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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 Istanbul University, Turkey.
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 except 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 pre-
cious 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 arti-
cles 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), Acknowledgement (optional).

Table and figure titles should not be abbreviated exp. fig. is not acceptable. It 
should be written as; Table 1. …. Figure 1. ….. 

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 
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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 has to be written in clear and concise English.

Starting from 2016, the journal will be issued quarterly both in paper and on-
line formates also publish special issues for national or international scientific 
meetings and activities in the coverage field.

1.2. Manuscript Categories

Manuscripts can be submitted as Research Articles. Review articles will not be 
accepted.

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 
as published documents.

1.5. Professional Ethics

Editors, reviewers, and authors are expected to adhere to internationally ac-
cepted criteria’s for scientific publishing. Helsinki declaration is applied and 
accepted 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 evi-
dence, 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 state-
ment placed in the section describing the studies’ Material and Methods.

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 the English, figures, or formatting in the 
manuscript before submission please contact to editorial office by e-mail for 
suggestions. Authors are required to subject their manuscript for

The responsibility for all aspects of manuscript preparation rests with the au-
thors. 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 of 
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 chemi-
cal name must be provided before the parenthesized code number, e.g., “chem-
ical name (JEM-398).” If appearing a second time in the text, a bold Arabic 
number must be assigned on first usage, followed by the parenthesized code 
number, e.g., “1 (JEM-398).” Subsequently, only the bold Arabic number may 
be used. All code numbers in the text must have a citation to a publication or a 
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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 as-
say interference compounds and this analysis must be provided in the General 
Experimental section. Many of these compounds have been classified as Pan 
Assay Interference Compounds (PAINS; see Baell & Holloway, J. Med. Chem. 
2010, 53, 2719-2740). These compounds shown to display misleading assay 
readouts by a variety of mechanisms by forming reactive compounds. Provide 
firm experimental evidence in at least two different assays that reported com-
pounds with potential PAINS liability are specifically active and their apparent 
activity is not an artifact.

2.2 Manuscript Organization

2.2.1 Title Page. Title

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, and affiliations with addresses 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.”

Acknowledgment: Authors may acknowledge people, organizations, and finan-
cial supporters in this section.

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

2.2.7 References and Notes 

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

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

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

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

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

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

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

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

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

Examples

For printed articles

• Article with 1-6 authors:

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

Sahin Z, Ertas M, Berk B, Biltekin SN, Yurttas L, Demirayak S. Studies on non-
steroidal inhibitors of aromatase enzyme; 4-(aryl/heteroaryl)-2-(pyrimidin-2-
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. 

Electronic journal article:

Author AA, Author BB. Title of article. Abbreviated title of Journal [Internet]. 
Date of publication YYYY MM [cited YYYY Mon DD];volume number(issue 
number):page numbers. Available from: URL 
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Electronic journal article with DOI: 

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

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

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

2. Additional acceptable file formats are: TIFF, PDF, EPS (vector artwork) 
or CDX (ChemDraw file). 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 consistent 
and graphics of poor quality may not be able to be improved.

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

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

Consistently sizing letters and labels in graphics throughout your manuscript 
will help ensure consistent graphic presentation for publication.
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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 
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.
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If human cell lines are used, authors are strongly encouraged to include the 
following information in their manuscript:

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

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

· whether the cell line has recently been tested for mycoplasma contamination.

2.3.2 Purity of Tested Compounds

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

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

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

2.3.3 Confirmation of Structure 

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

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

3. Submitting the Manuscript

3.1. Communication and log in to Author’s Module 

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

It is required to register into the e-Collittera system for the first time while 
entering by clicking “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.

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

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

3.3 Submitting A New Article 

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

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

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

3.2.2. Institutions Authors should give their institutional information dur-
ing submission.

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

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

Warning. No additions to cornered parenthesis are allowed. Otherwise the sys-
tem will not be able to show the special characters.

3.2.5. Abstract The summary of the article should be entered to Abstract 
window 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 are accessible for arbitrators; so you should not add any infor-
mation related to the institutions and authors in this summary part. Otherwise 
the article will returned without evaluation. Authors will be required to comply 
with the rules.

Warning. No additions to cornered parenthesis are allowed. Otherwise the sys-
tem will not be able to show the special characters.

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

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

3.3.1. Adding Article This process consists 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.
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Reminder If the prepared article includes more than one file (such as main 
document, black and white figure, video), the transaction will be continued 
by starting from the first step. The image files must be in 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 Infor-
mation page.

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

3.3.2. Your Files After adding the article you may find all information re-
lated 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’s appropriate or not.

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

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

3.3.4.1. Articles Not Completed to be Sent After the sending transaction 
was started, if article is not able to continue until the ninth step or could not 
be sent due to technical problems shown at this part. Here you can find the 
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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.

3.3.4.2. Articles That Require Revision Articles, which were evaluated 
by the referee and accepted by the editor with revision, continues to Waiting 
for Revision table.

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

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

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

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

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

Article review process

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

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

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

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 ed-
itor-in-chief. In this way, the article takes one of the acceptance, rejection, or 
revision decisions. In the case of revision, after the author revises, the editor 
submits his/her final opinion to the editor in chief. Editor-in-Chief conveys 
his final decision to the author. After the accepted articles are subjected to the 
final control by the journal and the corresponding author, the article starts to 
be included in the “accepted papers” section by giving the inactive DOI num-
ber. 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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ABSTRACT

The objective of this study was to increase the solubility of Mefenamic Acid (MA), a 
BCS class II drug by formulating amorphous solid dispersions via Holt-Melt Extru-
sion. The extrudates were prepared at different drug to polymer ratios and charac-
terised by standard analytical techniques. Dissolution studies were performed in 
Phosphate buffer saline (PBS) pH 7.4 medium. Stability of the different ratios of 
MA: Soluplus (1:1, 1:4 and 4:1) was studied at room temperature for 12 months. 
Computer simulation using GastroPlusTM was run to depict the gastrointestinal ab-
sorption of MA in humans. DSC thermograms and the diffractograms of the solid 
dispersions confirmed amorphous nature. Dissolution studies showed enhanced 
dissolution rate of MA from the solid dispersions. Stability studies indicated 1:4 
(MA: Soluplus®) dispersion as the most stable dispersion. GastroPlus™ simulation 
using in vitro data showed improvement in the PK parameters of the solid disper-
sión in comparison with pure MA.
Keywords: Hot-melt extrusion, Metanamic Acid, Soluplus, solubilisation, solid 
dispersion

INTRODUCTION

Mefenamic Acid (MA) [(2-(2,3-dimethylphenyl) aminobenzoic acid] is a widely 
prescribed non-steroidal anti-inflammatory drug (NSAID) for relief of pain pri-
marily dysmenorrhoea and rheumatoid arthritis1,2. Poor solubility affects the 
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rate of absorption of MA from the gastrointestinal tract 3,4. Oral administration 
is associated with side effects in the gastrointestinal tract as perforation of the 
stomach, small and large intestine, ulceration and bleeding that may be fatal4. 

There are multiple delivery strategies for oral administration of poorly solu-
ble drugs and some of them have been explored for the oral delivery of MA5-7. 
The use of amorphous form has the potential to increase oral absorption and is 
usually considered when drug cannot be suitably solubilised. Melt extrusion is 
one such means of obtaining amorphous forms. Specifically, amorphous solid 
dispersions (ASDs) are advantageous as they have high free energy and kinetic 
solubility due to structural changes that modify chemical and physical prop-
erties, such as endothermic end exothermic values, the lack of melting point 
observed in ASDs, and the lack of symmetry at conformational, translational 
and orientational structures. 

Most of the published research data for solid dispersion of MA are based on 
carriers like PVP, polyoxyethylene, eudragit EPO, Pluronic F127® polyethylene 
glycol 4000 and Gelucire 50/138-15.

Polyvinyl caprolactam–polyvinyl acetate–polyethylene glycol graft copolymer 
(Soluplus®), is an attractive carrier for solid dispersion due to numerous ad-
vantages. As it has a low Tg, 70ºC, it is suitable for poorly soluble drugs with 
high melting point and ensures that the API is thermally stable during the pro-
cess. Being hydrophilic and non-ionic, solubility is unaltered along the GI tract. 
Apart from enhancing solubility, Soluplus® stabilizes the solid dispersion16-19.

Hot melt extrusion (HME) is a documented process for the manufacturing of 
solid dispersions. Compared to other techniques for preparing solid disper-
sions, HME is a reliable and robust process, far less complex, cost efficient and 
avoids the use of organic solvents20,21.

There are no reports on the use of Soluplus® with HME technology in prepara-
tion of solid dispersion of MA. MA is a challenging drug to process via HME owing 
to its high melting point indicating high crystallinity. Hence the present study was 
taken to explore HME with Soluplus® as a carrier, to generate solid dispersion of 
MA. To ensure that MA is indeed in its amorphous form, the performance of DSC, 
FTIR and XRD analysis were carried out and to confirm stability XRD was stud-
ied after 12 months. The novelty of this paper lies in the use of co rotating twin 
screw extruder for preparing solid dispersion of MA and in silico tool to predict 
the enhanced oral bioavailability with the obtained in vitro results. GastroPlusTM 

simulation software was used to predict the oral absorption of the solid disper-
sion. The in vitro data was used as the input function into a simulation software.
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METHODOLOGY

Materials

Mefenamic acid was purchased from Yarrow Chem Products, Mumbai, India. 
Soluplus® (Mw = 118,000 g/mol, density = 1.08 g/cm3) was a gift from BASF. 
All other chemicals and reagents were of analytical grade and used in the study 
without further purification.

Calculation of solubility parameter

To predict possibility of glass solution formation on melt extrusión, Hansen 
solubility parameter of MA and Soluplus® was calculated. In the present study 
prediction was based on comparison of solubility parameters of drug and ex-
cipient. The solubility parameters were obtained from literature. 

Thermal analysis of the physical mixtures

The thermal properties of the physical mixtures were determined using a DSC 
(DSC-50, Shimadzu, Japan). Physical mixtures (100 mg) consisting of one 
(crystalline) drug and one polymer in concentrations ranging from 60 – 90% 
drug (w/w) were prepared by gentle mixing using a mortar and pestle. Samples 
of 4 – 6 mg were analyzed by DSC at a heating rate of 10 °C/min from ambient 
temperature to 20 °C above the Tm of the pure crystalline drug. The calibra-
tion of the baseline was done using empty aluminium pans as a reference, and 
temperature/ enthalpy using indium.

Preparation of hot-melt extrudates

HME operation was carried out by twin screw extruder (STEER-Omicron 10P, 
India). Soluplus® was blended with MA until it was mixed evenly and intro-
duced manually into the extruder barrel. Three different extrudates were pre-
pared, drug to polymer ratios, at 1:4, 1:1 and 4:1. The extrusion process was 
performed at various barrel temperatures 110ºC, 130ºC and 130ºC while screw 
speed was fixed at 150 rpm. The external to internal screw diameter (Do/Di) 
ratio of the HME apparatus was 1.71. The samples were milled using mortar 
and pestle and meshed through a 60 mesh and stored in a desiccator until use.

Physical characterisation

Differential Scanning Calorimetry (DSC)

The DSC thermograms of the extrudates were recorded on a DSC (DSC-50, Shi-
madzu, Japan). The samples were weighed into aluminium pans, sealed and 
heated under nitrogen flow at a scanning rate of 10 °C min-1 to obtain a tem-
perature range from 25 °C to 300 °C. The calibration of the baseline was done 



4 Acta Pharmaceutica Sciencia. Vol. 61 No. 1, 2023

using empty aluminium pans as a reference, and temperature/ enthalpy using 
indium.

Fourier Transform Infrared Spectroscopy (FTIR)

The FT-IR spectra (Shimadzu - FTIR 8300) were recorded based on the KBr 
pellet technique for the extrudates the drug and the polymer in the wavelength 
region of 400-4000 cm 2.

X-Ray Diffraction (XRD)

The X-ray diffraction pattern of extrudates the drug and the polymer was re-
corded using benchtop X-ray Diffractometer (Rigaku MiniFlex 600, Japan) at 
an angle range of 10 to 80° at the rate of 2°/min. The experiment was carried 
out at room temperature.

Scanning electron microscope (SEM) analysis

The surface size, shape and structure of the pure drug and extrudates were 
evaluated using a JEOL JSM-7600 F, SEM. The samples to be examined were 
mounted on the SEM sample slab using a double-sided adhesive tape and were 
coated with gold (200 °A) under reduced pressure (0.001 torr) for 5 min to in-
crease the conductivity using an ion sputtering device and viewed.

Solubility determination

MA and the extrudates were placed in a 2 ml Eppendorf tube with water and 
PBS until saturation and left for two days in the rotospin (Tarsons). The sam-
ples were filtered, and absorbance measured with the UV-Spectrophotometer22. 

