16 ± 0,36
(3,26)

2,51-3,89

1,18 ± 0,42
(1,24)

0,1-2,19

4,31 ± 11,64
(1,90)

0,016-65,0

21,82 ± 9,63
(20,00)

10,00-42,28

24,92 ± 55,97
(7,07)

5,00-238

14,48 ± 5,87#

(15,00)
4,91-23,62

Group 3
Active and late-
stage thyroiditis 

cases

24
37,9 ± 12,5

(34,0)
19-63

23F
1M

3,71 ± 2,95
(2,83)

2,15-18,66

1,43 ± 1,69
(1,08)

0,30-13,0

8,68 ± 19,04**
(3,41)

0,005-100

275 ± 300**
(174,5)
14-1262

306 ± 423**
(266)

5-2550

14,3 ± 9,2*
(12,66)

3,16-34,79

p-value
Kruskal-Wallis Test 0,607 - 0,474 0,214 0,006 0,001 0,001 0,028

*p<0,05 Group 2 compared to Control group by using Mann-Whitney U Test.
** p<0,01 Group 3 compared to Control group by using Mann-Whitney U Test.
# p<0,05 Group 2 compared to Control group by using Mann-Whitney U Test.
F stands for female 
M stands for male

Relationship between thyroid hormones, anti-thyroid antibodies 
and 25-hydroxy Vitamin D3

There was no significant difference between free T3 and free T4 hormones 
among the 3 groups. However, TSH was significantly elevated in group 3, 
which included patients with chronic active thyroiditis (p<0.01; Mann-Whit-
ney U Test). This shows us that the TSH level changes significantly and notice-
ably only in the active and chronic stages (group 3), and the thyroid gland has 
to work harder. When we examined the anti-Tg Ab and anti-TPO Ab levels 
that we used in the diagnosis of autoimmune thyroiditis, we observed that they 
increased significantly in the chronic and active thyroiditis stages (group 3) 
compared to group 1 and group 2 (p<0.01, Mann-Whitney U test).
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When we analyzed 25-hydroxy Vitamin D3 levels, they were 28.54 ± 20.43 ng/
dL in people with normal thyroiditis (group 1), 14.48 ± 5.87 ng/mL in group 
2 and 14.3 ± 9.2 ng/mL in group 3. It was determined to be 14.3 ± 9.2 ng/mL. 
The vitamin D results of patients in both group 2 and group 3 were found to be 
significantly lower than those in group 1 (p<0.05, Mann-Whitney U test). Even 
before anti-thyroid antibodies are produced in the body and provide evidence 
about the nature of thyroiditis disease, patients have already developed Vita-
min D deficiency.

In the current study, the association between autoimmune thyroiditis and 
25-hydroxy Vitamin D3 levels was associated during different stages of thy-
roiditis based on morphological changes in the thyroid gland by using ultra-
sonography. According to the results, 25-hydroxy Vitamin D3 levels were found 
significantly lower in patients who develop early signs of morphological chang-
es in thyroid gland which were evaluated by ultrasound examination. When 
anti-thyroid antibodies (anti-Tg and anti-TPO) were positive in the serum, 
thyroid gland showed severe destructions and patients had already developed 
25-hydroxy Vitamin D3 deficiency. 

In the literature, there were conflicting results regarding whether 25-hydroxy 
Vitamin D3 levels play an important role in the development of autoimmune 
thyroiditis. While some papers gave evidence that 25-hydroxy Vitamin D3 was 
an important factor in autoimmune thyroiditis23, 24 and some papers reported 
their data do not provide any relationship25.

In our opinion, the design of grouping patients in each study was based on dif-
ferent criteria, which is one of the main reasons for conflicting results in the 
literature. The diagnosis of AT is conventionally based on clinical findings and 
laboratory tests, such as elevated thyroglobulin antibody (Tg Ab) and thyroid 
peroxidase antibody (TPO Ab). However, antibodies can be negative in cases 
of thyroiditis, as evidenced by a histological examination11. Some authors ad-
vocate the use of ultrasonography in cases of AT15,16, where it was found to be 
useless by other authors17. The combination of US with clinical and serological 
assessments significantly improves sensitivity and specificity for diagnosing 
AT18,19.

It has been demonstrated that 25-hydroxy Vitamin D3 plays an important role 
in the immune system. The possible effects of low 25-hydroxy Vitamin D in the 
early stages of thyroiditis D’Aurizio et al. have discussed in depth26. Calapkulu 
et al. also found decreased levels of Vitamin D among subacute thyroiditis pa-
tients27.
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Orbach et al. found lower 25-hydroxy Vitamin D3 levels in patients with AT 
than in healthy volunteers28, and Kivity et al. found a significantly 25-hydroxy 
Vitamin D3 deficiency in patients with HT compared to age-matched healthy 
individuals29.

The sonographic characteristics of AT are well defined and used during US 
examinations. The histopathological findings and sonographic features in dif-
ferent stages of AT have been reported and used in clinical practice22.

In the current study design, patients were staged according to the ultrasono-
graphical morphological changes in the thyroid gland which occur even before 
anti-Tg Ab and TPO Ab levels were high enough in serum to diagnose AT.

According to Gierach and Junik , a lower level of Vitamin D was connected 
with a higher level of TSH, and they also found a strong, negative correlation 
between TSH and Vitamin D levels30. Moreover, there was a weak, negative 
correlation between antithyroid peroxidase antibody (anti-TPO) and anti-thy-
roglobulin antibody (anti-TG) and Vitamin D levels in females with HT regard-
less of Vitamin D status: < 20 ng/mL, 20-30 ng/mL, and > 30 ng/mL30.

The main limitation of this study was the relatively small number of cases in 
the series. 

In the study, the association between autoimmune thyroiditis and 25-hydroxy 
Vitamin D3 levels was evaluated during different morphological changes in the 
thyroid gland by using ultrasonography. According to our results, 25-hydroxy 
Vitamin D3 deficiency was detected even at early stage of thyroid gland de-
struction.

The association between significantly decreased 25 OH Vitamin D3 concen-
trations and early morphological changes in the thyroid gland suggests that 
Vitamin D deficiency might play a role in the early development of thyroiditis.
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ABSTRACT

In the present study, liquisolid formulations of domperidone were prepared 
using Tween 80, microcrystalline cellulose, Aerosil 200 as solvent, carrier, and 
coating material, respectively. 2-factors, 3-level central composite experimen-
tal design was employed to examine the effect of independent variables (excipi-
ent ratio and load factor) on dependent variables (solubility and drug content). 
Differential scanning calorimetry (DSC), Fourier transform infrared (FTIR), 
X-ray powder diffraction (XRD) and scanning electron microscopy (SEM) 
studies were utilized to characterize the optimized formulation. The results of 
solubility studies of different batches of liquisolid formulations revealed an im-
provement in solubility ranging from 17.02-58.10 μg/mL as compared to pure 
drug domperidone (7.47 μg/mL). The in-vitro dissolution profile of optimized 
batch of liquisolid formulation depicted higher rate of drug release (93.63%) 
when compared with conventional marketed tablets (Dompy®, 81.98%) fol-
lowing non fickian diffusion (n<0.5) as mechanism of drug release from the 
matrix.
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INTRODUCTION

Domperidone (Domperidonum), 5-chloro-1-[1-[3-(2,3-dihydro-2-oxo-1H-ben 
zimidazol-1-yl) propyl]-4-piperidinyl]-1,3-dihydro-2H-benzimidazole-2-one, 
having molecular formula of C22H24ClN5O2 belongs to biopharmaceutical clas-
sification system (BCS) class Ⅱ drug. It is a selective D2 and D3 dopamine re-
ceptor antagonist with a peripheral effect. It reduces the nausea by blocking 
dopamine receptor. It has poor bioavailability (13-17%) because of extensive 
presystemic metabolism (83-87%) with short biological half-life. Moreover, 
domperidone is insoluble in water, resulting in poor absorption from the Gas-
trointestinal tract (GIT)1. The poor bioavailability of domperidone has influ-
enced a number of researchers to develop novel techniques like solid disper-
sion of domperidone2-4, nanoparticles5, nanocrystals6, nanostructured lipid 
carrier7, solid lipid nanoparticles8, microemulsion nasal spray9, emulgel algi-
nate based beads10,11, microcrystals12 and also liquisolid compacts of domperi-
done13-15 indicating a considerable increase in solubility and dissolution rate of 
domperidone. The above approaches have some limitations such as instability 
during storage, agglomeration, sticky product and need innovative expensive 
tools. Out of these, liquisolid strategy is particularly interesting and attractive 
because of manufacturing process simplicity, low production costs and ease of 
scale-up to industrial tablet production. 

Spireas and Sadu first presented the liquisolid formulation in 1998 which in-
corporated water-insoluble drugs into rapid-release solid dosage forms16. The 
liquisolid system (LS) refers to “formulations comprised of water-insoluble 
drugs (liquid drugs, drug suspensions or drug solution) dissolved or dispersed 
in a suitable water-miscible nonvolatile solvent system later transformed into 
dry, non-adherent, free-flowing and compressible mixtures by blending the 
suspension or solution with selected carrier and coating materials”. Carrier 
materials are compression-enhancing, relatively massive, ideally porous parti-
cles with adequate absorption properties that aid in liquid absorption examples 
includes starch lactose, eudragit RL and RS, sorbitol, microcrystalline cellu-
lose, Neusilin® and Fujicalin®. Coating materials are flow enhancing, very 
tiny (10 nm-5,000 nm in diameter), strongly adsorptive coating particles (e.g. 
Aerosil 200, Cab-O-Sil M5, Syloid 244FP, etc.) that support to cover the wet 
carrier particles and exhibiting a dry looking powder by adsorbing extra liq-
uid17. Non-volatile solvents are “Organic solvent systems that are inert, have 
a high boiling point, are usually water-miscible, and are not viscous”. Several 
non-volatile solvents are employed in the formulation of liquisolid systems18. 
Examples includes propylene glycol, polysorbate 20 and 80, polyethylene gly-
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col 200 and 400, Cremphor® EL, capryol 90, glycerine and transcutol HP. The 
non-volatile solvent functions as wetting agent in the liquisolid system thereby 
helps to enhance the dissolution rate by lowering the interfacial tension be-
tween the dissolution medium and the surface of particles. Besides formulating 
liquisolid, the solubility of poorly soluble drugs is increased because the high 
porous surface area improves molecular dispersion and wetting properties, 
ultimately boosting its dissolution and solubility. Pre-compression tests18 of 
the Liquisolid powder systems were recommended by Lu et al.18. In the litera-
ture, liquisolid has effectively exhibited enhancement in the in-vitro release of 
poorly soluble drugs like risperidone19, iloperidone20, progesterone21, simvasta-
tin22,23, carvacrol24,25, propranolol hydrochloride26,27, tadalafil28-30, naproxen31,32, 
felodipine33,34, furosemide35-37, silymarin38, efavirenz39 hydrochlorothiazide40 
and chlorpromazine41 etc. The primary goal of the current study is to use an op-
timization technique for systematic medicinal product development in order to 
achieve good performance, greater efficiency and high quality. The Design Ex-
pert® is regarded as a vital tool that gives maximum knowledge with least ex-
perimental work. In the current research work, liquisolid of domperidone were 
performed by using tween-80 as solvent medium, microcrystalline cellulose 
(MCC) as a carrier material and aerosil-200 as a coating material employing 
Design Expert® Software (11.0) and followed by characterization using DSC, 
FTIR, XRD and SEM examinations. In 1999, Spireas and Bolton suggested a 
mathematical model for the successful fabrication of a free-flowing and com-
pressible liquisolid formulation, which was further used to calculate the opti-
mum quantities of carrier and coating ingredients. The liquid load factor (Lf) is 
the weight ratio of the liquid drug (W) and carrier material (Q). The excipient 
ratio is the weight proportion of the carrier (Q) and coating material (q)42.

METHODOLOGY 

Materials

Domperidone, Microcrystalline cellulose (MCC), glycerin, sodium starch gly-
colate (SSG) were supplied by Hi-media Laboratories Pvt. Ltd., Mumbai, India. 
Aerosil-200 was supplied by Central Drug House Pvt. Ltd., New Delhi, India. 
Cremophor EL (Sigma-Aldrich, USA). PEG-600, propylene glycol (PG), and 
empty hard gelatin capsule shells (Patco Pharmaceuticals, India) were sup-
plied by Loba Chemie Pvt. Ltd. All other chemicals and reagents used in the 
study were of analytical grade and used as received without further processing.
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Selection of non-volatile solvent

Domperidone solubility was determined in distilled water and five other non-
volatile solvents like PEG 400, tween 80, glycerin, cremophor-EL and propyl-
ene glycol. Saturated solution was made by mixing excess quantity of domperi-
done in 10 mL solvent vehicles. Above samples were set on a shaker incubator 
for 48 hours at room temperature. The samples were then filtered through 
a 0.45 μm whatman filter paper, diluted with methanol and analyzed by UV 
spectrophotometer at λmax 284 nm for its drug content (n=3). Solvent showing 
highest solubility of domperidone was selected43.

Preparation of liquisolid formulation

Liquisolid formulations were made by dispersing an appropriate quantity of 
drug (domperidone) and non-volatile solvent (Tween 80) by solvent evapora-
tion method (heated at 60-80°C with continuous stirring) and the solution was 
sonicated for 15 minutes. The liquid drug solution was blended with the binary 
mixture of carrier (MCC) and coating (Aerosil-200) material into mortar and 
pestle uniformly followed by addition of sodium starch glycolate to the above 
mixture with continuous stirring for about 10 to 15 min. The resultant mixture 
was finally filled into empty capsule shell size 1 for further studies44. The final 
composition of different batches was shown in the results section.

Experimental design

Liquisolid formulation was optimized using 2-factor, 3-level central composite 
design (CCD). The excipient ratio (X1) was varied from 5 to 15 and liquid load 
factor (X2) 1.1 to 1.5 designed as independent variables whereas the solubility 
(Y1) and drug content (Y2) were selected as dependent variables (3). Each in-
dependent variable was taken at three levels (-1, 0 and +1) as given in Table 1.

Table 1. Optimization of domperidone LS via CCD at different variables and their respective 
levels 

Independent 
variables

Level

-1 0 +1

X1 (liquid load factor) 1.1 1.3 1.5

X2 (Excipient ratio) 5 10 15

Dependent variables Goal

Y1 (Solubility) Maximum 

Y2 (Drug content) Maximum 
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Solubility studies of liquisolid formulation

Liquisolid formulations (F1 to F13) containing domperidone equivalent to 10 
mg were dispersed in 10 mL distilled water, separately and were kept on con-
tinuous shaking for 48 h at room temperature to determine the solubility of 
drug. The obtained solution was filtered by 0.45 μm whatman filter paper and 
the domperidone content was observed by taking absorbance at 284nm using 
UV-VIS spectrophotometer (n=3). The amount of drug was calculated using 
calibration curve in distilled water45.

Determination of drug content

Liquisolid formulations (F1 to F13) containing domperidone equivalent to 10 
mg were dissolved in 20 mL of phosphate buffer (pH 6.8), separately. All the 
samples were sonicated separately for 15 minutes and then filtered through 
0.45 μm whatman filter paper46. The samples were diluted accurately and ana-
lyzed taking absorbance at 284 nm using UV-VIS spectrophotometer (n=3).

FTIR spectroscopy 

The drug, MCC, Aerosil-200, and optimized batch of liquisolid formulation 
were exposed to FT-IR spectroscopy (Perkin Elmer Spectrum, BX Ⅱ spectro-
photometer) and the spectrum was documented in the wavelength region of 
4000cm−1 to 400 cm−1 using KBr pellet method. The method involves dispers-
ing of sample in potassium bromide (KBr) and compressing into disc by apply-
ing a pressure of 50 kg/cm2 in hydraulic press47.

Differential scanning calorimetry (DSC) 

Thermal behavior of domperidone, MCC, Aerosil-200 and optimized batch of 
domperidone liquisolid formulation was studied using DSC (Q-10, TA instru-
ments waters) by heating the samples within the temperature range of 10–
400°C with a scanning rate of 10°C/min in aluminum pans under nitrogen 
flow at a rate of 50 mL/min48.

X-ray powder diffraction

The domperidone, MCC, Aerosil-200 and optimized batch of domperidone 
liquisolid formulation powder samples were examined using an X-ray diffrac-
tometer (Miniflex 2, Rigaku, Japan) with Cu-Kα from 10◦ to 80◦ diffraction an-
gle (2θ)49.
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Scanning electron microscopy (SEM)

The surface morphology of optimized batch of domperidone liquisolid formu-
lation was examined using SEM (JSM-6100 scanning microscopy, Japan). The 
sample (optimized batch) after coated with gold was mounted on aluminum 
stub containing double-adhesive carbon tape. The photographs were observed 
at acceleration voltage of 10kV50.

Flow properties of liquisolid formulation

The flow properties of powder were determined by angle of repose (θ) using 
fixed funnel method. Powders that had previously been sieved were allowed to 
pass through the funnel until the tip of the conical pile of powder just touched 
the tip of the funnel. The mean radius (R) and height (H) of powder base were 
measured, and the tangent of the angle of repose was calculated by tanθ = 
H/R. Powder compressibility was determined by calculating the bulk densi-
ty, tapped density, Carr’s index and Hausner ratio as per the method given 
in United State Pharmacopeia (USP). Carr’s index (% CI) [% CI = 100(1-bulk 
density/tapped density)] and Hausner ratio (HR) [HR = tapped density/bulk 
density] values reflect the flow properties of a powder; the higher the value of 
the Hausner ratio, the worse the flow of the powder25,52.

Weight variation 

The weight variation test was performed by the method given in Indian Phar-
macopeia (IP)53.

In-vitro drug release study

In-vitro dissolution studies of pure domperidone, optimized batch of drug 
loaded LS and marketed domperidone tablets (Dompy® that was crushed and 
filled in empty capsule shells) equivalent to 20 mg, was carried out in USP 
type-Ⅱ apparatus. The dissolution study was conducted in 900 mL phosphate 
buffer (pH 6.8) at a temperature 37 ± 0.5 °C and the paddle speed was set at 
50 rpm. The samples of around 5 mL were taken at fixed time periods of 5, 
15, 30, 45, 60, 90 and 120 min. and replaced with an equivalent volume of 
fresh dissolution medium to maintain the sink condition23. The samples were 
filtered using 0.45 μm Millipore filters and were examined using a uv-vis spec-
trophotometer at λmax 284nm after appropriate dilution (n=3). To find out the 
mechanism of drug release, the release data were put in various models like 
Zero-order, First-order, Higuchi and Korsmeyer-Peppas.
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Stability studies

The stability studies were carried out on optimized batch of liquisolid for 3 
months in a stability chamber maintaining the temperature of 40 ± 2°C at 75% 
relative humidity. The samples were stored in hermetically sealed vials con-
taining rubber plugs and aluminum bung. Following a three-month interval, 
samples were withdrawn and tested for drug content, solubility, and in-vitro 
drug release studies and also for any physical changes54.

RESULTS and DISCUSSION

Selection of non-volatile solvent

The domperidone exhibited varying proportions of solubility in a variety of 
non-volatile solvents like Tween-80 (57.13 ± 0.60 μg/mL), PEG 600 (32.52 ± 
0.42 μg/mL), Cremophor EL (23.11 ± 0.51 μg/mL), glycerine (3.11 ± 0.73 μg/
mL) and Propylene glycol (2.08 ± 0.92 μg/mL). The solubility of domperidone 
was found to be highest in Tween-80 and hence, Tween-80 was selected as 
solvent vehicle.

Optimization studies

Domperidone liquisolid formulation was produced and optimization was per-
formed using two-factor, three-level CCD and evaluated for designated re-
sponses that are given as below.

Solubility studies of liquisolid formulation

Table 2 shows the solubility (Y1) and drug content (Y2) of the domperidone 
liquisolid produced according to the Design Expert Software, version 11.0. The 
generated responses were fitted into several polynomial models. The response, 
solubility (Y1) was fitted best into the linear response surface model with no 
data processing. Domperidone liquisolid solubility values range from 17.02 - 
59.10 μg/mL in various batches whereas pure domperidone displayed a solu-
bility of 7.478μg/mL. The liner regression fitted for solubility (Y1) has a good 
correlation (R2) of 0.921 is shown in equation (1).

Y1 = 36.21 + 14.87 X1 +5.16 X2    (1)
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Table 2. Formulation parameters and responses for experimental design
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F1 25 100 1.1 15 90 6 19 240 28.01 ± 0.0043 93.82 ± 0.63 205.21 ± 0.45

F2 25 100 1.1 5 90 18 7 240 17.02 ± 0.0054 90.65 ± 0.23 227.41 ± 0.52

F3 25 100 1.1 10 90 9 16 240 22.01 ± 0.0036 91.06 ± 0.49 215.38 ± 0.38

F4 25 100 1.5 10 66 6.6 43 240 51.06 ± 0.0055 98.98 ± 0.96 267.26 ± 0.59

F5 25 100 1.3 10 75 7.5 33 240 34.02 ± 0.0056 95.18 ± 0.36 257.61 ± 0.65

F6 25 100 1.3 10 75 7.5 33 240 34.11 ± 0.0045 95.81 ± 0.63 255.92 ± 0.70

F7 25 100 1.3 10 75 7.5 33 240 35.08 ± 0.0049 96.21 ± 0.23 251.75 ± 0.62

F8 25 100 1.3 15 75 5 35 240 39.03 ± 0.0051 97.05 ± 0.36 240.85 ± 0.82

F9 25 100 1.3 5 75 15 25 240 32.04 ± 0.0054 93.26 ± 0.27 311.72 ± 0.72

F10 25 100 1.3 10 90 18 7 240 37.08 ± 0.0045 96.21 ± 0.99 230.11 ± 0.48

F11 25 100 1.3 10 75 7.5 33 240 36.03 ± 0.0044 96.62 ± 0.61 260.54 ± 0.57

F12 25 100 1.5 15 66 4.4 45 240 59.10 ± 0.0058 98.99 ± 0.21 243.08 ± 0.48

F13 25 100 1.5 5 66 13 36 240 46.11 ± 0.0037 97.58 ± 0.31 320.31 ± 0.77

Drug 7.478 ± 0.0032

R: Excipient ratio (carrier: coating material), Q: Carrier material (microcrystalline cel-
lulose), q: Coating material (Aerosil 200). All values are expressed as mean ± S.D., n=3

The results of the ANOVA test on the solubility and drug content response 
surface model, revealing that the model was deemed significant with lack of 
fit as non-significant. Adequate precision of solubility was found to be 48.66 
and indicated a requisite signal. It is preferable to have an adequate precision 
measurement signal to noise ratio (higher than 4).  The combined effect of liq-
uid load factor (Lf) and excipients ratio (R) on solubility and drug content was 
shown in Figure 1. The plot indicates that independent and dependent vari-
ables have a curvilinear correspondence. The plot also shows that with increas-
ing value of liquid load factor and excipient ratio the solubility also increases.
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Figure 1. Response surface plots displaying effect of Load factor and excipients ratio on 
solubility (a) and drug content (b)

Desirability function for the selection of optimized batch

The different set of solutions was provided by the optimization tool in the soft-
ware. The software combines all the response factors so that the final opti-
mized batch has the optimal balance of all the required attributes. A desirabil-
ity value of 0 indicates an inappropriate value for the responses while a value of 
1 indicates the most desirable. The software assessed desirability ability to each 
response and calculated a composite desirability value for each batch through 
considering the geometric mean of all the responses desirability. The desirabil-
ity index value was estimated to be 1 as shown in Figure 2. 
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Figure 2. Desirability index of optimized formulation (F12)

Drug content 

The response, drug content (Y2) was fitted best into the linear response sur-
face model with no data processing as shown in equation (2). Drug content 
values range from 90.65 to 98.99% in various batches. The linear regression 
fitted for drug content (Y2) has a good correlation (R2) of 0.9069.

Y2 = 95.63 + 3.34 X1 + 1.39 X2

Adequate precision of drug content was found to be 21.94 (higher than 4) indi-
cated a requisite signal. 

The optimization Eqs. (1) and (2), relating the responses and independent fac-
tors, were acquired based on a quadratic and linear model. To the responses 
i.e. solubility and drug content the desirability function was applied with con-
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straints to obtain the higher magnitude of both the factors. In this manner, the 
formulation having liquid load factor (1.5) and excipient ratio (15) established 
the maximum desirability, was organized, and evaluated. The optimization of 
independent variables was done with constraints of maximum solubility and 
maximum drug content. The parameters suggested by the design were liquid 
load factor (1.5) & ratio of excipients (15) that provided liquisolid with solubil-
ity of 56.00 μg/mL (predicted value 56.24 μg/mL) and drug content 98.77% 
(predicted value 100.0%). The closer concordance between observed and pre-
dicted values discerned high predictive ability of the model. Based on solubility 
and drug content data, batch F12 (optimized batch suggested by design expert) 
containing Lf (1.5) and R (15) was selected for further examination23,55.

Characterization

Fourier Transform Infrared (FTIR) spectroscopy

Fourier transform infrared spectroscopy (FT-IR characterization) was per-
formed to examine the possible interactions between drug and excipients, the 
FTIR absorption spectra for the drug, MCC, Aerosil-200 and LS formulation 
(F12) represented in Fig. 3a. The FTIR spectra of domperidone showed char-
acteristic absorption band at 3354 cm-1 to 3706 cm-1 (-N-H stretching) and the 
peak appearing at 1728 cm-1 (-C=O stretching), 3028 cm-1 to 3139 cm-1 (=C-H 
stretching), 2865 cm-1 to 3028 cm-1 (Sp3–C-H stretching) and 1493 cm-1 to 1605 
cm-1 (-C=C stretching). The FTIR spectra of MCC showed the characteristic 
absorption band at 1406 cm-1 (-N-H stretching), 1648 cm-1 (-C=O stretching), 
1236 cm-1 (-C=C stretching), 1430 cm-1 to 1374 cm-1 (–CH2 stretching), 2902 
cm-1 (-C-H stretching) and 3352 cm-1 to 3802 cm-1 (-OH stretching). The FTIR 
spectra of Aerosil-200 showed characteristic absorption band at 1648 cm-1 

(-OH stretching), 1670 cm-1 (-C=O stretching), 1108 cm-1 (Si-O-Si stretching) 
and 2896 cm-1 to 2958 cm-1 (-C-H stretching). The FTIR spectra of LS formula-
tion showed peak at 1112 cm-1 to 1374 cm-1 (-OH stretching), 1488 cm-1 (-C=C 
stretching), 1694 cm-1 (-C=O stretching), 3014 cm-1 (-N-H stretching) and 3885 
cm-1 (-C-H stretching). The intensity of the absorption bands of domperidone 
was found to be diminished in the LS formulation, which could be explained 
to the hydrogen bonding interaction between the carboxylic group of domperi-
done56.
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                                 (a)                                                          (b)

Figure 3. (a) FTIR and (b) DSC Spectra of MCC, Aerosil-200, Domperidone and 
LS formulation (F12)

Differential scanning calorimetry (DSC)

The DSC thermograms for the drug, MCC, Aerosil-200 and LS formulation 
(F12) are shown in Fig. 3b. Domperidone exhibited a sharp peak at 251.8°C 
that corresponds to its melting point with a fusion enthalpy (ΔH) of -14.08W/
g. MCC and Aerosil-200 exhibited a sharp peak at 103.029°C and 208.77°C 
corresponds to the melting point of MCC and Aerosil-200. However, LS for-
mulation (F12) exhibited a strong peak at 96.15°C. The thermogram of the li-
quisolid system showed the disappearance of the domperidone endothermic 
peak, which corresponds with the establishment of drug solution in the LS for-
mulation (i.e. the drug was molecularly disseminated inside the liquisolid ma-
trix). Such disappearance of the drug peaks during formation of the liquisolid 
system was in accordance with Brittain and Mccauley13. The thermogram of 
LS also indicated that the constituents’ crystalline habit was disrupted, which 
might be explained to physical interactions between the constitutional compo-
nents during processing.

Powder x-ray diffraction analysis (P-XRD)

Fig. 4a shows the x-ray diffraction spectra of drug, MCC, Aerosil-200 and LS 
formulation (F12). The x-ray diffraction spectra of domperidone exhibited dif-
ferent characteristic peaks at 11.77°, 13.96°, 15.54°, 17.5°, 19.76°, 21.42°, 24.8°, 
26.46°, 27.48°, 29° and 31.46° that indicate the crystalline nature of domperi-
done. The diffraction spectra of MCC exhibited characteristic peaks at 14.6°, 
22.02°, 34.62° indicates the crystalline nature of MCC. On other hand aero-
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sil-200 has no characteristic peak because it is amorphous in nature. The dif-
fraction spectra of LS formulation (F12) exhibited characteristic peak at 13.24°, 
16°, 18.66° and 25.32°. The reduction in the intensity and the disappearance of 
many peaks of domperidone in the LS formulation suggest that the molecule 
was dissolved molecularly in the LS formulation. The drug may become solu-
bilized in a liquid vehicle, which could explain this behavior. This also implies 
that domperidone was in an amorphous form in the LS formulation57.

                                 (a)                                                              (b)

Figure 4. (a) XRD and (b) SEM images of MCC, Aerosil-200, Domperidone and LS 
formulation (F12) flow properties and weight variation of Liquisolid formulation

Scanning Electron Microscope (SEM)

The SEM image of optimized domperidone liquisolid (F12) was shown in Fig. 
4b. Liquisolid had an uneven form and a dimension of around 10 μm. The dis-
appearance of domperidone crystals in the liquisolid system was reported to be 
associated with drug solvation in non-volatile solvent. The surface of liquisolid 
seems to be uneven and porous and this porosity, makes it more soluble58. 

The angle of repose, bulk densities, Carr’s index, tapped densities and Haus-
ner’s ratio were determined to evaluate the flow parameters of the prepared LS 
powder. Powders with an angle of repose value of less than 45° are deemed to 
have acceptable flow characteristics, according to the USP. The liquisolid opti-
mized batch has bulk density (0.34), tapped density (0.38), Carr’s index (10.5), 
Hausner’s ratio (1.11) and angle of repose (34.06°) shows the good flow. The 
average weight of liquisolid capsules ranged between 205.21 mg and 320.31 
mg was found to be in acceptable limits.
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In-vitro drug release study

The in-vitro drug release from pure domperidone, LS formulation and mar-
keted formulation (Dompy®) are shown in Fig. 5. The release data of pure 
domperidone and marketed formulation at 120 min. was determined to be 
31.22% and 81.98% whereas, the domperidone release from the optimized LS 
formulation was found to be 93.63%. The LS formulation was best fitted into 
zero-order release kinetic with regression coefficients (R2) of 0.995 and follow 
non fickian diffusion (n=<0.5). It suggested that the liquisolid formulation was 
successfully enhancing the dissolution of domperidone59,60. 

Figure 5. Graph showing comparison between drug release kinetics of pure domperidone, 
liquisolid optimized batch (F12) and marketed formulation (Dompy ®)

Stability studies

After the stability period of 3 months, there was no discernible change in the 
physiochemical characteristics of optimized LS formulation (F12). The solubil-
ity and drug content differed slightly, but all were confirmed to be within ac-
ceptable limits61,62. There was no discernible influence on the dissolution pro-
file also as shown in Table 3.

Table 3. Stability studies of optimized LS formulation

Parameter Before After 3 months

Solubility (µg/mL) 58.10 ± 0.0058 56.04 ± 0.0047

Drug content (%) 98.77 ± 0.21 96.61 ± 0.68

% drug release at 120 min. 93.63 ± 3.68 90.93 ± 2.81

Domperidone has a high permeability across biological membranes, but its ab-
sorption is limited following oral administration due to its low dissolution rate 
and poorly water solubility. The liquisolid-capsule strategy could be a good 
way to speed up the dissolution of water-insoluble drugs like domperidone. 
In the liquisolid formulation, the liquid vehicle aids in increasing the dissolu-
tion characteristics of an aqueous insoluble drug. To improve the domperidone 
liquisolid formulation, a 32 Central Composite Design was used. Aerosil-200, 
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MCC, Tween-80 and sodium starch glycolate are selected as coating material, 
carrier material, solvent and disintegrant respectively, in the liquisoild formu-
lation. The results of solubility studies of different batches of liquisolid formu-
lations revealed an improvement in solubility ranging from 17.02-58.10 μg/mL 
as compared to pure drug domperidone (7.47 μg/mL). There was no interac-
tion between the drug and the additives, as per FTIR and DSC investigations 
and XRD revealed the absence of the drug characteristic peaks in the opti-
mized liquisolid formulation, implying that the pure medication had been par-
tially transformed into an amorphous or solubilized form. The disapperance of 
crystallinity of drug in liquisolid formulation, which is then, adsorbed onto the 
coating and carrier materials. Pure drugs that have been amorphous or soluble 
may have a fast rate of dissolution. Further the SEM study conform the drug is 
in amorphous form and solubilized into the liquisolid formulation. The data on 
drug release at 120 min. was found to be 93.63% further it is mathematically 
analyzed and fitted into zero-order release kinetics. A stability analysis of opti-
mized batch for solubility, drug content and drug release were done which re-
vealed that there was no significant change seen after three months of storage. 
This novel approach to the formulation may be helpful in improving solubility 
of poorly soluble drug domperidone. 
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ABSTRACT

The present work aimed to investigate the potential antimicrobial action of 
gemfibrozil alone and in combination with ceftriaxone or gentamycin against 
specific bacterial strains isolates (S. aureus, S. epidermidis, Streptococcus spp., 
and E. coli) with an evaluation of minimum inhibitory concentration (MIC) 
values, which revealed that gemfibrozil demonstrated the lowest MIC values 
against all studied bacterial isolates and the combination of gemfibrozil with 
either ceftriaxone or gentamycin results in an improvement in the MIC val-
ues to levels lower than those obtained with ceftriaxone or gentamycin alone, 
which revealed that there is a synergistic effect of the gemfibrozil combination 
with ceftriaxone or gentamycin on antibacterial activity against the studied 
pathogens, which appear more pronouncedly in the effect of combined anti-
bacterial effect upon Staphylococcus aureus, Staphylococcus epidermis, and 
Streptococcus spp. In conclusion, the current study demonstrated a synergistic 
effect between gemfibrozil and both ceftriaxone and gentamycin, indicating 
that the combination of these compounds is a potential therapeutic option for 
treating resistant bacterial strains.
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INTRODUCTION

The continual demand for novel antibacterial agents for the treatment of bac-
terial infections that should be effective against multidrug-resistant bacteria 
has prompted researchers to evaluate a variety of antimicrobial development 
strategies1. The extensive and frequent use of antibacterial agents favors the 
generation of resistant bacteria, which may cause serious infections2. In spite 
of the availability of antibacterial agents, they may also be associated with a 
limited number of factors such as side effects, adverse effects, and the emer-
gence of new strains of resistant bacteria3.

Moreover, resistance to antibacterial agents has led to the generation of world-
wide infections, causing an increase in morbidity and mortality, with about 
thirteen million deaths per year within the past century4.

Antibiotic-resistant pathogens such as Staphylococcus species are the most 
prevalent multidrug-resistant pathogens in both community and hospital in-
fections, and they are the most prevalent in hospitals5. Therefore, it is manda-
tory to investigate new strategies in the treatment of bacterial infections.

Gemfibrozil is peroxisome proliferator-activated receptor-alpha (PPAR-al-
pha)6. It acts by inducing changes in the biometabolism of fats, subsequently 
lowering triglyceride (TG) levels and also increasing the level of high-density 
lipoprotein (HDL)7. PPAR-alpha causes activation of the lipoprotein lipase 
(LPL) in both adipose tissues and muscles, leading to a downregulation of the 
TG concentration. In addition, gemfibrozil also decreases lipolysis and the 
removal of free fatty acids via the liver, leading to decreased TG production. 
Gemfibrozil also inhibits the synthesis and stimulates the catabolism of very-
low-density lipoprotein (VLDL)8. The reduction of the levels of VLDL can cause 
a drop in serum TG levels to be decreased by about 30–60 percent. On the 
other hand, gemfibrozil can also upregulate HDL by different mechanisms9.

Studies showed that gemfibrozil reduces the export of different organic ani-
ons, such as penicillin and quinolone antibiotics, in murine macrophages, so 
it can increase the intracellular levels of these agents and improve their abil-
ity to inhibit the intracellular growth of certain bacterial pathogens, such as 
Listeria monocytogenes10. In addition, gemfibrozil can play an essential role in 
the potentiation of host immune defense activity against different pathogenic 
bacteria11,12. Especially, it has a significant inhibitory effect on the replication 
of Pseudomonas aeruginosa13 Furthermore, studies showed that gemfibrozil 
has a significant effect on the treatment of sepsis associated with acute kidney 
injury 14. So, by exploring this system, we can investigate the promoting ef-
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fect of gemfibrozil on the antimicrobial action of ceftriaxone and gentamycin 
antibiotics on several types of bacteria. Gentamicin is an antibacterial agent, 
considered the prototype of the aminoglycoside group, used in the eradica-
tion of various bacterial infections; it acts through binding to the 30s subunit 
of susceptible bacterial ribosomes, leading to inhibition of protein synthesis15.

Ceftriaxone sodium, a third-generation cephalosporin16, has been used to treat 
different bacterial events; however, it is associated with increased resistance 
that may contribute to treatment failure17.

The present study was to investigate the possible direct or adjuvant antibacte-
rial effect of gemfibrozil alone or in combination with Ceftriaxone and Genta-
mycin in an in vitro study to identify its spectrum of action in the treatment 
of infections with major pathogens such as Staphylococcus aureus, Staph epi-
dermidis, Streptococcus spp., Pseudomonas aeruginosa, and E. coli.

METHODOLOGY 

Microorganisms

Bacterial species, including Staphylococcus aureus and epidermidis, Strep-
tococcus sp., Pseudomonas aeruginosa, and Escherichia coli, were carefully 
isolated from patients. The samples were collected, then carefully enriched in 
selective media and examined by microscopic and biochemical identification.

Procedure 

The antibacterial activity of gemfibrozil alone, gemfibrozil with ceftriaxone, 
and gemfibrozil with gentamycin was tested against bacterial isolates (S. au-
reus, S. epidermidis, Streptococcus spp., and E. coli). The agar-well diffusion 
method was used. and compare the result with the antimicrobial activity of 
ceftriaxone and gentamycin alone.

1. Prepare a bacterial plate by using Mueller-Hinton agar to measure the inhi-
bition zone.

2. Sterile swabs were used to spread the bacterial inoculum (1.5x108 CFU/ml 
McFarland standard) onto Mueller-Hinton agar in three directions.

a. A sterile stainless-steel borer was used to punch out wells (6 mm in diame-
ter) in the plates. There were three wells each containing 0.10 μl of gemfibrozil 
solution with concentrations of 100, 50, and 25 μg/ml.

The plates were kept at 37oC for a period of 24 hours, and a ruler was used to 
measure the inhibitory zone width in mm.
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b. Repeat the step (a.) with another prepared bacterial plate for S. aureus, S. 
epidermidis, Streptococcus spp., and E. coli, and put 0.10 μl of gemfibrozil 
solution with concentrations of 100, 50, and 25 μg/ml separately with a ceftri-
axone disc (30 μg) in each well. The plates were also kept at 37oC for a period of 
24 hours. A ruler was used to measure the inhibitory zone width in mm.

c. Repeat the step (a.) with another prepared bacterial plate for S. aureus, S. 
epidermidis, Streptococcus spp., and E. coli and put 0.10 l of gemfibrozil solu-
tion with concentrations of 100, 50, and 25 μg/ml separately with gentamycin 
disc (10 μg) in each well; the plates were then kept at 37oC for a period of 24 
hours. A ruler was used to measure the inhibitory zone width in mm.

d. With another prepared bacterial plate for S. aureus, S. epidermidis, Strep-
tococcus spp., and E. coli, a sterile stainless-steel borer was used to punch out 
one well (6 mm in diameter) in the plates and put a ceftriaxone disc (30 μg) 
alone in this well. The plates were kept at 37oC for a period of 24 hours. A ruler 
was used to measure the inhibitory zone width in mm.

e. with another prepared bacterial plate (S. aureus, S. epidermidis, Streptococ-
cus spp., and E. coli). A sterile stainless-steel borer was used to punch out one 
well (6 mm in diameter) in the plates. Put the gentamycin disc (10 μg) alone in 
this well. The plates were kept at 37oC for a period of 24 hours. A ruler was used 
to measure the inhibitory zone width in mm.

Determination of minimum inhibitory concentration (MIC)

The MIC was determined accurately by serial dilutions according to the Na-
tional Institute of Clinical Laboratory Standards18. Briefly, the investigated 
drugs were diluted serially and then added to well plates containing molten 
Muller-Hinton Gold II agar. Then, the plates were set aside to cool, then dried 
thoroughly. Finally, bacterial species were distributed among the wells of a 
plate using a steer replicator, with each drop containing 5x104 colony units. 
At the end of an 18-hour incubation at 37°C, well plates are then accurately 
read. MIC of an antibacterial agent is defined as the lowest concentration of the 
agent, in milligrams per liter (μg/mL), that completely inhibits the growth of 
the designated bacterial strain under in vitro conditions. Well plates were read 
in duplicate, and then the highest MIC value was determined. The reference 
number is indicated in the tables of the National Committee of Laboratories, 
which were used to decide whether it was susceptibility or resistance.
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Chemicals

All drugs used in this study were purchased from Sigma-Aldrich, and prior 
to MIC testing, they were diluted to a concentration of 1 mg/ml in dimethyl 
sulfoxide (DMSO). All substances were used in their purest forms. As a sur-
factant, dimethyl sulfoxide helped the evaluated drugs dissolve better. How-
ever, DMSO has zero antibacterial activity and serves as a negative control 
because of this fact.

Statistics

GraphPad Prism was used to conduct the statistical analysis (version 4.0, 
GraphPad Software, CA). To test for statistical significance, we used both one-
way ANOVA and Tukey’s post-hock test. Significant results were defined as 
p-values ≤ 0.0519.

RESULTS and DISCUSSION

Results obtained in the current study regarding the antibacterial effect of ei-
ther Gemfibrozil alone or in combination with ceftriaxone or gentamycin on 
standard bacterial strains: Staphylococcus aureus, Staphylococcus epidermis, 
Streptococcus spp., Pseudomonas aeruginosa, and E. coli revealed that gem-
fibrozil alone or in combination with either ceftriaxone or gentamycin induced 
variable degrees of antibacterial action, with ceftriaxone plus gemfibrozil and 
gentamycin plus gemfibrozil being more potent than either ceftriaxone or gen-
tamycin alone. 

Results illustrated in Table 1 and Figure 1 showed that gemfibrozil demon-
strated the lowest MIC values against all studied bacterial isolates. The results 
also showed that the combination of gemfibrozil with either ceftriaxone or gen-
tamycin results in an improvement in the MIC values to levels lower than those 
obtained with ceftriaxone or gentamycin alone, which revealed that there is a 
synergistic effect of the gemfibrozil combination with ceftriaxone or gentamy-
cin on antibacterial activity against the studied pathogens, which appear more 
pronouncedly in the effect of combined antibacterial effect upon Staphylococ-
cus aureus, Staphylococcus epidermis, and Streptococcus spp.

The antibacterial activity of gemfibrozil was evaluated against five important 
bacterial strains by measuring MIC values. In Table 1, results showed that 
various responses of antibacterial activity were induced by bacterial statins, 
where ceftriaxone plus gemfibrozil and gentamycin plus gemfibrozil were the 
most potent combinations compared to either gentamycin or ceftriaxone alone 
(p≤0.05). Nevertheless, Staphylococcus aureus, Staphylococcus epidermis, 
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and Streptococcus spp. were more sensitive to ceftriaxone plus gemfibrozil 
compared to gentamycin alone or in combination with gemfibrozil (P≤0.05). 
In contrary, Pseudomonas aeruginosa and E. coli showed to be more sensitive 
to gentamycin plus gemfibrozil compared to ceftriaxone alone or in combina-
tion with gemfibrozil (p≤0.05).

Table 1. Minimum inhibitory concentrations (MIC; µg/mL) of different bacterial strains

Bacterial spp Gemfibrozil Ceftriaxone Gentamycin Ceftriaxone + 
Gemfibrozil

Gentamycin + 
Gemfibrozil

Staphylococcus aureus 63.3 ± 16 350 ± 24 143 ± 12 233.6 ± 14 113.5 ± 12

Streptococcus spp  69.9 ± 12 321 ±12 143 ± 16 250 ± 19 80.5 ± 15

Pseudomonas aeruginosa 83.8 ± 22 159 ± 14 243 ± 15 140 ± 12 223.5 ± 5.8

Staphylococcus epidermis 70 ± 10 388 ± 12 113 ± 17 310 ± 19 70.9 ± 14

Escherichia coli 130 ± 13 190 ±15 290 ± 16 180 ± 11 270.4 ± 24

 

Figure 1. Minimum inhibitory concentrations (MIC; µg/mL) of different bacterial strains

The emergence of drug resistance, antibacterial adverse effects, and poor pa-
tient compliance indicates a potential need for a therapy regimen with similar 
or higher antibacterial beneficial activity yet with fewer side effects. Studies 
involving combinations for synergism have been prescribed as mandatory for 
multidrug-resistant bacteria species20. Therefore, there is an urgent need to 
investigate new antibacterial modalities. Results of this study showed poten-
tial antibacterial effects for gemfibrozil and indicated the superior antibac-
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terial effect of adding gemfibrozil to both ceftriaxone and gentamycin com-
pared with both of them alone. Gemfibrozil is a member of the fibrate group of 
medications, which were used to lower cholesterol and plasma triglycerides 40 
years ago20. It is an agonist of the peroxisome proliferator-activated receptors 
(PPARs)22. This agent has recently been demonstrated to have an additional 
effect through reducing inflammation, decreasing serum interferon and tumor 
necrosis factor (TNF)23, as well as interleukin-6 (IL-6)24. 

Gemfibrozil also produces a variety of anti-inflammatory cytokines, such as 
IL-4, and protects against autoimmune encephalitis25. Furthermore, gemfi-
brozil inhibits TNF, IL-1, IL-6, and nitric oxide26. In addition to its antihyper-
lipidemic effects, gemfibrozil was shown to have other, related effects, includ-
ing an anticoagulant property, antioxidative activity, and immunomodulatory 
effect27,28. The current study indicated the antimicrobial effect of gemfibrozil 
against Staphylococcus aureus, Staphylococcus epidermis, Streptococcus 
spp., Pseudomonas aeruginosa, and E. coli. Results of the present study also 
showed that the use of gemfibrozil could potentially improve the antibacte-
rial activity of both ceftriaxone and gentamycin. The antibacterial action of 
the investigated drugs was validated through the measurement of MIC values 
against the bacterial species involved in this study. As mentioned earlier, MIC 
of an antibacterial agent is defined as the lowest concentration of the agent, in 
milligrams per liter (μg/mL), that completely inhibits the growth of the desig-
nated bacterial strain under in vitro conditions29. 

Other studies showed that gemfibrozil noncompetitively abolished the growth 
of Legionella pneumophila and Mycoplasma tuberculosis by inhibiting their 
enoyl reductases10. It is well known that bacterial fatty acid synthesis occurs 
within membrane phospholipid synthesis, so substances that inhibit fatty acid 
synthesis will inhibit bacterial growth30. Moreover, gemfibrozil could aid the 
action of ceftriaxone and gentamycin through their reported pleiotropic ac-
tions31. Additionally, our study showed that gemfibrozil plus ceftriaxone or 
gentamycin was superior to both drugs alone. These distinct actions could be 
related to the antimicrobial effect of gemfibrozil, which is unrelated to its lipid-
lowering action32. The MIC value for gemfibrozil plus ceftriaxone was lower 
for E. coli than pseudomonas strains as compared with gemfibrozil plus genta-
mycin, while the first combination was better against Staphylococcus aureus, 
Staphylococcus epidermis, and Streptococcus spp.
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In conclusion, current study demonstrated synergistic activity between gem-
fibrozil and both ceftriaxone and gentamycin. The results depicted that the 
combination of these compounds is a potential therapeutic option for treat-
ment resistant bacterial strains. This combination has essentially to be studied 
in pharmaceutical industry and clinical studies.
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ABSTRACT

The fruit extracts of Heptaptera cilicica (Boiss. & Balansa) Tutin were screened 
for cytotoxic activities on the colon (COLO205 and KM12) and kidney (UO31 
and A498) cancer cell lines. The highest cytotoxic activities were observed in 
the dichloromethane extract of the fruits with IC50 values of 12.1 mg/mL and 
12.2 mg/mL on the COLO205 and KM12 cell lines, respectively. In contrast, 
the ethyl acetate extract of the fruits exhibited moderate cytotoxic activity with 
IC50 values of 33.6 mg/mL and 37.2 mg/mL against the COLO205 and KM12 
cell lines. Dichloromethane and ethyl acetate extracts of the fruits exhibited 
weak cytotoxic activity against the UO31 and A498 cancer cell lines with IC50 
values greater than 50 mg/mL. Aqueous-methanol extract of the fruits showed 
cytotoxic activity against all cancer cell lines with IC50 value greater than 50 
mg/mL.

Keywords: cytotoxic activity, Heptaptera cilicica, Apiaceae

INTRODUCTION

Cancer, a significant public health problem, is the second leading cause of 
death worldwide.  Colorectal cancers are the third estimated new cancer cases 
and deaths among adult Americans in 2022, and kidney cancer (Renal cell can-
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cer-RCC) is the second most common cancer of the urinary system1. In 2023, 
there were approximately 81,800 new cases and 14,8900 deaths due to kidney 
and renal pelvis cancer, 153,020 new patients, and 52,550 deaths due to colon 
and rectum cancer2. Natural products are important sources for the discovery 
of new anticancer drugs3. This study was designed to evaluate the cytotoxic 
activities of Heptaptera cilicica fruits on colon and kidney cancer cells during 
our ongoing studies on the genus Heptaptera (Apiaceae). There are 11 species 
of Heptaptera Marg. & Reuter found in the world four of them: H. anatolica 
(Boiss.) Tutin, H. anisoptera (DC.) Tutin H. cilicica (Boiss. & Balansa) Tutin 
and H. triquetra (Vent.) Tutin are growing in Turkey4,5. H. cilicica is an endem-
ic species distributed in the Mersin province of the Mediterranean region of 
Turkey5. Heptaptera species have been reported to contain sesquiterpene cou-
marin derivatives6-12. Coumarins are well-known plant secondary metabolites 
for their cytotoxic, anti-cancer, anti-inflammatory, antibacterial, antidiabetic, 
antileishmanial, antiviral, and anti-cholinesterase effects11-18.

In this study, the fruit extracts of Heptaptera cilicica were investigated for 
their cytotoxic activities against the colon (COLO205 and KM12) and kidney 
(UO31 and A498) cancer cell lines.

METHODOLOGY

Plant material

The fruits of Heptaptera cilicica were collected in Mersin province between 
Tarsus and Karakütük village in June 2013 and identified by Prof. A. Duran. A 
voucher specimen (A. Duran 9591) was deposited in the Herbarium of Selçuk 
University, Faculty of Sciences, Department of Biology (KONYA).

Extraction

Pulverized fruits (50 g) of the plant were sequentially extracted by macera-
tion with dichloromethane (CH2Cl2) and methanol. The extracts were indi-
vidually concentrated in a rotary evaporator under reduced pressure to yield 
crude extracts. Dichloromethane and methanol extracts of the fruits were 0.72 
g (1.44%) and 2.45 g (4.90%), respectively. The methanol extract was redis-
solved in a mixture of methanol/water (10:90) and then partitioned with ethyl 
acetate (EtOAc); the resulting extracts were separately concentrated in vacuo 
to dryness. The yields of ethyl acetate and aqueous-methanol extracts of the 
fruits were 0.92 g (1.84%) and 1.44 g (2.88%), respectively.



577Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

Cytotoxicity assay on cancer cells

The assay used for this study was a two-day, two-cell line XTT bioassay19, an 
in vitro antitumor colorimetric assay developed by the MTL Assay Develop-
ment and Screening Section. Cancer cell lines used were colon (COLO205 and 
KM12) and kidney (UO31 and A498). Sanguinarine was used as a positive con-
trol. The assay was performed as described previously12. 

RESULTS and DISCUSSION

In this study, the cytotoxic activity of the fruits of H. cilicica was reported for 
the first time. In our research, the dichloromethane extract of the fruits had a 
strong inhibitory activity on the colon cancer COLO205 and KM12 cell lines. 
The ethyl acetate extract of the fruits showed moderate inhibitory activity on 
the COLO205 and KM12 cell lines. Aqueous-methanol extract of the fruits 
showed cytotoxic activity against the COLO205 and KM12 cell lines with IC50 
values greater than 50 μg/mL. All the extracts had cytotoxic activity on UO31 
and A498 renal cell lines greater than 50 mg/mL concentrations. The cytotoxic 
activities detected in these extracts are shown in Table 1. 

Table 1. Cytotoxic activities of the extracts

IC50 values (µg/mL)

Extracts UO31 A498 COLO205 KM12

1 > 50 > 50 12,1 12,2

2 > 50 > 50 33,6 37,2

3 > 50 > 50 > 50 > 50

1: CH2Cl2 extract; 2: EtOAc extract; 3: Aqueous-methanol extract

The highest cytotoxic activities were observed in the dichloromethane extract 
of the fruits with IC50 values of 12.1 mg/mL and 12.2 mg/mL on the COLO205 
and KM12 cell lines, respectively. The ethyl acetate extract of the fruits exhibit-
ed moderate cytotoxic activity with IC50 values of 33.6 µg/mL and 37.2 µg/mL 
on the COLO205 and KM12 cell lines. Dichloromethane and ethyl acetate ex-
tracts of the fruits exhibited weak cytotoxic activity against the UO31 and A498 
cancer cell lines with IC50 values greater than 50 mg/mL. Aqueous-methanol 
extract of the fruits showed cytotoxic activity against all cancer cell lines with 
IC50 value greater than 50 mg/mL. Previously, Tosun and Miski reported the 
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cytotoxic activities of the fruit extracts of Heptaptera anisoptera20, H. anatoli-
ca21, and H. triquetra22 on the COLO205 and KM12 cell lines. The cytotoxic ac-
tivities of the dichloromethane, ethyl acetate, and aqueous-methanol extract of 
the H. cilicica fruits on the COLO205 and KM12 cell lines were similar to those 
of the fruit dichloromethane, ethyl acetate, and aqueous-methanol extracts of 
H. anatolica. Among these four Heptaptera species, the dichloromethane and 
ethyl acetate extracts of the fruits of H. anisoptera showed the best cytotoxic 
activities. The ethyl acetate extracts of the H. anatolica, H. triquetra, and H. 
cilicica fruits showed moderate to weak cytotoxic activities. Aqueous-meth-
anol extracts of the fruits of these four Heptaptera species showed cytotoxic 
activity against the COLO205 and KM12 cell lines with IC50 values greater than 
50 mg/mL. Since some sesquiterpene coumarin derivatives were isolated from 
the chloroform extracts of the fruits of Heptaptera anatolica9, H. anisoptera9 
and H. cilicica23, and the cytotoxic activities of sesquiterpene coumarins were 
reported earlier11-13, it can be concluded that the secondary metabolite(s) re-
sponsible for the cytotoxic activity of the fruits of H. cilicica may be sesquiter-
pene coumarin(s). The dichloromethane extract of the fruits of H. cilicica will 
be subjected to bioactivity-guided fractionation.
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ABSTRACT

This study aims to investigate the essential oil composition of aerial parts of 
Isatis floribunda, and the acetylcholinesterase inhibitory activity of its extracts. 
Essential oil of the aerial parts of the plant material was obtained and the GC-
MS analysis was performed. Then, extracts of the plant material were obtained, 
and in vitro acetylcholinesterase inhibitory assay was performed. GC-MS 
analysis demonstrated that the composition of Isatis floribunda is rich in fatty 
acid compounds, with the major compounds including dodecanoic acid, nano-
cosane, hexadecenoic acid, tetradecanoic acid, methyl octadecenoate, decanoic 
acid, and hexahydrofarnesyl acetone. Methanolic extract of the plant species 
has demonstrated strong acetylcholinesterase inhibitory activity with the IC50 
value of 0.16 mg/mL. Essential oil composition of Isatis floribunda has been 
determined to be rich in fatty acid components, these compounds could dem-
onstrate potent acetylcholinesterase inhibition. Therefore, a novel medication 
from Isatis floribunda extracts could be discovered against Alzheimer’s disease. 
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INTRODUCTION 

Natural sources have been used for developing medicinal agents for centuries. 
Many modern medicines today have been developed from natural sources such as 
plants. Traditional medicine that suggests using plant extracts and essential oils 
of plants still provides treatment to most of the world’s population1. Brassicaceae 
(Cruciferea) family is a major family which includes approximately 350 genera 
and 3000 species and distributes mainly in North Temperate Zone. The family 
species of Brassicaceae, also known as mustards, have been used for centuries for 
food and herbal remedy purposes2. Plants in the Brassicaceae family have been 
used for their antifungal, antibacterial, antidiabetic and anticancer properties3. 
Genus Isatis is one of the the most extensive genera in the Brassicaceae family, 
and they are known as biennial, herbaceous shrubs with yellow flowers. Leaves 
of the Isatis genera are known to have antiviral, antibacterial, anticancer, astrin-
gent, and febrifuge activities. Isatis floribunda is a member of the Brassicaceae 
family, and an endemic plant distributed in Türkiye and Iran. Mediterranean 
regions are the major distribution zones of Isatis floribunda, including Adana, 
Çankırı, Ankara, Eskişehir, Kayseri, Konya, and Nevşehir provinces4. 

In previous studies, extracts of Isatis floribunda have been analyzed for their 
antioxidative, antibacterial, and cytotoxic properties. Plant extracts have dem-
onstrated rich phenolic and flavonoid content, which results in antioxidative 
activity. Additionally, extracts of Isatis floribunda demonstrated antibacterial 
activity against various Gram-positive and Gram-negative bacteria. Further-
more, HPLC analysis of the extracts of Isatis floribunda has shown to be rich in 
chlorogenic acid, quercetin, p-coumaric acid and caffeic acid4,5. Overall, Isatis 
floribunda extracts have been used for their various biological activities for 
decades. However, the possible biological activities of Isatis floribunda are still 
yet to be determined. 

Alzheimer’s disease is the most common type of dementia worldwide. It is char-
acterized by dementia; however, the disease’s pathogenesis is still could not 
be elucidated. The cholinergic hypothesis is believed to be the reason for the 
disease formation and progression. The cholinergic hypothesis is explained by 
insufficient endogenous acetylcholine in the cholinergic system6. Acetylcholine 
is a neurotransmitter that causes the signal transmission from one cholinergic 
neuron to another. Acetylcholine deficiency causes impaired memory, leading 
to dementia symptoms7. One reason for acetylcholine deficiency is the increased 
acetylcholinesterase (AChE) enzyme activity. AChE enzyme is responsible for 
the degradation of acetylcholine in the synaptic junction. Overactivation of the 
AChE enzyme can cause fast degradation of acetylcholine, therefore, deficiency 
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of acetylcholine, which leads to dementia symptoms8. Another hypothesis in-
cludes inhibition of the choline-acetyltransferase enzyme, which is the enzyme 
responsible for the synthesis of acetylcholine. Therefore, an insufficient amount 
of acetylcholine causes dementia symptoms. Depending on the first hypothesis, 
AChE inhibitors are used in the treatment of Alzheimer’s disease, including 
Galantamine, Rivastigmine, Physostigmine, Tacrine, and Donepezil9,10. AChE 
inhibition is the essential treatment strategy for Alzheimer’s disease. Therefore, 
emerging novel AChE inhibitors are essential treatment options11. 

In this study, the essential oil composition of Isatis floribunda was analyzed 
with GC-MS analysis, and the AChE inhibitory activity of the extracts of Isatis 
floribunda was tested to determine if the plant species is a promising com-
pound in developing novel treatment options for Alzheimer’s disease. 

METHODOLOGY

Plant material

Isatis floribunda was collected from its natural habitat during the flowering 
season from Beypazarı, Ankara, Türkiye. The plant material was deposited to 
the Gaziosmanpaşa University Herbarium with the voucher specimen number 
GOPU 3028. Aerial parts of Isatis floribunda were used to obtain essential oil 
and extracts. 

Isolation of essential oil

100 grams of dried aerial parts of the plant material were used to obtain the 
essential oil. Hydro-distillation method was used by Clevenger-type apparatus 
for 3 hours. At hour 3, the yield of the essential oil was 0.03%. 