Drug content

The drug content of the different extrudates were performed by weighing 10 
mg of the different extrudates in 100ml methanol volumetric flask, sonication 
for 20 minutes and measurement of absorbance with UV-Spectrophotometer23.

In vitro drug release studies

Dissolution study was performed with TDT-08L Dissolution Tester USP Ap-
paratus II (Electrolab) by placing 50 mg equivalent of drug content of the dif-
ferent extrudates in in 900ml of PBS pH 7.4 at 37ºC and 75 rpm. Samples were 
taken at 15, 30, 45, 60, 90 and 120 minutes and media replaced immediately. 
Absorbance of samples was measured using the UV-Spectrophotometer22. 

In silico simulation of oral absorption

An absorption model was built using the GastroPlus™ simulation software 
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(version 9.0, Simulations Plus Inc, Lancaster, CA, USA). Input parameters like 
drug solubility, pKa, effective permeability were determined in silico using the 
ADMET predictor module of GastroPlus™. The default human fasted physi-
ological model in GastroPlusTM (Opt logD SA/v6.1) was used for simulations. 
Metabolism of MA is predominantly mediated via CYP enzymes particularly 
CYP2C9 in addition to CYP1A2. The GastroPlus™ default Km and Vmax values 
based on the Metabolism and Transporter module were utilised. Human PK 
parameters were estimated by fitting the 250mg capsule oral data from humans 
to a one compartment model in PKPlus22. The generated mean PK parameters 
were exported to the Pharmacokinetics tab to enable software prediction.  Sim-
ulations were conducted using the dissolution data of solid dispersions.

Physical stability studies upon storage

Physical stability studies were conducted for 12 months at 30°C/75%RH. The 
prepared solid dispersions were stored in air tight containers. The stored sam-
ples were investigated for the recrystallisation tendency by XRPD after 12 
months.

RESULTS AND DISCUSSION

Solubility parameter

The solubility parameter of MA and Soluplus® were obtained from literature. 
Based on the group contribution method, individual solubility parameter val-
ues (δ) for MA25 and Soluplus®17 are 21 MPa 1\2 and 23.77 MPa 1\2 respectively. 

The use of solubility parameter in predicting miscibility between drugs and pol-
ymers is based on the standard solution theory “likes dissolves likes” whereby 
if two solvents have similar solubility parameters, they can be mixed to form 
a uniform solution with any ratios. Likewise, if drugs and polymers are pre-
dicted with close solubility parameters, a miscible drug-polymer solid disper-
sion could be prepared. It has been proposed empirically that compounds with 
a Δδ < 7.0 MPa0.5 were likely to be miscible while compounds with a Δδ > 7.0 
MPa0.5 were expected to be immiscible26,27. The solubility parameter difference 
between Soluplus® and MA is 2.77, which is below 7.0 MPa0.5

The small difference between the calculated solubility parameters of MA and 
Soluplus® indicates that MA is likely to be miscible with Soluplus®. The com-
parison of solubility parameters can be a rapid way to predict miscibility be-
tween drugs and polymers.

Thermal analysis of the physical mixtures 
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The DSC thermograms of the physical mixtures of MA: Soluplus® is displayed 
in figure1. The DSC thermogram of pure crystalline MA displayed a single en-
dothermic melting event at 231 °C, with a melting enthalpy (ΔHm) of approxi-
mately 187.51 J/g, Physical and thermodynamic values measured for the physi-
cal mixtures are presented in Table 1. Drastic change in Cp value from pure 
drug to the polymer mixture could be due to slow transition of the phase of the 
drug which is significant.

Accordingly, it can be predicted that at 80%+20% (MA: Soluplus®) could be 
optimum as enthalpy change over at this composition. Based on these observa-
tions the ratios 1:4, 1:1 and 4:1 were selected for preparing solid dispersions.

Table 1. Thermodynamic values of the MA and physical mixtures measured by DSC

MEFENAMIC 
ACID %

PEAK
Tm (°C)

ONSET
(°C

ENDSET
(°C)

ΔHm 
(J·g-1)

ΔCp 
(J·g-1·K-1)

100 231.92 230.17 236.09 -187.51J/g 0.37

90 230.47 226.08 233.37 -47.74J/g 0.09

80 229.64 224.15 232.75 -28.64J/g 0.05

70 230.28 225.31 232.31 -13.79J/g 0.027
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Figure 1. Thermograms of the MA-Soluplus physical mixtures (% w/w) 
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Preparation of Hot melt extrudates

Three different extrudates were prepared with drug to polymer ratios, at 1:4, 1:1 
and 4:1. The melting point (Tm) of MA is 230°C The thermal decomposition kinet-
ics of MA is reported in literature28. Positive value of the Gibbs free energy obtained 
from the study showed that the decomposition reaction of MA is nonspontaneous. 
Since the carrier Soluplus® has excellent plasticizing effect, the operation was 
possible at lower processing makes Soluplus® a good candidate for extrusión.

DSC

The DSC thermograms of pure MA and exrudates are displayed in figure 2. How-
ever, in the thermogram of solid dispersion (extrudates) the peaks of crystalline 
MA completely disappeared. This indicates crystalline MA was transformed into 
amorphous state by HME. Amorphisation was possible due to molecular interac-
tion with carrier.
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crystalline MA was transformed into amorphous state by HME. Amorphisation was possible due to 

molecular interaction with carrier. 

 

 
Figure 2. DSC thermograms of MA, MA: Soluplus (1:1,1:4 and 4:1) 

FTIR 

The FTIR spectra of pure MA shows N-H stretching, N-H bending and stretching vibrations of the 

COOH moiety. Characteristic peaks at 3309 and 1575 cm-1 indicate N-H stretching and N-H bending of 

secondary amine. The C=O stretch of carboxylic acid appears at 1649, C=C stretch at 1508. C-H 

symmetric bending vibrations of side chain, O-H stretching of C=O and C-OH appear at 2571 cm-1. For 

the solid dispersions (extrudates) all assigned peaks showed no significant difference in comparison 

with pure drug except for some changes with respect to H bond formation. The probability of H bonding 

Figure 2. DSC thermograms of MA, MA: Soluplus (1:1,1:4 and 4:1)

FTIR

The FTIR spectra of pure MA shows N-H stretching, N-H bending and stretch-
ing vibrations of the COOH moiety. Characteristic peaks at 3309 and 1575 cm-1 
indicate N-H stretching and N-H bending of secondary amine. The C=O stretch 
of carboxylic acid appears at 1649, C=C stretch at 1508. C-H symmetric bend-
ing vibrations of side chain, O-H stretching of C=O and C-OH appear at 2571 
cm-1. For the solid dispersions (extrudates) all assigned peaks showed no sig-
nificant difference in comparison with pure drug except for some changes with 
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respect to H bond formation. The probability of H bonding is high in the amine 
and carbonyl groups of MA. Carboxyl group of MA strongly contributes to in-
termolecular interaction with Soluplus®.

4:1 indicated involvement of both C=O, C-H and N-H is not much affected. 
1:1 only C=O not N-H but C-H bending is affected. 1:4 C=O, N-H, C-H all are 
affected. In conclusion both C=O, C-OH (of COOH) and N-H seem to have in-
volved in H bonding within the MA. The H bond is cleaved and new H bond 
formed with the polymer-OH function at either end of the polymer chain.

XRD

The overlayed XRD spectra of MA and the extrudates is presented in figure 3. 
The characteristic XRD peaks of pure MA were observed at 2 θ equal to 6.5, 21.5 
and 26.3 that coincided with those reported previously and thus confirming 
crystalline structure of pure MA25,29. XRD of solid dispersions showed disap-
pearance of characteristic peaks of MA. The peaks of crystalline MA completely 
disappeared. This observation indicates amorphisation of MA due to molecular 
interaction with the carrier.

X-ray diffraction analysis can be useful to determine the amorphous or crystal-
line structure of the samples, as the beams go in different directions and layers. 
The straight peaks in the results indicate that the sample is in a crystalline form 
and when I t shows a halo it is much disorganised form, amorphous. 
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SEM analysis

SEM images of MA solid dipersions and pure MA captured at various magni-
fications is shown in figure 4. When compared to the extrudates the surface of 
pure MA was coarse in appearance. 
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Figure 4. SEM images of MA solid dipersions and pure MA captured at various 
magnifications

In vitro dissolution

The dissolution data (Table 2) clearly indicates that the dissolution rate is con-
trolled by the drug/carrier ratio of the formulation.  
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Table 2. In vitro Dissolution of MA and MA Solid Dispersions

Time (Min)
Cummulative Percent Released

MA 1:1 1:4 4:1

15 1.5 7.6 0.5 25.7

30 3.2 14.5 1.3 35.7

60 4.5 21.6 7.2 52.8

90 5.4 25.6 9.0 60.2

120 8.9 32.2 12.9 70.8

180 11.7 40.2 24.1 86.0

240 17.2 49.9 28.4 91.3

The dissolution rate increases with increasing the drug amount in the blend 
up to a drug load of 80% and decreases markedly from amounts with higher 
polymer load.  

This observation leads to the assumption that the improvement of drug release 
is based on a chemical interaction between drug and carrier. The release of 
MA was less than 20% owing to hydrophobic nature of the drug. The release of 
MA from the ASDs was higher. Though solid dispersion transformed the drug 
into amorphous form, drug release was influenced by drug: polymer ratios. 
Slow release with higher polymer was hypothetised due to aggregation of the 
dispersion in the media. Initially, a polymer-rich diffusion layer is formed be-
tween the solid dispersion and the dissolution médium. When the amorphous 
molecules diffuse through the polymer-rich diffusion layer, crystallization may 
occur, which creates a high-energy interfacial boundary that slows down the 
dissolution rate. The viscosity of the polymer will also influence the dissolution 
rate of the drug from the amorphous solid dispersion. 

In silico simulation of oral absorption

The built base absorption model was validated using the plasma data com-
paring the predicted with the observed values. The accuracy of prediction of 
the pharmacokinetic (PK) parameters was based on prediction fold error. The 
simulated model was considered to be of high prediction accuracy if prediction 
values were within two-fold of observed values30. Table 3 represents a summary 
of the input parameters used in the study. Figure 5 shows the predicted and 
observed plasma concentration-time profile of oral administration of 250 mg 
capsule of MA. 
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Table 3. Basic modeling parameters of MA fed into the Gastro-Plus™ software

Parameters Value

Molecular weight (gmol-1) 241.29a

PKa 3.95a

Solubility (mgml-1)@pH4.5 0.0097a

Human permeability [Peff(cms-1x104)] 6.5b

Particle density (gml-1) 1.2b

Diffusion coefficient (cm2s-1)x105 0.6b

Log P 4.9a

Mean precipitation time (s) 900b

CL/F L/h 18.7c

Oral dose for Cp-time profile (mg) 250d

a. Predicted by ADMET predictor (Version 7.2.0.0, Simulations Plus, Inc., Lan-
caster, CA, USA)

b. Default GastroPlus™

c. Calculated by GastroPlus™

d. Literature value
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Figure 5. Observed (in square) and predicted (continuous line) plasma concentration–time profile 

following oral administration of 250 mg MA Capsule 

 

The simulated profile fitted well with the observed (reported) curve. The observed and predicted PK 

parameters are displayed in Table 4. The fold error for the prediction accuracy of PK parameters was 

found to be < 2 indicating good prediction. 
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Observed Calculated Fold Error 

Figure 5. Observed (in square) and predicted (continuous line) plasma concentration–time 
profile following oral administration of 250 mg MA Capsule

The simulated profile fitted well with the observed (reported) curve. The ob-
served and predicted PK parameters are displayed in Table 4. The fold error for 
the prediction accuracy of PK parameters was found to be < 2 indicating good 
prediction.
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Table 4. Pharmacokinetic parameters of MA obtained from literature (observed) and 
Calculated by GastroPlusTM (predicted) for building absorption model

Pharmacokinetic 
Parameter Observed Calculated Fold Error

Cmax(µg/ml) 2.68 2.5 0.932

Tmax (h) 3 1.2 0.4

AUC(0-t)µg-h/ml 10.67 11.38 1.06

Among the solid dispersions the best disolution profile was seen with 4:1, so 
the dissolution data of 4:1 solid dispersión was used to simulate oral absorption 
profile in humans. The predicted PK parameters of the solid dispersión in com-
parison with pure MA is presented in Table 5. Solid dispersión of MA showed 
improvement in the PK parameters. 

Table 5. Pharmacokinetic parameters generated by loading dissolution data into the 
developed absorption model of GastroPlusTM

Pharmacokinetic 
Parameter MA MA Solid dispersion 

(4:1)

Cmax(µg/ml) 0.39 1.24

Tmax (h) 10 3.04

AUC(0-t)µg-h/ml 6.44 8.73

Stability studies

The physical and chemical stability of the solid dispersions prepared by HME 
is of paramount importance as it can limit the commercial outcomes of solid 
dispersions. Recrystallization of the drug in the amorphous systems general-
ly takes place with aging due to the high free energy of amorphous molecules 
compared to the crystalline form. The addition of a suitable polymer can delay 
this crystallization phenomenon according to many studies31-34. The viscosity of 
the polymer, as well as the intermolecular interactions (hydrogen bonds) that 
can occur between the API and the polymer, are most key factors in the stabili-
zation of solid dispersion systems.