GC-MS analysis of essential oil

The essential oil analysis was conducted by Agilent 5977 MSD GC-MS system 
operating in EI mode. Temperatures of the MS transfer line and injector were 
adjusted at 250˚C, and spitless injection was used through the analysis. As a 
carrier gas, helium was used with a constant flow rate of 1 mL/min. Innowax 
FSC column (60 m x 0.25 mm, 0.25 μm film thickness) was used, and the tem-
perature was adjusted at 60˚C for 10 minutes and increased to 220oC at the 
rate of 4˚C/min. The temperature was kept stable at 220oC for 10 min and 
then increased to 240oC at a rate of 1˚C/min. Mass spectra were recorded at 
70 eV with the mass range m/z 35 to 425. The relative percentage amounts of 
the separated compounds were calculated from the integration of the peaks 
in mass spectrum chromatograms. The results of the GC-MS analysis are pro-
vided in “Table 1”. 
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Preparation of plant extracts

Air-dried plant material was ground to obtain a fine powder. Then, 10 grams 
of plant species were used to obtain dichloromethane and methanol extracts 
of the plant species by the Soxhlet extraction method for 3 hours, respectively. 
Finally, the excess solvent was evaporated with a rotary evaporator (Heidolph, 
Germany). The yields of the dichloromethane and methanol extracts were cal-
culated as 5.89% and 34.73%, respectively. 

In vitro acetylcholinesterase inhibition assay

The previously described method was used for the AChE inhibition assay12. The 
solution of the AChE inhibitory assay contained 240 μL, 1.25 mM 5,5-dithio-
bis-(2-nitrobenzoic acid) (DTNB), 192 μL acetylthiocholine iodide (AChI), 1200 
μL, 100 mM Tris–HCl buffer pH 8.0 and 20, 40 and 60 μL extract solution. 
The inhibitory activity was tested for 10 mg/mL concentration stock solution in 
methanol. In addition, 3 different volumes were tested, including 20 μL, 40 μL, 
and 60 μL. The same buffer volume was added to the assay solution instead of 
the tested amounts in the blank solution. Galantamine hydrobromide was used 
as a positive control during the assay. To start the reactions, ≈ 0.03 U/mL of 
AChE (electric eel) was transferred into the reaction mixture. The reaction was 
monitored for 2 minutes using a spectrophotometer (Carry 60 single beam spec-
trophotometer, Agilent Technologies, USA) at 412 wavelengths. Following the 
activity obtained from the blank, as the percentage of the reaction rate, the en-
zymatic activity was calculated. The data obtained from the linear section of the 
initial 60 s were used to calculate the activities. The subtraction of the ratio of the 
sample activity versus blank activity from 100 calculated the AChE inhibitory ac-
tivity. The results of the experiments were given as mean ± standard deviation of 
three parallel experiments. The analysis was performed only on methanolic ex-
tract due to the solubility and turbidity problem of the dichloromethane extract. 

RESULTS and DISCUSSION

GC-MS analysis of essential oil

The essential oil composition of the plant species was detected to be rich in saturated 
fatty acids. The major compound of Isatis floribunda was determined as dodecanoic 
acid represents about 28.6%. Nanocosane, hexadecenoic acid, and tetradecanoic 
acid were also detected at about 11.0%, 10.0%, and 8.4%, respectively. In addition, 
methyl octadecenoate, decanoic acid, and hexahydrofarnesyl acetone were detected 
at the ratio of 4.8%, 4.6%, and 3.5%, respectively. Due to insufficient essential oil, a 
bioactivity assay could not be performed. Therefore, an extract of the plant material 
was obtained for further analysis. GC-MS chromatogram is presented in “Figure 1”.
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Table 1. Compounds determined by GC-MS of Isatis floribunda essential oil, major 
compounds were presented in bold font type

No 1RT 2RRI 3RRI Lit Compound % 4Identification method

1 17,879 1229 1232 (E)-2 Hexanal 0.12 RI, MS

2 25,232 1403 1400 Nonanal 0.06 RI, MS

3 26,674 1443 1441 (E)-2-Octenal 0.09 RI, MS

4 32,831 1627 1624 cis-Dihydrocarvone 0.07 RI, MS

5 33,23 1640 1638 β-Cyclocitral 0.09 RI, MS

6 33,445 1647 1645 cis-Isodihydrocarvone 0.05 RI, MS

7 34,01 1666 1664 Phenylacetaldehyde 0.29 RI, MS

8 34,319 1676 1671 (Z)- β-Farnesene 0.08 RI, MS

9 35,397 1712 1709 α-Terpineol 0.15 RI, MS

10 37,019 1769 1765 Napthalene 0.46 RI, MS

11 38,236 1813 1815 Methyl dodecanoate 0.06 RI, MS

12 39,255 1850 1845 Anethole 0.08 RI, MS

13 39,325 1853 1853 Ethyl dodecanoate 0.13 RI, MS

14 39,798 1871 1868 (E)-Geranyl acetone 0.75 RI, MS

15 42,17 1962 1958 (E)-β-Ionone 0.59 RI, MS

16 42,544 1976 1956 2-Methyl-5-(1,1,5-trimethyl-
5-hexenyl)furan 0.26 RI, MS

17 43,572 2017 1968 β-Ionol 0.09 RI, MS

18 43,778 2025 3,4-Dehydro-β-ionone 0.34 MS

19 44,496 2055 2048 3,4-Dimethoxystyrene 1.15 RI, MS

20 44,605 2059 2057 Ethyl tetradecanoate 0.07 RI, MS

21 44,92 2072 2084 Octanoic acid 0.11 RI, MS

22 45,619 2101 2096 (E)-Methyl cinnamate 0.06 RI, MS

23 45,717 2105 2100 Heneicosane 0.48 Ac, RI, MS

24 46,5 2138 2131 Hexahydrofarnesyl acetone 3.50 RI, MS

25 47,451 2179 2179 1-Tetradecanol 0.06 RI, MS

26 47,553 2183 2170 3,4-Dimethyl-5-pentylidene-
2(5H)-furanone 0.52 RI, MS

27 47,668 2188 Megastigmatrienone 
isomer* 0.07 MS

28 47,913 2199 2198 1-Docosene 0.09 RI, MS

29 48,506 2225 2218 p-Vinylguaicol 0.09 RI, MS

30 48,666 2232 Megastigmatrienone 
isomer* 0.46 MS
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Table 1. Compounds determined by GC-MS of Isatis floribunda essential oil, major 
compounds were presented in bold font type (continued)

31 48,754 2236 2241 Heptadecanal 0.24 RI, MS

32 49,421 2266 2262 Ethyl hexadecanoate 0.11 RI, MS

33 49,863 2286 2296 Decanoic acid 4.69 RI, MS

34 50,314 2305 2300 Tricosane 0.50 Ac, RI, MS

35 50,996 2334 Megastigmatrienone 
isomer* 0.22 MS

36 51,567 2358 2353 Octadecanal 0.06 RI, MS

37 52,365 2391 2384 Farnesyl acetone 0.59 RI, MS

38 52,757 2407 2400 Tetracosane 0.34 Ac, RI, MS

39 53,866 2446 2431 Methyl octadecanoate 4.84 RI, MS

40 54,19 2458 2467 Ethyl octadecanoate 0.37 RI, MS

41 55,392 2500 2503 Dodecanoic acid 28.62 RI, MS

42 55,601 2506 2500 Pentacosane 3.08 RI, MS

43 57,808 2571 2560 Ethyl   
3-hydroxytridecanoate 0.30 RI, MS

44 58,127 2580 2583 Methyl linolenate 0.07 RI, MS

45 59,14 2608 2600 Hexacosane 0.17 Ac, RI, MS

46 59,357 2613 2613 Ethyl linolenate 0.09 RI, MS

47 59,814 2624 2622 Phytol 0.43 RI, MS

48 61,284 2659 2670 Ethyl eicosanoate 1.51 RI, MS

49 61,521 2665 2670 Tetradecanoic acid 0.06 RI, MS

50 63,429 2709 2700 Heptacosane 2.62 Ac, RI, MS

51 63,557 2712 2713 Tetradecanoic acid 8.54 RI, MS

52 68,141 2809 2800 Octacosane 0.41 Ac, RI, MS

53 68,581 2818 2822 Pentadecanoic acid 0.13 Ac, RI, MS

54 70,485 2856 2857 Palmito-γ-lactone 0.25 RI, MS

55 73,307 2911 2900 Nonacosane 11.03 Ac, RI, MS

56 74,049 2925 2931 Hexadecanoic acid 9.99 RI, MS

57 78,749 3013 2290 Docosanol 0.52 RI, MS

RT: Retention Time, RRI: Relative Retention Index according to n-alkanes, RRI Lit: 
Relative Retention Index according to the literature. Identification Method; MS: Ac-
cording to mass similarity, RI: According to the similarity of RRI with the literature, Ac: 
Co-injection of the authentic compound
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Figure 1. GC-MS chromatogram of Isatis floribunda essential oil

In vitro acetylcholinesterase inhibition assay 

Due to the solubility and turbidity problem of the dichloromethane extract, an 
AChE inhibitory assay was performed only on the methanolic extract. All the 
tested volumes showed inhibitory activity. 20 μL, 40 μL, and 60 μL volumes 
demonstrated 35.17%, 50.44%, and 57.323% inhibition, respectively. The IC50 
of positive control, galantamine hydrobromide, was calculated with the same 
equation which was 2.01 μL. The detailed results of the inhibitory assay are 
demonstrated in “Table 2”. 

Table 2. AChE inhibition results of the methanolic extracts of Isatis floribunda

Tested Volume, µL [Inh], mg/mL Inhibition, % Standard Deviation ±

0 0 0 0

20 0.083 35.17 0.39

40 0.166 50.44 0.208

60 0.25 57.323 1.258

IC50 was calculated as 0.16 mg/mL according to the equation obtained from 
the AChE inhibitory curve. The AChE inhibition curve of Isatis floribunda is 
demonstrated in “Figure 2”. 
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Figure 2. AChE inhibition curve of Isatis floribunda methanolic extract

Alzheimer’s is the most common neurodegenerative disease and has become 
a major health issue worldwide. However, there is still no cure for the disease, 
which makes it one of the top research topics. AChE inhibition is one of the cru-
cial treatment options in treating Alzheimer’s disease. However, the use of the 
current AChE inhibitors is limited due to the side effects13. Physostigmine has a 
narrow therapeutic index and shoer half-life and has numerous side effects, in-
cluding diarrhea, abdominal cramps, increased sweating, and increased saliva 
production. Due to these reasons, its user in treating Alzheimer’s disease is not 
approved anymore14. Tacrine also has a short half-life and has side effects of 
nausea, vomiting, clumsiness, and diarrhea. Also, blood monitoring is required 
during Tacrine treatment because of its hepatotoxic effects. Therefore, its use 
in Alzheimer’s disease is not continued anymore15,16. Another AChE inhibitor 
is Donepezil, which demonstrates side effects of insomnia, loss of appetite, 
muscle cramps, and muscle weakness. Additionally, it has been detected that 
those patients under Donepezil treatment have experienced low blood pres-
sure, severe vomiting, breathing problems, and bradycardia. Therefore, its use 
in Alzheimer’s disease is not approved in some countries. Rivastigmine also 
has similar side effects, including stomach pain, weight loss, diarrhea, loss of 
appetite, nausea, and vomiting13. Lastly, Galantamine is shown to be effective 
in treating cognitive symptoms of Alzheimer’s disease. However, it also has 
side effects that limit medication use including convulsions, irregular breath-
ing, stomach cramps, watery eyes, and confusion17. Due to all these reasons, 
novel AChE inhibitors are needed to treat Alzheimer’s disease. 
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Natural sources such as plant species have been used to treat several diseases 
for centuries. As such, extracts, essential oils, and fractions of different plant 
species, including the families of Acanthaceae, Amaranthaceae, and Amaryl-
lidaceae have been used for their AChE inhibitory effect18. As previously men-
tioned, Rivastigmine and Galantamine are also medications derived from nat-
ural sources19. In previous studies, Isatis floribunda extracts have been tested 
for its antioxidative, antibacterial, and cytotoxic properties4. However, the 
AChE inhibitory effect of the plant species is still a mystery. Therefore, Isatis 
floribunda extracts have been tested against their AChE inhibitory effect in this 
study. It has been found that the methanolic extracts have a promising AChE 
inhibitory effect with the IC50 value of 0.16 mg/mL according to the equa-
tion obtained from the AChE inhibitory curve. Previous studies have shown 
that the chemical composition of methanolic extracts of Isatis floribunda con-
tains catechin, chlorogenic acid, caffeic acid, quercetin, and p-coumaric acid4. 
Therefore, it has been believed that the AChE inhibition of Isatis floribunda 
extract is due to these compounds20-23. Additionally, the essential oil composi-
tion of Isatis floribunda was demonstrated to be rich in fatty acids, which are 
also potent AChE inhibitors24,25. Therefore, sufficient Isatis floribunda essen-
tial oil could also demonstrate an AChE inhibitory effect. 

This study determined the AChE inhibitory effect of Isatis floribunda extracts. 
Methanolic extracts of the plant species have demonstrated strong AChE in-
hibition with the IC50 of 0.16 mg/mL, which shows that it is a promising plant 
material for developing new AChE inhibitors. Additionally, it has been shown 
that the essential oil composition of Isatis floribunda is rich in compounds 
which are potentially effective AChE inhibitors. Therefore, even though the es-
sential oil yield was insufficient, it is believed that the essential oil of the plant 
species could be a promising AChE inhibitor in the future. In conclusion, Isatis 
floribunda is a promising plant species in developing novel AChE inhibitors in 
the treatment of Alzheimer’s disease.
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ABSTRACT

In this study, physicochemical properties of Ibuprofen were evaluated using 
HPLC-DAD system to examine the effect of pH on the solubility and intestinal 
permeability of Ibuprofen. Ibuprofen is still one of the most used and safest 
non-selective NSAIDs among those approved. Ibuprofen solubility is dramati-
cally affected by pH changes. There is not enough data to show if pH dependent 
water solubility of ibuprofen will affect its absorption/bioavailability. For this 
purpose, lipophilicity parameters (logkw) of ibuprofen were determined at vari-
ous pH ranges using HPLC-DAD system and the results were compared with in-
vivo intestinal permeability results obtained where a perfusion medium having 
different pH values used (pH 3.9, 4.9 and pH 7.4). The results confirmed that 
the acidic pH of the perfusion medium increased the permeability of ibuprofen, 
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but in basic pH values (pH 7.4) the permeability was relatively lower. The per-
meability results were in correlation with determined lipophilicity. 

Keywords: Ibuprofen, intestinal permeability, HPLC diffusion coefficient, 
acid dissociation constant, drug absorption

INTRODUCTION

Nonsteroidal anti-inflammatory drugs [NSAIDs] are a drug class FDA-ap-
proved for use as antipyretic, anti-inflammatory, and analgesic agents. These 
effects make NSAIDs useful for the treatment of muscle pain, dysmenorrhea, 
arthritic conditions, pyrexia, gout, migraines, and used as opioid-sparing agents 
in certain acute trauma cases1,2. Ibuprofen (IBU) is still one of the most com-
monly used and safest non-selective NSAIDs among others, and its use for vari-
ous diseases beyond its primary purpose has been reported3-6. These are necro-
sis, bronchopulmonary dysplasia, cardiovascular diseases, neurodegenerative 
diseases and cancer prevention7-11. The other interesting thing about IBU is its 
common usage as an OTC medicine9,12. However, some studies show that IBU is 
not safe when it is used over-dose or in regular daily usage9,13-16. A basic search 
on Rxlist [www.rxlist.com] shows that there are more than fifty different formu-
lations of IBU marketed in the USA and it is easy to reach as an OTC for a wide     
population. The chemical structure of IBU is shown in Figure 1.

Figure 1. Chemical structure of Ibuprofen

A study published in 2005 by Savolainen et al. about the brain delivery of IBU 
presents that IBU concentration in both plasma and brain reached a steady 
state within 6 h. This study proves that limited brain penetration prevents the 
possible usage of IBU in treating or preventing neurodegenerative disorders 
such as Alzheimer’s disease17. Mainly, these studies concentrated on the clini-
cal aspects of NSAID use and its impact on gastrointestinal complications.

The main focus of our current study is to evaluate the use of an NSAID in cases 
involving certain gastrointestinal complications. These complications include 
conditions such as inflammatory bowel diseases. This evaluation is essential 
because the pH level in the bowels undergoes an acidic shift under such cir-
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cumstances. This shift in pH can potentially result in unexpected pharmacoki-
netic profiles for IBU. These unexpected profiles may occur due to changes in 
the permeability of this weakly acidic drug. Essentially, the intraluminal pH 
of the gastrointestinal tract is variable. In healthy subjects, it is from highly 
acidic pH in the stomach (pH 1.5 – 3.5) to about pH 6.0 in the duodenum. The 
pH gradually increases in the small intestine from pH 6.0 to about pH 7.4 in 
the terminal ileum. Although the pH drops to 5.7 in the caecum, it gradually 
increases, reaching a pH 6.7 in the rectum18. However, as mentioned, intra-
luminal pH may vary in a disease state. For example, very low intraluminal 
colonic pH was reported for ulcerative colitis (pH 3.0 – 4.5) which is a form of 
inflammatory bowel disease19. The pKa value for IBU is 4.9 and in the disease 
conditions where the pH of the column is dramatically lower in comparison to 
the normal conditions, the solubility of the IBU is affected. When the solubility 
is affected, we assume that the permeability, and by that way, the pharmacoki-
netic profile will also be changed.

As a group working on pharmacokinetics and analytical method development, 
we primarily focused on the changes in the intestinal permeability of IBU in 
a case of a gastrointestinal complication. In this paper, an intestinal perme-
ability study was performed in two different conditions and one of them refers 
to the healthy intestine [pH: 7.4 and 5.9] and the other [pH 3.9] refers the 
inflammatory bowel disease. pH 5.9 and pH 3.9 also refer the pKa ± 1 for IBU 
(pKa 4.9). To prove the dramatic solubility changes of IBU [a weakly acidic 
drug] in various pH, an in vitro experimental approach was designed and Log 
kw 20 for IBU was determined for pH 4.5, 5.5, 6.5 and 7.5. The results obtained 
from in vitro Log kw studies for the solubility of IBU depending on pH of the 
medium were compared with the results of the intestinal permeability of IBU 
while simulating a disease condition changing the pH of the colon.

METHODOLOGY

Chemicals

IBU, Metoprolol tartrate (MET), Phenol red (PR) was supplied from Sigma Al-
drich (St. Louis, MO, USA). Sodium phosphatedibasic (NaH2PO4) and NaOH 
were from Merck (Darmstadt, Germany), disodium monohydrogenphosphate 
(Na2HPO4), potassium chloride (KCl), Sodium hydroxide (NaCl), Sodium Sul-
fate (Na2SO4), Sodium bi carbonate (NaHCO3), Mannitol, Acetonitrile (ACN), 
Methanol (MeOH), ortho phosphoric acid (purity > 99%). 1-octanol was ob-
tained from Sigma Aldrich. HPLC grade water was purchased from Carlo Erba 
(France) and it was used for the preparation of standard solutions and buffers. 
All solutions were of analytical grade.



596 Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

Instrumentation

The chromatographic separation of all samples was carried out using an HPLC 
system (Shimadzu, Nexera–i, LC–2040C 3D Model, JAPAN) that was coupled 
to a Shimadzu Nexera–i 2040C 3D Model (Model, JAPAN) UV/DAD detector. 
Chromatographic separations were carried out on a C18 (150 mm 4.6 mm, 2.7 
μm particle size) column (Restek Raptor TM) for logkw studies and C18 (250 
mm x 460 mm, 5 μm particle size) column (Supelco) with a pH range of 3-6.50 
and isocratic separation with a mobile phase consisting of 20 mM phosphate 
buffer solution (PBS): ACN (55:45, v/v) at a flow rate of 1 mL min-1. This pH 
range is also used for the assessment of IBU’s pKa value and permeability stud-
ies. The wavelength of the detector was set to 220 nm and 254 nm, and the 
retention times were determined automatically by an online computer running 
Shimadzu LabSolution software. The injection volume was 10 μL. The delivery 
of the perfusion medium to the jejunum was accomplished using a peristaltic 
pump. The perfusion medium was administered to the jejunum with the help 
of a Gilson Minipuls 3 peristaltic pump (USA).

Preparation of the standard stock solutions, buffer solutions,
mobile phases and perfusion medium

Standard stock solution of Ibuprofen, metoprolol tartrate and
phenol red (1000 µg mL-1 in MeOH)

Standard stock solution was prepared by dissolving 25 mg of IBU, 25 mg of PR 
and 25 mg MET in 20 mL volumetric flasks. All solutions were stored at 4°C 
in the fridge during experiments. Each standard was prepared in 75% (v/v) 
MeOH for IBU, MeOH for PR and Milli Q water for MET, respectively.

20 mM Phosphate buffer solution (PBS)

PBS was prepared by dissolving 2.84 g of Na2HPO4 in approximately 800 mL 
water and then increasing the volume to 1000 mL with water once the diso-
dium Na2HPO4 solution was completely dissolved.

20 mM PBS:MeOH (from 60:40 v/v to 30:70 v/v) solutions
(pH 4.50 –7.50) for log kw determination using HPLC

PBS and MeOH in a range between 60:40 v/v and 30:70 v/v were mixed to 
reach 500 mL final volume. The pH of the mobile phases (60:40 v/v and 30:70 
v/v) was arranged to 4.5, 5.5, 6.5 and 7.5. 
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Perfusion medium

The perfusion medium contains 25 mM NaCl, 10 mM KCl, 40 mM Na2SO4, 20 
mM NaHCO3 and 80 mM mannitol. O-phosphoric acid was utilized to modify 
the pH of the buffer depending on the process. Perfusion medium was made 
fresh and filtered through a 0.22 μm membrane filter before being used in the 
experiment.

Procedures

Method optimization

MET which is used as reference standard and PR (zero permeability marker) 
are commonly used compounds in Single Pass Intestinal Perfusion (SPIP) 
technique. For this purpose, IBU, MT and PR mixture solution were used for 
optimization studies. After some preliminary studies, the mobile phase decid-
ed to be as (pH 6.61 10 mM Na2HPO4:ACN)/ (45/55,v/v). Flow rate was set 
at 0.8 ml min-1 and wavelength at 220 nm. Column temperature was adjusted 
25°C and injection volume was 10 μL. under these conditions, the obtained 
chromatogram of IBU, MET and PR is shown in Figure 2.

min

mAU

0,0 2,5 5,0 7,5 10,0 12,5 15,0

0

250

500

PDA Multi 1 220nm,4nm

Figure 2. Representative chromatogram of PR, MT and IBU using HPLC-UV/DAD system

System suitability testing (SST) was investigated including resolution (Rs), tail-
ing factor (T), capacity factor (k’), asymmetry factor (As), selectivity (α) and 
theoretical plate number (N) to decide optimal conditions for HPLC-UV/DAD 
method. Obtained SST results was shown in Table 1. 



598 Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

Table 1. System Suitability Testing results of applied method

System Suitability Testing

Parameter IBU MTP PR Recommended value

Retention time (min) 10.727 3.977 3.149 -

Theorical plate number (N) 5114.1 2875.7 4174.8 N > 2000

Tailing factor (T) 1.406 1.92 1,478 T < 2

Asymmetry factor (As) 1.04 1.11 1 0.95 < As <1.2

Capacity factor (k’) 3.732 0.754 0.389 k > 2

Resolution (Rs) 18.08 3.509 6.13 Rs > 2

Selectivity (α) 4.94 1.94 α > 1

Method validation

Applied HPLC-UV method was validated according to the International Con-
ference on Harmonization guidelines ICH Q2(R1) to evaluate the quality of the 
analytical method 21 and also the method was validated for the linearity, LOD, 
LOQ, accuracy, precision, specificity and robustness. LabSolution software 
(Shimadzu Corporation) was used to monitor all data and integrated all of the 
chromatograms. All results were given as mean ± standard deviation for three 
replicates (n=3) of the samples. MS Excel 2007 was used for data analysis (Mi-
crosoft Corporation, USA) for data analysis. 

Linearity, LOD and LOQ

The linearity of the IBU, MET and PR was evaluate using nine-point calibration 
point for each compound within the range of 0.5-80 μg mL-1, 4.0-160 μg mL-1, 
7.0-210 μg mL-1 respectively. Three calibration sets were prepared and tested 
in triplicate for each compound. The obtained regression equation values are 
showed that good linear relationship has been achieved. Linearity, LOD and 
LOQ values are shown in Table 2. LOD and LOQ were determined using the 3.3 
and 10 standard deviations (SD) of the achieved detector response (σ) to slope 
of the calibration curve (m), respectively. “σ” was calculated using the standard 
deviation of regression lines’ y-intercepts. 
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Table 2. Linearity, range, LOD and LOQ results

Parameter IBU MTP PR

Equation y =25890x-4961.8 y =19562x-30960 y =43257x-83916

SE of intercept 184.972 496.366 2630.199

SE of slope 22.704 138.870 164.852

R2 1.0000 0.9998 0.9996

Range (µg mL-1) 1-75 4-160 7-210

LOD (µg mL-1) 0.041 0.084 0.348

LOQ (µg mL-1) 0.124 0.439 1.053

Accuracy and precision

The method’s accuracy was assessed using a recovery test, which compares the 
theoretical concentration of the chemicals with the experimental concentra-
tion. Three different concentrations of IBU (2, 200 and 50 μg mL-1), MET (4, 
20 and 80 μg mL-1) and PR (7, 35 and 140 μg mL-1) samples were prepared, 
and each was analyzed triplicate in same day. Recovery was calculated from 
the Eq (1). 

Recovery (%) = (Observed amount) – (original amount) / (Spiked amount) × 100     Eq (1)

To show precision of the applied method intra-day and inter-day variability 
studies were investigated. The precision data was shown with relative standard 
deviation (RSD%) which is calculated by Eq (2).

RSD% = SD / Mean × 100     Eq (2)

All solutions were injected to the HPLC-UV/DAD system three times on the 
same day and, three consecutive days. According to the recovery results, the 
method was found accurate for IBU (98.29-104.17%), MET (97.27-119.85%), 
PR (98.52-117.70%). Results showed that a good accuracy and precision values 
are achieved (Table 3).
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Table 3. Accuracy and precision results

Compound
Main 
value

(µg mL-1)

intra-day inter-day

Found value 
(µg mL-1)a

Precision
(RSD %)b

Accuracy
(recovery %)c

Found value
(µg mL-1)a

Precision
(RSD %)b

Accuracy
(recovery %)c

IBU

2 2.088 ± 0,008 0.663 104.407 2.083 ± 0.003 0.278 104.17

10 9.807 ± 0,004 0.076 98.067 9.829 ± 0.011 0.197 98.29

50 50.202 ± 0,001 0.005 100.403 50.284 ± 0.042 0.145 100.56

MET

4 4.779 ± 0,006 0.234 119.486 4.794 ± 0.083 2.987 119.85

20 19.427 ± 0,019 0.168 97.136 19.455 ± 0.018 0.157 97.27

80 81.362 ± 0,608 1.294 101.703 81.159 ± 0.102 0.217 101.44

PR

7 8.222 ± 0,012 0.251 117.457 8.239 ± 0.010 0.211 117.70

35 34.412 ± 0,061 0.309 98.319 34.482 ± 0.033 0.202 98.52

140 137.575 ± 0,042 0.053 98.268 138.114 ± 0.223 0.343 98.65

a Mean ± Standard Error, b RSS, Relative Standard Deviation, c Recovery % = [(Observed 
amount) – (original amount) /Spiked)/] × 100, (n=6).

pKa determination of IBU
Standard stock solution of IBU was prepared as 10.0 μg mL-1 s for pKa deter-
mination with HPLC at the range of pH 3.00 – 6.50. Based on pH and capacity 
factor (k’) of IBU, a sigmoidal curve was produced. The sigmoidal relationship 
was used to determine the pKa of IBU.

pKa determination of Ibuprofen using HPLC

Standard solution of 10.0 μg mL-1 IBU was investigated in different pH values 
(3.00, 3.50, 3.85, 4.20, 4.50, 4.85, 5.20, 5.50, 5.85, 6.20 and 6.50) with con-
taining 20 mM PBS: ACN (55:45 v/v) mobile phase. Uracil was used to show 
dead volume in the analysis. Retention time of IBU was changed by changing 
pH of the PBS and obtained chromatograms of IBU is given in Figure 3.

Figure 3. Obtained overlaid chromatograms using HPLC in different mobile phase pH
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The data measured from sigmoidal curve for pKa determination were found 
using derivative of the graphic equation. A sigmoidal curve was constructed 
between the pH of the solutions and capacity factor (k’) of IBU. The pKa of IBU 
was determined according to the sigmoidal relation.

Figure 4. Obtained sigmoidal curve for determination of pKa value of IBU

The sigmoidal curve was drawn (Figure 4) and pKa values of IBU was calcu-
lated as 5.20. Our pKa result is in accordance with the obtained results in the 
literature22.

log kw determination

IBU was diluted to 5.0 μg mL-1 by using 20 mM PBS: MeOH (from 60:40 v/v 
to 30:70 v/v) solutions for log kw determination at pH 4.50, 5.50, 6.50 and 
7.50. The relationship between log k’ and methanol concentration in the mo-
bile phase is well known in HPLC theory20,23. It is described with Equation 3 
where kw shows the k’ value for a compound when aqueous phase is used as 
eluent, S is the slope of the regression curve, and φ is the volume percentage 
of methanol in the mobile phase. If the φ is zero, which means that there is 
no MeOH in the mobile phase and the mobile phase has consisted of only the 
phosphate buffer, the log k’ will be equal to the log kw.

logk’ = logkw - Sφ   (Eq. 3)

Intestinal absorption studies 

Animals

All animals used in absorption studies were kept and handled according to 
Anadolu University’s Committee on Animal Use and Care’s regulations with 
the protocol number 2019/2. Before each trial, female Sprague Dawley albino 
rats (250-300 g) were fasted overnight (for around 12-18 h) with free access to 
tap water.



602 Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

SPIP protocol and experimental groups

According to previously published research, an in situ single pass intestinal 
perfusion operation was performed24-27. It was decided to use pentobarbital 
(60 mg/kg) as an anesthetic and administer it intraperitoneally. A tiny midline 
incision (3-4 cm) was made in the abdomen, and 10 cm of the jejunum was 
isolated and carefully cannulated before the rest of the procedure was com-
pleted. The cannulation of the jejunal segment was accomplished using flex-
ible PVC tubing (inlet tubing with an internal diameter (id) of 0.76 mm and 
exit tubing with an id of 1.70 mm). The perfusion pump was then connected to 
the tubings (Minipuls 3, USA). To remove any remaining debris, the jejunum 
was washed with blank perfusion media at a flow rate of 0.4 mL.min-1 for 15 
minutes at room temperature. Perfusion tests were carried out at four different 
pH levels as Group 1; pH=7.4, Group 2; pH=5.9 (pH=pKa+1), Group 3; pH=3.9 
(pH=pKa-1). An initial perfusion solution was perfused through the exposed 
segment at a flow rate of 0.2 mL min-1 for 60 min for each group, comprising 
the test drug (IBU) and the reference substances MET and PR. 

Quantification of the absorption samples

The amounts of IBU and reference substances dissolved in the perfusion me-
dium, that passed through the rat gut were determined using validated HPLC 
method. The peak areas of IBU, MET and PR were measured at two different 
wavelengths, 220 nm and 254 nm, respectively. The calibration curves for IBU 
(1-75 mg mL-1), PR (7-210 mg mL-1), and MET (4-160 mg mL-1) were created by 
diluting stock solutions of compounds with mobile phase. 

Data analysis

To determine the drug’s effective permeability (Peff), the Cout/Cin ratio was cor-
rected for water transport using Equation 428.
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at the outflow. The effective permeability (Peff) values of the medication were determined through the 

rat gut wall using the "plug flow" model described in Equation 529. 
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of the outlet to inlet concentration (Equation 3). “r” is the radius of the perfused intestinal segment (for 
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A negative net water flux indicates loss of fluid from the mucosal side (lumen) to the serosal side (blood). 

A positive net water flux indicates the secretion of fluid into the segment29. 
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Table 4. Obtained results for k’ values

Mobile phase ratio (%v-v) 
(MeOH-PBS) k’ values

pH 4.5 pH 5.5 pH 6.5 pH 7.5

IBU/Uracil

70-30
60-40
50-50
40-60

2.97 1.4 0.97 0.74

10.56 4.8 3.18 2.1

35.8 14.82 8.6 5.90

>85 - - -
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Table 5. Obtained Peff values of IBU and MTP from SPIP studies 

Peff value(x10-4 cm/sn) (Mean±SD)

Compounds pH 7.4 pH 5.9 pH 3.9

MTP 0.564 ± 0.384 0.389 ± 0.210 0.277 ± 0.050

IBU 0.816 ± 0.501 1.821 ± 1.297 4.309 ± 0.328

Figure 5. Peff value of Intestinal permeability studies

The results of the in vivo intestinal permeability study performed at pH 3.9, 5.9 
and 7.4 showed that there was a correlation between pH dependent solubility 
change of IBU and intestinal permeability values. The relationship was linear 
for both pH-log kw (y= -0.421x + 6.10, R2=0.987 where x: pH and y: log kw) 
and pH-Peff (y=-1.10x + 8.10, R2=0.975 where x: pH and y: Peff) and this situ-
ation allowed us to suggest that the permeability of IBU as a result of passive 
diffusion was directly corelated with the pH of the medium. As it is reported by 
DrugBank [https://go.drugbank.com/], MET is a basic compound with a pKa 
value of 9.67 and IBU is an acidic drug and pKa value is 4.9. The reason why 
the trend of the permeability of IBU was increased and MET was decreased 
for pH 4.5 to 7.5, respectively can be easily explained by their pKa defining 
ionization percentage in a different medium having different pH values. The 
relationship between pH dependent lipophilicity of a compounds and pKa can 
be described with Log D which is distribution coefficient widely used to meas-
ure the lipophilicity of ionizable compounds. The acidic characteristics of IBU 
(pKa: 4.9) allow its lipophilicity to increase dramatically in acidic medium (pH 
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3.9), but above its pKa value, its lipophilicity decreases noticeably. This situa-
tion was confirmed in log kw studies, since log kw is related to the lipophilicity 
of a compound as reported in previous studies 33-36. The basic characteristics of 
MET (pKa: 9.67) make MET behave the opposite of IBU based on pH changes 
of the medium. However, the pKa value of MET was relatively higher than the 
pH of the medium (pH 3.9, 5.9 and 7.4) we used in intestinal permeability 
studies. This situation caused the change of MET permeability relatively less 
than the permeability of IBU based on pH changes of the medium. The brief 
results of our study showed that in-vitro consideration of the lipophilicity of 
the drugs and/or drug candidates ascertains proper information on perme-
ability related to passive diffusion. Since intestinal permeability may change 
dramatically as a result of the pH changes in the medium, some diseases like 
inflammatory bowel disease transforming the pH of the colon may cause no-
ticeable changes in pharmacokinetic profiles of drugs. This situation must be 
considered especially for drugs having pKa values between 3.0 and 7.0. 

In this study, the intestinal permeability of an NSAID, IBU, was evaluated 
where the pH of the perfusion medium varies from 3.9 to 7.4. The acidic pH of 
the perfusion mediums is to simulate a disease like inflammatory bowel dis-
ease causing a dramatic change in the colon in some cases. The results showed 
that the permeability of IBU changed considerably from pH 3.9 to 7.4. This 
situation was mainly associated with the changes in the lipophilicity of the 
IBU. The in-vitro results (log kw studies) also confirmed the changes of the 
lipophilicity using HPLC. Our data suggest that the pH changes in the colon as 
a result of the disease may cause a difference in the pharmacokinetic profiles of 
the drug and this situation related to the passive diffusion profile for the drug 
can be predicted using log kw experiments. 

STATEMENT OF ETHICS

Ethical approval has been approved for this research. [All animals used in 
absorption studies were kept and handled according to Anadolu University 
Committee on Animal Use and Care’s regulations with the protocol number 
as 2019/2.]

CONFLICT OF INTEREST STATEMENT

The authors declare that they have no known competing financial interests or 
personal relationships that could have appeared to influence the work reported 
in this paper.



606 Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

AUTHORS CONTRIBUTIONS

Mustafa Sinan Kaynak: Project administration, Funding acquisition Visualiza-
tion, Formal analysis, Data curation, Investigation, Software, Conceptualiza-
tion, Methodology, Writing- Original draft, Writing- Reviewing and Editing. 
Murat Soyseven, Berna Kaval, Mustafa Çelebier, Emrah Akgeyik, Selma Şahin, 
Göksel Arli: Visualization, Formal analysis, Data curation, Investigation, Vali-
dation, Software, Methodology, Writing- Original draft preparation, Writing- 
Reviewing and Editing.

The data that support the findings of this study are available from the corre-
sponding author upon reasonable request.

FUNDING SOURCES

This research is supported by the Project No: 1906S120 of Anadolu Univer-
sity. The authors thank Yunus Emre Vocational School and Health Services 
research laboratory in Anadolu University.



607Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

REFERENCES
1. Day RO, Graham GG. Non-steroidal anti-inflammatory drugs [NSAIDs]. BMJ, 2013;346:f3195. 
Doi: https://doi.org/10.1136/bmj.f3195 

2. Rainsford K. Ibuprofen: pharmacology, efficacy and safety. Inflammopharmacology, 
2009;17(6):275-342. Doi: https://doi.org/10.1007/s10787-009-0016-x 

3. Zarghi A, Arfaei S. Selective COX-2 inhibitors: a review of their structure-activity relationships. 
Iran J Pharm Res: IJPR, 2011;10(4):655. Doi: https://doi.org/10.22037/ijpr.2011.1047  

4. Moore RA, Derry S, Straube S, Ireson-Paine J, Wiffen PJ. Faster, higher, stronger? Evidence for 
formulation and efficacy for ibuprofen in acute pain. PAIN®, 2014;155(1):14-21. Doi: https://doi.
org/10.1016/j.pain.2013.08.013  

5. Bushra R, Aslam N. An overview of clinical pharmacology of Ibuprofen. Oman Med J, 
2010;25(3):155. Doi: https://doi.org/10.5001/omj.2010.49 

6. Green GA. Understanding NSAIDs: from aspirin to COX-2. Clin Cornerstone, 2001;3(5):50-59. 
Doi: https://doi.org/10.1016/S1098-3597(01)90069-9 

7. Wells LK, Drum M, Nusstein J, Reader A, Beck M. Efficacy of ibuprofen and ibuprofen/aceta-
minophen on postoperative pain in symptomatic patients with a pulpal diagnosis of necrosis. J 
Endod, 2011;37(12):1608-1612. Doi: https://doi.org/10.1016/j.joen.2011.08.026 

8. Raju NV, Bharadwaj RA, Thomas R, Konduri GG. Ibuprofen use to reduce the incidence and se-
verity of bronchopulmonary dysplasia: a pilot study. J Perinatol, 2000;20(1):13-16. Doi: https://
doi.org/10.1038/sj.jp.7200296  

9. Moore N, Salvo F, Duong M, Blin P, Pariente A. Cardiovascular risks associated with low-dose 
ibuprofen and diclofenac as used OTC. Expert Opinion on Drug Safety. 2014;13(2):167-179. Doi: 
https://doi.org/10.1517/14740338.2014.846324  

10. Pasqualetti P, Bonomini C, Dal Forno G, Paulon L, Sinforiani E, Marra C, et al. A randomized 
controlled study on effects of ibuprofen on cognitive progression of Alzheimer’s disease. Aging 
Clin Exp Res, 2009;21(2):102-110. Doi: https://doi.org/10.1007/BF03325217  

11. Harris RE, Beebe-Donk J, Doss H, Doss DB. Aspirin, ibuprofen, and other non-steroidal anti-
inflammatory drugs in cancer prevention: a critical review of non-selective COX-2 blockade. On-
col Rep, 2005;13(4):559-583. Doi: https://doi.org/10.3892/or.13.4.559  

12. Sinclair HK, Bond CM, Hannaford PC. Over-the-counter ibuprofen: how and why is it used? 
Int J Pharm Pract, 2000;8(2):121-127. Doi: https://doi.org/10.1111/j.2042-7174.2000.tb00996.x  

13. Hall AH, Smolinske SC, Conrad FL, Wruk KM, Kulig KW, Dwelle TL, et al. Ibuprofen over-
dose: 126 cases. Ann Emerg Med, 1986;15(11):1308-1313. Doi: https://doi.org/10.1016/S0196-
0644(86)80617-5  

14. Öker EE, Hermann L, Baum CR, Fentzke KM, Sigg T, Leikin JB. Serious toxic-
ity in a young child due to ibuprofen. Acad Emerg Med, 2000;7(7):821-823. Doi: https://doi.
org/10.1111/j.1553-2712.2000.tb02278.x  

15. Volans G, Monaghan J, Colbridge M. Ibuprofen overdose. Int J Clin Pract, 2003(135):54-60.

16. Mahmud SM, Franco EL, Turner D, Platt RW, Beck P, Skarsgard D, et al. Use of non-steroidal 
anti-inflammatory drugs and prostate cancer risk: a population-based nested case-control study. 
PloS one, 2011;6(1). Doi: https://doi.org/10.1371/journal.pone.0016412  

17. Mannila A, Rautio J, Lehtonen M, Järvinen T, Savolainen J. Inefficient central nervous 
system delivery limits the use of ibuprofen in neurodegenerative diseases. Eur J Pharm Sci, 
2005;24(1):101-105. Doi: https://doi.org/10.1016/j.ejps.2004.10.004  



608 Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

18. Fallingborg J. Intraluminal pH of the human gastrointestinal tract. Dan Med Bul, 
1999;46(3):183-196.

19. Fallingborg J, Christensen LA, Jacobsen BA, Rasmussen SN. Very low intraluminal colon-
ic pH in patients with active ulcerative colitis. DDS, 1993;38(11):1989-1993. Doi: https://doi.
org/10.1007/BF01297074  

20. Hong H, Wang L, Zou G. Retention in RP-HPLC: Lipophilicity determination of substituted 
biphenyls by reversed-phase high performance liquid chromatography. J Liq Chromatogr R T, 
1997;20(18):3029-3037. Doi: https://doi.org/10.1080/10826079708006578  

21. Guideline IHT. Validation of analytical procedures: text and methodology. Q2 (R1). 
2005;1(20)5.

22. National Center for Biotechnology Information (2022). PubChem Compound Summary for 
CID 3672 IRJ, 2022. Available from: https://pubchem.ncbi.nlm.nih.gov/compound/Ibuprofen 

23. Braumann T. Determination of hydrophobic parameters by reversed-phase liquid chroma-
tography: theory, experimental techniques, and application in studies on quantitative structure-
activity relationships. J Chromatogr A, 1986;373:191-225. Doi: https://doi.org/10.1016/S0021-
9673(00)80213-7  

24. Sinan Kaynak M, Celebier M, Akgeyik E, Sahin S, Altınoz S. Application of HPLC to investi-
gate the physicochemical properties and intestinal permeability of ketoprofen. Curr Pharm Anal, 
2017;13(1):72-79. Doi: https://doi.org/10.2174/1573412912666160422151409    

25. Müge A, Kaynak MS, Şahin S. Simultaneous determination of acyclovir, metoprolol and phe-
nol red by a RP-HPLC method for intestinal perfusion studies. HUJPHARM, 2015(2):146-161.

26. Gökçe EH, Kaynak MS, Yurdasiper A, Üstündağ-Okur N, Şahin S. Comparison of intestinal 
permeability of nebivolol hydrochloride loaded solid lipid nanoparticles with commercial nebivo-
lol tablet. Marmara Pharm J, 2018;22(4):578-586. Doi: https://doi.org/10.12991/jrp.2018.100  

27. Zakeri-Milani P, Valizadeh H, Azarmi Y, Jalali MB, Tajerzadeh H. Simultaneous determina-
tion of metoprolol, propranolol and phenol red in samples from rat in situ intestinal perfusion 
studies. DARU J Pharm Sci, 2006;14(2):102-108. Doi: https://sid.ir/paper/275338/en 

28. Krishna G, Moton A, Ma L, Medlock MM, McLeod J. Pharmacokinetics and absorption of 
posaconazole oral suspension under various gastric conditions in healthy volunteers. AAC, 
2009;53(3):958-966. Doi: https://doi.org/10.1128/aac.01034-08  

29. Fagerholm U, Johansson M, Lennernäs H. Comparison between permeability coef-
ficients in rat and human jejunum. Pharm Res, 1996;13(9):1336-1342. Doi: https://doi.
org/10.1023/A:1016065715308  

30. Nagare N, Damre A, Singh K, Mallurwar S, Iyer S, Naik A, et al. Determination of site of ab-
sorption of propranolol in rat gut using in situ single-pass intestinal perfusion. Indian J Pharm 
Sci, 2010;72(5):625. Doi: https://doi.org/10.4103/0250-474X.78533 

31. Komiya I, Park J, Kamani A, Ho NF, Higuchi WI. Quantitative mechanistic studies in si-
multaneous fluid flow and intestinal absorption using steroids as model solutes. Int J Pharm, 
1980;4(3):249-262. Doi: https://doi.org/10.1016/0378-5173(80)90140-4  

32. Dahan A, Amidon GL. Segmental dependent transport of low permeability compounds along 
the small intestine due to P-glycoprotein: the role of efflux transport in the oral absorption of BCS 
class III drugs. Mol. Pharmaceutics, 2009;6(1):19-28. Doi: https://doi.org/10.1021/mp800088f  



609Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

33. Braumann T, Weber G, Grimme LH. Quantitative structure—activity relationships for herbi-
cides: reversed-phase liquid chromatographic retention parameter, log kw, versus liquid-liquid 
partition coefficient as a model of the hydrophobicity of phenylureas, s-triazines and phenoxycar-
bonic acid derivatives. J Chromatogr A, 1983;261:329-343. Doi: https://doi.org/10.1016/S0021-
9673(01)87961-9  

34. Potts RO, Guy RH. Predicting skin permeability. Pharm Res, 1992;9(5):663-669. Doi: https://
doi.org/10.1023/A:1015810312465  

35. Montanari M, Montanari C, Piló-Veloso D, Cass Q. Estimation of the RP-HPLC Lipophilicity 
parameters Log K’, and Log KW, a comparison with the Hydrophobicity Index ϕ0. J Liq Chroma-
togr R T, 1997;20(11):1703-1715. Doi: https://doi.org/10.1080/10826079708006327  

36. Tate PA, Dorsey JG. Column selection for liquid chromatographic estimation of the kw′ hy-
drophobicity parameter. J Chromatogr A, 2004;1042(1-2):37-48. Doi: https://doi.org/10.1016/j.
chroma.2004.05.039



610 Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

Topical apigenin as a promising therapeutic 
agent for psoriasis: Evaluating efficacy alone 
and in combination with clobetasol in an 
imiquimod-induced model of psoriasis in mice

*Corresponding author: Abeer Mohammed HASAN
E-mail: abbermuhamed@gmail.com
ORCIDs:
Abeer Mohammed HASAN: 0009-0009-4209-0837
Fouad Kadhim GATEA: 0000-0002-4067-7986
(Received 9 Oct 2023, Accepted 26 Nov 2023)

Acta Pharm. Sci. Vol 62:(3), 2024
Research article
DOI: 10.23893/1307-2080.APS6239

Abeer Mohammed HASAN*, Fouad Kadhim GATEA
Al-Nahrain University, College of Medicine, Department of Pharmacology, Baghdad, Iraq

ABSTRACT 

Psoriasis is an immune-mediated skin disease characterized by excessive growth 
and abnormal differentiation of keratinocytes that were treated initially with 
steroids which showed severe side effects for long-term use, so, medicinal plants 
are being explored as a potential alternative to identify new and effective agents 
with fewer adverse effects, such as apigenin which is investigated alone and 
in combination with clobetasol in this study for their anti-psoriatic activity on 
imiquimod-induced psoriasis on sixty male Albino mice divided into 6 groups. 
Group I is the control group, while the rest of the groups were induced psoriasis 
by Imiquimod (IMQ) for 6 consecutive days and administered different interven-
tions for each group for 8 consecutive days including topical apigenin and api-
genin/clobetasol combination followed by a measurement of the clinical, histo-
pathological, and laboratory effects and the findings demonstrated that apigenin 
effectively reduced the PASI score, enhanced the histopathology, downregulated 
the expression of TNF-α, IL-17, and VEGF, and significantly increased the IL10 
level in mice’s skin tissue homogenate which indicate that Apigenin alone and in 
combination with clobetasol hold promise for the management of psoriasis, of-
fering a potential alternative or adjunct to current therapeutic approaches.

Keywords: psoriasis, apigenin, Imiquimod, Clobetasol, IL-10 



611Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

INTRODUCTION

Psoriasis is a chronic inflammatory, non-contagious illness characterized by 
multisystemic inflammation with reddish plaques and white scales that is more 
common in the knees, feet, hands, elbow, scalp, and sacral regions1. It is associ-
ated with the activation of the adaptive immune system, particularly T-cells, 
although its exact cause and development mechanism are unknown. An imbal-
ance between T helper Type 1 and Type 2 cells, as well as cytokine generation, 
are among the leading potential causes. Epidermal differentiation disruption 
and impairment of the skin barrier are significant characteristics. Psoriasis-
specific Th1/Th17 cytokine milieu impacts epidermal differentiation2,4.

Imiquimod (IMQ) – which is a Toll-like receptor (TLR) 7/8 ligand dermatolog-
ical application induces and possibly exacerbates psoriasis, in a treated mouse 
model it exhibits similarities to human plaque-type psoriasis in terms of skin 
erythema, thickening, scaling, epidermal alterations (acanthosis, parakerato-
sis), neo-angiogenesis, and inflammatory infiltrate comprising T cells, neutro-
phils, and dendritic cells5. Prior research has established the significance of 
various factors in this model, including the psoriasis area severity index (PASI) 
score, histological staining, and the involvement of inflammatory cytokines6,9.

Phototherapy, systemic drugs such as methotrexate and cyclosporine, oral 
medications such as apremilast, and topical therapies are all options for treat-
ing moderate-to-severe psoriasis. Yet, even though many therapies are effec-
tive and well tolerated, people with psoriasis frequently do not achieve skin 
clearance10. Nevertheless, due to the adverse effects of anti-inflammatory 
medicines, investigations on natural substances to replace chemical pharma-
ceuticals have become increasingly active. As a result, it is critical to identify 
novel candidates for topical administration to decrease side effects and obtain 
improved therapeutic efficacy10.

Apigenin, a flavone subclass, is one of the most frequent flavonoids discovered 
in plants12. The bioactive natural chemical is scientifically referred to as 4′,5,7 
trihydroxy flavone (4′,5,7-trihydroxy flavone). It is a 270 Da flavonoid that is 
found in numerous fruits and vegetables, as well as fragrant plants such as 
chamomile (Figure 1)13. 
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Figure 1. Chamomile flower Apigenin powder extract

Apigenin has a variety of physiological effects14, including anti-inflammatory15, 
antioxidant16, anticancer17, anti-viral properties18 and hypoglycemic effects19,20. 

The current study attempts to investigate topical Apigenin’s potential thera-
peutic effects as a new modality for the treatment of psoriasis symptoms alone 
and in combination with clobetasol on an imiquimod-induced model.

METHODOLOGY

Study design 

Male BALB/c albino mice, weighing between 24 and 30 g and aged between 8 
and 12 weeks, were split into six groups of ten mice each, for a total of 60 mice. 
Several body parts were marked to help identify the animals. The mice were 
acquired from the Al-Nahrain University – Biotechnology Research Center in 
Baghdad, Iraq. They were kept in polypropylene cages with a temperature con-
trol system (15–21°C) and an inverted light–dark cycle (12–12 hours). The mice 
were given seven days to acclimate before the experiment began at the same 
facility. The animals were fed a regular diet and were allowed unrestricted ac-
cess to water. Prior the start of the experiment, the mice were checked for the 
presence of any skin lesions, and only mice with seemingly healthy skin and 
coats were included in the study. All of the study animals were shaved from 
the dorsal region to reveal an area of the back skin measuring approximately 
1x2 cm using an electric razor followed by a hair removal cream application 
(Veet®, Reckitt Benckiser Pvt. Ltd., India). The experiment lasted 14 days in 
total from the first day. About the distribution of mice: 

• G-1 (Apparently healthy group) remained with no intervention during the 
whole experimental duration. 
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• G-2 (Induction group) that received induction of psoriasis by a dose of 62.5 
mg of topical Imiquimod cream 5% (Aldara® 5% Cream, Meda Pharmaceu-
ticals, Solna, Sweden) once daily on the shaved back skin for 6 days until the 
appearance of a psoriatic lesion as mentioned by van der Fits et al. study21, 
mice in this group received no further intervention.

• G-3 (Petrolatum group) received induction of psoriasis by a dose of 62.5 mg 
of topical Imiquimod cream 5% once daily on the shaved back skin for 6 days 
as mentioned by van der Fits et al. study and then on the 7th day received 
medicinal petrolatum jelly (Iraqi Federation of Industries, Baghdad, Iraq) 
topically twice daily 8 days duration. 

• G-4 (Clobetasol group) received induction of psoriasis by a dose of 62.5 mg 
of topical Imiquimod cream 5% once daily on the shaved back skin for 6 days 
as mentioned by van der Fits et al. study and then on the 7th day received as 
standard of care for psoriasis topical Clobetasol propionate 0.05% ointment 
(Dermovate®, GlaxoSmithKline, Brentford, UK) once daily (at a dosage of 
0.25 g/kg)22 for 8 days duration.

• G-5 (Apigenin 2% group) received induction of psoriasis by a dose of 62.5 mg 
of topical Imiquimod cream 5% once daily on the shaved back skin for 6 days 
as mentioned by van der Fits et al. study and then on the 7th day received a 
preparation of topical apigenin ointment 2% w/w23,24 (prepared from powder 
supplied by Hyperchem, Hangzhou, China) twice daily for 8 days duration. 

• G-6 (Apigenin-clobetasol combination group) received induction of psoria-
sis by a dose of 62.5 mg of topical Imiquimod cream 5% once daily on the 
shaved back skin for 6 days as mentioned by van der Fits et al. study and 
then on the 7th day received a topical preparation of 0.025% Clobetasol pro-
pionate ointment combined with apigenin ointment 1% w/w twice daily for 8 
days duration. Figure 2 illustrates the flow chart of the study.
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Figure 2. Study design 

The Psoriasis Area Severity Index (PASI) score in mice was used to assess 
the success of the Imiquimod-induced psoriasis model25. The skin erythema, 
increased skin thickness, and scaling that were observed in the animals dur-
ing the induction phase were considered successful outcomes since they ap-
peared in the animals before day 6 of induction26. Each mouse’s back skin was 
examined visually for three different characteristics: induration (thickness), 
desquamation (scale), and erythema (redness). The total score ranged from 
0 to 1225, with each characteristic being assigned between 0 and 4 (0=None, 
1=Slight, 2=Moderate, 3=Marked, and 4=Very marked) (Figure 3).
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Figure 3. Induction of Psoriasis in mice. (A) Mouse before induction (B) Mouse after 
induction by Imiquimod cream

Preparation of apigenin ointment 2% w/w, USP 37 – NF 32

Twenty-five grams of Petrolatum ointment of 2% apigenin was prepared by fu-
sion technique based on USP 37 – NF 32 27. 18.75 g of petrolatum was melted in 
a water bath followed by the addition of the required amount of apigenin (0.5 
g) then it was mixed using a stirrer until the mixture was uniform, the weight 
was completed by petrolatum to reach 25 g with stirring, the combination was 
then cooled until congealed. 

Apigenin and clobetasol combination ointment, USP 37 – NF 32

Commercial clobetasol ointment (Dermovate®) containing 0.05% Clobetasol 
propionate (CP) was used with the prepared apigenin 2% ointment. An equal 
amount of both apigenin and clobetasol (half concentration of both ) was taken 
and well mixed by a spatula to obtain the final concentration of 1% apigenin 
and 0.025% clobetasol combination ointment27.

Outcome measures 

Based on the PASI Score, the effectiveness of the treatments in the tested 
groups was assessed25. Intraperitoneally (IP) anesthesia was administered to 
all mice using 80 mg/kg of ketamine and 10 mg/kg of xylazine. All mice after 
being completely anaesthetized were terminated  by exsanguination, a proce-
dure appropriate for tissue harvesting and preservation28. Tissue samples from 
the dorsal shaved skin (2 mm) were obtained and split into two parts. The first 
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part was prepared for histopathological analysis by immersing it in liquid par-
affin at a temperature range of 55-60°C after first being dehydrated. The slide 
was made using this technique, which has been covered in previous research29. 

The pathological changes of the mice’s skin tissues on a scale of 0 – 10 were 
then evaluated under light microscopy (Genix, USA) using Baker’s grading 
system, a histopathological grading system used for assessing the severity of 
inflammation as illustrated in Table 1. The parts were evaluated in a blinded 
manner by two distinct investigators, and the average score was recorded30. 

Table 1. Histopathological scoring of the severity of inflammation (Baker scoring system)31

Layers Feature Score

Keratin

Munro Abscess 2.0

Hyperkeratosis 0.5

Parakeratosis 1.0

Epidermis

Thinning over Papillae 0.5

Rete ridges appearance 1.5

Acanthosis 0.5

Lack of granular layer 1.0

Dermis

Lymphocytic infiltrate

Mild 0.5

Moderate 1.0

Severe 2.0

Papillary Congestion 0.5

The second piece of skin tissue was ready for biochemical analysis in order 
to measure TNF-α, IL-17, IL-10, and VEGF. The tissue was first thoroughly 
rinsed in ice-cold PBS (pH 7.2) to remove any excess blood, and then weighed 
using an electrical balance and minced into small pieces before being homog-
enized in fresh lysis buffer. 1mL of lysis buffer was added to the tissue sample 
using a glass homogenizer on ice, and the tissue was homogenized using an 
electrical tissue homogenizer machine (Electrical tissue homogenizer, Staru-
ar®, England). Following that, the homogenates were centrifuged at 10,000×g 
for 5 minutes. Before being used for analysis using the sandwich ELISA tech-
nique and the ELISA Reader (ELISA reader, Diagnostic Automation / Cortez 
Diagnostics®, California, USA), the supernatants were collected and kept at 
≤ -20°C. With regard to the ELISA kits, the mice analytical kit (SCA133Mu, 
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Cloud-Clone Corp.) was used to determine TNF-α, the mice analytical kit 
(SEA056Mu, Cloud-Clone Corp.) was used to determine IL-10, the mice ana-
lytical kit (HEA063Mu, Cloud-Clone Corp.) was used to determine IL-17, and 
the mice analytical kit (SEA143Mu, Cloud-Clone Corp.) was used to investigate 
VEGF.

Program G Power, which is based on Cohen’s principles was used to compute 
the sample size32,33. The groupings were randomly constructed using a table of 
random integers. The animals were tagged with tails and kept in labelled con-
tainers to reduce miscommunication34 .

Statistical analysis

All analyses were carried out using “GraphPad Prism version 10.0.0. The 
Kruskal-Wallis’s test was applied to verify the significance of the difference 
between the studied groups, followed by the post hoc “two-stage linear step-up 
procedure of Benjamini, Krieger and Yekutieli (False discovery rate)”35. The 
differences between the groups were considered significant statistically when 
the p-value was less than or equal to 0.0536.