In the present study, we stored our samples of interest for a period of 12 months 
at normal conditions (30 °C/75% RH). 

XRD analysis demonstrated the appearance of crystalline peaks in solid disper-
sions of 1:1 and 4:1 dispersions. However, they were not seen in 1:4 indicating 
stable dispersions (Figure 6).
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Steric hindrance by a polymer of different concentrations may slow crystallization mechanisms. Steric 

hindrance acts by preventing drug molecule aggregation and/or interaction that are the precursors for 

crystallization35.  

The appropriate use of polymer is very important to the physical stability of an ASD. The drug–polymer 

interactions are indicated by peak shifts or peak intensity changes corresponding to specific vibrational 

modes of the functional groups involved in intermolecular interactions in FTIR. From the FTIR results 

of the solid dispersions, 1:4 showed involvement of all N-H, C=O and C-H of COOH in the formation 

of hydrogen bonds which may also be the reason for better stability. Also in the 1:4 dispersion, the drug 

is well dispersed in the polymer and so the chances of self-contact interactions (drug-drug) which can 

be precursor for crystal growth is minimum. Moreover, hydrogen bonds between drug molecules and 

polymers not only increase the nucleation activation energy but also reduce crystal growth. 

 

ACKNOWLEDGEMENTS 

The authors are grateful to STEER Engineering, Bengaluru, India for providing Hot Melt Extruder 

(OMICRON 10), Simulations Plus, Lancaster USA for GastroPlusTM and Manipal College of 

Pharmaceutical Sciences, Manipal Academy of Higher Education for providing the facilities for carrying 

out the research work.  

Figure 6. Diffractograms of the stability samples of MA solid dispersions

Steric hindrance by a polymer of different concentrations may slow crystalliza-
tion mechanisms. Steric hindrance acts by preventing drug molecule aggrega-
tion and/or interaction that are the precursors for crystallization35. 

The appropriate use of polymer is very important to the physical stability of 
an ASD. The drug–polymer interactions are indicated by peak shifts or peak 
intensity changes corresponding to specific vibrational modes of the functional 
groups involved in intermolecular interactions in FTIR. From the FTIR results 
of the solid dispersions, 1:4 showed involvement of all N-H, C=O and C-H of 
COOH in the formation of hydrogen bonds which may also be the reason for 
better stability. Also in the 1:4 dispersion, the drug is well dispersed in the poly-
mer and so the chances of self-contact interactions (drug-drug) which can be 
precursor for crystal growth is minimum. Moreover, hydrogen bonds between 
drug molecules and polymers not only increase the nucleation activation en-
ergy but also reduce crystal growth.
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ABSTRACT

This study aimed to assess the antibiotic therapy of community-acquired pneumo-
nia (CAP) in adults. A single-center, retrospective study was conducted in one of 
Lviv city hospitals, Ukraine. Adults with CAP (n=181) were enrolled. Fluoroquinolo-
nes (45.3%), cephalosporins (27.8%), and macrolides (16.1%) were the most com-
mon antibiotics. Antibiotic-associated drug-related problems (DRPs) were found 
in 87.3% (95%CI 81.5%:91.8%) of the participants. 4 items of antibiotic-associated 
DRPs were identified: potential drug-drug interactions (76.6%), inappropriate dos-
ing (14.0%), inappropriate length of therapy (7.5%), and contraindicated usage 
(1.9%). Spiramycin, metronidazole, levofloxacin, azithromycin, and cefoperazone 
were associated with the highest risk of DRPs. Age of patients (p<0.001), number of 
antibiotics (p<0.001), length of antibiotic therapy (p=0.036), and the total number 
of antibiotic-associated DRPs (p=0.005) were defined as factors that statistically 
contribute to the patient’s health status on discharge. Antibiotics should be the drug 
class most commonly involved in the interventions to improve the safety and qual-
ity of CAP therapy.
Keywords: Community-acquired infection, bacterial pneumonia, anti-bacterial 
agents, inappropriate prescribing, risk factors 

INTRODUCTION

Community-acquired pneumonia (CAP) is one of the most common infectious 
diagnoses and a frequent cause of hospital admissions among adults1,2. The esti-
mated worldwide incidence of CAP varies between 1.5 to 14 cases per 1000 per-
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son-years3. Bacterial pathogens are the most typical causative agents of CAP that 
require antimicrobial therapy4. Consequently, the CAP treatment can bring about 
numerous antibiotic-related adverse health and economic outcomes such as anti-
microbial resistance, allergic reactions, Clostridium difficile infections, etc5-7.

Problems associated with antibiotics treatment have a wide set of factors that can 
be considered as drug-related problems (DRPs)8. DRPs are known to be health 
and economic issues because they may affect treatment outcomes and incur con-
siderable health costs9-11. For instance, in the United States the cost of negative 
outcomes of DRPs is estimating up to $672 billion US dollars per year11.

According to the different studies, the incidence of antibiotic-associated DRPs 
is high8,9,12,13. Wrong dosage and frequency regimen, unnecessary treatment, 
inappropriate drug selection, duplicate therapy, drug interactions, contrain-
dications are the most prevalent antibiotic-associated DRPs in hospitals9,12-14. 
The vast majority of DRPs can be attributed to the prescription of quinolones, 
macrolides and penicillins8,9,12,14,15.

Different factors are associated with the occurrence of DRPs in inpatients with 
CAP16. Elder age, female gender, polypharmacy, comorbidity, and duration of 
hospitalization have been established as the significant determinants of DRPs8,9,12. 
Blix et al12 developed a novel method with a drug risk ratio calculation for evalu-
ation the risk of antibiotic-associated DRPs. This approach allows determining 
antibiotics that require heightened awareness and attention if they are going to be 
prescribed. Improving prescription of antibiotics has a positive influence the pa-
tients’ health, treatment costs, and patients’ quality of life16.There are limited data 
in this area in Ukraine. Hence, this study aimed to (1) describe and characterize 
the prescription of antibiotics for inpatients with CAP, (2) identify the incidence 
and types of antibiotic-associated DRPs, (3) investigate the risk of occurrence of 
DRPs for the different antibiotics and (4) determine the factors (especially antibi-
otics-related) contributing to the patient’s health condition on discharge.

METHODOLOGY

Definitions

A drug-related problem (DRP) is defined as “an event or circumstance involving 
drug therapy that actually or potentially interferes with desired health outcomes”17. 
In addition, DRP is known to be any problem involving drug therapy that can af-
fect desired health outcomes9. Drug risk ratio – the number of times the antibiotic 
was associated with DRPs in relation to the number of times it was used12. Poten-
tial drug-drug interaction (DDI) is considered to be a concomitant prescription of 
two interacting drugs, regardless of whether an adverse patient outcome occurs18.
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Study design and data collection

This retrospective study was conducted in one of Lviv city hospitals (Ukraine) 
that admits inpatients over 18 years. We do not give the name of the hospital 
owing to the ethical reasons. During the 12 months (from January 2019 to De-
cember 2019), 188 adult patients with CAP were hospitalized to the therapeutic 
department and recruited to the study, but 181 patients were included in the 
final analysis (Figure 1). The reason for exclusion (n=7) was the absence of an-
tibiotic treatment for inpatients with CAP.
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Figure 1. The Flowchart of the Study

Copies of medical records were acquired through an agreement with the hos-
pital administration. Taking into consideration the retrospective design of this 
study, we did not (1)  set a diagnosis, (2)  evaluate the patient’s health status 
on admission and discharge, (3) perform laboratory testing. All necessary data 
about patients (socio-demographic characteristics, medical history, comorbidi-
ties, health status on admission and discharge), diagnosis (type of CAP), and 
treatment (drugs, doses, frequency regimen, and length) was extracted from 
the medical records. 

Antibiotic-related DRPs (inappropriate dosage and length of therapy, contrain-
dications, potential DDIs) were identified by authors according to the Pharma-
ceutical Care Network Europe (PCNE) DRPs classification v5.0117. The appro-
priateness of antibiotic therapy was assessed by using Ukrainian guidelines for 
the management of CAP in adults19, The State Register of Medicinal Products 
of Ukraine20, and Medscape21. All types of potential DDIs according to the Med-
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scape drug interaction checker (minor, significant, serious, and contraindicat-
ed)21 were taken into account in this study.

Statistical analysis

Descriptive statistics were used to describe and summarize demographic and 
disease characteristics of patients. Qualitative variables were presented as fre-
quencies and percentages. Quantitative variables were given as mean ± stand-
ard deviation (SD) and ranges. 

The drug risk ratio was calculated for evaluation the risk of antibiotic-associat-
ed DRPs for antibiotics that had been prescribed at least 3 times.

Multiple logistic regression analysis was performed to figure out the factors 
that influence the patient’s health status on discharge (patient fully recovered/
patient not fully recovered). Univariable analysis was conducted using simple 
logistic regression. Variables with a P value ≤0.25 were considered statistically 
significant and were included in the multiple logistic regression. A prelimi-
nary regression model was based on the results of backward and forward Wald 
methods. Multicollinearity and interaction among variables were checked. 
Hosmer-Lemeshow test, classification table and the area under the ROC-curve 
were applied to check the model fitness. Results were presented as adjusted 
odds ratio (OR), 95% confidence interval (CI) for OR, and P value for the vari-
ables included in the final model. A value of P<0.05 was considered statistically 
significant. The statistical analyses were performed with SPSS Trial.

RESULTS AND DISCUSSION

The distributions of demographic and clinical characteristics of the study popu-
lation are summarized in Table 1. 
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Table 1. The Baseline Characteristics of the Patients

   
 

 23 

Table 1. The Baseline Characteristics of the Patients 

 

The majority of inpatients were men (51.9%). The mean age was 48.3 ± 18.1 years (range 18-84 years). 

In 106 (58.6%) of medical records the right-sided CAP was noted, in 48 (26.5%) – left-sided and in 27 

(14.9 %) – bilateral. The moderate health status on admission had 79.0% of patients, 21.0% – severe. 

The average for a hospital stay was 10.3 ± 2.7 days (range 5-25). Each patient during hospitalization 

took at least 3 medicines (a mean of 9.8 ± 3.5 medicines per patient, range 3-22). 

Antibiotics were prescribed in a total number of 353 items. The mean number of antibiotics received by 

the patients was 2.0 ± 0.7 ranging from 1 to 5 (Table 2). 

 

Table 2. Characteristics of Antibiotic Therapy 

Characteristics Frequency (%) Mean (SD) 

Number of prescribed antibiotics in medical records, items 

1 

 

43 (23.7) 

 

2.0 (0.7) 

The majority of inpatients were men (51.9%). The mean age was 48.3 ± 18.1 
years (range 18-84 years). In 106 (58.6%) of medical records the right-sided 
CAP was noted, in 48 (26.5%) – left-sided and in 27 (14.9 %) – bilateral. The 
moderate health status on admission had 79.0% of patients, 21.0% – severe.

The average for a hospital stay was 10.3 ± 2.7 days (range 5-25). Each patient 
during hospitalization took at least 3 medicines (a mean of 9.8 ± 3.5 medicines 
per patient, range 3-22).

Antibiotics were prescribed in a total number of 353 items. The mean number of 
antibiotics received by the patients was 2.0 ± 0.7 ranging from 1 to 5 (Table 2).
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Table 2. Characteristics of Antibiotic Therapy

Characteristics Frequency (%) Mean (SD)

Number of prescribed antibiotics in 
medical records, items

1
2
3
4
5

43 (23.7)
114 (63.0)
15 (8.3)
8 (4.4)
1 (0.6)

2.0 (0.7)

Groups of antibiotics
Fluoroquinolones
Cephalosporins
Macrolides
Penicillins with a beta-lactamase inhibitor
Nitroimidazoles
Others*

160 (45.3)
98 (27.8)
57 (16.1)
20 (5.7)
10 (2.8)
8 (2.3)

The route of administration
Injections
Both injections and oral

108 (59.7)
73 (40.3)

Length of antibiotic therapy, days
5-10
more then 10

124 (68.5)
57 (31.5) 10.0 (2.6)

The most frequent antibiotics prescribed were fluoroquinolones, followed by 
cephalosporins and macrolides, accounting for 45.3%, 27.8%, and 16.1% of pre-
scriptions, respectively. Levofloxacin (n=157; 44.5%), cefepime (n=79; 22.4%) 
and azithromycin (n=42; 11.9%) were the most common antibiotics in this 
study.

Most of the patients received antibiotics in injections 5 to 10 days (a mean 
length of antibiotic therapy 10.0 ± 2.6 days; range 5-25).