RESULTS and DISCUSSION 

The results of the current study revealed that the animal model treated with 
imiquimod exhibited a statistically highly significant increase in PASI score 
when compared to the healthy control group. The topical application of api-
genin ointment and Clobetasol Propionate 0.05% and a combination of them 
showed a highly significant reduction in the PASI score compared to the induc-
tion group and petrolatum group as illustrated in Figure 4 and Table 2. Results 
also revealed that the same manner of improvement was obtained regarding 
Baker’s score in which G-4, G-5, and G-6 were significantly lower than G-2, 
and G-3. It was observed that G-4, G-5, and G-6 were non-significantly differ-
ent from each other regarding both Baker’s and PASI scores.
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Figure 4. PASI score which includes erythema, thickness, and scales in the course of IMQ 
induction and treatment of psoriasis-like lesion; control group (G-1), induced non-treated 
group (G-2), petrolatum group (G-3), clobetasol propionate 0.05% (G-4), apigenin 2% group 
(G-5), apigenin 1%-clobetasol 0.025% (G-6)

Table 2. Assessment of skin psoriasis scores

Parameters Baker’s score PASI score

G-1 - -

G-2 9.00 ± 0.00a 11.70 ± 0.48a

G-3 7.60 ± 0.84a 9.30 ± 0.67a

G-4 2.15 ± 1.08b 3.00 ± 0.82b

G-5 1.85 ± 0.53b 1.70 ± 0.67b

G-6 1.80 ± 0.42b 1.50 ± 0.71b

p-value <0.0001# <0.0001#

# Kruskal-Wallis’s test [p-value≤0.05 indicates significant difference] with a two-stage 
linear step-up procedure of Benjamini, Krieger and Yekutieli (False discovery rate) to 
calculate pair-wise p-value between each pair
Data presented as mean ± standard deviation SD: standard deviation, PSAI: psoriasis 
area and severity index
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Histopathologic examination of the skin section of control group showed nor-
mal epidermal, dermal, and subcutaneous tissue layers (Figure 5[A]), while 
the histopathological examination of skin section of Induction group showed a 
multifocal (wide) area of sloughing, severe dense neutrophilic infiltration (the 
Munro’s abscesses), and parakeratosis, hyperkeratosis, with lack of granular 
layer, acanthosis, increased rete ridges with papillary thinning. The dermis 
showed severe lymphocytic infiltration and vascular congestion (Figure 5[B]). 
The histopathological examination of the skin section of Petrolatum groups 
also showed epidermal hyperkeratosis and parakeratosis with focal Munro’s 
abscesses with acanthosis and elongated rete ridges and papillary thinning 
with moderate to severe lymphocytic infiltration (Figure 5[C]).

The histopathological examination of the skin section of the standard treat-
ment group (clobetasol group) shows hyperkeratosis, absence of (parakera-
tosis & Munro’s abscess) and presence of epidermal granular layer with mild 
acanthosis, few rete ridges with mild thinning of papillae with mild lympho-
cytic infiltration of the dermis (Figure 5[D]). The skin of mice treated with 
apigenin 2% showed a mild keratosis with an absence of Munro’s abscess and 
parakeratosis and epidermal mild acanthosis with few rete ridges. The dermis 
shows mild lymphocytic infiltrate (Figure 5[E]). The histopathological exami-
nation of the skin section of a combination treatment group showed mild epi-
dermal thickness, with the absence of Munro’s abscess and parakeratosis and 
epidermal mild acanthosis with absence of rete ridges and few lymphocytic 
dermal infiltrations (Figure 5[F]).
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Figure 5. Histopathological section of mice skin: [A] healthy control group [B] induction 
group, [C] Petrolatum group [D] clobetasol control group [E] Apigenin 2% group [F] Apigenin – 
Clobetasol combination group; H&E stain (4X, & 10X)

Results obtained from the inflammatory markers revealed that G-2 showed 
the highest levels of TNF-α and was significantly higher than groups G-4, 
G-5, and G-6, whereas non-significant differences between G-2 and G3 and 
between G4, G5, and G-6 were observed, as illustrated in Table 3 and Figure 
6. Results showed that G-2 demonstrated the highest levels of IL-17, which is 
significantly higher than the other groups (G-3 to G-6). Additionally, G-3 was 
significantly higher than G-4, G-5, and G-6, with non-significant differences 
between G-4, G-5, and G-6 as illustrated in Table 3 and Figure 6.
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Moreover, G-2 showed the highest levels of VEGF which is significantly higher 
than all other groups (G-3 to G-6), and G-3 showed to be significantly higher 
than G-5 and G-6, whereas a non-significant difference between G-3 and G-4 
and a non-significant difference between G-4, G5 and G-6 were obtained as 
illustrated in Table 3 and Figure 6.

G-2 showed the lowest levels of IL-10 which is significantly lower than the 
other groups (G-3 to G-6). On the other hand, there were non-significant dif-
ferences between G-4, G-5 and G-6 which are significantly higher than G-2 and 
G-3, as illustrated in Table 3 and Figure 6.

Table 3. Assessment of biomarkers

Parameters TNF-α IL-17 VEGF IL-10

G-2 807.13 ± 500.06a 553.04 ± 141.32a 552.20 ± 136.63a 31.83 ± 3.03a

G-3 281.79 ± 240.17a 278.52 ± 100.27b 209.56 ± 73.31b 92.50 ± 27.13b

G-4 65.37 ± 23.12b 165.07 ± 43.59c 134.57 ± 44.28bc 168.11 ± 57.07c

G-5 89.25 ± 18.76b 149.90 ± 63.30c 99.56 ± 17.42c 170.4 ± 12.65c

G-6 71.45 ± 17.83b 150.16 ± 21.19c 94.98 ± 7.37c 166.11 ± 47.80c

p-value <0.0001# <0.0001# <0.0001# <0.0001#

# Kruskal-Wallis’s test [p-value≤0.05 indicates significant difference] with a two-stage 
linear step-up procedure of Benjamini, Krieger and Yekutieli (False discovery rate) to 
calculate pair-wise p-value between each pair
SD: standard deviation, IL= Interleukin; TNF-α= Tumor necrosis factor alpha; 
VEGF=Vascular endothelial growth factor
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Figure 6. Histogram Comparison between all treated groups in terms of inflammatory 
markers (TNF-α, IL-17, VEGF and IL10); TNF-α= Tumor necrosis factor-alpha; IL= Interleukin; 
VEGF=Vascular endothelial growth factor

Psoriasis is a persistent autoimmune disorder distinguished by excessive pro-
liferation of epidermal cells, expansion of dermal capillaries, infiltration of 
inflammatory cells, and anomalous growth of skin cells. The aforementioned 
factors are responsible for inducing various complications such as the devel-
opment of erythematous plaques that are characterized by pruritus, inflam-
mation, and discomfort37. Apigenin is a flavonoid that has caught attention in 
this study due to its potential as an immunomodulator. It is particularly note-
worthy for its low intrinsic toxicity and lack of mutagenicity, distinguishing it 
from other flavonoids with similar structures38 . In the current investigation, 
as shown in the results apigenin was responsible for a dramatic improvement 
in phenotypical observation and a highly significant reduction in cumulative 
(PASI) scores representing erythema, scaling, and thickness compared to the 
induction group. Present study findings also indicate a noteworthy improve-
ment and a highly significant reduction in Baker score after treatment with 
topical apigenin in comparison to the IMQ-induced group. 

This successful anti-inflammatory effect of apigenin in ameliorating psoriasis 
observational and histopathologic features attributed to its anti-inflammatory 
properties by its documented capacity to regulate the production of inflam-
matory mediators such as interleukin (IL)-1, IL-2, IL-6, IL-8, tumor necrosis 
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factor (TNF)-a, activator protein-1 (AP-1) factors, and cyclooxygenase (COX)-
2. In addition to its antioxidant, anticancer, antiviral, antimutagenic, and an-
tibacterial actions only some of the many therapeutic benefits associated with 
apigenin as documented in previous studies39. In addition, results from ELI-
SA investigation demonstrated that apigenin causes a significant decrease in 
TNF-α, IL-17, and VEGF levels and an increase in the levels of IL-10, an anti-
inflammatory cytokine. Various features of apigenin have been demonstrated 
in previous investigations to be the underlying mechanisms for its possible 
anti-psoriatic impact.

Apigenin has been found to mitigate the severity of inflammatory processes 
significantly through the inhibition of TNF-α and the augmentation of IL-1040. 
According to Kumar et al., apigenin lowers the level of pro-inflammatory cy-
tokines including IL-1 and TNF-α, and increases IL-10 levels at the same time. 
This makes it abundantly evident that apigenin has a variety of functions in 
controlling immune response mediators, both pro-inflammatory and anti-in-
flammatory cytokines41. IL-10 is a potent anti-inflammatory cytokine that is 
essential for immune modulation in psoriasis42.

Prior research has shown that apigenin enhances the production of IL10 by 
modulating the balance between Th1 and Th2 immune responses in Experi-
mental Autoimmune Myocarditis (EAM). Apigenin has been found to inhibit 
the production of Th1-type cytokines, such as TNF-α, IFN-γ, and IL2, while 
simultaneously enhancing the Th2 response, leading to an upregulation of 
Th2-type cytokines, including IL10, IL4, and IL543 TNF-α is a crucial pro-in-
flammatory cytokine that promotes inflammation through multiple pathways. 
TNF-α enhances the expression of adhesion molecules and secondary media-
tors, which are implicated in the pathogenesis of psoriasis44.

According to prior research, the anti-inflammatory function of apigenin is 
partially elucidated by its direct suppression of NF-KB by inhibiting the nu-
clear translocation of p65. The latter process leads to the deactivation of genes 
responsible for nitric oxide synthetase (NOS) and cycloxygenase-2 (COX-2), 
which plays a crucial role in inhibiting the inflammatory process and induc-
ing cell-cycle arrest. Apigenin has been demonstrated to have a significant im-
pact on the inflammatory process through its targeting and down-regulation 
of TNF-α and NF-kB, as evidenced by previous research45. This supports our 
findings that showed apigenin 2% ointment significantly decreased the level of 
TNF-α and significantly increased the level of (IL10) in skin tissue homogenate 
in comparison to the IMQ-induced group.
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Apigenin modulated the function of dendritic cells (DCs) to affect naïve T cell 
differentiation, so, it can improve psoriasis symptoms by regulating inflam-
matory cytokine transcription through the Toll-like receptor 4 pathway46. The 
utilization of topical apigenin has been observed to enhance psoriasis by im-
peding the function of dendritic cells, subsequently leading to a reduction in 
the activation of T-helper cells. Prior research has indicated that apigenin sig-
nificantly suppresses the activation of Th1 and Th17 cells in individuals with 
lupus erythematosus. Reduction in the protein expression levels of IL-17A and 
IFN-g was observed in the dermal tissue of mice treated with apigenin. In ad-
dition, the results of an in vitro experiment demonstrated that apigenin can 
inhibit the production of IL-6 by APCs. This is significant because IL-6 plays a 
crucial role in the development of Th17 cells and the suppression of Treg cells47. 
This is aligned with our results that showed apigenin significantly reduced the 
level of skin tissue (IL17) in comparison to the induction group.

The upregulation of VEGFA, which serves as the primary proangiogenic factor, 
has been observed in the cutaneous tissue of individuals with psoriasis and is posi-
tively associated with the severity of the disease48,49. It has been well established 
through studies that hypoxia is one of the primary stimulators of VEGF expres-
sion, which is mediated by the accumulation of HIF-1a50. Multiple investigations 
have demonstrated that apigenin inhibited angiogenesis in rheumatoid arthritis 
and cell hypoxia-reoxygenation injury by its ability to decrease the expression of 
various angiogenesis-related factors, such as HIF-1α and VEGF-A, in various types 
of human cancers, as evidenced by multiple sources51. The aforementioned find-
ings indicate that apigenin has an anti-angiogenic effect which is crucial to the 
pathogenesis of psoriasis52. This is in line with our findings, which demonstrated a 
marked decline in the level of (VEGF) in comparison to the induction group.

Psoriasis is associated with oxidative stress, which triggers the activation of 
various signalling pathways, such as NF-KB and MAPK. This leads to the ac-
tivation of Th1 and Th17 cells, secretion of proinflammatory cytokines, hyper-
proliferation of keratinocytes, infiltration of immune cells into the skin, and 
changes in blood vessel permeability due to lipid peroxidation. Therefore, the 
use of antioxidants is crucial in the treatment of psoriasis53. Prior studies have 
indicated that Apigenin exhibits antioxidant properties by enhancing the ac-
tivity of antioxidant enzymes glutathione-synthase (GSH synthase), catalase 
(CAT), and superoxide dismutase (SOD). Apigenin exerts an impact on the 
production of cutaneous barrier components and the entry of calcium ions. 
Thus, it has the potential to be utilized in the treatment of inflammatory skin 
conditions and cancer54. This antioxidant characteristic has been proposed to 
contribute to the amelioration of induced psoriasis. 
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Furthermore, the skin treated with apigenin exhibited observable effects on 
skin barrier recovery. The application of apigenin ointment in our study re-
sulted in an enhancement of the skin’s state through augmentation of the hy-
dration level of the stratum corneum. In mouse models, it was observed that 
apigenin had an impact on the production of skin structural proteins such as 
filaggrin, involucrin, and loricrin55.

Utilizing a combination drug approach represents a viable strategy to enhance 
the synergistic efficacy of topical therapy. To optimize the therapeutic effect, 
a multi-target treatment approach utilizing synergistic combinations of two or 
more therapeutically relevant molecules that act through different mechanisms 
is recommended56. The combination of Apigenin 1% and clobetasol ointment 
0.025 was administered in our investigation and the findings indicate that the 
co-administration of apigenin and clobetasol at reduced concentrations exhib-
ited additive properties in the mitigation of psoriasis lesions. No significant 
difference in PASI and Baker scores between the combination group and the 
apigenin and clobetasol treated groups alone, in terms of inflammatory mark-
ers there was no significant difference between the combination and when the 
apigenin 2% ointment or clobetasol were used alone, This could be explained 
by the mechanisms of action of apigenin, a flavone with anti-inflammatory 
properties, and clobetasol, a potent corticosteroid that reduces inflammation 
and has immunosuppressive effects. If both act on the same inflammatory 
pathways, it could explain why their combination does not have a synergistic 
effect. Additionally, the concentration of clobetasol and apigenin in the combi-
nation preparation might not be optimized for the synergistic effect.

This study demonstrated that Apigenin’s anti-inflammatory and antioxidant 
properties play a crucial role in reducing inflammation and oxidative stress 
and regulating Psoriasis progression. Topical apigenin improved the animals’ 
anti-inflammatory and anti-oxidant status, maintained skin hemostasis, along 
with the modulation of key cytokines, reduction in proinflammatory cytokines 
(TNF-α, IL17) and VEGF, coupled with the increase in the anti-inflammatory 
cytokine (IL-10). Collectively contribute to the amelioration of psoriasis symp-
toms and supports the therapeutic potential of apigenin and its anti-psoriatic 
effect is comparable to that of clobetasol. The combined administration of api-
genin and clobetasol exhibited additive properties compared to the individ-
ual use of either medication. Thus, the present study indicates that Apigenin 
alone and in combination with clobetasol hold promise for the management 
of psoriasis, offering a potential alternative or adjunct to current therapeutic 
approaches. 
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ABSTRACT

Empirically, snakehead fish with its high albumin content has been widely used 
in the healing of post-caesarean wounds. Lemon can also be used to prevent 
wound infections by inhibiting the growth of bacterial activities. This study was 
conducted to discover the best nanoemulgel formula from the combination of 
snakehead fish and lemon extract, then evaluate its healing activity for post-
caesarean wounds. Nanoemulgel was characterized by pH, viscosity, spreada-
bility, adhesion, particle size, and zeta potential to determine the best formula. 
Healing activity evaluation was performed on female Wistar rats which were 
divided into seven groups (n=3). Healing parameters evaluated were wound 
length closure, epidermal thickening, and tissue reconstruction. Wound length 
was measured every 5 days for 15 days. Subsequently, histopathological ob-
servations H&E staining were used to determine epidermal thickening and 
wound tissue reconstruction. The results showed that nanoemulgel I (NEG1) 
containing 7% snakehead fish extract, and 3% lemon extract had the best 
wound healing ability, with an average wound closure of 84±2.1% on day 10, 
epidermal thickening of 2.31 ± 0.06 μm on day 15, and better tissue structure 
reconstruction than other groups. Thus, the nanoemulgel design can optimize 
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the snakehead fish and lemon extract in accelerating the healing process of 
post- caesarean wounds.

Keywords: Channa striata, Citrus limon, nanoemulgel, reepithelialization, 
wound healing

INTRODUCTION

According to the World Health Organization (WHO), maternal perinatal mor-
tality and morbidity can be prevented through caesarean section, with a per-
centage ranging from 10% to 15%1,2. The Cesarean Section Rate (CSR) initially 
was 5%, then increased to 12% in 2012, and further rose to 17% in 2017 in In-
donesia. Ayuningtyas et al. (2018) reported that caesarean section has become a 
trend, constituting up to 70% of deliveries in private hospitals3. The prevalence 
of pain and morbidity in mothers after caesarean section is higher compared 
to vaginal deliveries because it can lead to infections, the most common com-
plication4–6. Although antibiotics are widely available to prevent infections, 
the risk of infection continues to rise7,8. Infections in post- caesarean operation 
wounds can be prevented by accelerating the reepithelization process9.

The speed of the reepithelization process can be increased by elevating the al-
bumin levels in the body10-12. Therefore, the majority of mothers after caesarean 
section are recommended to consume snakehead fish due to its high albumin 
content13. This is considered less effective because it does not directly reach 
the target action, resulting in suboptimal efficacy. Currently, snakehead fish 
albumin is widely developed in capsule form, but oral administration has 
low bioavailability, need to undergo first-pass metabolism, chemical degrada-
tion, and enzymatic reactions, therefore topical administration is more recom-
mended14. Therefore, Andrie and Sihombing used 5-10% snakehead fish extract 
on ointment formulation for wound healing.      However, the healing acitivity only 
reached the inflammation stage15. Besides using albumin, the acceleration of 
healing in post-caesarean operation wounds can be assisted by using citric acid 
because it inhibits the growth of bacterial activities16,17. Sim et al. have proven 
that 3% citric acid has wound healing potential18. An acidic environment signif-
icantly influences wound healing as it acts as a natural physiological response 
to mediate various cellular processes internally to restore barriers which facili-
tate higher oxygenation levels in the wound, affect macrophage and fibroblast 
activities, as well as enzymatic activities which participate in wound healing18.

The advancement in drug synthesis has led to the development of nanocarriers 
as a strategy to achieve efficient drug penetration, making them suitable for a 
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topical drug delivery system. Some researchers have claimed that nanoemul-
sions are a potential drug delivery system due to their high drug loading, solubil-
ity capacity, ease of manufacturing, stability, and controlled release patterns19,20. 
However, nanoemulsions have low viscosity, resulting in brief contact with the 
skin and suboptimal penetration of active substances. Therefore, to obtain an 
effective topical formulation, a nanoemulgel formulation was created to extend 
the contact time of the formulation with the skin, providing high drug loading, 
penetration, and better diffusion compared to other formulations21,22.

METHODOLOGY

Materials

Snakehead fish (Channa striata) and lemon (Citrus limon) were purchased 
from the local market in Solo, Central Java. Materials and solvents used for 
extraction included distilled water obtained from PT. Agung Jaya (Solo, Cen-
tral Java), ether, sodium sulfite, sodium acetate, buffer solution, and CaCl2 
obtained from Merck (Darmstadt, Germany), then HCl 37%, H2SO4, NaOH 
6M purchased from CV. Anugrah Jaya Kimia (Surabaya, East Java). Determi-
nation of albumin and citric acid content in the extract used standard bovine 
serum albumin (BSA) from Sigma Aldrich, biuret reagent (ROFA Lab), meth-
ylene blue, Sudan III, and citric acid anhydrous 99% from Merck (Darmstadt, 
Germany), deionized water (OneMed, Indonesia), and technical grade ethanol 
from PT. Agung Jaya (Solo, Central Java). The formulation of nanoemulsion 
and nanoemulgel used Tween 80, Propylene glycol, and olive oil from Merck 
(Darmstadt, Germany), carbopol 940 and triethanolamine (TEA) purchased 
from Petronas Chemical, Malaysia, and Dimethyloldimethyl (DMDM) hydan-
toin purchased from CV. Cipta Kimia (Sukoharjo, Central Java).  

Methods

Snakehead fish extraction and albumin content determination

A total of 50 grams of finely minced snakehead fish meat was mixed with 125 ml 
of acetate buffer solution, then centrifuged at a speed of 2500 rpm for one hour. 
The snakehead fish solution was separated from the meat sediment, and then 
150 ml of ether and 30 ml of 25% sodium sulfite were added. It was centrifuged 
again at 2500 rpm for two hours. The sediment (the bottom layer containing 
albumin) was separated from the supernatant (the upper layer) for analysis 
of the albumin content contained within it. The analysis of albumin levels in 
snakehead fish extract was using spectrophotometry with a wavelength range 
of 450-700 nm. The materials required for analysis include a standard albu-
min, BSA (bovine serum albumin), and biuret reagent23. 
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Lemon extraction and citric acid content determination

A total of 75 ml of lemon juice was adjusted to a pH of 7.5-8 by adding 2M 
NaOH. Then, 37.5 ml of 10% CaCl2 was added to the lemon juice, and it was 
heated on a hotplate until it reached a constant boiling temperature of 165°C. 
Subsequently, the solution was decanted, and the formed precipitate was treat-
ed with 8.25 ml of 2M H2SO4. This mixture was heated and decanted again, 
similar to the previous process. The obtained precipitate was left to dry24. The 
analysis of citric acid levels in lemon extract was using spectrophotometry with 
a wavelength range of 190-280 nm. The materials required for analysis include 
citric acid standard, deionized water, and 0.25 M of HCl24,25.

Preparation of snakehead fish and lemon extract nanoemulsion

Two formulations of nanoemulsion (NE) with snakehead fish and lemon ex-
tracts were developed. NE1 consists of 30% propylene glycol, 25% tween 80%, 
7% snakehead fish extract, 3% lemon extract, 5% olive oil, and distilled water. 
NE2 differs in the percentage of the two extracts, with 3% snakehead fish ex-
tract and 7% lemon extract. The homogenization and dispersion of nanoemul-
sion particles were carried out using a magnetic stirrer and ultra turrax at a 
speed of 12,000 rpm for 5 minutes26.

Characterization of snakehead fish and lemon extract nanoemulsion

Nanoemulsion (NE) characterization was tested based on emulsion type crite-
ria, kinetic and thermodynamic stability, pH, and particle size27,28.

Preparation of gel base and incorporation of nanoemulsion in the gel base

The gel base is prepared by dispersing 2% carbopol in warm water, followed 
by adding 1.15% triethanolamine (TEA), 0.38% dimethyloldimethyl (DMDM) 
hydantoin, and aquadest to make a total of 100 grams of gel base. The incor-
poration of 25 grams of NE into 75 grams of the gel base is achieved through a 
combination of an ultra turrax at 10,000 rpm for 5 minutes and an ultrasonica-
tor probe with a 70% amplitude for 45 minutes29.

Characterization of snakehead fish and lemon extract nanoemulgel

Nanoemulgel (NEG) characterization was tested based on pH, viscosity, 
spreadability, adhesion, particle size, and zeta potential27,28,30.

In vivo study for wound healing activity of snakehead fish and lem-
on extract nanoemulgel

A total of 21 female rats aged 2-3 months underwent acclimatization for two 
weeks in the Animal Laboratory of Faculty of Medicine UNS. The rats were 
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then divided into seven treatment groups. Post-operative wounds were created 
through minor surgery on the abdominal skin of the rats with an incision length 
of ±2 cm, stitched using plain catgut. After surgery, the rats were treated ac-
cording to the assigned test group, with Group I as a placebo control, II with 
NEG1, III with NE2, IV as normal, V with commercial preparation, VI with 
NEG1 extract, and VI with NEG2 extract. The treatment was given for 15 days, 
and wound length examination was every 5 days31.

Histopathology examination of wound tissue

Skin tissue from the abdomen, approximately 3x3 cm in size, was collected, 
washed with sodium chloride solution, and then immersed in 10% Neutral 
Buffered Formalin (NBF). The tissue was then stained with H&E (Hematoxylin 
and Eosin). Wound re-epithelialization was observed under a light microscope 
at 100× magnification18.

Data analysis

The analysis methods involved the use of software such as MS Excel, SPSS, 
GraphPad Prism, and Image-J. The wound tissue re-epithelialization was ana-
lyzed with Image-J and the effectivity of the gel in wound healing was concluded 
through One-Way ANOVA analysis with a confidence level of 95%.

RESULTS and DISCUSSION

Determination of albumin content in snakehead fish extract 

The extraction of snakehead fish (SF) was performed at the isoelectric point 
(pH 4,6) which is the pH range when protein solubility is lowest, making it 
easier to form precipitates32. Therefore, a pH 4.6 acetate buffer was used as the 
solvent. Separation of the extract from the SF meat residue was carried out by 
centrifugation for one hour at 2500 rpm. Purification of the SF extract from 
non-protein components was done using ether with the “like dissolve like” prin-
ciple. The precipitation of the SF extract containing albumin (AL) was achieved 
through the salting-out mechanism by adding sodium sulfite33. The yield of the 
extraction process shown in Table 1. The presence of AL content in SF extract 
was confirmed through the similarity of wavelengths and visible spectrum be-
tween the SF extract and BSA34. The maximum wavelength for BSA is 544 nm 
and the maximum wavelength for the extract sample is 543 nm, with the simil-
iar spectrum as shown in Figure 1(a). Quantification showed that there was 77% 
AL content in the yield of the SF extract.
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Table 1. Yield of the snakehead fish extraction

Sample Weight (g) Yield (%)

Snakehead fish meat 50 -

Snakehead fish extract 0.4 0.8

Albumin content 0.3 77

 

(a) (b)

Figure 1. Visible spectrum of Bovine Serum Albumin (BSA) and snakehead fish extract (a); 
UV spectrum of citric acid standard and lemon extract (b)

Determination of citric acid content in lemon extract 

The lemon extraction process begins by creating lemon juice in an alkaline 
environment through the addition of sodium hydroxide to form clearer and 
amorphous crystal precipitates35. Citric acid (CA) in the lemon reacts with the 
added calcium chloride, resulting in the formation of a salt precipitate. At this 
stage, two salts are formed: calcium citrate, which precipitates, and sodium 
chloride, which remains dissolved. Therefore, decantation is performed to 
separate them. The calcium citrate precipitate is then converted back into CA by 
adding sulfuric acid24. The yield of the extraction process shown in Table 2. The 
presence of CA content in lemon extract was confirmed through the similarity 
of wavelengths and UV spectrum between the lemon extract and CA standard34. 
The maximum wavelength for CA standard is 210 nm and the maximum  wave-
length for the extract sample is 209,5 nm, with the similar spectrum as shown 
in Figure 1b. Quantification showed that there was 64% CA content in the yield 
of the lemon extract.
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Table 2. Yield of the lemon extract

Sample Weight (g) Yield (%)

Lemon juice 75 -

Lemon extract 3.75 5

Citric acid content 2.39 64

Characterization of snakehead fish and lemon extract nanoemulsion

Nanoparticles (140-400 nm) can optimize the delivery of active ingredients due 
to their large particle surface area, allowing for an increased number of par-
ticles that can be incorporated into the hydrogel matrix19,36. Based on Table 
3, the particle size of both formulations fell within the nanoparticle range, 
with 294.13 ± 1.63 nm for NE1 and 181.5 ± 0.78 nm for NE2. The particle size 
distribution of both formulations can be seen in Figure 2 and is classified as a 
monodisperse and homogeneous system (PDI < 1.0) with a PDI value of 0.39 ± 
0.01 for NE1 and 0.24 ± 0.03 for NE237.

Figure 2. Particle size distribution of nanoemulsion formulations

The higher content of citric acid in NE2 compared to NE1 makes the pH of NE2 
more acidic than NE1, as presented in Table 3. Both formulations show that 
they are O/W emulsion type which are more stable for incorporation into wa-
ter-based gel formulations. Both NE formulations are stable kinetically because 
after the kinetic stability test with centrifugation at 3800 rpm for 30 minutes, 
no creaming or flocculation occurred38. However, both NE formulations ex-
hibited thermodynamic instability, as indicated by the reversible separation of 
the aqueous and oil phases after storage at -4°C and 40°C for 24 hours39. This is 
consistent with the findings of Ullah et al. that NE tend to be thermodynami-
cally unstable but stable kinetically27.
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Table 3. Characterization of the snakehead fish and lemon extract nanoemulsion formulations 
(Mean ± SD, n=3)

Formulation 
code

Emulsion 
type

Mean particle 
size (nm)

Polydispersity 
index

Stability
pH

Kinetic Thermodynamic

NE1 3.36 ± 0,09 M/A 294.13 ± 1.63 0.39 ± 0.01 √ √

NE2 2.69 ± 0,1 M/A 181.5 ± 0.78 0.24 ± 0.03 √ √

Characterization of snakehead fish and lemon extract nanoemulgel

Both nanoemulgels (NEGs) were within the nanometer particle size range that 
can easily penetrate the skin, which is 140-400 nm36. The droplet size for NEG1 
and NEG2 are 223,27 ± 8,02 nm and 231,80 ± 10,58 nm with monodisperse 
system (PDI < 1,0)37, as presented in Figure 3a. Figure 3b shows the zeta poten-
tial values of NEG1 and NEG2 are -22.4 ± 0.4 and -21.2 ± 0.6, indicating good 
stability (-30 mV hingga -20 mV)40,41.

(a) (b)

Figure 3. Particle size distribution of nanoemulgel formulations (a); zeta potential distribution 
of nanoemulgel formulations (b)

As presented in Table 4, the pH values of both formulations fall within the safe 
pH range for skin (5,0-8,0)42. NEG1 has higher viscosity than NEG2, indicating 
that NEG1 provides better adhesion, prolonging the contact time of the formu-
lation with the skin43. On the other hand, NEG2, with lower viscosity, exhibits 
better spreadability compared to NEG144.
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Table 4. Characterization of the snakehead fish and lemon extract nanoemulgel formulations 
(Mean ± SD, n=3)

Formulation 
code

Mean particle 
size (nm)

Polydispersity
index

Zeta 
Potensial

(mV)
pH Viscosity 

(cPs)
Spreadability

(cm)
Adhesiveness 

(s)

NEG1 223.27 ± 8.02 0.5 ± 0.04 -22.4 ± 0.4 6.83 ± 0.03 8038 ± 3 3.20 ± 1.42 17.41 ± 2.41

NEG2 231.80 ± 10.58 0.66 ± 0.01 -21.2 ± 0.6 6.77 ± 0.04 445 ± 3 4.30 ± 3.78 2.07 ± 0.78

In vivo wound healing activity

The wound healing pattern in post-operative rats in the in vivo study, as shown 
in Figure 4, illustrates the ability of the NEG formulation of SFL extract to aid 
in the healing of post-caesarean section wounds. Wound healing activity is as-
sessed by the closure of the wound and the fading of scars.

Placebo NEG1 NEG2 Normal Commercial Raw 
extract 1

Raw 
extract 2

Day
0

Day
5

Day
10

Day
15

Figure 4. Representative image of wound healing progress in rat for 15 days

Furthermore, the length of wound closure was calculated every 5 days for all 
treatment groups, and the results are presented in Figure 4. Meanwhile, Fig-
ure 5(a) shows the percentage of wound closure for all groups on the 10th day, 
which is significantly different (p-value < 0.05). The groups treated with NEG1 
and NEG2 also exhibited significantly different percentages of wound closure 
compared to the normal group, indicating that the NEG formulation of lemon 
and snakehead fish extracts has wound healing activity. NEG1 and NEG2 are 
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also found to have better wound healing activity than commercial albumin for-
mulations because the percentage of wound closure in both of these groups sig-
nificantly differs from the commercial formulation group. The percentage of 
wound closure in the NEG1 and NEG2 groups also significantly differs from 
the NEG1 extract and NEG2 extract groups, indicating that the NEG carrier 
can optimize the effectiveness of SFL extracts in wound healing. The NEG1 
group differs significantly from the NEG2 group, with an average percentage 
of wound closure (%) in the NEG1 group of 84 ± 2.1 and in the NEG2 group of 
81 ± 1.5. It can be concluded that NEG1 has better wound healing activity than 
NEG2.

(a) (b)

Figure 5. Wound closure percentage diagram (a); wound closure length from day 0 until day 
15 (b). The significant difference (p<0,05) in comparison with normal group are expressed as  
for day 5 and α for day 10.

Histopathology of wound tissue

Epidermal thickening accompanied by an abundance of sebaceous glands 
and hair follicles indicates better tissue regeneration of the skin45. Figure 6(c) 
shows that on the 15th day, the NEG1 group has mature hair follicles, numer-
ous sebaceous glands, and a more organized skin structure compared to the 
other groups. The placebo group, NEG2, commercial group, NEG1 extract, and 
NEG2 extract also displayed sebaceous glands and hair follicles, as seen in Fig-
ure 6. However, the skin structure and the maturation of the glands were not 
as advanced as in the NEG1 group. In the normal group, only undifferentiated 
glands were present.
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Figure 6. H&E staining photomicrographs of all groups: wound skin (A), placebo group (B), 
NEG1 group (C), NEG2 group (D), normal group (E), commercial product group (F), NEG1 
extract group (G), and NEG2 extract group (H). Epidermis (E), sebaceous glands (SG), and 
hair follicles (HF) were marked.

Figure 7 illustrates the epidermal thickness from largest to smallest as NEG1 > 
NEG2 > Commercial > NEG1 extract > NEG2 extract > Placebo > Normal. The 
test results showed that only the epidermal thickness of the NEG1 and NEG2 
groups differs significantly (p-value < 0.05) from the normal group. Therefore, 
it can be inferred that NEG1 and NEG2 are more effective in aiding wound 
healing compared to others. The epidermal thickness of NEG1 significantly dif-
fers from NEG2, with an average epidermal thickness of the NEG1 group at 
2.31 ± 0.06 μm and the NEG2 group at 1.69 ± 0.22 μm. Thus, NEG1 containing 
7% snakehead fish extract and 3% lemon extract can facilitate wound healing 
by stimulating epidermal thickening and skin structure reconstruction more 
rapidly than NEG2.
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Figure 7. Diagram of the epidermal thickness on the 15th day of treatment. Symbol * 
expressed the significant difference (p<0.05) in comparison with normal group.

Based on the results of this study, it can be concluded that the nanoemulgel de-
sign has successfully optimized the activity of snakehead fish extract and lemon 
extract in wound healing. F1 nanoemulgel which contains 7% snakehead fish 
extract, and 3% lemon extract has better characteristics and effectiveness. The 
study revealed that F1 was histopathologically proven to stimulate post-cesar-
ean section wound healing through re-epithelialization and reconstruction of 
skin tissue structure better than other formulas.
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ABSTRACT

Studies on the use of herbal extracts in the treatment of local diseases are in-
creasing day by day. To maintain activity of extract and provide convenient us-
age, ideal formulation must be developed for extracts. In this study, we aimed 
to develop thermosensitive gel of pomegranate peel extract and investigate its 
antimicrobial activity. The total phenolic content and antioxidant capacity of 
extract was found 397.00 ± 9.36 mg GAE/100 g, and 10750.00 ± 132.29 mg 
TE/100 g respectively. The gelation temperature of thermosensitive was meas-
ured as 25.3 ± 1.5˚C. The developed gel formulation showed antimicrobial 
activity against Enterococcus faecalis, Staphylococcus aureus, Pseudomonas 
aeruginosa, and Candida albicans as similar with extract. As a result, the de-
veloped thermosensitive gel formulation of pomegranate peel extract could be 
an alternative for the treatment of local infections by its ease of usage and ef-
ficacy in future clinical trials after detailed characterization.
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INTRODUCTION

Pomegranate peel is an important resource with its bioactive compounds such as 
tannins, phenolic acids, and flavonoids. Thanks to its content, pomegranate peel 
provides antioxidant, anti-inflammatory, anticancer, and antimicrobial effects. 
However, its usage has been limited and it is mostly disposed of as agricultural 
waste. To turn it into a medicine, studies carried out are increasing day by day1-6. 

On the other hand, these studies are limited to the application of the extract 
as a solution form. In the drug development process, formulation develop-
ment study is one of the critical steps to maintain activity of drug candidate 
and provide convenient usage for patient. Some of the development studies 
cover the application of pomegranate peel extract with the developed gel for-
mulations. Mittal et al. evaluated the efficacy of the gel they prepared gel using 
carboxy-methyl cellulose. At the end of the study, they observed that only the 
gel containing pomegranate peel extract from the three gels they compared 
was effective enough to reduce the number of Enterococcus faecalis7. In an-
other study, the extract obtained from peel of pomegranate was formulated 
as a carboxymethylcellulose-based gel8. Gel formulation for pomegranate peel 
extract, developed by Vasconcelos et al., consisting of carbopol, water, and 
triethanolamine, and efficacy was demonstrated on various microorganisms8. 
Similarly, carbopol gel formulation was also used to evaluate the effectiveness 
of pomegranate peel extract in the healing of diabetic wounds, and the results 
of the study showed that wound healing improved9. Additionally, chitosan/gel-
atin gels containing pomegranate peel extract were prepared by Bertolo et al.10.  

Unlike the gels that are generally formed with carbopol, carboxy methyl cel-
lulose and chitosan, thermosensitive gels offer an important opportunity for 
local administration of pomegranate peel extract, because formulation is liquid 
at room temperature and gel at body temperature. With these feature, thermo-
sensitive gel formulation is an attention-grabbing alternative to provide long-
term retention and controlled drug release of extract in the application area 
with easy usage11-12. In this study, a thermosensitive gel formulation containing 
pomegranate peel extract was developed to provide a new alternative to the use 
of pomegranate peel extract in the treatment of local infections. For this pur-
pose, ethanol extract of pomegranate peel was obtained, total phenolic content 
and antioxidant activity of the obtained extract were evaluated to standardize 
the properties of the extract. Then poloxamer 407 based gel formulation of 
pomegranate peel extract was prepared, gelation temperature was determined, 
and antimicrobial activity tests were performed against Enterococcus faecalis, 
Staphylococcus aureus, Pseudomonas aeruginosa and Candida albicans.
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METHODOLOGY

Materials 

Fruit of Punica granatum L. was obtained a local manufacturer from Bil-
ecik, Turkey. Poloxamer 407 and Polyether sulfone (PES) syringe filter were 
purchased from BASF and Merck, respectively. All chemicals and microbial 
growth mediums were also obtained from Merck. pH meter (MW801, Milwau-
kee, Portable Meter), precision balance (TW423L model, Shimadzu Corp.), in-
cubator (En120) was used in the experiments.

Preparation pomegranate peel extract

150 grams of fresh pomegranate peel was ground with a knife grinder, and 
1000 ml of ethanol/water (70/30) mixture cooled to +4 °C was added to the 
peel13. The resulting suspension was shaken at 150 rpm for 2 hours at room 
temperature in a dark room. The resulting supernatant was filtered and con-
centrated under vacuum at +40 °C. The obtained extract was filtered through 
a 0.22 μm PES syringe filter and stored at -20°C. The solids content of the 
obtained extract was determined after all water had been removed. 

Determination of total phenolic component and antioxidant
activity  

Total phenolic component and antioxidant activity were determined to stand-
ardize the properties of the extract. The Folin–Ciocalteu method was used to 
quantitatively determine the phenolic substances contained in the pomegran-
ate peel. This method, which is widely used to measure plant-derived phenols, 
was carried out by Singleton and Rossi’s method14,15. Briefly, 0.2 N folin reagent 
was added to the samples and then incubated by adding sodium carbonate 
solution and calculated by absorbance measured at 765 nm. The result is ex-
pressed as mg GAE (Gallic Acid Equivalent)/100 grams of sample.  The 2,2-di-
phenyl-1-picryl hydrazyl (DPPH) free radical scavenging is a frequently used 
method to determine antioxidant activity. The free radical scavenging activity 
of the samples was determined according to DPPH method. In this method, 
4 mL of 0.004% (w/v) methanolic DPPH solution and extract solutions were 
mixed, and the absorbance of the samples was measured at 517 nm after they 
were incubated for 30 minutes at room temperature in the dark16,17. Using 
Equation 1, the DPPH scavenging activity (%) of the samples was calculated. 
The DPPH radical scavenging activities of the extracts were calculated as trolox 
equivalents (mg TEs/g).
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Equation 1: 

x100The DPPH Scavenging activity (%)
Absorbance of Control - Absorbance of Sample

Absorbance of Control

Preparation of extract containing thermosensitive gel and
determination of gelation temperature 

Thermosensitive gel formulation containing pomegranate peel extract was 
prepared with cold method18,19. Briefly after pomegranate peel extract concen-
trate, cooled down to 4˚C and poloxamer 407 (18% w/v) was added slowly and 
mixed. The mixture was stored overnight at 4˚C to obtain a clear solution. For 
the determination of the solid content originating from the extract, the extract 
was completely dried, and its weight was weighed. Based on this weight, the 
gel concentration was prepared to be 39,6 mg/mL. For the determination of 
gelation temperature, 10 ml of gel was added into a 30 R vial and cooled to 
4˚C. Then, while the vial was stirred continuously at 150 rpm, the temperature 
was increased to 1˚C per minute and the point at which magnetic stirrer bar 
stopped turning was determined as the gelation temperature.

Antimicrobial activity of extract containing gel

In antimicrobial activity tests, 2 Gram (+) bacterial cells, 1 Gram (-) bacterial 
cell and 1 yeast cell obtained from the American Type Culture Collection were 
used. Information on the microorganisms used is given in Table 1. 

Table 1. Microorganisms and media used in antimicrobial activity tests (MHA: Mueller Hinton 
Agar, SDA: Sabouraud Dextrose Agar)

Microorganism Medium

Enterococcus faecalis 
ATCC 2942 Gram (+) bacteria MHA

Staphylococcus aureus 
ATCC 29213 Gram (+) bacteria MHA

Pseudomonas aeroginosa 
ATCC 27853 Gram (-) bacteria MHA

Candida albicans 
ATCC 24433 Yeast SDA

In order to test the antimicrobial activities of the obtained formulation, the 
agar well diffusion method20, which is similar to the Disk Diffusion, NCCLS, 
2003 method, was used. Mueller Hinton Agar (MHA) for bacteria and Sab-
ouraud Dextrose Agar (SDA) for yeasts were used. Bacterial strains used in the 
studies were adjusted according to Mc Farland 0.5 (1.5 x 108) and yeast strains 
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were adjusted according to Mc Farland 2 (6 x 108) and inoculated into media 
autoclaved at 121°C for 15 minutes. Only ethanol-impregnated discs were used 
as negative control and commercial antibiotics (Azithromycin (0.97 μg/L) and 
Voriconazole (3.90 μg/L)) were used as positive control. After adding test sam-
ples, bacteria were incubated at 37°C for 24 hours and yeasts at 30°C for 48 
hours. At the end of the incubation period, it was observed whether inhibition 
zones were formed around the discs and the inhibition zones formed around 
the discs were measured using a millimetric ruler. Trials were carried out un-
der aseptic conditions and in 3 parallels, and the tests were repeated twice to 
determine their accuracy21. ANOVA followed by Fisher’s LSD post hoc test was 
used to compare more than two groups with Minitab®16 (Minitab Inc.; State 
College, PA, USA). When p-value was <0.05 (*), the difference between groups 
was considered statistically significant.

RESULTS and DISCUSSION

Determination of total phenolic component and antioxidant
activity of pomegranate peel extract

The total phenolic content and antioxidant capacity   of the pomegranate peel 
extract were determined as 397.00 ± 9.36 mg GAE/100 g and 10750.00 ± 
132.29 mg TE/100 g, respectively. When this result was compared with previ-
ous literature results, Gozlekci et al. analyzed 4 pomegranate cultivars grown 
in Turkey (“Lefan,” “Katirbasi,” “Cekirdeksiz-IV,” and “Asinar”). In their ex-
amination, they determined that the highest phenolic content was in the 
peel extract for all cultivars. They determined that this value varies between 
1775.4-3547.8 mg GAE/L, depending on the pomegranate cultivars22. The type 
of pomegranate grown in Inhisar, Bilecik is the “Devedisi” cultivar, which is 
different from these four. On the other hand, the reason for the slightly higher 
value we obtained could be related to the step of preparing the pomegranate 
peel for extraction. In our study, pomegranate peel was not dried in the sun or 
in the oven, so higher activity could be preserved. In order to show the effect 
of drying, Marchi et al. examined the differences between the pomegranate 
peel by drying them in an oven and a lyophiliser23. At the end of the study, they 
showed that drying with temperature reduces the antioxidant capacity. While 
595.7 μmol Trolox/g activity was determined in lyophilized samples, this value 
decreased to 351.3 μmol Trolox/g.23. Also, the evaluation of the solvent used, 
which is another critical point in the extraction method, was carried out by 
Malviya et al. In the extraction study performed with methanol, ethanol, water 
and their combinations, it was determined that the extracts obtained with 70 
ethanol: 30 water or 100% water had the highest activity and phenolic con-
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tent24. This finding also explains the high activity obtained with the 70 ethanol: 
30 water ratio used in our study. Within the scope of our study, thanks to the 
fact that the products were used without drying and the extraction process was 
carried out at a temperature not exceeding +40°C, relatively higher total phe-
nolic content and antioxidant capacity were obtained.

Preparation of extract containing thermosensitive gel and
determination of gelation temperature 

As the temperature increases, poloxamer 407 copolymer molecules assembly as 
spherical micelles. Its structure includes a dehydrated polypropylene oxide core 
and an outer core composed of hydrated polyethylene oxide chains. In cases where 
the concentration is sufficient, these micelles form the gel structure (Figure 1)25. 

                                   

Figure 1. Schematic representation of extract containing thermosensitive gel and 
determination of gelation temperature

By this way, it can become gel form solution at body temperature. Especially 
thanks to its hydrophobic core, it offers an important opportunity to transport 
therapeutics, limited solubility in water. Although the ethanol is removed and the 
extract is filtered after ethanol extraction, the nano-sized precipitated substances 
can exist in extract. Another advantage of this gel prepared with Poloxamer 407 
is that it can dissolve these precipitates and form a homogeneous solution. In 
this way, effectiveness of these substances could be increase26. In our study, a 
simple and industrially applicable formulation was developed by adding polymer 
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directly to the extract, which was concentrated and cooled. Since the gelation 
temperature of the obtained gel was measured, this value was found to be 25.3 
± 1.5 ̊  C and it was determined that the gel obtained was reversible. This value 
obtained shows that the purpose of instant gelation at body temperature, which 
is in solution in cold, is achieved. When other studies conducted were examined, 
the gelation temperature of the gel developed by Cetin et al. for wound healing 
was found to be 28 ̊  C27.  There are studies showing that the gelation temperature 
prepared with poloxamer 407 can affect by other substances in the medium25, 

28,29. So, the finding we obtained in our study is compatible with the literature. 
On the other hand, it is clearly seen in the literature that the gels prepared using 
18% w/v poloxamer 407 have a fluid liquid consistency below the determined 
gelation temperature. This has been clearly shown in our previous studies. It has 
also been shown in our previous studies that the viscosity of the gel prepared 
with poloxamer 407 at this concentration has the expected spreadable proper-
ties18,27,28. In this study, based on our previous experiences, we primarily focused 
on the gelation temperature and activity, which are the main variable proper-
ties of the gel. A similar approach has previously been used by other groups de-
veloping gel formulations for pomegranate peel extract. Mittal et al. evaluated 
the efficacy of the gel; they prepared gel using carboxy-methyl cellulose7. In this 
study, gel was prepared, and antimicrobial assessment was performed directly 
as methodology. In another study, gel formulation for pomegranate peel extract, 
developed by Vasconcelos et al., consisting of carbopol, water, and triethanola-
mine. Similar methodology was used in this study8. Additionally, chitosan/gela-
tin gels containing pomegranate peel extract were prepared by Bertolo et al.10. 
In this study, rheological evaluation, total phenolics content, and antioxidant 
activity were measured as major parameters without antimicrobial activity tests. 
All these studies showed that each study can determine its methodology based 
on its own focused target without doing all the analysis. Since it has been clearly 
demonstrated in the literature that poloxamer thermosensitive gels can be easily 
applied to the application site, have long-term retention, and provide controlled 
release properties. So, in vitro antimicrobial activity tests were carried out to 
show that the obtained gel’s efficacy rather than performing in vivo studies.

Antimicrobial activity of extract containing gel

Agar well diffusion method was used to determine antimicrobial activity of 4 dif-
ferent test microorganisms. The formed zone diameters after 24 and 48 hours of 
incubation were measured for bacteria and yeast, respectively. Inhibition zone 
diameters were found as 25, 21 ± 1.41, 23.5 ± 0.7, 15.5 ± 0.7 against Enterococ-
cus faecalis (Figure 2), Staphylococcus aureus (Figure 3), Pseudomonas aer-
uginosa (Figure 4) and Candida albicans (Figure 5), respectively. 
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Figure 2. Inhibition zone diameters of PP-Extract (pomegranate peel extract), PP-
Thermosensitive Gel (pomegranate peel extract containing thermosensitive gel) and 
Azithromycin (0.97 µg/L) against Enterococcus faecalis, *p<0.05

Figure 3. Inhibition zone diameters of PP-Extract (pomegranate peel extract), PP-
Thermosensitive Gel (pomegranate peel extract containing thermosensitive gel) and 
Azithromycin (0.97 µg/L) against Staphylococcus aureus *p<0.05. 

                                            

Figure 4. Inhibition zone diameters of PP-Extract (pomegranate peel extract), PP-
Thermosensitive Gel (pomegranate peel extract containing thermosensitive gel) and 
Azithromycin (0.97 µg/L) against Pseudomonas aeruginosa, *p<0.05
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Figure 5. Inhibition zone diameters of PP-Extract (pomegranate peel extract), PP-
Thermosensitive Gel (pomegranate peel extract containing thermosensitive gel) and 
Voriconazole (3.90 µg/L) against Candida albicans, *p<0.05

In addition, solid Nutrient Agar medium was prepared, and Staphylococcus 
aureus was inoculated into the whole petri dish with a smear. Then, a line di-
viding the petri dish in half was drawn and the gel obtained from pomegranate 
extract was applied to half of it as a thin layer and left to incubate in an oven 
at 37 ºC for 24 hours. At the end of the incubation, bacterial growth was ob-
served in the non-gel-applied part of the petri dish, while very intense bacterial 
growth was not observed in the gel-applied part (Figure 6). 

Figure 6. (a) Non-gel-applied part of Staphylococcus aureus inoculated petri dish. (b) 
Pomegranate peel extract containing thermosensitive gel applied part of Staphylococcus aureus 
inoculated petri dish.
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When results are examined, it is observed that both the ethanol extract of 
pomegranate peel and its thermosensitive formulation show antimicrobial 
activity against to all tested organisms. Difference between these two groups 
is not statistically significant. On the other hand, slightly decreased activity 
shown in gel group. After addition of gel formulation to microorganisms, gel 
form occurs and extract release occurs with controlled release manner. Also, 
in vitro condition, water is limited when compared the vaginal, oral, and 
wound application sides. In the absence of water, it will take time for the gel to 
dissolve and the drug release from the gel will be limited. This may be the likely 
reason for this limited decrease in activity. Since the release in the application 
area cannot be fully imitated due to the need to provide a sink condition in 
the release study to be carried out in the in vitro environment, the medium 
in the petri dish, which would have the lowest water content, was tested as 
a worst-case scenario. Also, azithromycin and voriconazole activity showed, 
successfully as positive control groups. Although the antimicrobial activity of 
the extract and the gel obtained with this extract seems to be lower than the 
control groups, it is clearly understood that this effect will be related to the 
concentration of the positive controls and extract used30. And antimicrobial 
activity results of empty gel were not included in the results because no activity 
was observed in the empty gel group.

In another study, pomegranate peel was dried at 33˚C for 7 days and ground, 
then extracted and formulated as a carbopol-based gel. Here 0.5 ml extract was 
obtained from 540 mg powder. It has been stated that 1:64 dilution is effective 
for Candida albicans. In this method, due to drying, oxidation and degrada-
tion could be occurred. Because of difference in methods, studies are not com-
parable. On the other hand, antifungal activity was successfully demonstrated 
in both studies8. Conducting antimicrobial activity studies with pomegranate 
peel extracts, Demir et al. determined that the inhibition zone diameters were 
21.00 and 18.50 mm for Staphylococcus aureus and Enterococcus faecalis, 
respectively31. In our new formulation have equal or greater effect against these 
organisms. It was examined that the ethanol extracts of pomegranate peel ob-
tained in this study showed antibacterial activity against both gram-positive 
(Enterococcus faecalis and Staphylococcus aureus) and gram-negative (Pseu-
domonas aeruginosa) organisms. The results obtained because of antimicro-
bial activity experiments are compatible with previous studies using pome-
granate peel ethanol extracts and these effects were successfully maintained in 
thermosensitive gel formulation. 
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Pomegranate peel is an important resource with its antioxidant, anticancer, 
and antimicrobial effects. However, its usage has been limited and it is mostly 
disposed of as agricultural waste. The studies carried out to turn it as a drug 
with its bioactive compounds. As a result, developed thermosensitive gel for-
mulation of pomegranate peel extract could be an alternative for the treatment 
of oral, vaginal, dermal antifungal and antibacterial infections by its ease of 
usage, and efficacy. 
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Type II Diabetes Mellitus (TIIDM) is a metabolic disease characterized by hy-
perglycemia. Patient adherence to treatment is important for the success of 
treatment and quality-of-life (QoL). This study aimed to evaluate the effect 
of patient education provided by a clinical pharmacist (CP) on treatment ad-
herence, QoL, and disease prognosis. In this prospective pre-post interven-
tion study, patients aged 18-65 years who applied to the Internal Medicine 
Outpatient Clinic of a university hospital in Istanbul and used SGLT-2 inhibi-
tors for the treatment of type 2 diabetes in the last 24 months were included. 
The benefits of patient education provided by a CP to adherence and QoL was 
investigated. Adherence was measured by the Medication Adherence Report 
Scale (MARS) and QoL by EuroQol 5D-3L. As a result of the 6-month pre-
post intervention, patient education provided by CP had positive effects on 
adherence, QoL, weight, and body mass index (p=0.038). Although HbA1c 
decreased, changes in fasting blood glucose, lipid profile, and blood pressure 
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were not statistically significant. Following intervention, treatment adherence 
increased (p=0.012), along with an improvement in QoL (p=0.013). The con-
tribution of CP in enhancing adherence and treating TIIDM was beneficial.

Keywords: clinical pharmacy, diabetes mellitus, patient education, treat-
ment adherence, quality of life

INTRODUCTION 

Type 2 Diabetes Mellitus (TIIDM) is a serious and widespread health problem 
that affects millions of people and can cause micro and macro complications. In 
type 2 diabetes, even if insulin can be produced in sufficient quantities, the sen-
sitivity of cells to insulin and therefore the process of insulin action is impaired1. 
Although type 2 diabetes is generally seen in adults, it can also be seen in children 
and adolescents due to lifestyle changes, inactivity, unbalanced nutrition, and 
obesity in recent years. In Turkey, there are over 9 million people with diabetes 
and this number is estimated to increase to over 13 million in 2045. Approximate-
ly 4 million people worldwide die annually due to TIIDM and related diseases2.

The treatment of TIIDM is complex, involving both pharmacological and 
non-pharmacological therapy. Effective management of TIIDM is medically 
complex, resources and time-sensitive and requires a multidisciplinary ap-
proach3. Treatment includes several elements such as continuous patient 
education, preventing acute complications, and reducing the risk of chronic 
complications4,5. Increased adherence to treatment for TIIDM is associated 
with improved glycemic control, reduced emergency department visits and 
hospitalizations, and lower health costs6. It has been shown that HbA1c, total 
cholesterol, blood pressure, body mass index, and adherence to medication 
regimens are improved when a clinical pharmacist (CP) provide pharmaceuti-
cal care to the treatment of diabetes to help patients, provide them with infor-
mation regarding TIIDM management, encourage them to achieve therapeutic 
and lifestyle goals and support their adherence to medication regimens7.

Clinical pharmacy is a field of pharmacy that applies pharmaceutical sciences 
such as pharmacology, biochemistry, and toxicology in a patient-oriented man-
ner based on rational drug use. The main goal of clinical pharmacy is to ensure 
that the patient receives the right treatment correctly and effectively, in the 
most cost-effective and convenient manner. For this purpose, a CP takes the 
role of a consultant, especially in medication treatment, by transferring theo-
retical and practical knowledge to the healthcare system by communicating 
with physicians and other health personnel. CP not only connects the patient 
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with appropriate, effective, and safe treatments but also strives for outcomes 
that enhance the patient’s Quality of Life (QoL)7.

The duties of the CP include providing information about the medications used 
in TIIDM treatment, counseling the physician and patient about treatment when 
necessary, ensuring that treatment is administered rationally and safely, provid-
ing patient education, improving self-care, and monitoring the treatment. How-
ever, the role of the CP in the healthcare system is much broader than providing 
patient care. The role of the CP includes developing treatment guidelines and 
policies, advising on medication-related expenditures, advising other health pro-
fessionals on special conditions, and providing necessary training8. 

Patient education is an important CP service aimed to increase the patient’s 
knowledge about the patient’s disease and the prescribed and over the counter 
medications used, the patients’ adherence with the treatment, and thus the 
success of the treatment. The treatment goals may not be achieved if the treat-
ment is not performed appropriately. The course of treatment, the dosage, fre-
quency, route of administration, common side effects, potential drug-drug and 
drug-nutrient interactions of prescription and non-prescription medications, 
if any, are among the fundamental information for patient education. In ad-
dition, recommendations such as lifestyle changes, diet, and exercise can be 
provided depending on the patient’s current health status7. 

Providing patient education has an important effect on adherence. Adherence, 
which can also be defined as the patient’s acceptance of the treatment, refers to 
the patient’s participation within the treatment. Due to the complex nature of the 
treatment and the fact that it is a chronic disease, poor adherence is common in 
people with TIIDM. Since poor adherence can lead to treatment failure and seri-
ous complications and morbidity, the role of CPs in tailoring the treatment plans 
and improving adherence becomes even more important7. Increased adherence to 
treatment for TIIDM is associated with improved glycemic control, reduced emer-
gency department visits and hospitalizations, and lower health expenditures6. 
Patient education can be done verbally in a face-to-face manner, in written form 
such as a brochure, or through audiovisual techniques. Depending on the patient’s 
conditions and the disease, one or more appropriate methods may be used.

A pharmacist-led team has been shown to significantly improve treatment ad-
herence and reduce hospitalizations in the intervention group as a result of 
medication therapy management interventions for a large proportion of pa-
tients9. It has also been demonstrated that CP interventions significantly re-
duce HbA1c and fasting blood glucose levels in TIIDM patients; in addition, 
CP increases the level of knowledge of patients about their disease and medi-
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cations, improve adherence with treatment, and contribute to better perfor-
mance of diabetes self-care activities10. 

Although it is possible to measure it with different methods, the patient’s gen-
eral health status and laboratory tests can provide general information about 
treatment adherence. Patients who have the necessary and sufficient informa-
tion about the disease and its treatment tend to take more responsibility for 
their treatment and cooperate more with health professionals, having more 
knowledge about what to expect. 

Successful treatment depends as much on the patient’s ability to perform self-
care activities correctly as on the right medication. Moreover, self-care activi-
ties play an important role in preventive health. It is important to understand 
and apply self-care activities correctly to prevent a complication that may de-
velop due to an existing disease and to maintain and improve the current state 
of health. Hygiene, nutrition, and lifestyle form the basis of self-care activities 
and have a wide place in patient education. It is recognized that the success of 
treatment in many diseases is closely related to self-care2.

Enhancing QoL is a primary objective of both treatment in general and specifically 
in the context of managing TIIDM. Due to its progressive nature, patients with TI-
IDM are exposed to various acute and chronic complications that affect life. In light 
of all these circumstances, successful treatment and the associated improvement 
in QoL are closely related to adherence to current treatment, patient education, 
and self-care activities, as well as the application of the correct treatment regimen7.

This study aimed to investigate the effects of patient education provided by the 
CP on treatment adherence and QoL in TIIDM patients using SGLT-2 inhibitors.

METHODOLOGY

Design, sample size and participants

This study was designed as a prospective and cross-sectional study. Patients 
with TIIDM who were admitted to a university hospital in Istanbul as outpa-
tients between September 2022 and May 2023 and who met the inclusion cri-
teria and gave written informed consent were included. This study, which was 
conducted to measure the effect of CP intervention on treatment adherence 
and QoL, was reported to the STROBE (Strengthening of The Reporting of Ob-
servational Study in Epidemiology) guideline11. The effect size (ρ) was calcu-
lated as 0.82, considering the reference studies12. Alpha (α) was taken as 0.05 
and beta (β) as 0.95 and it was calculated that the power of the study would be 
95% with the inclusion of at least 22 participants. This study was approved by 
the local clinical research ethics committee with decision number 13/3.
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The study included 18-65 years old patients with type 2 diabetes mellitus who 
had started an antidiabetic medication containing SGLT 2 inhibitor within the 
last 24 months and signed the consent form. Patients under 18 and over 65 
years of age, pregnant women, people with oncologic diseases, people with a 
GFR below 60, people with systemic inflammatory diseases, and people with 
cognitive disorders were excluded.