Antibiotic therapy of CAP was associated with numerous DRPs, which were 
found in 158 (87.3%; 95%CI 81.5%:91.8%) medical records out of 181 enrolled. 
Totally 321 DRPs (on average 1.8 ± 1.4 DRPs, range 0-8 DRPs) of 4 items were 
identified in this study: (1) potential DDIs (76.6%), (2)  inappropriate dosing 
(14.0%), (3) inappropriate length of antibiotic therapy (7.5%) and (4) contrain-
dicated usage of antibiotics (1.9%) (Table 3).
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Table 3. Identified Antibiotic-Associated DRPs (n=321)

Items of DRPs Frequency %

Potential DDIs 246 76.6

Dose-related DRPs
insufficient daily dose of antibiotics
exceeded daily dose of antibiotics
insufficient dose of solvent
exceeded dose of solvent

45*
32
7
1
5

14.0*
10.0
2.2
0.3
1.5

Length of antibiotic therapy
insufficient
exceeded

24*
20
4

7.5*
6.2
1.3

Contraindicated usage 6 1.9

The drug risk ratio was high for spiramycin (1.000), metronidazole (1.000), 
levofloxacin (0.828), azithromycin (0.714) and cefoperazone (0.600). Ceftriax-
one, amoxicillin with a beta-lactamase inhibitor and cefepime were associated 
with a lower risk of DRPs, 0.533, 0.450 and 0.300 respectively.

Univariable analysis was done using simple logistic regression to identify the 
variables associated with the patient’s health status on discharge (patient fully 
recovered/not fully recovered) (Table 4).
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Table 4. Univariable Analysis of Factors Associated with the Patient’s Health Status on 
Discharge

Variables Crude OR 
(95%CI)

Wald Statis-
tics (df) P valuea

Gender
male
female

1.00
0.74 (0.38-1.39) 0.921 (1) 0.337

Age, years 0.97 (0.94-0.98) 14.346 (1) <0.001

Co-morbidities
no 
yes

1.00
0.34 (0.17-0.69) 9.169 (1) 0.002

Previous drug allergy
no 
yes

1.00
1.08 (0.36-3.26) 0.017 (1) 0.897

Type of CAP
bilateral
right-sided 
left-sided

1.00
1.67 (0.81-3.40)
0.58 (0.20-1.66)

1.922 (1)
1.044 (1)

0.166
0.307

Health status on admission
severe 
moderate

1.00
1.06 (0.48-2.32) 0.018 (1) 0.893

Length of stay at hospital, days 0.97 (0.85-1.09) 0.383 (1) 0.536

Number of prescribed medications 0.91 (0.82-1.00) 4.078 (1) 0.043

Number of prescribed antibiotics 1.38 (0.90-2.09) 2.120 (1) 0.145

Length of antibiotic therapy, days 0.91 (0.80-1.04) 1.954 (1) 0.162

The route of antibiotic administration
both injections and oral 
injections

1.00
0.57 (0.30-1.08) 2.960 (1) 0.085

Number of antibiotic-related DRPs 0.79 (0.61-1.02) 3.224 (1) 0.073

Eight variables (age, co-morbidities, type of CAP, number of prescribed medi-
cations, number of prescribed antibiotics, length of antibiotic therapy, the 
route of antibiotic administration, and number of antibiotic-related DRPs) 
were found to have a P value ≤0.25 and included in the multiple regression 
model. Age of patients (p<0.001), number of antibiotics (p<0.001), length of 
antibiotic therapy (p=0.036), and total number of antibiotic-associated DRPs 
(p=0.005) were defined as factors that influence the patient’s health status on 
discharge (Table 5). 
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Table 5. Factors Associated with the Patient’s Health Status on Discharge, Final Model

This study aimed to characterize the antibiotic treatment for adult inpatients 
with CAP in Ukraine, describe the incidence and types of antibiotic-associated 
DRPs, investigate the risk of occurrence of DRPs for the different antibiotics 
and determine the factors contributing to the patient’s health condition on dis-
charge.

CAP is a common problem in adults1,22,23. The average age of hospitalized pa-
tients with CAP in the USA is 57 years24, in France – 63 years25, in Spain – 66 
years26, in Germany – 70 years27. Compared with these data, the mean age of 
inpatients in Ukraine is much less (48.3 years). In addition, we found that the 
incidence of CAP decreased with increasing age. This result is opposite to data 
in the other studies1,2,24,28. It could be, possibly, related to the high prevalence 
of self-treatment of respiratory tract infections among working-age adults in 
Ukraine, underestimating threats associated with ignoring the doctor’s consul-
tation, delaying medical care appointments, and, therefore, deterioration re-
quiring hospitalization29.

In our study, CAP was slightly more common among men (51.9%). This distri-
bution confirms the results of previous studies in France25, Spain26, Germany27, 
the Netherlands28. However, in numerous other studies the slight predomi-
nance of women has been established1,30-32.

In 79.0% of medical records, the patient’s health status on admission was no-
ticed as moderate, in 21.0% as severe. Comorbidity had 45.3% of patients. The 
most common comorbidities were coronary heart disease, hypertension, cardio 
sclerosis and heart failure. As reported by Torres et al33, the presence of comor-
bid conditions, especially chronic respiratory and cardiovascular diseases, in-
creases the risk of CAP significantly. Furthermore, comorbidity and the sever-
ity of CAP influence the duration of hospitalization that varies considerably in 
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different countries (5 to 15 days)23,25,28,32. According to the results of this study, 
the mean length of stay at the hospital was 10.3 days.

The standard treatment of CAP includes antibiotics19,34,35. The vast majority of 
inpatients (63.0%) during the study period received two antibiotics, 13.3% – at 
least 3. As described in scientific literature, the administration of 3 or more 
antibiotics, increases the risk of prescribing medication errors36. In this study, 
fluoroquinolones (in particular levofloxacin) were the most common antibiot-
ics (45.3%), followed by cephalosporins (27.8%) and macrolides (16.1%). Simi-
lar results have been found in Germany27 and Denmark30. But in contrast to our 
study, moxifloxacin and ciprofloxacin were the most frequently administrated 
for inpatients with CAP27,30. Prescribing of other antibiotics (mainly nitroimida-
zoles, penicillins/cephalosporins with beta-lactamase inhibitors) was low. The 
choice of antibiotics influences the risk of CAP treatment failure with the fol-
lowing switching to another antimicrobial therapy27. Ott et al27 established that 
moxifloxacin or a combination of β-lactam and macrolide are possible strate-
gies to prevent the treatment failure.

The proper duration of antibiotic therapy is a serious controversial issue in the 
management of CAP37-39. The majority of guidelines do not have specific recom-
mendations regarding the proper length of antibiotic treatment of inpatients 
with CAP40. It is generally accepted that the traditional antibiotic regimens are 7 
to 14 days long39. Our findings are consistent with it because the mean length of 
antibiotic therapy was 10.0 days. However, in different countries, the duration 
of antibiotic treatment of CAP differs significantly32,37. The longer duration is 
associated with numerous antibiotics-related adverse health and economic out-
comes such as antimicrobial resistance, allergic reactions, Clostridium difficile 
infections, etc5,6,39,41. Therefore, the efficacy of short versus traditional antibiotic 
courses has been investigated in recent studies. According to some of them, 
there is no difference in efficacy between antibiotic therapy of CAP through-
out 3-5 days and 7-14 days, respectively38,39,42. Moreover, some guidelines have 
been updated and now suggest a 5-day course of antibiotic treatment35.

For 59.7% of inpatients, antibiotics were prescribed in injections, for 40.3% in 
both injections and oral forms. Overall, the choice of the route of antibiotic ad-
ministration depends on the severity of CAP, patient’s health condition and risk 
factors for methicillin-resistant Staphylococcus aureus and Pseudomonas in-
fections35. Sæterdal et al43 found that there is little or no difference between the 
effectiveness of oral and intravenous antibiotic treatment in patients with CAP.

A lot of studies have described the inappropriateness of antibiotic prescription 
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so far9,10,12,36. The presence of antibiotic-related DRPs is associated with (1) the 
patient’s duration of hospital stay, (2) polypharmacy, and (3) comorbidity9. In 
our study, antibiotic-related DRPs were found in 87.3% of medical records. 
This result is much higher compared to other studies (up to 72%)9,12,14,15.

According to the scientific literature, beta-lactamase-resistant penicillins, qui-
nolones, and macrolides provoke the highest risk of antibiotic-related DRPs12. 
Our results agree with these findings up to a point because the highest levels 
of drug risk ratio were defined for spiramycin, metronidazole, levofloxacin, 
azithromycin, and cefoperazone. Consequently, the abovementioned antibiotics 
are at the biggest risk of occurrence of DRPs. Ceftriaxone, amoxicillin with a be-
ta-lactamase inhibitor, and cefepime were associated with a lower risk of DRPs.

In the present study, the most frequent antibiotic-associated DRPs were po-
tential DDIs (76.6%). This is consistent with previous studies where DDIs were 
highly prevalent in patients with CAP44. DDIs can lead to (1) different adverse 
drug reactions, (2) decreasing clinical effectiveness, (3)  toxicity etc44. For in-
stance, we identified 7 contraindicated potential DDIs between ceftriaxone and 
calcium chloride/gluconate. This combination is associated with the risk of po-
tentially fatal particulate precipitation in the lungs and kidneys20,21.

Antibiotic dose-related DRPs were frequent (14.0%). This subset of DRPs in-
volved both the wrong dosage of antibiotics and the wrong dosage of solvents. 
Amoxicillin with clavulanic acid, metronidazole and cefepime were the most 
frequently associated with DRPs «Insufficient daily dose of antibiotics». For 
example, amoxicillin/clavulanic acid 1000 mg/200 mg for injection/infusion 
should be used every 8 hours20. But it was prescribed every 12 or 24 hours. Met-
ronidazole was administrated only once a day instead of 3 times per day20. The 
injection regimen of cefepime is every 8 to 12 hours20. However, our patients 
received it every 24 hours. 

DRPs of item «Exceeded daily dosage of antibiotics» were less common and 
entirely related to azithromycin. According to the recommendations, the dose 
regimen of azithromycin for CAP treatment is 500 mg orally as a single dose 
on day 1, followed by 250 mg orally once a day on days 2 to 521. Nevertheless, 
inpatients took 500 mg of azithromycin throughout therapy.

In addition, 6 DRPs regarding the wrong dosage of solvents were identified. 
The volume of sodium chloride was at least twice much or less as necessary. 
This subset of DRPs is rather significant because the inappropriate amount of 
solvent influences the rate of drug administration and, therefore, effectiveness 
and safety of therapy45.
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Although the duration of antibiotic therapy has recently become a controver-
sial question, we identified 24 DRPs related to this issue. The necessary length 
of CAP pharmacotherapy should be at least 7 days for levofloxacin, cefepime 
and metronidazole, 6 days – for clarithromycin, 5 days – for amoxicillin and 
azithromycin20. However, the duration of treatment was insufficient in 20 med-
ical records. At the same time, in 4 medical records, the length of antibiotic 
treatment was exceeded. All DRPs of this subset were associated with azithro-
mycin prescription 7 to 11 days.

In this study, all cases of contraindicated usage of antibiotics have its origins 
from the allergy. Almost all DRPs of this item were related to cross allergy be-
tween cephalosporins and penicillins. Additionally, we identified one DRP of 
contraindicated levofloxacin prescribing due to the ofloxacin allergy.

The next step of this study was to identify the factors contributing to the pa-
tient’s health condition on discharge. It is known that the awareness of the risk 
factors can improve the therapy and clinical outcomes46,47. Despite publishing 
numerous studies in scientific literature dedicated to determinants of DRPs9,13, 
predictors of CAP antibiotic treatment failure, early deterioration or so46-50, 
the information about factors that influence the patient’s health condition on 
discharge is limited. According to our results, these factors include the age of 
patients (p<0.001), number of prescribed antibiotics (p<0.001), length of an-
tibiotic therapy (p=0.036), and the total number of antibiotic-associated DRPs 
(p=0.005). Thus, interventions to reduce antibiotic-related factors may have a 
significant positive impact on CAP therapy.

Limitations

Limitations of this study include its retrospective design. Identifying of DPRs 
was based only on the information available from the medical records. There-
fore, we were able to check potential DDIs, contraindications, appropriateness 
of doses, frequency and length of antibiotic therapy. We did not monitor the 
patient’s condition throughout the therapy. Hence, DDIs could be considered 
only as potential. 

Only 4 subsets of DRPs were included in the regression analysis. Adverse drug 
reactions, treatment failure, long-term clinical outcomes were not taken into 
consideration because the medical records did not include such kind of infor-
mation or it was missed. Future studies are needed to explore the impact of 
other types of DRPs (not only antibiotic-associated) on a patient’s health con-
dition on discharge. Moreover, other factors that influence a patient’s health 
condition on discharge cannot be excluded.
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In this study, we had only 2 options of patient’s health status on discharge: 
(1) patient fully recovered, (2) patient not fully recovered and was discharged 
under the care of primary care physicians. Further investigations are required 
to define factors contributing to the other options of patient’s health status on 
discharge (died, discharged with deterioration, etc.).