Data collection

Patients participating in the study had face-to-face interviews with the CP after 
a routine interview with their physicians and written informed consent was 
obtained. During the first interviews, demographic data of the patients (edu-
cational status, marital status, employment status, etc.) were recorded. Each 
interview lasted an average of 20 minutes. At the first interview, 68 patients 
who met the inclusion criteria were reached. During the first interview, the 
CP provided structured standardized patient education about TIIDM, medica-
tions used in treatment, as well as treatment adherence, QoL, and self-care 
activities. The participants were informed about the complications that may 
occur if the treatment is not adhered to and the disease is not managed prop-
erly, the correct use of the medications they use for the treatment of TIIDM 
and the issues to be considered during the use of drugs, important points in 
the diet, the complementary role of exercise in the treatment and the benefit of 
reducing stress in disease management13. In this context, a patient education 
brochure, which was prepared in advance and contains general information 
about the TIIDM and diabetes medications, was disseminated to the patients. 
At the second interview, 34 patients continued to be participated the study. 
The process of including patients in the study is shown in Figure 1.
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Figure 1. Study flowchart

To avoid biases during the study, the same CP administered the treatment 
adherence (MARS) questionnaire to all patients in both interviews14 and the 
quality-of-life test (EQ 5D-3L)15 and structured written and oral patient educa-
tion was provided by the same CP.

Clinical pharmacist intervention and patient education

To examine the role of the CP in diabetes treatment, demographic data (age, 
gender, marital status, educational status, occupation, smoking, and alcohol 
use), Hemoglobin A1c (HbA1c) level, fasting blood glucose value, weight, body 
mass index, eGFR value, adherence level, QoL level were documented. Fol-
lowing the first interview, structured written and oral patient education was 
provided by the CP. The content of the education given by the CP at the first 
interview consisted of information about the TIIDM, and participants’ other 
diseases, treatment processes, complications, medications used, diet program, 
and exercise. The Medication Adherence Report Scale (MARS)14 and the qual-
ity-of-life test (EQ 5D-3L)15 were used to measure participants’ treatment ad-
herence. In the second interview conducted six months after the first interview, 
the MARS and EQ (EuroQol) 5D-3L test were administered for the second time 
to determine the changes in treatment adherence and QoL. 
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The MARS test was applied in face-to-face interviews to determine the medi-
cation adherence of TIIDM patients who participated in the study. This scale, 
developed by Thompson et al. in 2000 to measure patients’ adherence to their 
medications, consists of 10 questions, and answers are given as Yes/No. The 
questions investigate aspects such as carelessness in taking medication and for-
getting to take it on time, discontinuation of medication if the patient feels well 
or unwell, opinions about medication use, whether the patient believes that tak-
ing medication protects from illness, whether the patient feels tired, sluggish, 
and strange after taking medication. Each ‘Yes’ answer to the question earns 1 
point, while a ‘No’ answer corresponds to 0 points. Thus, a higher the score on a 
10-point scale, indicates greater adherence to medication treatment.

In 1987, the EuroQol team convened with the aim of creating a standardized, 
non-disease-specific tool to assess health-related quality of life (HRQoL). They 
developed several tests to fulfill this objective. One of these, the EQ 5D-3L test, 
was developed in 199015.

The EQ 5D-3L scale is a tool with 5 sub-dimensions (domains) and a 3-point 
Likert scale. The first part of the EQ 5D-3L test, which consists of two parts, is 
descriptive; the second part consists of a visual analog scale in which the patient 
evaluates his/her general condition. The first part, the descriptive part, includes 
5 domains: mobility, self-care, daily activities, pain/discomfort, and depression/
anxiety. Participants have three different options for their answers on these five 
domains: no problems, some problems, and a lot of problems. For each question, 
the participant is asked to choose the option they feel closest to in terms of these 
options. Depending on the answers, patients receive different scores. 

In the second part of the scale, the participant is asked to give himself/herself 
a score between 0 and 100 according to his/her health condition on that day 
and mark it on the scale. Thanks to this test, which measures the patient’s QoL 
from different perspectives, the areas where the patient has problems about 
the disease can be identified and interventions can be planned accordingly. 

Main outcome measure

The independent variables of the study were age, gender, marital status, education-
al status, occupation, smoking, and alcohol use, and the dependent variables were 
Hemoglobin A1c (HbA1c) level, fasting blood glucose value, weight, body mass in-
dex, eGFR value, patient’s medication adherence level and patient’s QoL level.



667Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

Statistical analysis

Demographic data were expressed as percentages and ratios. Variables pre-
sented as mean, standard deviation, median, and interquartile distribution. 
Data distribution was determined by Kolmogorov-Smirnov, Shapiro-Wilk 
tests, and histogram analysis. Data with parametric distribution were analyzed 
using Student’s t-test; for those with nonparametric distribution, the Mann-
Whitney U test was used. Chi-Square or Fisher Exact tests were applied to ana-
lyze discrete variables. Pearson correlation analysis or Spearman correlation 
analysis was used to determine the level of relationship between quantitative 
variables. p<0.05 was accepted as the statistical significance level.

RESULTS and DISCUSSION 

TIIDM is a lifelong disease that often involves complex treatment. In addition 
to the correct administration of appropriate drug therapy, lifestyle changes, 
and self-care activities constitute an important part of the treatment. Treat-
ment requires continuous follow-up; patient education should be provided to 
prevent acute complications, reduce the risk of chronic complications, and im-
prove overall QoL. The importance of patient education and treatment adher-
ence is especially evident when the incidence of acute complications such as 
hypoglycemia and chronic complications such as neuropathy, retinopathy, and 
nephropathy are considered. Managing diabetes treatment with a multidisci-
plinary team has positive effects on the course of the disease, patient adher-
ence with treatment, improving QoL, and reducing health expenditures16. In 
such a team, CPs play a key role not only in administering the right treatment 
but also in providing patient education and improving self-care activities7,12.

As in many diseases with complex treatment plans, TIIDM patients often expe-
rience treatment failure due to lack of adherence. By choosing the right treat-
ment plan and adequate patient education, it is possible to increase treatment 
adherence and thus ensure better management of the disease. Considering its 
chronic nature, the impact of successful type 2 diabetes treatment on patients’ 
QoL is significant. At this point, communication, cooperation, and harmony 
between the physician, CP, and patient are highly effective in increasing the 
success of treatment, preventing the development of side effects, and compli-
cations; and reducing the cost of treatment7-10.

Sociodemographic data

Sociodemographic data of the patients participating in the study were collected 
at the first interview. Of the 34 patients included in the study to measure treat-
ment adherence and QoL, 16 (47%) were female and 18 (53%) were male. The 
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mean age of the patients included in the study was 51.8 ± 9.06 years and 30 
(88.2%) were married and 4 (11.8%) were single. While 15 (44.1%) participants 
were employed, 19 (55.9%) were retired or unemployed. Out of 34 patients 28 
(82.35%) had family history of diabetes. The sociodemographic characteristics 
of the participants are shown in Table 1. 

Table 1. Sociodemographic characteristics of participants

Parameters n=34

Gender (n, %)

Female 16 (47%)

Male 18 (53%)

Age (Mean ± SD) 51.8 ± 9.06

Marital Status (n, %)

Married 30 (88.2%)

Single 4 (11.8%)

Education Level (n, %)

Primary School 20 (58.8%)

Middle School 5 (14.7%)

High School 8 (23.5%)

University 1 (3%)

Occupation (n, %)

Employed 15 (44.1%)

Unemployed 19 (55.9%)

Duration of diabetes (years) (Mean ± SD) 11.8 ± 7.4

Herbal Product Use (n, %)

Yes 7 (21%)

No 27 (79%)

Smoking (n, %)

Yes 6 (18%)

No 28 (82%)

Alcohol Use (n, %)

Yes 1 (3%)

No 33 (97%)
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Family History of Diabetes

Yes 28 (82%)

No 6 (18%)

Comorbidities (n, %)

Hyperlipidemia 17 (50%)

Hypertension 14 (41.18%)

Coronary artery disease 9 (26.47%)

Asthma 4 (11.75%)

Neuropathy 3 (8.82%)

Other 8 (23.53%)

SD: Standard Deviation

The mean body weight of the patients at the first interview was 84.9 ± 15.8 kg. 
The mean height of the patients was 166.9 ± 9.7 cm. The mean duration of dia-
betes mellitus was 11.8 ± 7.4 years. The baseline clinical characteristics of the 
participants in the first and second interviews are shown in Table 2.

Table 2. Clinical characteristics of the participants

Parameters 
(Mean ± SD) 1st Interview 2nd Interview p-value

Body Weight (kg) 84.9 ± 15.8 83.7 ± 15.0 0.038

Height length (cm) 166.9 ± 9.7 NA

Body Mass Index 30.4 ± 4.8 30 ± 4.6 0.048

Systolic Blood Pressure Value 122 ± 6.7 121.4 ± 4.9 >0.05

Diastolic Blood Pressure Value 80.7 ± 7.4 79.8 ± 6.0 >0.05

HbA1c (mmol/L) 7.77 ± 1.1 7.55 ± 1.1 >0.05

Fasting Blood Glucose (mg/dl) 159.6 ± 41.6 148.4 ± 35.5 >0.05

HDL Cholesterol (mg/dL) 44.4 ± 8.5 44.06 ± 8.3 >0.05

LDL Cholesterol (mg/dL) 114.6 ± 35.7 109.6 ± 39.8 >0.05

Triglycerides (mg/dL) 202.4 ± 114.7 198.5 ± 39.8 >0.05

eGFR (ml/min/1.73m2) 92 ± 14.4 95 ± 15.1 >0.05

eGFR: Estimated Glomerular Filtration Rate, HbA1c: Hemoglobin A1C, HDL:
High-Density Lipoprotein, LDL: Low-Density Lipoprotein
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Body weights were measured, and body mass index was calculated after the 
first and second interviews. Accordingly, there was a significant decrease in 
body weight (p=0.038) and body mass index (p=0.048) in the second inter-
view. A significance was not observed in body mass index in our study which 
was consistent by literature17. Some other studies showed no significant re-
duction in body mass index in patients after CP intervention10,18. However, 
in a study investigating the effect of pharmacist education on type 2 diabetes 
patients in a community pharmacy setting in Türkiye, a significant decrease 
in body weight and body mass index of the participants was obtained12. In an-
other study, similar to our study, a significant difference was observed in the 
body mass index of patients after CP intervention7. 

In our study, although statistically significant results were not obtained 
(p>0.05), there was a nominal decrease in the mean HbA1c values measured 
pre and post intervention (first measurement 7.77 mmol/L; second measure-
ment 7.54 mmol/L). Similarly, fasting blood glucose levels decreased at the 
second interview (first measurement 160 mg/dl; second measurement 148 
mg/dl), however this decrease was not statistically significant (p>0.05). Lab-
oratory data (such as HbA1c, fasting blood glucose, lipid profile, and eGFR) 
recorded after the first and second interviews of the patients are presented in 
Table 2.

Unlike our findings, there are studies in which CP intervention and patient 
education practice had a significant effect on HbA1c and fasting blood glucose 
levels7,12,17-20. In the study conducted by Wishah et al. in Jordan, a significant 
decrease in HbA1c and fasting blood glucose levels was observed in the inter-
vention group after CP interventions10. The study conducted by Wu et al. in the 
United States had similar results to our study and no significant change was 
found in HbA1c levels16. We think that the lack of a significant change in HbA1c 
and fasting blood glucose in our study is due to the relatively low number of 
participants.

In our study, no significant change was observed in the lipid profile of the pa-
tients after the first and second interviews (Table 2). The mean HDL choles-
terol levels of the patients were increased, while the mean LDL cholesterol and 
triglyceride levels decreased, but these changes were not statistically signifi-
cant. Similar to our results, some studies did not show a significant difference 
in LDL cholesterol and other lipid profiles10,16,18. Chan et al. observed a signifi-
cant decrease in LDL cholesterol, but not in HDL cholesterol and triglyceride 
levels17.
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After CP intervention an increase observed in patients eGFR levels, but this 
increase was not statistically significant (Table 2). In comparison of the blood 
pressure measurements before and after CP intervention no significant dif-
ference recorded. Two different studies conducted in the USA and China that 
evaluated the beneficial effects of a CP within the multidisciplinary healthcare 
team on blood pressure did not show a significant reduction in blood pressure, 
similar to our study16,17. However, there are studies reported significant reduc-
tions in blood pressure after CPs involvement into the team7,12,21,22.

Patients’ level of treatment adherence

In our study, the answers given to the MARS by the patients after the first in-
terview, averaged 7.38 points out of 10. Among the MARS items, the item with 
the highest score was Question 5 (‘I only take my medication when I feel sick’) 
with an average score of 0.91 and the item with the lowest score was Question 1 
(‘Have you ever forgotten to take your medication?’) with an average score of 
0.5. In the second interview, the patients’ responses to the MARS had an aver-
age score of 8.06 out of 10. In the second interview, the item with the highest 
score was item 9 with an average score of 0.94, while the lowest score was item 
1 with an average score of 0.67. The responses of the patients to the MARS for 
the first and second interviews are presented in Table 3.



672 Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

Table 3. Patients’ responses to the medication adherence rating scale test at the first and 
second interview (n=34)

Medication Adherence Rating Scale (MARS)
1st Interview 2nd Interview

p- 
value

Yes No Yes No

Do you ever forget to take your medication? 17 17 11 23 0.041

Are you careless at times about taking your 
medication? 16 18 10 24 0.020

When you feel better, do you sometimes stop taking 
your medication? 9 25 4 30 >0.05

Sometimes if you feel worse when you take the 
medication, do you stop taking it? 6 28 6 28 >0.05

I take my medication only when I am sick. 4 31 4 31 >0.05

It is unnatural for my mind and body to be 
controlled by medication. 14 20 14 20 >0.05

My thoughts are clearer on medication. 23 11 25 9 >0.05

By staying on medication, I can prevent getting sick. 30 4 30 4 >0.05

I feel weird, like a ‘zombie’ on medication. 5 29 2 32 >0.05

Medication makes me feel tired and sluggish. 4 30 31 3 >0.05

Total 128 213 137 204 0.012

MARS: Medication Adherence Rating Scale

As a result of the CP intervention, a significant increase was observed in pa-
tients’ QoL (p<0.05) and treatment adherence (p=0.012). When evaluated on 
item basis, the items that showed a statistically significant difference were ‘Do 
you ever forget to take your medication?’ (p=0.041) and ‘Are you careless at 
times about taking your medication?’ (p=0.02). Although there was an in-
crease in the number of answers regarding adherence at other items, however 
this difference was not statistically significant. For example, compared to the 
first interview, more patients reported that they continued to take their medi-
cation regularly even when they feel better (first interview-25 patients, second 
interview-30 patients). Similarly, the number of patients who felt tired and 
sluggish after taking their medication was lower compared to the first inter-
view (p>0.05). According to these results, it is seen that the items on taking 
medications regularly and correctly, which constitute an important part of pa-
tient education, have influential effect on the patients and they started to take 
their medications more regularly.
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Considering studies conducted in different countries and different healthcare 
settings, the involvement of CP in to the healthcare team has been shown to 
beneficial on fasting blood glucose and HbA1c levels, QoL, healthcare expendi-
tures, and incidence of adverse events7,19. In the study by Erku et al., it was ob-
served that treatment adherence increased significantly in the group in which 
the CP was included in the treatment compared to the control group9.

In another study, researchers showed that TIIDM treatment managed by 
a healthcare team including a CP resulted in higher adherence, and signifi-
cantly lower HbA1c and LDL cholesterol compared to the control group. The 
risk of cardiovascular disease was also significantly reduced in the interven-
tion group. However, there was no significant difference in HDL cholesterol, 
triglycerides, total cholesterol, blood pressure, and body mass index during the 
study period17. Another study conducted in Malaysia investigated the effect of 
patient education provided by a CP on HbA1c value, treatment adherence, and 
QoL. The study results showed that patient education significantly decreased 
HbA1c value and significantly increased treatment adherence compared to the 
control group20. In the study by Wishah et al. held in Jordan, there was a sig-
nificant decrease in HbA1c and fasting blood glucose in the intervention group 
after 6 months of follow-up, as well as an increase in patients’ knowledge about 
diabetes, treatment adherence, and self-care activities compared to the control 
group. However, there was no significant difference in lipid profile and body 
mass index between the two groups10. According to the results of a Chinese 
study, a statistically significant reduction in HbA1c and fasting blood glucose 
were obtained in the intervention group after patient education provided by 
the CP, while there was no significant difference between the two groups in 
body mass index and lipid profile18. In this study, a significant increase in treat-
ment adherence was observed in the intervention group because of training. 

Patients’ level of quality of life

The response to the EQ 5D-3L test applied in the first interview to determine 
the QoL of the patients was 8.24 ± 1.35 out of 10. In the second interview, this 
score increased to 8.56 ± 1.26. The domain with the highest score (1.88 points) 
in the first interview was the self-care domain, while the domain with the low-
est score (1.12 points) was the anxiety/depression. In the second interview, the 
item with the highest score (1.91) was self-care activities and daily activities, 
while the lowest score for anxiety/depression domain (1.18). Table 4 shows the 
average scores obtained by domains in the EQ-5D-3L test applied to determine 
the level of QoL in the first and second interviews.
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Table 4. Mean scores of European Quality of Life 5 Dimensions 3 Level Version (EQ5D-3L) 
questions at the first and second interviews

EQ5D-3L Domains 1st Interview 2nd Interview p-value

Mobility 1.71 1.82 >0.05

Self-Care 1.88 1.91 >0.05

Usual Activities 1.85 1.91 >0.05

Pain / Discomfort 1.68 1.74 >0.05

Anxiety/Depression 1.12 1.18 >0.05

Total 8.24 8.56 0.013

EQ5D-3L: European Quality of Life 5 Dimensions 3 Level Version

In our study, there was a significant increase in the total score obtained from 
the EQ 5D-3L test applied to measure the QoL of TIDM patients after the CP 
intervention in second interview (p=0.013) (Table 4). However, when evaluat-
ed on a domain-by-domain basis, the scores of the patients from each question 
increased, however this increase was not statistically significant. The domains 
that patients scored high in both interviews were ‘Ability to take care of one-
self’ and ‘Ability to do daily tasks’. The domain with the lowest common score 
in both interviews was anxiety/depression.

There are various studies to measure the QoL of diabetic patients. In a study, 
the EQ5D-3L test was used to measure QoL as in our study, and in this study, 
found no superiority in the intervention group over the control group in terms 
of the effect of patient education on QoL. However, there were significant 
changes in mobility and anxiety domains in the intervention group when the 
baseline and endpoints were compared20.

A study conducted in Northern Cyprus, Körceğez et al. revealed that the health-
care team with a CP involved had positive effects on the treatment of TIIDM. 
As a result of the CP’s interventions such as adjusting medication therapy and 
providing patient education to increase treatment adherence and improve self-
care activities, the intervention group had a decrease in HbA1c level compared 
to the control group, systolic and diastolic pressure, body mass index and waist 
circumference, and an increase in self-care activities such as foot care, diet and 
home blood glucose measurement7.
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It is concluded that addition of the CP into the healthcare team increases QoL and 
treatment adherence, and also has a positive impact on certain treatment out-
comes. Therefore, we strongly recommend collaboration between healthcare pro-
viders, especially physicians and CPs to establish effective communication with 
patients, manage diabetes treatment, enhance medication adherence and QoL, 
and prevent acute and chronic complications of TIIDM. Although various studies 
have found different results on the effects of CP on adherence and QoL cannot be 
standardized due to the lack of gold standard to measure these improvements20.

All healthcare professionals involved in the treatment of diabetes, especially 
physicians and CPs, should take the initiative to increase the level of knowl-
edge of patients; structured treatment plans according to patient needs by fo-
cusing on the patient’s conditions and keep the communication channels open 
with patients and their relatives. This communication is crucial to determine 
the patient’s status, evaluate treatment outcomes, and make necessary changes 
when needed. As shown in our study, proper education with patients and pa-
tient education can result to an increase in clinical outcomes, adherence, and 
QoL. In this context, our study demonstrated the contribution of physicians 
and CPs working in collaboration with an interdisciplinary approach to the 
treatment outcomes and QoL of patients in the management of type 2 diabetes.
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ABSTRACT

Insulin resistance (IR) progression can lead to the development of metabolic 
syndrome and type 2 diabetes mellitus. Objective of the current work was to 
elucidate how useful lipid profile components were in predicting IR in healthy 
individuals in cross-sectional study conducted on 100 euglycemic, non-diabet-
ic adults (aged ≥ 45 years). All individuals had their triglyceride (TG), high 
density lipoprotein (HDL), low density lipoprotein (LDL), very low-density li-
poprotein (VLDL), cholesterol, fasting blood sugar (FBS), fasting insulin and 
glycosylated hemoglobin (HbA1c) levels tested. The predictive values of lipid 
profile components separately or as ratios, as well as two obesity-related indi-
cators: lipid accumulation products and visceral adiposity index, were evalu-
ated in relation to the HOMA-IR using the receiver operating characteristic 
(ROC) curve. Results revealed that thirty (30%) of 100 apparently healthy sub-
jects developed IR. The triglycerides/high density lipoprotein (TG/HDL) ratio 
had the best predictive value with an area under the curve (AUC) of 0.728, 95% 
CI = 0.617-0.838, p<0.001. The test had 77% sensitivity and 67% specificity, 
respectively. The optimal TG/HDL ratio cutoff value was 2.96, suggesting that 
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among healthy adults, the TG/HDL ratio might be utilized as a routine screen-
ing test to detect IR.

Keywords: insulin resistance, lipid profile, homeostasis model assessment, 
healthy adults

INTRODUCTION

Insulin resistance (IR) refers to a diminished ability of target tissues, such as 
adipose tissue, muscle, and liver, to respond effectively to insulin stimulation. 
It causes a reduction in the ability of the body to handle glucose, that lead to an 
induction of insulin production from β-cell to compensate and hyperinsuline-
mia1. Hypertension, visceral obesity, endothelial dysfunction, dyslipidemia, el-
evated inflammatory markers, Hyperglycemia, and a prothrombotic state are 
among the metabolic consequences of IR2. However, the primary consequence 
of IR is the development of T2DM, with IR often preceding it by 10 to 15 years3.

A large amount of data points to the possibility that IR may be linked to the 
buildup of fatty acid metabolites, or diacylglycerols, in many organs, most no-
tably the skeletal muscles. Conversely, protecting against IR & preventing lipid 
buildup in muscles is achieved by blocking lipid entry into muscle through the 
elimination of lipoprotein lipase or other proteins involved in fat transport4. 

The homeostasis model assessment of insulin resistance (HOMA-IR) is now 
considered the most reliable method for quantifying IR. HOMA-IR was used 
to quantify IR and β-cell function based on insulin (or C-peptide) and fasting 
glucose levels5. The HOMA-IR model has proved to be a robust clinical and 
epidemiological tool for the assessment of IR. However, this approach is dif-
ficult to apply clinically, primarily due to cost, accessibility, and replicability 
issues6. Therefore, it is of paramount importance to find a practical alternative. 
Many attempts have been made to find a simple, non-expensive, and feasible 
alternative for this model. Triglyceride-glucose (TG/Glu) ratios, TG/HDL ra-
tios, triglyceride-glucose indexes, McAuley’s indexes, fasting glucose to insulin 
ratios (FG-I Ratio), and fasting C-peptide indexes are some of the alternatives, 
with sometimes controversial findings7,8.

The objective of the current work was to assess the predictive value of lipid 
profile components and two lipid-rated parameters, visceral adiposity index 
(VAI) and lipid accumulation products (LAP), in predicting IR in healthy Iraqi 
adults. 
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METHODOLOGY

The study population

A cross-sectional study was conducted at Al Nahrain university/ college of 
medicine, Al Bayan University and Al-Mustafa University College, Baghdad, 
Iraq from May 2022 to March 2023. The study included 100 apparently healthy 
adult subjects of both sexes. Subjects enrolled in the study, are euglycemic, 
non-diabetic adults, ≥45 years old with HbA1C < 5.7%. The exclusion criteria 
of the volunteers who subjected to the current study are as the following:

● Subjects with diabetes 

● Subjects with other severe chronic diseases, such as renal and cardiac dis-
eases, 

● Subjects who administered medications that may affect lipid metabolism or 
IR (such as anti-hyperlipidemic drugs corticosteroids,

● pregnant and breast-feeding women.

Demographic information was obtained from all subjects by direct interview 
which include age, sex, family history of diabetes, smoking status, and place 
of residence. All participants also had their body weight (kg), height (m), body 
mass index (BMI), waist circumference (WC), hip circumference (HC), and 
waist-hip ratio (WHR) assessed.

Sample collection and laboratory investigations

Fasting participants for eight hours before the collection of blood samples 
were subjected to the current research. On the next morning, five milliliter of 
blood was collected from the vein of the subject. FBS, HbA1c, a lipid profile 
the include the levels of VLDL, LDL, HDL, TC, TG, and fasting insulin were 
measured using a ready to-use commercial kit for each one (Inear Chemicals/
Spain). Also, HOMA-IR was calculated by multiplying FBS by fasting insulin 
divided by 405. According to a previous study,7 the cutoff value of HOMA-IR 
was determined to be 3.1, beyond which subjects were considered to have IR. 
LAP and VAI were calculated for all participants according to the following 
formula9.  

“LAP = [waist circumference (cm) - 58] × triglycerides (mmol/l).”

“VAI = (WC (cm)/(39,68+(1.88*BMI) *(TG/1.03)*(1.31/HDL) for men” and 

“VAI = (WC (cm)/(36,58+(BMI *1.89) *(TG/0.81)*(1.52/ HDL) for women.”



681Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

Statistical analysis

All statistical analysis were performed by The SPSS software, version 25.0 
(SPSS, Chicago). The mean and standard deviation of non-numerical data were 
displayed, and a student t-test was used for analysis. With the Chi-square test, 
numerical variables that were reported as percentages and numbers were ex-
amined. The predictive value of the components of the lipid profile in predict-
ing IR was assessed using the receiver operating characteristic curve (ROC)10. 
For a difference to be considered statistically significant, a p-value of less than 
0.05 was used.

RESULTS and DISCUSSION

Baseline characteristics of the patients

The mean age of the included subjects was 53.81 ± 8.78 years, ranging 45-80 
years. Males represented 46% of them. Smoking and family history were rela-
tively common and accounted for 39% and 52% of the subjects, respectively. 
The individuals’ mean weight was 82.39 ± 12.4 kg, and their mean height was 
167.64 ± 9.16 cm. The average BMI was therefore 29.38 ± 4.29 kg/m2. Lastly, 
the average hip and waist circumferences were 104.76 ± 21.68 cm and 91.17 ± 
18.91 cm, respectively (Table 1). 
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Table 1. Patients’ baseline characteristics

NON-NUMERICAL VARIABLES COUNT %

Sexes Male
Female

46
54

46%
54%

Smoking Never
Ex/current

61
39

61%
39%

Family history 
of DM

No
Yes

48
52

48%
52%

NUMERICAL VARIABLES MEAN ± SD RANGE

Weight (kg) 82.39 ± 12.4 58-112

Age, years 53.81 ± 8.78 45-80

Height (cm) 167.64 ± 9.16 146-198

Hip circumference (cm) 104.76 ± 21.68 64-152

Waist circumference (cm) 91.17 ± 18.91 59-144

WHR 0.88 ± 0.08 0.67-1.01

BMI (kg/m2) 29.38 ± 4.29 18.37-42.22

Insulin resistance rate

Out of 100 subjects that appeared healthy, 30 subjects (30%) had insulin re-
sistance, while the remaining 70 patients (70%), according to the HOMA-IR 
model, were insulin sensitive (Figure 1).
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n = 30
(30%)

n = 70
(70%)

Figure 1. Insulin resistance rate

Association of demographic factors with insulin resistance 

The insulin-resistant group had a significantly higher average age than the 
insulin-sensitive group (56.5 ± 10.44 years versus 52.67 ± 7.74 years). Like-
wise, females were more common among the insulin resistance group, with a 
significant difference (p=0.009). Other demographic characteristics did not 
significantly differ between the two groups; they were comparable (Table 2).

Table 2. Association of demographic factors with insulin status 

Variables Insulin 
sensitive (70)

Insulin 
resistance (30) p-value

Age (years) 52.67 ± 7.74 56.5 ± 10.44 0.045*

Sex

Male 38(54.2%) 8(26.67%) 0.009*

Female 32(45.71%) 22(73.33%)

Smoking

Never 44(62.86%) 17(56.67%) 0.358

 Ex/current 26(37.14%) 13(43.33%)

Family history of DM

No 37(52.86%) 11(36.67%) 0.102

Yes 33(47.14%) 19(63.33%)

Weight (kg) 80.97 ± 12.11 85.70 ± 12.64 0.080

Height (cm) 166.99 ± 9.1 169.17 ± 9.28 0.277

Waist circumference 89.31 ± 15.79 96.83 ± 24.22 0.068

Hip circumference 104.09 ± 20.51 106.33 ± 24.52 0.637

BMI (kg/m2) 28.84 ± 4.22 30.59 ± 4.31 0.062

  Insulin sensitive
  Insulin resistant
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The association of between lipid profile and insulin status

Results illustrated in Table 3 showed that there was non-significant difference 
in the levels of TC, VLDL, and VAI between the two studied groups. On the 
other hand, insulin resistance group showed significantly higher levels of TG 
and HDL than insulin sensitive group (167.7 ± 56.13mg/dL versus 133.13 ± 
40.04mg/dL and 49.66 ± 4.39mg/dL versus 47.22 ± 4.67mg/dL, respectively). 
Moreover, LDL and LAP were significantly higher in insulin resistance when 
compared to the insulin-sensitive group (103.9 ± 22.02mg/dL versus 94.22 ± 
21.28mg/dL and 34.19 ± 6.63 versus 30.70 ± 7.98, respectively), according to 
Table 3.