In addition, the analysis of medical records only from one hospital limits the 
generalizability of our results.

In conclusion, CAP is a common problem in adults that requires antibiotic ther-
apy. The prevalence of antibiotic-related DRPs in hospitalized patients with 
CAP was found to be high. Potential DDIs were defined as the most common 
antibiotic-associated DRPs. Spiramycin, metronidazole, levofloxacin, azithro-
mycin and cefoperazone were identified as antibiotics with the highest drug 
risk ratio level and the biggest risk of occurrence of DRPs. Age of patients, num-
ber of prescribed antibiotics, length of antibiotic therapy, and the total num-
ber of antibiotic-associated DRPs were defined as the factors that significantly 
contribute to the patient’s health status on discharge. Thus, antibiotics should 
be the drug class most commonly involved in the interventions to improve the 
safety and quality of CAP therapy.
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ABSTRACT

The C. javanicum Blume is a typical plant that can be founded in Central Kalim-
antan. This research aimed to find out the total flavonoids, alkaloids, tannins, and 
compounds and to evaluate the antioxidant and antibacterial activity of ethanol 
extract of the stem of C. javanicum. The antioxidant activity was tested by two dif-
ferent assays: DPPH and FRAP. Total alkaloids, flavonoids and tannins content 
were 32.81±0.77 µg caffeine equivalent/mg, 126.96±3.17 µg quercetin equiva-
lent/mg, and 42.89±0.77 µg catechin equivalent/mg, respectively. The IC50 value 
of DPPH was 20.63±0.82 ppm quercetin equivalent while the FRAP method was 
968.38±22.25 µmol trolox/g. C. javanicum extract had antibacterial potential 
against the three bacteria tested, with the inhibition zones in the range of 3.17±0.90 
- 8.90±1.50 mm. It can be stated that the ethanol extract of the stem of C. javani-
cum has high potential antioxidant activity, however, the antibacterial activity is 
classified as weak activity. 
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INTRODUCTION

Free radicals are known for their central role in various physiological condi-
tions as well as their involvement in a variety of diseases. The accumulation 
of free radicals in the body produces oxidative stress, which has been reported 
to be associated with various diseases such as neurodegenerative disorders, 
diabetes mellitus, respiratory diseases, cardiovascular diseases, coronary heart 
diseases, rheumatoid arthritis, the development of cataracts, inflammatory dis-
eases, autoimmune disorders, aging, and various cancers1-3. Antioxidants play 
an important role in neutralizing free radicals3.

In addition, the resistance of bacterial species to many antibiotics is another 
major problem in antibiotic therapy that continuously encourages researchers 
to develop new antibiotics. Recently, most of the newly approved antibacterial 
agents are derived from natural products or their derivatives. Herbal remedies 
are one of the most important sources of natural antibacterial agents1. The anti-
microbial activity was mainly related to the existence of secondary metabolites 
of phenols, terpenes, and alkaloids present in the plant extracts2. Therefore, 
there is a need to explore new, safe and inexpensive sources of natural antioxi-
dant and antibacterial compounds.

Cinnamomum (Family Lauraceae) is a genus known for its fragrant leaves 
and bark. This genus has more than 300 species that are widespread in North 
America, Asia, Australasia, and Southeast Asia. Commercial species sold as 
spices are C. verum, C. cassia, C. burmannii, C. zeylanicum, and C. loureiroi4. 

Sintok lancang (Cinnamomum javanicum Blume) is a typical plant of Central 
Kalimantan, in this study found at Mungku Baru Forest (KHDTK), an educa-
tional forest managed by the collaboration of Muhammadiyah University of 
Palangkaraya with the Borneo Nature Foundation (BNF). Empirically, Sintok 
lancang was used for various diseases such as treating abdominal pain, wounds, 
and diabetes mellitus. 

There has not been much research on C. javanicum from Indonesia regarding 
its potential use as an antioxidant and antibacterial agent. One of the studies 
done on C. javanicum from Malaysia showed that the leaf and bark extracts 
had antioxidant activity5. The antibacterial activity of the essential oil of C. ja-
vanicum found in Borneo was investigated using the broth dilution method, 
which showed that the inhibition against S. aureus with MIC and MBC values 
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was 250 µg/mL and 500 µg/mL, respectively4. Previous studies reported that 
the ethanolic extract of C. javanicum leaves from Central Kalimantan had a 
high potential for antioxidant activity as tested by DPPH and FRAP methods6. 
However, no studies on the antioxidant activity of these ethanolic extracts of 
C. javanicum stem from Central Kalimantan have been conducted. This study 
was advanced from the previous study, with the aim being to determine the 
total number of flavonoid, alkaloid, and tannin compounds and to evaluate the 
antioxidant and antibacterial activity of the ethanolic extract of stems of C. ja-
vanicum. This study will help to explore the potential of Indonesian medicinal 
plants as natural antioxidants and antibacterial agents.

METHODOLOGY

Plant material

C. javanicum was collected from Mungku Baru Forest (KHDTK), an educa-
tional forest managed by the cooperation of the Muhammadiyah University of 
Palangkaraya with the Borneo Nature Foundation (BNF). The collected plant 
material was identified by Dr. R. Hendrian, MSc (Indonesian Institute of Sci-
ences, Research Center for Plant Conservation and Botanic Gardens, Bogor, 
Indonesia) with the document number B-833/IPH.3./KS/VII/2020.

Preparation of Cinnamomum javanicum extract

The stems of C. javanicum were dried in an oven at 45 °C. The dried stems 
were powdered by the grinder and then percolated using 96% ethanol at room 
temperature. Percolation is a continuous process in which the saturated sol-
vent is continuously replaced by a new solvent7. The solvent is removed from 
the extract by using a rotary evaporator. Percentage yield (w/w) of the extracts 
is calculated by formula8: Weight of the extract ÷ Weight of the starting plant 
material) x 100% 

Phytochemical qualitative screening

The ethanolic extract of C. javanicum was preliminarily screened for phyto-
chemicals such as alkaloids, flavonoids, saponins, tannins, and steroids9-12. 

Total alkaloids content

Ten mg of C. javanicum extract were weighed and then dissolved in 10 mL of 
ethanol. The absorbance of one mL of the extract was measured with a spec-
trophotometer at 272 nm. The standard used for the calibration curve was caf-
feine13. Total alkaloid content is expressed as µg alkaloids per mg of extract. 
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Total flavonoids content

Five mg of C. javanicum extract were weighed and then dissolved in 10 mL of 
ethanol. One mL of the extract was placed in the volumetric flask, and one mL 
of AlCl3 (2% b/v) and 8 mL of acetic acid (5% v/v) were added. After mixing, 
the solution was incubated for 20 min14. The solution absorbance was meas-
ured with a spectrophotometer at 412 nm. The standard used for the calibration 
curve was quercetin15.  Total flavonoid content is expressed as µg of flavonoids 
per mg of extract.

Total tannins content

A total of 30 mg of sample was weighed and placed in a 10 mL volumetric flask. 
Add to the 0.5 mL catechin standard solution, 3.0 mL vanillin 4% and 1.5 mL 
concentrated HCl. The mixture was incubated for 10 min15-16. Absorbance was 
measured with a UV Vis spectrophotometer at 498 nm. The standard used for 
the calibration curve was catechin17. Total tannin content is expressed as µg 
tannins per mg extract.

Antioxidant activity by DPPH assay

A 0.4 mM DPPH solution was prepared and the absorbance was measured at 
512 nm. The resulting absorbance of the DPPH solution is the absorbance con-
trol. The stem extract of C. javanicum (sample) was first dissolved in methanol 
with five variant concentrations of 10, 20, 30, 40, 50 ppm. One mL of 0.4 mM 
DPPH solution was added in a 5 mL volumetric flask, and then 4 mL of sample 
solutions of different concentrations were added. The prepared mixture was 
placed at 25 °C for 30 min, the absorbance was measured at 512 nm18. The cal-
culation of the percent inhibition or DPPH scavenging effect was used accord-
ing to the following formula:
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Where A was the absorbance of DPPH solution and B was the absorbance of sample solution19-20. 

Antioxidant activity by FRAP assay 

Sample (0.2 g) dissolved with ethanol in a 10 mL volumetric flask. Two mL of sample solution were 

added to 3 mL of FRAP reagent in a test tube, followed by incubation for 16 minutes. Absorbance was 

Where A was the absorbance of DPPH solution and B was the absorbance of 
sample solution19-20.

Antioxidant activity by FRAP assay

Sample (0.2 g) dissolved with ethanol in a 10 mL volumetric flask. Two mL of 
sample solution were added to 3 mL of FRAP reagent in a test tube, followed 
by incubation for 16 minutes. Absorbance was measured with a UV Vis spec-
trophotometer at 595 nm. Antioxidant activity expressed in µmol trolox/g19-21.
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Antibacterial activity test

The antibacterial activity was determined by disc diffusion method with four 
variant concentrations 1%, 5%, 10%, and 15% against three bacterial strains: 
Cutibacterium acnes/C. acnes (ATCC 11827), Staphylococcus epidermidis/S. 
epidermidis (ATCC 12228) and Staphylococcus aureus/S. aureus (ATCC 
25923). Ten mL of McFarland 0.5 standard were prepared in sterilized tubes. 
The suspension of bacteria was prepared by diluting the colonies of bacteria in a 
normally sterile saline solution and the turbidity was adjusted to 1-2x108 CFU/
mL (based on McFarland 0.5 standard). A sterile cotton swab was dipped in a 
standardized suspension of bacteria and used to inoculate on Mueller-Hinton 
agar plates22. All discs were immersed in the ethanolic extract of C. javanicum 
and then placed on the plates. A disc immersed in 1% clindamycin gel (positive 
control) was also placed on the plate. These plates were incubated in the aero-
bic incubator for 24 h at 37 °C. A caliper was used to measure the diameter of 
the inhibition zone of each extract and positive controls.

RESULTS AND DISCUSSION

Extraction yield

One thousand two hundred grams of C. javanicum were extracted into 60.29 g 
of extract. Based on yield calculation, C. javanicum extraction yielded 5.03%. 
The yield value relates to the number of secondary metabolites that were cap-
tured during extraction8.

Qualitative phytochemical screening

Phytochemical screening of C. javanicum stem by using the following standard 
methods9-10. The results of the phytochemical qualitative test of C. javanicum 
stem showed the presence of alkaloids using Mayer’s reagents11, flavonoids us-
ing the Shinoda test12, tannins, saponins, and steroids (Table 1).

Table 1. The qualitative phytochemical of ethanolic extract of C. javanicum stem

Phytochemical compound Result

Alkaloids +

Flavonoids +

Tannins +

Saponins +

Steroids +
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Total alkaloids, flavonoids, and tannins content 

C. javanicum stem was extracted by percolation method. Total alkaloids, fla-
vonoids, and tannins content were calculated by standard protocols, with the 
results of 32.81 ± 0.77 µg caffeine equivalent/mg, 126.96 ± 3.17 µg quercetin 
equivalent/mg, and 42.89 ± 0.77 µg catechin equivalent/mg, respectively (Ta-
ble 2). The total flavonoid content is the largest compared to the total alkaloids 
and tannins content. In addition, the total alkaloids, flavonoids, and tannins 
of C. javanicum stem ethanol extract in this study were greater than the total 
content of the ethanolic extract of the leaves of C. javanicum obtained in the 
previous studies6. 

Phenolics and flavonoids are commonly found in all parts of the plant. This 
compound is a group of secondary metabolites made up of a large group of 
polyphenols that can scavenge free radicals and inhibit lipid oxidation23. Most 
antioxidant activities from plant sources correlate with phenolic and flavonoid 
contents24. Therefore, the measurement of phenol and flavonoid content can be 
used as a basis for rapid screening of antioxidant activities1.