Table 3. Lipid Profile association with insulin status 

Variables Insulin sensitive 
(n=70)

Insulin resistance 
(n=30) p-value

Total cholesterol, mg/dl 178.75 ± 25.74 187.30 ± 29.22 0.147

Triglycerides, mg/dl 133.13 ± 40.04 167.7 ± 56.13 0.002*

HDL, mg/dl 49.66 ± 4.39 47.22 ± 4.67 0.041*

LDL, mg/dl 94.22 ± 21.28 103.9 ± 22.02 0.042*

VLDL, mg/dl 35.40 ± 14.75 34.48 ± 9.51 0.769

LAP 30.70 ± 7.98 34.19 ± 6.63 0.009*

VAI 4.44 ± 1.56 4.95 ± 1.94 0.170

FBS and HbA1c association with insulin status

Fasting blood glucose and fasting insulin, as components of the HOMA-IR 
equation, were much higher in the insulin-resistance group (92.45 ± 7.94 mg/
dL and 17.77 ± 3.49 mIU/L, respectively) than in the insulin-sensitive group 
(88.06 ± 7.53 mg/dL and 8.57 ± 2.51 mIU/L, respectively) with highly sig-
nificant differences. Further, HbA1c and HOMA-IR were higher in the insulin-
resistant subjects relative to the insulin-sensitive subjects (5.37 ± 0.64% and 
4.01 ± 0.78 versus 5.04±0.50% and 1.86 ± 0.54, respectively) as indicated in 
Table 4.
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Table 4. FBS and HbA1c association with insulin resistance

Variables Insulin sensitive
(70)

Insulin resistance 
(30) p-value

Fasting insulin, mIU/L 8.57 ± 2.51 17.77 ± 3.49 <0.001*

FBS, mg/dL 88.06 ± 7.53 92.45 ± 7.94 0.010*

HbA1c, % 5.04 ± 0.50 5.37 ± 0.64 0.007*

HOMA-IR 1.86 ± 0.54 4.01 ± 0.78 <0.001*

Diagnostic value of TG, HDL, LDL, and LAP in detecting
insulin status

Insulin resistance was detected by evaluating the diagnostic value of LDL, TG, 
HDL, and LAP using the receiver operating characteristic (ROC) curve. HDL’s 
area under the curve (AUC) was 0.643, 95% CI = 0.524-0.762, p=0.024. The 
test’s results showed that its sensitivity was 63% and its specificity was 57%. 
For HDL, the optimal cutoff value was 48.5 mg/dL. The AUC for TG was 0.694, 
p=0.002, 95% CI = 0.584-0.805. The test’s sensitivity and specificity were 63% 
and 68%, respectively. For TG, the optimal cutoff value was 144.5 mg/dL. 

The AUC of LDL was 0.596, 95% CI = 0.473-0.720, p=0.048. The test’s results 
showed 57% sensitivity and 57% specificity, respectively. For LDL, a cutoff 
value of 100.3 mg/dL was ideal. The AUC of LAP was 0.665, 95% CI = 0.553-
0.777, and p=0.009. The test’s results showed that its sensitivity was 60% and 
its specificity was 59%. The optimal LAP cutoff value was 30.76, as Figure 2 
illustrates. 
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Figure 2. Receiver operating characteristic curve for HDL, TG, LDL, and LAP in detection of 
insulin status in healthy subjects

Diagnostic value of derived ratios

Two derived ratios were calculated from available data and examined for their 
diagnostic value of IR. These were the ratios of TG to HDL and TG to FBS. The 
AUC was 0.728, 95% CI = 0.617-0.838, p <0.001 for the TG/HDL ratio. The 
test had 77% sensitivity and 67% specificity, respectively. For the TG/HDL ra-
tio, 2.96 was the ideal cutoff value.

The AUC was 0.646, 95% CI = 0.530-0.672, p=0.021 for the TG/FBS ratio. The 
test’s results showed that its sensitivity was 67% and its specificity was 56%. 
The TG/FBS ratio’s ideal cutoff value was 1.5. as Figure 3 illustrates.



687Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

Figure 3. Receiver operating characteristic curve for TG/HDL and TG/FBS ratios in detection of 

insulin resistance in healthy subjects

The present research has identified a significant correlation between insulin 
resistance (IR) and advanced age which is consistent with other earlier inves-
tigations. Kim et al. discovered a significant relationship between age and IR 
in the Korean population11. In addition, Bermudez et al. discovered that the 
incidence of IR rose with age and was significantly greater in those aged 30 
or older who were obese12.  Decreased insulin sensitivity in the elderly can be 
attributed to various mechanisms, including reductions in insulin-stimulated 
whole-body glucose oxidation, age-related impairments in insulin action at the 
receptor and post-receptor levels, impaired insulin-mediated glucose uptake, 
an inability to suppress hepatic glucose output, and reductions in the β-cell 
response to glucose13.  

Female was also significantly associated with IR in the present study. There have 
been mixed results from earlier research assessing sex differences in insulin ac-
tion. While some have observed no difference between men and women14, oth-
ers have stated that women are less likely than men to have IR15. In the mean-
while, the Greenhill study discovered that women have a lower incidence of IR 
resistance than men of comparable age prior to menopause16. Nevertheless, this 
protective effect fades after menopause, and the incidence of T2DM and IR in 
men and women converges, indicating that estrogen may have a preventive role. 
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Levels of HDL were inversely correlated with IR people in the current study. 
Multiple tissues’ glucose metabolism is modulated by HDL, as demonstrated by 
Siebel et al.17. According to Chiang et al. there is significant variance in TG and 
HDL between people with and without IR; neither TC nor LDL show the same 
kind of correlation18. In a Chinese study, 1608 adult participants had nearly 
identical results19. Low HDL-C concentrations are hypothesized to be caused 
by IR through a number of different ways. First, IR is linked to increased ex-
change of VLDL for cholesterol esters from HDL particles and TG from chy-
lomicrons, which lowers HDL-C. This process is controlled by the cholesteryl 
ester transfer protein (CETP)20. Second, lower hydrolysis of TG from chylomi-
crons and VLDL is caused by decreased lipoprotein lipase (LPL) activity, which 
may further restrict the contribution of TG-rich lipoprotein-derived HDL par-
ticles21,22. Third, higher HDL clearance and consequently lower HDL-C concen-
trations are linked to elevated HTGL (hepatic triglyceride lipase) activity in IR 
conditions23. Fourth, decreased apo A-I production and release from the liver 
and intestine may also be the cause of low HDL-C concentrations24. 

According to the result of the current study, LDL level was significantly as-
sociated with IR, Mykkänen et al. has been determined that there is a strong 
correlation between insulin resistance and an abundance of small, dense LDL 
particles24. This can be explained by the fact that the impact of IR on LDL me-
tabolism seems to be less noticeable. In addition to its known ability to increase 
LDL receptor activity, insulin may be crucial for the metabolism of atherogenic 
small dense LDL particles25. Dannecker et al. found a significant positive cor-
relation between C-peptide-based estimations of insulin secretion and fasting 
LDL values. Their findings suggested that increased LDL cholesterol levels 
might encourage pancreatic β cells to secrete more insulin26. However, Natali 
et al. did not discover any connection between LDL-c and insulin secretion27. 

TG levels had a significant correlation with IR people in the current investiga-
tion. The 517 Chinese participants in the Ma et al. study was split into four 
groups: those with normal lipid and glucose levels; those with dyslipidemia 
alone; those with dysglycemia alone; and those with both dyslipidemia and 
dysglycemia28. They discovered that in people with dyslipidemia alone, TG was 
connected with both IR and islet β-cell function, as well as the negative impact 
of hypertriglyceridemia on insulin sensitivity and islet β-cell activity. A differ-
ent study by Riediger et al. discovered that in Canadian populations, a fasting 
TG may be helpful as a clinical predictor of IR and the onset of diabetes29. 
The fact that TG builds up in the liver and muscle with hypertriglyceridemia, 
suggesting lipid ectopic deposition, helps to explain the positive correlation 
between TG and IR30. Hepatocytes and skeletal myocytes produce TG metabo-
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lites, such as fatty acyl CoA, diacylglycerol, and ceramides, which can affect 
insulin signaling and inhibit insulin-induced activation of glycogen synthase 
and insulin receptor substrate-1-associated PI 3-kinase31. Increases in hepatic 
TG lipase (HTGL) have also been linked to IR, and it has recently been shown 
that this activity plays a key role in controlling insulin clearance32. Since TG is 
not thought to be a signaling lipid, it is more likely that diacylglycerol, which is 
TG’s synthetic precursor, ceramide, and other lipids are involved in the patho-
genesis of hepatic IR through a variety of mechanisms, such as decreased in-
sulin-stimulated glycogen synthase activity, reduced insulin receptor tyrosine 
kinase activity, and destabilization of the insulin receptor33,34. 

Lipid accumulation product (LAP) level was shown to be significantly corre-
lated with IR in the current investigation. TG levels and WC are combined to 
create the LAP index, which represents lipid accumulation35. In addition to be-
ing seen as a sign of central fat accumulation, LAP has also been linked to poor 
glucose homeostasis, metabolic syndrome, T2DM, cardiovascular disease, and 
insulin resistance36. The body’s fat buildup, which is accompanied by elevated 
TG and assessed WC levels, can be used to explain this substantial variation in 
LAP32. Consequently, elevated LAP can be a sign of lipid overabundance and 
ectopic lipid deposition37. Xia et al. showed that in non-diabetic subjects from 
China, there was close association between LAP and IR and exhibited stronger 
predictability of IR than WC and BMI35. Bermu´dez et al. showed LAP had a 
higher predictive capacity and association with IR in the Venezuelan popula-
tion than VAI38. 

The TG/HDL ratio shown a strong predictive value for IR in the current inves-
tigation. The TG/HDL ratio has been reported to be useful in previous research 
for IR detection7. In a cross-sectional study, 258 non-diabetic overweight or 
obese people were included; 87% of these people were non-Hispanic white 
people19.They found that in overweight individuals, the TG/HDL ratio may 
accurately predict IR. In another study, Gong et al. investigated the associa-
tion of the TG/HDL ratio with IR in 49696 healthy American populations39. 
Moriyama, proposed a relationship between IR and the TG/HDL-C ratio in a 
sample of 1068 Japanese subjects in good health40. Rodríguez-Gutiérrez et al. 
also reported findings similar to this one41. However, it has been shown that 
the TG levels and TG–HDL ratio are not accurate indicators of IR in African 
Americans42. Therefore, although not African Americans, the TG/HDL ratio 
may be a useful diagnostic for identifying IR people of Aboriginal, Chinese, 
and European ancestry43. It is yet unknown how the TG/HDL ratio predicts 
IR. Nonetheless, adipose tissue is trapped and less fatty acid is retained in the 
IR by high TG and low HDL. More free fatty acids were therefore carried to 



690 Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

the liver, where they were converted into more TG and TG-containing VLDL. 
Additionally, as the plasma TG concentration rises, the TG of TG-containing 
VLDL and the cholesteryl ester of HDL exchange. This process creates the 
readily catabolized TG-rich HDL. As a result, IR patients had low HDL, high 
TG, and high TG/HDL44. 

The prevalence of IR among healthy Iraqi adults is 30%. Older ages more than 
45 years and female are significantly associated with an increased risk of IR. 
Higher serum levels of TG, LDL and a lower level of HDL can enhance the de-
velopment of IR in healthy subjects. The TG/HDL-C ratio has a good predictive 
value for IR.
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ABSTRACT

This study aimed to investigate the effect of the organoleptic properties of tablets 
on patient compliance. A multidisciplinary approach is necessary to develop drugs 
that are suitable for each population and to ensure drug optimization. According 
to this, the patient’s opinion should be sought. A personal interview (face-to-face) 
method was used for this study. Participants were asked seven questions about tab-
let shape, size, color, flavor, and coating. The target population for this study was 
chosen from five different age groups, and from each age group, fifty males and fifty 
females participated.  As a result of this study, when all the responses were ana-
lyzed, the oval tablet shape, eight millimetres tablet size, white tablet color, taste-
less tablet, and coated tablet were preferred. This study concluded which organo-
leptic properties of tablets were most preferred by different categories of patients.

Keywords: tablet, organoleptic, patient compliance, patient preferences, survey

INTRODUCTION

Organoleptic properties have a significant impact on patient compliance, es-
pecially when the drug is administered orally1. By utilizing these properties, 
patients will perceive the medication as more pleasant, which improves the pa-
tient’s quality of life1–3. The physical appearance of the drug needs to reflect the 



695Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

general preferences (shape, size, color, flavor, and coating) of the population 
in order to promote patient acceptance and compliance with drug treatment4. 

The patient’s compliance with the drug changes according to the different or-
ganoleptic properties of tablets3,5. Many patients find swallowing drugs un-
comfortable6, and both physical and psychological factors, as well as the pos-
sibility of some tablets having an unpleasant taste or odor, can contribute to 
this discomfort7,8 This could consequently lead the patient to be non-compliant 
with the drug9. An interdisciplinary approach is essential for the development 
of drugs that are tailored to specific populations and to ensure the optimization 
of drug efficacy10,11 According to this, the patient’s opinion should be sought. 
Evaluating the differences in the organoleptic properties of tablets and how 
they could impact patient compliance and drug acceptability is necessary12,13.

This study aimed to investigate patient preferences for different organoleptic 
properties, which we determined in this study as the shape, size, color, flavor 
and surface properties (coating or uncoating) of the tablet. By conducting a sur-
vey, we were able to figure out which of the features mentioned above are mostly 
preferred by different categories of patients. Knowing the preferences of patients 
will increase the patient’s compliance with the drug. This data is meant to be 
delivered to pharmaceutical industry companies and clinics to achieve the main 
goal of this study. 

METHODOLOGY

This study is descriptive regarding research purpose and a quantitative survey 
method in terms of method type. For the research, a questionnaire with seven 
questions was prepared, and it included questions about various organoleptic 
property features.    

Participants were asked to choose gender (male or female), and age group 
(twelve-seventeen, eighteen-thirty-four, thirty-five, fifty-four, fifty-five, seven-
ty-four, or over seventy-five). Then, participants were prompted to indicate 
their preferences for tablets of various shapes (oval, circular, diamond, octago-
nal, or square), sizes (four mm, six mm, eight mm, ten mm, or twelve mm), 
colors (white, pink, blue, orange, red, and brown), flavors (tasteless, sugary, 
bitter, salty, or fruity) and surface properties (coated or uncoated surface). 

The study setting 

This study was conducted at multiple locations in the Republic of Türkiye. The 
decision to take part in the study was voluntary. All participants were informed of 
the research procedure and purpose. Participants who had trouble finishing the 
study were not included, and it was acceptable for participants to leave the study.
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Sample strategy

The target population for this study was chosen from five different age groups. 
Twelve-seventeen, eighteen thirty-four, thirty-five, fifty-four, fifty-five, seven-
ty-four, and over seventy-five were the age groups of the participants. From 
each age group, fifty males and fifty females made up a total of one hundred 
participants. The overall number of participants was five hundred. This delib-
erate choice ensured a balanced representation of both genders within each 
age category, allowing for a comprehensive analysis of potential variations in 
preferences. The study did not include visually impaired individuals because 
there were components of visual perception.

Data collection

This study was done by personal interview (face-to-face). The participants 
were given a survey consisting of structured questions. The data was collected 
and analyzed using the SPSS (IBM Statistical Product and Service Solutions 
Statistics, Version 26.0.) program.  

Data analysis

The SPSS analysis program was utilized to analyze the data collected by the 
survey. The participants’ preferences were analyzed and thoroughly examined, 
and percentage analysis was performed on the results using SPSS program ap-
plications.

RESULTS and DISCUSSION

Tablet shape results 

The relation between age and tablet shape is demonstrated in Figure 1(a). It 
illustrates the preferred tablet shape in each age group. In the age groups of 
12-17 and 35-54, the most preferable tablet shape was circular, while it was 
oval in the rest of the age groups. It was noticed that octagonal tablets are the 
least preferred in all groups.

The relation between tablet shape and gender is demonstrated in Figure 1(b). It 
shows the preferred tablet shape according to males and females. It is obvious 
that most males preferred circular and oval tablets, with a slightly increased 
preference for circular ones. On the other hand, most females preferred oval 
tablets. It is worth mentioning that a considerable percentage of females pre-
ferred circular tablets. Regarding the least preferred shape, both males and 
females considered the octagon as their least preferable shape.
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Figure 1. Percentage of preferred tablet shapes according to: (a) age; (b) gender

Tablet size results 

The relation between age and tablet size is demonstrated in Figure 2(a). It dem-
onstrates the preferred tablet size in each age group. According to the findings 
of this survey, for responders between the ages of 12-17, 18-34, and 35-54, eight 
millimeters was the most preferred size, while twelve millimeters was the least. 

Moreover, four millimeters was the most preferred size in the age groups of 55-
74, 75 and above. Regarding most minor preferable sizes, six and twelve mil-
limeters were the least preferred among respondents aged 55-74, and both sizes 
were approximately equally preferred by this group. Finally, the least preferable 
size was ten millimeters in the 75 and above age ranges.

The relation between tablet size and gender is demonstrated in Figure 2(b). It 
illustrates the preferred tablet size among males and females. The results of this 
survey indicate that males tend to prefer sizes of eight millimeters the most, 
whereas, for females, it is four millimeters. Regarding the least preferred size, 
both males and females considered twelve millimeters their least preferable size. 

Figure 2. Percentage of preferred tablet sizes according to: (a) age; (b) gender
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Tablet color results 

The relation between age and tablet color is demonstrated in Figure 3(a). It 
demonstrates the preferred tablet color in each age group. Across all age ranges, 
white was the most preferred tablet color. When compared to other age groups, 
individuals aged 75 and above preferred the white color the most. The least 
preferable color was brown in the 12-17, 18-34, and 75 and above age ranges. 
Moreover, red was the least preferred color in the 35-54 and 55-74 age ranges.

The relation between tablet color and gender is demonstrated in Figure 3(b). 
It demonstrates the preferred tablet color according to males and females. The 
most preferred color for both males and females was white. It is worth men-
tioning that males preferred the color white noticeably more than females. Ac-
cording to the findings of this survey, the least preferable color for males was 
brown, while it was red for females.

Figure 3. Percentage of preferred tablet colors according to: (a) age; (b) gender

Tablet flavor results 

The relation between age and tablet flavor is demonstrated in Figure 4(a). It 
demonstrates the preferred tablet flavor in each age group. The most preferred 
tablet flavor across all age ranges was tasteless. Regarding least favorites, salty 
was the least preferred tablet flavor across all age ranges except 55-74. How-
ever, the flavors that people between the ages of 55-74 appreciated the least 
were salty and bitter.

The relation between tablet flavor and gender is demonstrated in Figure 4(b). 
It illustrates the preferred tablet flavor among males and females. According to 
the findings of this study, both males and females preferred the tasteless flavor 
the most. Figure 4(b). clearly concludes that males appreciated the tasteless 
flavor considerably more than females. In terms of the least preferable flavor, 
salty was the least preferred by both genders.
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Figure 4. Percentage of preferred tablet flavors according to: (a) age; (b) gender

Tablet cover results 

The relation between age and the tablet cover is demonstrated in Figure 5(a). 
It demonstrates the preferred tablet cover in each age group. Across all age 
ranges, coated tablet covers were the most preferred, while uncoated tablets 
were the least.

The relation between the tablet cover and gender is demonstrated in Figure 
5(b). It illustrates the preferred tablet cover among males and females. Accord-
ing to the results of this survey, the most preferred cover for both males and fe-
males was coated. Though almost equally chosen by both genders, it is impor-
tant to note that females preferred the coated cover slightly more than males.

Figure 5. Percentage of preferred tablet covers according to: (a) age; (b) gender
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Insights into patient preferences for tablets’ organoleptic
properties

The organoleptic properties of tablets enhance the drug’s acceptability to pa-
tients and thereby positively influence their quality of life2,14; however, a paucity 
of knowledge persists regarding the organoleptic properties of tablets and their 
impact on acceptability. Recognizing these attributes is crucial for understand-
ing patient preferences and, consequently, patient compliance15,16. Regarding 
the tablet’s shape, multiple studies have demonstrated that rounder shapes are 
favored over angular shapes in diverse contexts, and according to the findings, 
patients chose rounder shapes, stating that they were easier to swallow9,17,18. 
Participants in our study reveal that rounder shapes are favored over angular 
shapes. Participants expressed that they made this choice because they per-
ceived round tablets as easier to swallow. Our findings align with previous re-
search, reinforcing the established preference for rounder tablet shapes. This 
consistent pattern highlights the practical significance of considering tablet 
shape in pharmaceutical design. Moreover, participants further emphasized 
the importance of tablet shape in differentiating and remembering the drug.

As for the tablet size, concerns emerged regarding the perceived smallness of 
four-millimeter tablets, with participants expressing worry about potential tra-
cheal escape during swallowing. Older participants cited visibility issues with 
smaller tablets while acknowledging that twelve-millimeter tablets might be too 
large for comfortable swallowing. Interestingly, some older participants without 
swallowing difficulties preferred the larger tablet due to enhanced visibility. 

Evidence suggests that the prevalence of swallowing issues and dysphagia is 
anticipated to rise among the aging population in the upcoming years, conse-
quently posing challenges to the administration of oral medications19,20. Medi-
cation noncompliance is more prevalent among elderly patients, emphasizing 
the necessity for enhanced research and strategies for overcoming challeng-
es21,22. In light of these projections, exploring innovative solutions and inter-
ventions to address this emerging issue is imperative.

Regarding tablet color, findings in numerous previous studies suggest that al-
tering a drug’s color can influence perceived efficacy17,23,24. Although there is a 
consensus on human perception of colors, it is crucial to acknowledge that fac-
tors including gender and culture can alter color perception23. The most pre-
ferred color for tablets, as indicated by various studies, was found to be white. 
Furthermore, participants believed that white tablets are perceived as more 
effective than tablets of other colors9,17. In our study, analysis of participant 
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feedback indicated favoring white tablets, perceived as more ‘natural,’ while 
other colors were noted to compromise the tablet’s naturalness and potentially 
reduce drug efficacy.

Furthermore, the flavor is a major factor significantly impacting patients’ com-
pliance25 and can be altered by different flavoring agents, affecting the drugs’ 
acceptability26,27. Pharmaceutical formulations that lack palatability face chal-
lenges in achieving acceptability among patients28,29 and, consequently, face 
obstacles in achieving desired therapeutic outcomes29. In evaluating tablet fla-
vor within our study, participants preferred tasteless tablets, associating them 
with naturalness due to the absence of additives. Participants suggested that 
the flavor of tablets could influence or diminish the drug’s effectiveness.

Finally, in the discussion on tablet cover, recent studies emphasize a substan-
tial preference for coated tablets among patients, primarily because uncoated 
tablets pose greater difficulty in swallowing9,18,30,31. Reduced stickiness was ob-
served in coated tablets, highlighting the advantageous impact of promoting 
a smooth passage through the esophagus9,32,33” Our study similarly concluded 
that participants favored the coated tablet due to its ease of passage through 
the esophagus. Notably, within the entire tested population, the uncoated tab-
let emerged as the least preferred option.

The outcomes emphasize the importance of considering diverse patient needs 
in developing and optimizing pharmaceuticals. Preferences can exhibit varia-
bility among various societies and individuals. Therefore, considering patients’ 
needs and preferences can make treatment options more personalized and pa-
tient-centric. As the study unveils specific preferences across demographics, it 
highlights a pathway for enhancing patient compliance, ultimately promoting 
improved health outcomes.

When the survey’s findings were analyzed, it was revealed that the oval, eight 
millimeters, white, tasteless, and coated tablets were the most preferred choic-
es, while the octagonal, twelve millimeters, brown, salty, and uncoated were 
the least preferred among the overall tested population.
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ABSTRACT

This study was aimed at preparing and assessing the Naproxen-phospholip-
id complex (NP-PL) as a vesicular drug delivery system prepared by solvent 
evaporation method. Attenuated total reflection (ATR) spectroscopy was used 
to confirm the interaction, while a dissolution study was used to compare the 
dissolution profiles for the NP drug, the NP-PL complex, and the marketed 
NP suspension. Results revealed that the ATR spectra showed some changes 
that confirm the complexation between the PL and NP, and better dissolu-
tion behavior was shown by the NP-PL pharmacosomes compared to the NP 
suspension and the pure NP, which indicates that the potential of making a 
phospholipid complex with an improved dissolution profile of Naproxen was 
investigated and a successful NP-PL pharmacosomes was prepared. ATR data 
confirmed NP-PL complex formation. In-vitro dissolution profiles of NP phar-
macosomal dispersion showed improvement over marketed NP and pure NP.
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INTRODUCTION

Phospholipids (PL) are one of the most common amphiphilic molecules that 
have both hydrophobic and hydrophilic regions, In the presence of water, 
phospholipids arrange themselves into one or more concentric bilayers (vesi-
cles)1. Complexes of drugs with lipids that have a functional group capable of 
interacting with the functional group in the drug, for example, phosphatidyl-
choline, have a phosphate functional group that can interact with Naproxen 
(NP) to form pharmacosomes (vesicles) that show several advantages, such as 
enhancing orally administered drug bioavailability and reducing the toxicity 
of drugs2,3. Naproxen (NP) is from the profen family (2-arylpropionic acid) of 
the non-steroidal anti-inflammatory drugs. Naproxen has good lipid solubility 
which make it insoluble in water and causes some problems in dissolution4. 
The oral administration of Naproxen is available as suspension or tablet (im-
mediate and extended release) dosage form5. From the primary adverse effects 
for naproxen is gastro-intestinal ulcers6,7. Phospholipids can interact through 
hydrogen bond and/or van der Waals forces with drug molecules that have 
an active hydrogen atom8. The aim of this study is to prepare and assess of 
Naproxen-phospholipid complex (NP-PL) as vesicular drug delivery system.

MATERIALS AND METHODS

Materials

Lipoid S 100, which is a soybean phosphatidylcholine with a purity of 94%, 
was obtained from Lipoid GmbH, Germany. The pure Naproxen provided by 
Sigma-Aldrich, Germany, and the purity of NP were determined and assessed 
by UV lambda max and melting point methods. Reagents and solvents used are 
commercially available in analytical grade.

Preparation of Naproxen-phospholipid complex 

Naproxen-phospholipid complex (NP-PL) was prepared by using the solvent 
evaporation method. Highly purified (94%) soybean phosphatidylcholine and 
Naproxen (NP) were dissolved in 30 mL of dichloromethane, which is used as 
a solvent due to its good solubility for both naproxen and lipoid S100 and also 
because it is considered a good option for the solvent evaporation method due 
to its low boiling point. The components were placed in a round bottom flask 
in a ratio of 1:1 mole (50 mg Naproxen with 157 mg PL), which has been proven 
in previous research to be the best ratio for complexation.

Three hours of stirring at 35°C were done to the mixture by a magnetic stirrer, 
then a rotary evaporator with low pressure used for solvent removal. The ob-
tained lipid film retained in a desiccator for a day9.
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Attenuated total reflection (ATR)

The ATR analysis of pure NP, PL, NP-PL were carried out with a Bruker Alpha-
P ATR FTIR, Germany.

Preparation of Naproxen vesicular systems 

The hydration of the obtained lipid film that contain NP-PL by a solution of 
phosphate buffer saline (PBS, pH 7.4) at 55±2°C resulted in pharmacosomal 
dispersion10.

Investigation by transmission electron microscopy (TEM) 

A TEM instrument (Philips, Netherland) was used to investigate the NP-PL Phar-
macosomal dispersion. 1% phosphotungstic was used to stain a little amount 
from the dispersion that placed on carbon grids that coated with copper11.

In-vitro dissolution study 

A rotating paddle dissolution apparatus type II containing phosphate buffer 
(pH 7.4) with a volume of 900 mL at speed 100 rpm was used to compare the 
dissolution behavior of NP pharmacosomal dispersion, NP suspension, and 
the pure NP powder. Each formula containing 125 mg of Naproxen12 the con-
centration of the marketed NP used is 25mg/ml and a 5 ml of the product 
were used to obtaind the 125mg of NP. The used media was preconditioned 
and maintained at a 37 °C. At a proper time interval, 5 mL sample were drawn 
then replaced with a new dissolution medium. The filtration of the samples 
was done through a 0.45 μm filter syringe. A UV-Visible spectrophotometer 
was used to determine the drug content of the solution. 

RESULTS and DISCUSSION

ATR of the prepared Naproxen-phospholipid complex 

The prepared phospholipid complex of Naproxen by the solvent evaporation 
method were characterized by ATR to confirm the interaction between the two 
molecules. The ATR spectra of NP, PL, Naproxen-phopholipid complex (NP-PL) 
are displayed in Figure 1. Significant changes detected in the spectrum of NP-PL, 
the Naproxen OH stretching band absorption peak which occur at (3145 cm-1) was 
shifted to lower wavenumber (3008 cm-1), the stretching band of the C=O (1680 
cm-1) of NP was moved to lower wavenumber (1633 cm-1)13. Additionally, the P=O 
stretching band absorption peak of the of PL (1251 cm-1) have been moved to 
higher wavenumber (1262 cm-1). An interaction between the polar part of the PL 
(phosphate) and the carboxyl group of NP might be suggested by the obtained 
results14. The chemical structure of NP and PL were illustrated in Figure 2.



708 Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

Figure 1. ATR spectra of (A) NP (B) PL (C) NP-PL

A B

Figure 2. Chemical structures of (A) Naproxen, (B) phospholipid
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Examination using transmission electron microscopy (TEM) 

The Naproxen pharmacosomal dispersion was examined by TEM. Figure 3 
show the TEM photographs that revealed spherical structures, these structures 
indicating vesicle formation. 

Figure 3. TEM photographs of Naproxen pharmacosomal dispersion

In-vitro dissolution study 

The dissolution behavior of Naproxen pure powder (NP), NP pharmacosomal 
dispersion in comparison to marketed NP suspension in phosphate buffer (PB) 
pH 7.4 are shown in Figure 4. NP-PL dispersion show higher dissolution pro-
file than pure NP and marketed NP suspension, one of the factors that the 
dissolution study depend on is the solubility of compounds. So, it will give an 
estimation for the enhancement in solubility and the rapid and enhanced dis-
solution rate of pharmacosomal dispersion in the dissolution behavior could 
be attributed to the role of lipid vesicles by decreasing the surface interfacial 
tension15. 
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Figure 4. Dissolution profile of pure NP, NP pharmacosomal dispersion, and marketed NP 
suspension in phosphate buffer 7.4

 

A successful Naproxen-phospholipid complex (pharmacosomes) was prepared 
using solvent evaporation method and the ATR data confirmed NP-PL com-
plex formation and in-vitro dissolution profile of NP pharmacosomal disper-
sion showed an improvement over marketed NP and pure NP. 
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