Table 2. Total alkaloids, flavonoids, and tannins content of ethanolic extract of 
C. javanicum stem

                                                            Sample
     Assay Ethanolic extract of C. javanicum 

Total Alkaloid (µg caffeine equivalent/mg) 32.81 ± 0.77

Total Flavonoid (µg quercetin equivalent/mg) 126.96 ± 3.17

Total Tannin (µg catechin equivalent/mg) 42.89 ± 0.77

Antioxidant activity 

DPPH and FRAP methods were used to evaluate the antioxidant activity of C. 
javanicum extract. The antioxidant activity results showed that the IC50 value 
of DPPH was 20.63 ± 0.82 ppm quercetin equivalent while the FRAP method 
was 968.38 ± 22.25 µmol trolox/g (Table 3). 
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Table 3. Antioxidant activity of ethanolic extract of C. javanicum stem

                               Sample
  Assay

Ethanolic extract of  
C. javanicum Quercetin

DPPH (IC50 ppm) 20.63 ± 0.82 6.98

FRAP (µmol trolox/g) 968.38 ± 22.25 -

According to some publications, the antioxidant activity with the DPPH meth-
od was classified by IC50 as very strong (< 50 ppm), strong (50-100 ppm), mod-
erate (101-150 ppm), and low (> 150 ppm)19,25, while the antioxidant activity 
with the FRAP method was classified as very low FRAP (< 10 µmol/g), low 
FRAP (10-50 µmol/g), good FRAP (50-100 µmol/g), high FRAP (100-400 
µmol/g) and very high FRAP (> 400 µmol/g)26. A low IC50 value (the extract 
concentration, required to scavenge 50% of DPPH free radicals) means strong 
antioxidant activity27. The ethanolic extract of C. javanicum stem is included 
in the very strong antioxidant activity (20.63 ± 0.82 ppm) and very high FRAP 
(968.38 ± 22.25 µmol trolox/g). The antioxidant activity in this study was bet-
ter than in the previous study, where the ethanolic extract of C. javanicum 
leaves included very strong antioxidant activity (26.99 ± 0.27 ppm) and very 
high FRAP (779.73 ± 19.66 µmol trolox/g)6. When compared with the antioxi-
dant activity of C. javanicum leaves and bark study conducted in Malaysia with 
the DPPH method (223.5 ppm and 197.4 ppm)5, C. javanicum in Indonesia, 
especially Central Kalimantan gives better antioxidant activity. 

DPPH is a stable free radical with unpaired electrons distributed throughout 
the molecule and is widely used to test the free radical scavenging capacity 
of a variety of samples28. The DPPH assay is based on both electron transfer 
and hydrogen atom transfer reactions. The reduction in absorbance of DPPH 
caused by antioxidants is due to a reaction between the antioxidant molecules 
and the radical, which results in radical scavenging by hydrogen donation. This 
is visualized as purple-to-yellow discoloration. The advantage of the DPPH test 
is that it is simple, fast, and economical. Although the DPPH test is simple, its 
sensitivity can be affected by several factors, such as solvent type, reaction time, 
temperature, and freshness of DPPH reagent1,29, while the FRAP test is a non-
specific, redox-linked, colorimetric assay related to the molar concentration of 
the antioxidant present. The FRAP assay is a typical method based on electron 
transfer, which measures the reduction of ferric ion (Fe3+)-ligand complex to 
the ferrous (Fe2+); complexed by antioxidants in acidic media. One limitation 
of the FRAP assay is its tendency to precipitate, form suspensions, and color 
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the cuvette. Therefore, the timing of FeCl3 addition is essential to prevent error 
interpretation. However, the FRAP or DPPH assay is simple, economical, fast, 
and requires no specialized equipment29.

Antibacterial activity

In this study, an antibacterial activity test was performed for C. javanicum ex-
tract and clindamycin gel. Clindamycin is used as a positive control because it 
is a lincosamide antibiotic used to treat anaerobic, streptococcal, and staphy-
lococcal infections, with in vitro bactericidal activity against a wide variety of 
anaerobic bacteria, including Bacteroides fragilis as well as some Staphylococ-
cus sp.30. It is also known to be one of the antibiotics used to treat acne31. The 
diameters of the zones of inhibition produced by the clindamycin gel against 
C.acnes, S. epidermidis, and S. aureus were 34.17 ± 2.48 mm, 28.87 ± 0.75 
mm, and 29.53 ± 1.06 mm, respectively (Table 4). 

Table 4. Antibacterial activity of ethanolic extract of C. javanicum stem

Materials Concentration (%)
Inhibition zone diameter (mm) (mean±SD; n=3)

C. acnes S. epidermidis S. aureus

Clindamycin 
gel 1 34.17 ± 2.48 28.87 ± 0.75 29.53 ± 1.06

Ethanolic 
extract of 

C. javanicum 
stem

1 4.20 ± 1.58 7.47 ± 3.87 4.33 ± 0.38

5 5.10 ± 1.02 7.53 ± 1.80 4.80 ± 0.28

10 4.00 ± 1.80 7.33 ± 0.38 4.03 ± 1.03

15 3.17 ± 0.90 8.90 ± 1.50 5.83 ± 0.76

This study showed that C. javanicum extract was effective against the three 
bacteria tested and its inhibition zone was in the range of 3.17 ± 0.90 - 8.90 
± 1.50 mm (Figure 1). The highest antibacterial activity was found for C. ja-
vanicum extract against S. epidermidis, with inhibition zone diameters of 7.47 
± 3.87 mm, 7.53 ± 1.80 mm, 7.33 ± 0.38 mm and 8.90 ± 1.50 mm at concen-
trations of 1%, 5%, 10% and 15% (Table 4). The antibacterial activity of the 
extract can be divided into three levels: weak activity (inhibition zone less than 
12 mm), moderate activity (inhibition zone 12-20 mm) and strong activity (in-
hibition zone greater than 20 mm)32. 
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high potential antioxidant activity, but the antibacterial activity is classified as 
weak activity. The inhibition zones produced in this study fall on the concen-
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ABSTRACT

This study aimed to explore the involvement of JNK and p53 in the implementation 
of nervous tissue regeneration-competent cell functions in ethanol-induced neuro-
degeneration. The studies were conducted on the C57B1/6 mice. Ethanol-induced 
neurodegeneration was modeled in vitro and in vivo. The effects of the JNK and 
p53 inhibitors on the colony-forming capacity of NSC and neuronal-committed pro-
genitors, their proliferative activity and intensity of specialization, as well as the 
neurotrophin secretion by astrocytes, oligodendrocytes, and microglial cells, were 
studied. The stimulating role of JNK and p53 in the mitotic activity and specializa-
tion of intact NSCs was shown. Inversion of the role of these signaling molecules in 
the regulation of NSC proliferation in ethanol-induced neurodegeneration has been 
revealed. It has been found that JNK and p53 are not involved in regulating the NCP 
functions. The ambiguous role of JNK and p53 in the production of neurotrophic 
growth factors by neuroglia. Increased secretion of neurotrophins by oligodendro-
cytes and microglia during the JNK and p53 blockage in the conditions of alcohol 
exposure was found. These results show the potential for using JNK or p53 inhibi-
tors as novel effective drugs for alcohol encephalopathy therapy.

Keywords: Neural stem cells, neuroglia, JNK, p53, neurodegenerative diseases
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INTRODUCTION

In recent decades, the possibility of using individual intracellular signaling path-
ways as pharmacological targets has been actively studied. In oncopharmacol-
ogy, this direction is one of the main modern trends in the creation of antitumor 
drugs1. The biggest pharmaceutical companies have developed several dozen an-
tiblastic drugs based on intracellular signaling molecule inhibitors responsible for 
the growth and development of transformed cells. One of the advantages of these 
drugs is their selectivity, including not only to the tissue affected by the pathologi-
cal process but also in some cases - to the type of tumor2, 3.

A promising direction to solving the problems of regenerative medicine is the 
“Strategy of pharmacological regulation of intracellular signal transduction in 
regeneration-competent cells”4-7. This approach involves the use as targets of in-
dividual signaling molecules of progenitors and microenvironment cells of tissues 
(regulators of reparation) to create drugs with selective regenerative activity8,9. 
However, the development of this concept of pharmacotherapy requires a de-
tailed understanding of the peculiarities of intracellular signaling in cells of differ-
ent tissues to determine the potential targets for selective tissue-specific effects.

The implementation of this direction is particularly relevant for neurologi-
cal practice to improve the effectiveness of the treatment of neurodegenera-
tive diseases10, 11. Promising is the development of approaches to stimulation 
of neurogenesis by activation of the functions of progenitor cells of nerve tis-
sue - multipotent neural stem cells (NSC) and neuronal-committed progeni-
tors (NCP)6, 12. At the same time, it is known the importance of JNK- and p53-
pathways (interacting with each other (have some “crossroads”)), in regulating 
the processes of progenitor proliferation and differentiation13, 14, as well as in 
the implementation of the functions of cytokine-producing cells15. However, 
there is no detailed understanding of their role in the functioning of nerve tis-
sue regeneration-competent cells.

The work aimed to study the participation of JNK and p53 in the realization of 
the growth potential of nerve tissue precursors (NSC, NCP) and the production 
of neurotrophic growth factors by different neuroglial cells.
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METHODOLOGY

Chemicals and Drugs

MACS Neuro Medium; anti-PSA-NCAM MicroBeads; anti-ACSA-2 MicroBead 
Kit; Anti-O4 MicroBeads; Anti-CD11b (Microglia) MicroBeads (all manufactured 
by Miltenyi Biotec, Germany); JNK inhibitor «SP600125» (InvivoGen, USA); 
p53 inhibitor «Pifithrin-a, Cyclic» (Santa Cruz Biotechnology, Inc. USA); hy-
droxyurea (Calbiochem, USA); plastic plates for cultural studies (Costar, USA).

Animals and Experimental Design 

All animal experiments were carried out following the U.K. Animals (Scientific 
Procedures) Act, 1986 and associated guidelines, EU Directive 2010/63/EU 
for animal experiments. The study was approved by the Institute’s local Ethics 
Committee (protocol GRIPh&RM-2020-09). Experiments were carried out on 
C57B1/6 mice (n=84) at the age of 2-2.5 months, weighing 20-22 g. Animals 
of the 1st category (conventional mice) were obtained from the Experimental 
Biological Models Department of Goldberg Research Institute of Pharmacology 
and Regenerative Medicine (Tomsk, Russia) (certificate available). Before the 
beginning of experiments (during 10 days) and over the study period, animals 
were contained in a vivarium (air temperature 20–22°C, humidity 50-60 %) in 
plastic cages (10-15 mice) on a normal diet (solid diet pellets (Limited Liability 
Company «Assortiment Firm», Sergiev Posad city, Russia), water ad libitum. 
To exclude seasonal fluctuations of studied parameters, all the experiments 
were performed in the autumn-winter period. The animals were removed from 
the experiment (sacrificed) using CO2 cameras.

Using the cultural methods, we studied the direct effect of the JNK inhibitor 
and p53 inhibitor (at a concentration of 10 μM and 5 μM, respectively) on the 
realization of the growth potential of neural tissue precursor cells (NSC, NCP) 
and the secretion of neurotrophic growth factors (neurotrophins) by glial cells 
(astrocytes, oligodendrocytes, microglia) in the conditions of modeling ethanol-
induced neurodegeneration in vitro and in vivo6, 9. The working concentrations 
of inhibitors of signaling molecules were determined following the instructions 
of the companies-developers of these reagents.

In vitro ethanol-induced neurodegeneration was obtained by adding ethanol to 
the culture medium at a concentration (65 mM). In vivo modeling of the patho-
logical state was carried out by oral administration of a 30% С2Н5ОН solution 
(through a probe daily at a dose of 3 g/kg/day for 8 weeks)6, 12. In this case, 
instead of drinking water of free access, a 5% ethyl alcohol solution was used. 
Cellular materials for the study were taken 10 days after the end of the intro-
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duction of ethanol in vivo. The control group in the same model was injected 
with distilled water in an equivalent volume (mice had free access to drinking 
water).

Determination of Progenitors Functional Activity

NSC were studied during the cultivation of unfractionated cells of the subven-
tricular zone (SVZ) of the cerebral hemispheres. To study NPCs, PSA-NCAM+ 
cells were isolated from the SVZ cells. For this, an immunomagnetic separa-
tor MIniMACS Cell Separator (Miltenyi Biotec, Germany) was used6, 8, 9. PSA-
NCAM+ (CD56+) cells were obtained by positive selection 16 (using appropriate 
antibody kits according to the methodological manufacturer’s instructions). The 
obtained unfractionated and PSA-NCAM+ cells at a concentration of 105 / ml 
were incubated in MACS Neuro Medium (Miltenyi Biotec, Germany) for 5 days 
in a CO2 incubator at 37°C, 5% CO2, and 100% air humidity. After incubation 
in both cases (during the cultivation of unfractionated cells and PSA-NCAM+ 
cells), the content of clonogenic cells, their mitotic activity, and intensity of spe-
cialization were calculated. The number of NSC and NCP was determined by 
the yield in the respective cultures of colony-forming units (CFU, neurospheres 
containing more than 100 cells). The proliferative activity of the progenitors 
was assessed by the method of cell suicide technic using hydroxyurea (1 µM)6. 
The pool of CFU in the S-phase of the cell cycle was determined according to 
the formula: N = [(a-b)/a] × 100%, where a is the average for the group the 
number of CFU from cells not treated with hydroxyurea; b - the average for the 
group the number of CFU from cells treated with hydroxyurea. The intensity 
of the processes of specialization (differentiation/maturation) of progenitors 
was determined by calculating the ratio of the corresponding cluster-forming 
(ClFU, neurospheres of 30 - 100 cells) to CFU – the differentiation index6, 9. 

Study of Neurotrophiс Growth Factors Secretion by Neuroglial Cells 

Individual fractions of glial cells (astrocytes - ACSA-2+ cells, 17 oligodendrocytes 
- O4+ cells, 18 microglia - CD11b+ cells19) were also obtained from the SVZ using 
immunomagnetic positive selection (using appropriate antibody kits according 
to the guidelines of Miltenyi Biotec, Germany) The isolated cells at a concentra-
tion of 2 × 106 / ml were incubated in MACS Neuro Medium (Miltenyi Biotec, 
Germany) for 2 days in a CO2 incubator at 37 ° C, 5% CO2 and 100% air humid-
ity to obtain supernatants. To determine their secretory activity (neurotrophic 
growth factors production), the effect of conditioned media from cells on the 
level of neurospheres formation (CFU) in the test system (culture of the SVZ 
unfractionated cells) was studied5, 6. 
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Statistical Analysis

The results were analyzed with one-way ANOVA followed by Dunnett’s test, 
Wilcoxon’s test for dependent samples, and Mann–Whitney test for independ-
ent samples. The data are expressed as arithmetic means. The significance level 
was p < 0.0520. 

RESULTS AND DISCUSSION

Effect of Ethanol on the Functioning of Various Types of Regenera-
tion-Competent Cells of Nervous Tissue

The addition of a neurotoxic dose of ethanol to the culture medium did not 
cause a change in the level of the colony- and cluster-forming capacity of the 
unfractionated cells (Figure 1, A, B) and PSA-NCAM+ cells (Figure 2, A, B) from 
the SVZ. However, there was a decrease in the NSC (CFU-NNSC) and NCP (CFU-
NPSA-NCAM+) mitotic activity (up to 77.3% and 80.8% of background values, re-
spectively) against the background of no changes in the speed of their speciali-
zation (Figure 1, C, D; 2, C, D). 
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Figure 1. Number of CFU-NNSС (A), ClFU-NNSC (B), NSC proliferative activity (CFU-NNSC in the S-

phase of the cell cycle) (C), and NSC differentiation index (ClFU-NNSC / CFU-NNSC) (D). Here and in 

figures 2 and 3: cell culture without alcohol (intact); with alcohol (ethanol in vitro); and mice after 

prolonged administration of ethanol per os (ethanol in vivo). White bars - without signaling molecule 

inhibitors (white bars); gray bars - with the JNK inhibitor; black bars - with the p53 inhibitor; * - the 

significance of differences in indicators with intact was noted at p < 0.05; # - the significance of 

differences with the group without signaling molecule inhibitors was noted at p < 0.05. 

 

 
Figure 2.  Number of CFU-NPSA-NCAM+ (A), ClFU-NPSA-NCAM+ (B), NCP proliferative activity (CFU-

NPSA-NCAM+ in the S-phase of the cell cycle) (C), and NCP differentiation index (ClFU-NPSA-NCAM+ / CFU-

NPSA-NCAM+) (D). 

Figure 1. Number of CFU-NNSC (A), ClFU-NNSC (B), NSC proliferative activity (CFU-NNSC in the S-phase 
of the cell cycle) (C), and NSC differentiation index (ClFU-NNSC / CFU-NNSC) (D). Here and in figures 2 
and 3: cell culture without alcohol (intact); with alcohol (ethanol in vitro); and mice after prolonged 
administration of ethanol per os (ethanol in vivo). White bars - without signaling molecule inhibitors 
(white bars); gray bars - with the JNK inhibitor; black bars - with the p53 inhibitor; * - the significance 
of differences in indicators with intact was noted at p < 0.05; # - the significance of differences with 
the group without signaling molecule inhibitors was noted at p < 0.05.
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CFU-NPSA-NCAM+) (D).

The long-term introduction of ethyl alcohol per os was accompanied by the 
development of similar changes in the functioning of progenitors. However, in 
this case, there was a further decrease in the number of CFU-NPSA-NCAM+ in the 
culture of clonogenic PSA-NCAM+ cells (Figure 2, A) and the intensity of dif-
ferentiation/maturation of NSC (Figure 1, D).

The ethanol addition in vitro was not accompanied by a change in the neuro-
trophin secretion by astrocytes and oligodendrocytes (Figure 3, A, B). However, 
there was a decrease in the value of this parameter in the conditioned media 
from microglial cells (up to 81.8% of the background value - a similar indicator 
in culture without ethanol) (Figure 3, C). 
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cells (C) on the level of neurosphere formation in the test system.

Other changes in the production of humoral regulators were reported in cells of 
mice subjected to chronic alcohol intoxication. In this case, there was an increase 
in the neurotrophic growth factors secretions by astrocytes and oligodendrocytes 
(up to 121.7% and 153.7% of the initial control, respectively) against the back-
ground of the significant drop in the level of neurospheres formation in the test 
system containing the conditioned media from microglia (up to 75.8% of control).

Astrocytes and oligodendrocytes (primarily polydendrocytes, also called NG-2 
cells and oligodendrocyte progenitor cells (OPC)) are known to produce neurotro-
phin family growth factors such as nerve growth factor (NGF), neurotrophic brain 
factor (BDNF). ), neurotrophins 3 and 4 (NT3 and NT4), glial cell neurotrophic 
factor (GDNF), etc21, 22. Microglia secretes a wide range of cytokines, having both 
a stimulating effect on the NSC proliferation (leukemia inhibition factor (LIF), 
ciliary neurotrophic factor (CNTF), and others) and causing inhibition of their 
growth potential (interleukin-1, 6, 15 (IL-1, 6, 15), tumor necrosis factor-alpha 
(TNF-α)23, 24. Therefore, it is obvious that the detected dynamics of changes on the 
part of microglia reflect the parameter, which is also dependent on the products 
of inhibitors to realize the growth potential of progenitors - pro-inflammatory 
cytokines25. 

These findings were largely in line with the previously obtained data6, 12 on the 
violation of implementation, primarily the proliferation of the nerve tissue pro-
genitors under the influence of neurotoxic doses of ethanol. Therefore, it should 
be considered that the most vulnerable, especially with prolonged exposure to 
alcohol on the body, are precursors determined in the neuronal direction of 
development. Thus, the results indicate the development of ethanol-induced 
neurodegeneration of compensatory response from of astroglia and oligoden-
droglia, aimed at stimulation of neurogenesis in the conditions of violation of 
the NSC proliferation12, 23. At the same time, the detected decrease of the neuro-
spheres formation under the influence of the microglial cells conditioned media 
is not so unambiguous. This circumstance was due, first of all, to the increase in 
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the secretion of the pro-inflammatory cytokines25, rather than to a decrease in 
the neurotrophins production. It is known that the intensity of the inflammatory 
reaction in the nervous tissue in chronic alcohol consumption, in many respects, 
determines the development further of the pathological process. Expressed in-
flammation may not only not contribute to tissue repair, but also damage it26, 27. 

Role of JNK and p53 in Implementation Functions of Nervous 
Tissue Progenitors Under Conditions of Their Optimal Vital Activity 

The addition of the signaling molecule inhibitors to the culture with the SVZ 
unfractionated cells was accompanied by a significant decrease in the level of 
colony formation. The number of CFU-NNSC was 54.6% and 58.5% of the back-
ground value under the blockade of JNK and p53, respectively (Figure 1, A). 
The state of the ClFU-NNSC (which are precursors with a lower self-renewal ca-
pacity and proliferating potential6, 12) was characterized by less unambiguous 
changes. The violation of JNK phosphorylation led to an increase in the num-
ber of ClFU-NNSC in culture (up to 166.7% of the background), while the inac-
tivation of p53 did not affect the value of this parameter (Figure 1, B). In both 
cases, however, there was a significant increase in the intensity of progenitor 
specialization processes. The differentiation index was 327.5% and 185.5% of 
control with the JNK and p53 inhibitors respectively (Figure 1, D).

Other phenomena were observed in the study of the role of JNK and p53 in 
the functioning of the neuronal-committed progenitors. The blockade of signal 
transduction via JNK and p53 did not change the values of the studied indica-
tors in the culture of PSA-NCAM+ cells (Figure 2).

Thus, JNK- and p53-pathways are essential in regulating the cell cycle of only 
NSC. They are responsible for maintaining their multipotency and self-renewal 
capacity. That is, JNK and p53 play one of the key roles in the maintaining the 
“deep reserve” of the CNS regeneration – resident stem cells5, 28. 

Role of JNK and p53 in Growth Factors Secretion by Neuroglial 
Cells Under Conditions of Their Optimal Vital Activity 

It is known that the functioning of progenitor cells depends on the state of the 
microenvironment of tissue cells. They can exert their influence by secretion of 
humoral factors and direct intercellular communications that provide, among 
other things, the provision of cytokines in a biologically active form4, 23. In this 
regard, when choosing the targets among the intracellular signaling molecules 
in the progenitors should take into account their role in regulating the func-
tions of individual populations of neuroglia12. 
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Studies of JNK and p53 participation in the growth factors productions by dif-
ferent fractions of glial cells have revealed ambiguous changes. Thus, the JNK 
and p53 inhibitors caused a significant reduction in the neurotrophins secre-
tion by astrocytes (ACSA-2+ cell) (Figure 3, A), reaching 54.3% and 76.1% of 
the background, respectively. The capacity of microglia (CD11b+ cells) to influ-
ence the realization of the growth potential of precursors (due to the produc-
tion of humoral factors) during the blockade of JNK and p53, on the contrary, 
increased (up to 116.7% and 122.7% of the baseline, respectively) (Figure 3, C). 
At the same time, there were no changes in the functioning of oligodendrocytes 
(O4+ cells) in any of the cases (Figure 3, B).

Role of JNK and p53 in Implementation Functions of 
Nervous Tissue Progenitors in Ethanol-Induced Neurodegeneration

The study of the effect of alcohol on the participation of JNK- and p53-path-
ways in realizing the growth potential of neural tissue precursors revealed some 
interesting phenomena. The addition into the culture medium with ethanol the 
JNK and p53 inhibitors led to a significant increase in the NSC proliferative 
activity and neurosphere formation (Figure 1, A, C). At the same time, the JNK 
blockade accelerated the NSC specialization to 123.6% of control (medium with 
ethanol without the signaling molecules inhibitors) (Figure 1, D). The inactiva-
tion of JNK and p53 in the neuronal-committed progenitors in the simulation 
of ethanol-induced neurodegeneration in vitro did not cause changes in their 
functioning (Figure 2).

Similar patterns were revealed in the cultivation of nerve tissue cells in alcohol-
ized mice. The inactivation of JNK and p53 led to an increase in the content of 
CFU-NNSC and their pro-proliferative activity in the culture of unfractionated 
cells of the SVZ (Figure 1, A, C). Besides, the JNK inhibitor also saw an increase 
in the NSC specialization index (Figure 1, D). However, there was no change 
in JNK and p53 involvement in regulating the NCP functions. The blockage of 
these signaling molecules in neuronal-committed progenitors of mice, which 
had long been treated with ethanol, did not affect the realization of their growth 
potential (Figure 2).

The results indicate an inversion of the role of JNK and p53 in the regulation of 
the NSC proliferation in ethanol-induced neurodegeneration.

Role of JNK and p53 in Growth Factors Secretion by Neuroglial 
Cells in Ethanol-Induced Neurodegeneration

Changes in the functioning of different types of neuroglial cells depending on 
their living conditions under the JNK and p53 blockade were ambiguous. The 
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inactivation of JNK and p53 in the incubation of astrocytes in the presence of 
C2H5OH in vitro was accompanied by a drop in the neurotrophic growth fac-
tors production (up to 45.1% and 78.4% of control values, respectively - in a 
medium with ethanol without the signaling molecules inhibitors). However, in 
mice that received ethyl alcohol per os, JNK and p53 blockade in astrocytes did 
not affect the neurotrophin secretion (Figure 1, A).

Another phenomenology was observed in the study of the functioning of oligo-
dendrocytes. Disruption of signal transduction via JNK and p53 in oligoden-
drocytes in exposure to ethanol in vitro, on the contrary, led to an increase in 
their growth factors production, especially expressed in the use of the JNK in-
hibitor (Figure 3, B). At the same time, the blockade of JNK in the oligodendro-
cytes of animals, which were treated with alcohol for a long time, caused, on the 
contrary, a significant reduction in the neurotrophin secretion (up to 84.1% of 
similar parameters in cells without signaling modification). The p53 inhibitor, 
in this case, did not affect the production of growth factors by oligodendrocytes. 

One-way changes were observed on the part of the secretory activity of micro-
glial cells. In all cases (the addition of C2H5OH in vitro and the introduction of 
ethanol to mice per os), inactivation of signaling molecules led to an increase 
in the secretion of growth factors by microglial cells. A particularly pronounced 
increase in this indicator was with the use of the JNK inhibitor (up to 150.0% 
and 156.2% of the control values respectively) (Figure 3, C). 

Thus, JNK and p53 played an ambiguous role in regulating the secretory func-
tion of different types of neuroglial cells when modeling ethanol-induced neu-
rodegeneration in vitro and in vivo.  

The findings confirm the evidence that there are significant peculiarities of the 
role of JNK and p53 in the regulation of the cell cycle of different types of regen-
eration-competent cells5, 8, 13, 14. It was found that JNK- and p53-pathways are 
responsible for maintaining the “deep reserve” of the plasticity of the CNS - for 
maintaining the self-renewal, rapid proliferation, and multiple differentiation 
of NSC. In the functioning of the neuronal-committed progenitors (the most 
mobile department of tissue-specific regeneration5, 9) these signaling molecules 
do not take significant participation. 

However, it is known that balanced neurogenesis can occur through the imple-
mentation of the functions of exclusively multipotent NSC (without the par-
ticipation of NCP)5, 28, 29. Therefore, the important role of JNK and p53 in the 
progression of the NSC cell cycle indicates the potential for their use as phar-
macological targets (Figure 4).
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At the same time, it has been found that ethanol-induced neurodegeneration 
leads to the inversion of the role of JNK and p53 in the regulation of the prolifera-
tion of multipotent NSC. The blockage of these signaling molecules in the condi-
tions of ethanol intoxication can significantly increase the degree of realization 
of the growth potential of NSC and thus, obviously, stimulate neurogenesis. But 
it should be taken into account that such therapy can lead to the transformation 
of the ethanol-induced pattern of intracellular signaling into the «original» (nor-
mal) state in the de novo formed progenitors6, 9, 12. That is, to cause a “reverse” 
inversion of the role of JNK and p53 in the regulation of the NSC functions. In 
such conditions, the JNK and p53 inhibitors will, on the contrary, inhibit the 
implementation of the functions of these intact progenitor cells.   
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Figure 4. Effect of JNK or p53 inhibitor on the regeneration-competent cells of the nerve tissue in 

ethanol-induced neurodegeneration. NSCs - neural stem cells; NCPs - neuronal-committed progenitor 

cells; grey arrows are a stimulating influence; white arrows are an inhibitory effect. 
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Figure 4. Effect of JNK or p53 inhibitor on the regeneration-competent cells of the nerve tissue 
in ethanol-induced neurodegeneration. NSCs - neural stem cells; NCPs - neuronal-committed 
progenitor cells; grey arrows are a stimulating influence; white arrows are an inhibitory effect.

Therefore, the use of JNK and p53 inhibitors in alcoholic encephalopathy may 
be promising only during the manifestation of the disease (and the cancellation 
of their use when there are clinical signs of reconvalescence) 30.

The detected increase in the secretion of neurotrophic growth factors by oligo-
dendrocytes and microglia when blockaded in them JNK and p53 in the condi-
tions of exposure to ethanol is an additional reason in favor of the possibility of 
accelerating the reparation of the CNS by inactivating these signal molecules. 
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But it should be taken into account that JNK and p53 inhibitors have an ambig-
uous effect on the functioning of astrocytes in the modeling of ethanol-induced 
neurodegeneration in vitro and in vivo. Further research should determine 
how much this factor can be neglected. 

Besides, the anti-mutagenic properties of the p53 protein (p53 - “guardian of 
the genome”31) are known. This determines the need for further consideration 
of the carcinogenic safety of the potential use of its potency modifiers as drugs. 
The p53 can also be targeted via JNK-pathway13. However, it is only one of 
the directions of signal transduction via JNK32, 33, which in some cases is not 
implemented. Besides, even the anti-blastic properties of JNK inhibitors are 
known4, 34. Therefore, the potential for drug (carcinogenic) safety in JNK activ-
ity/expression inhibitors is higher.

The results reveal the feasibility of further study of the possibility of creating 
novel effective drugs for the therapy of alcoholic encephalopathy based on JNK 
or p53 inhibitors34. The development of pharmacotherapy approaches using 
JNK activity/expression inhibitors is especially promising.
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ABSTRACT

The discovery of adamantane has led to the researchers to find different drug mol-
ecules which exhibit diverse biological activities. On the other hand, hydrazide-hy-
drazones possess strong anticancer, antibacterial, antienflamatory and antiseptic 
activites. However, we have limited knowledge on the metabolic profiles of ada-
mantane hydrazide-hydrazones. The metabolic pathway of adamantane hydrazide-
hydrazones emerged to be an important step for pre-clinical drug discovery studies. 
In this study, the metabolic profile of adamantane hydrazones was the main mo-
tivation for our research group. The synthesis of hydrazide-hydrazone derivatives 
as substrates of this study was performed via condensation of corresponding hy-
drazide with aldehyde and ketone and their authentic metabolites were also synthe-
sized. Following their structures were elucidated with spectroscopic methods, their 
in-vitro microsomal metabolic study was performed. The results indicated that the 
aldehyde derivative is susceptible to metabolic hydrolysis, whereas ketone deriva-
tive is stable for metabolic changes. LC-MS results proved the metabolic hydrolysis.

Keywords: Adamantane, in vitro metabolism, hydrazide-hydrazone, hydrolysis.

INTRODUCTION

Adamantane was first discovered in Hodonin, Czechoslovakia in 1933 from 
crude oil. The discovery of this interesting ring opened new fields in chemistry 
including drug development. Adamantane ring were then derivatized with dif-
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ferent class of substituents leading a diverse biological activities 1. Drugs hav-
ing adamantane ring exhibit surprising clinical efficacy. The most common and 
well known drugs that have adamantane ring are amantadine, rimantadine, 
memantine, tromantadine and saxagliptin. These drugs are known to have dif-
ferent pharmacological activities ranging from antiviral to antidiabetic 2.

Hydrazide-hydrazone derivatives have an azomethine structure linked to an 
amide (-CH=N-NH-CO-) which plays a significant role in terms of pharma-
cological activites. Recent studies have showed their promising antimicrobial, 
anticancer, antituberculosis, antiviral and anticonvulsant activities 3-18. 

The literature search indicated that there was limited number of studies re-
lated with adamantane hydrazide-hydrazones. Wassel and co-workers recent-
ly reported the synthesis and the carbonic anhydrase activity of adamantane 
hydrazide-hydrazones 19. A hydrazone-adamantane structure with pentyl moi-
ety showed excellent inhibitory activity and presented good pharmacokinetic 
properties. Both carbonic anhydrase and antimicrobial activity studies on ad-
amantane-hydrazone derivatives were conducted by Pham and co-workers 3. 
Although these compounds exhibited good biological activites, no metabolic 
study was performed showing their metabolic profile. There are very few stud-
ies on the metabolism of hydrazone compounds in the literature and these stud-
ies have been done on certain prototypes. Kömürcü et al. synthesized a number 
of hydrazide-hydrazones to investigate their antibacterial activity. They also 
investigated in vitro microsomal metabolites of 4-fluorobenzene derivative as 
a prototype following in vitro microsomal metabolism 20-21. In another study 
by Ulgen et al, in vitro metabolism of benzoic acid benzylidenehydrazide was 
studied and it was observed that the compound produced the corresponding 
hydrolytic metabolites, namely benzoic acid hydrazide and benzaldehyde to-
gether with a p-hydroxylation metabolite which occured by oxidation from the 
para position of the benzylidene due to the strong electron withdrawing effect 
of the benzoyl ring 22. Motiur Rahman et al. studied in vitro micromosal me-
tabolism of 2-fluorescein hydrazones which are topoisomerase inhibitors. The 
study was performed on rat liver microsomes and metabolites were analyzed in 
the LC-MS system. They found out that the compounds undergone biotrans-
formation to a hydroxyl derivative and tetra hydroxyl derivative. The metabolic 
products was recorded as hydroxylation and reduction. It was concluded that 
the hydrazone compounds needed co-factors for in vitro metabolism 23. The 
literature data revealed limited knowledge on the microsomal metabolism of 
hydrazone derivatives. The hydrazone compounds were promising derivatives 
in medicinal chemistry field, therefore, it is vital to investigate their biological 
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profile before clinical studies. On the light of foregoing, we have designed and 
synthesized adamantane hydrazide-hydrazone derivatives from aldehyde and 
ketone. The ketone derivative compound is original molecule. The in vitro me-
tabolism studies for both compounds were performed to establish the potantial 
stability of ketone substrate over the aldehyde hydrazone.

METHODOLOGY

All the chemicals were purchased from Sigma Aldrich and Merck. All the sub-
strates and potential metabolites were synthesized according to the reported 
procedures 3, 24.

Melting point was recorded on a Stuart SMP50 Automatic Melting Point apparatus 
and uncorrected. The structures of adamantane derivatives were confirmed by FT-
IR, LC-MS spectra. FT-IR analysis were performed with Thermo Scientific Nicolet 
IS10 device. LC-MS separation of adamantane derivatives were performed by an 
Agilent 1260 Infinity II LC-MS chromatographic system comprised of a G7115A 
1260DAD WR detector, a G7311B 1260 Quad Pump system, a G1328C 1260 Man-
ual Injection unit and a G6125B LC/MSD detector. An ACE C18 column was used 
as a stationary phase. NMR spectra were recorded on Bruker 400 MHz (Billerica, 
MA) for 1H-NMR. Data are reported as follows: chemical shift, multiplicity (b.s.: 
broad singlet, d: doublet; m: multiplet, s: singlet, and t: triplet), coupling constants 
(Hz), integration. Adult male Suffolk white pigs were used in this study. ß-Nico-
tinamidedinucleotidephosphate (disodium salt, NADP) and glucose-6-phosphate 
(disodium salt, G-6-P) were purchased from Sigma. Glucose-6-phosphate dehy-
drogenase suspension (Reinheit grade II, 10 mg per 2 ml; G-6-PD) was obtained 
from Sigma Aldrich. Dichloromethane was obtained from Merck.

Experimental

Synthesis

Methyl adamantane-1-carboxylate: This compound was synthesized according 
to method presented in the literature 3. Yield: 97% mp: 35-36oC. FT-IR umax 
(cm-1): 2927, 2850 (C-H), 1732 (C=O), 1450, 1425 (C-H), 1238 (C-O) 8.

Adamantane-1-carbohydrazide (M1): This compound was synthesized accord-
ing to method presented in the literature 3. Yield: 95% mp: 147-148oC. FT-IR 
umax (cm-1): 3332, 3275 (N-H), 2908, 2848 (C-H), 1616 (C=O), 1521 (N-H), 
1456, 1367 (C-H) 8.

N’-[(1E)-1,1-Diphenylmethylidene]adamantane-1-carbohydrazide: (S1) Ada-
mantane-1-carbohydrazide (M1) (0.01 mol) was dissolved in ethanol and equi-
molar amount of benzophenone was added. The reaction mixture was refluxed 
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for 2 hours and monitored by TLC. After the reaction completed, the mixture 
was evaporated under atmospheric pressure and solid product was crystallized 
with methanol. M.p 204-205oC. Yield: 88%  FT-IR umax (cm-1): 3367 (N-H), 
2903, 2874 (C-H), 1689 (C=O), 1521 (N-H), 1489 (C=N). 1H-NMR (300 MHz, 
DMSO-d6):1.4-2.1 (m, 17H, Adamantane and DMSO), 7.4-7.8 (m, 10H, Ar-H), 
8.8 (s, 1H, CH=N). 13C-NMR (75 MHz, DMSO-d6): 27.78, 36.26, 38.56, 39.52, 
39.53, 39.74, 39.95, 40.15, 40.36, 40.57, 127.76, 128.67, 128.97, 130.21, 130.30, 
130.47, 137.28 (CH=N), the C=O peak was not detected due to noise. MS-APCI 
(m/z): [M+1] 359. LC-MS: [M+1] 359.

N’-[(4-Chlorophenyl)methylidene]adamantane-1-carbohydrazide (S2): This 
compound was synthesized according to method presented in the literature 3. 
M.p 205-207oC. Yield: 82%  FT-IR umax (cm-1): 3289 (N-H), 2903, 2850 (C-
H), 1647 (C=O), 1602 (C=N), ), 1521 (N-H), 1489, 803 (C-Cl). MS-APCI (m/z): 
[M+1] 317; [M+2] 319. LC-MS: [M+1] 317.

[(4-Chlorophenyl)methylidene]hydrazine (M6): 4-chlorobenzaldehyde (M5) 
(0.001 mol) was refluxed with hydrazine hydrate (5ml) in the presence of etha-
nol. After the reaction completed, the mixture was evaporated under atmos-
pheric pressure and solid product was crystallized with ethanol. M.p 59-61oC. 
Yield: FT-IR umax (cm-1): 3065 (C-H), 1605 (C=N). MS-APCI (m/z): [M+1] 
155. LC-MS: [M+1] 155.

(Diphenylmethylidene)hydrazine (M4): Benzophenone (M2) (0.001 mol) was 
refluxed with hydrazine hydrate (5ml) in the presence of ethanol. After the 
reaction completed, the mixture was evaporated under atmospheric pressure 
and solid product was crystallized with ethanol. M.p 96-97oC. Yield: 74% FT-IR 
umax (cm-1): 3422, 3262 (N-H), 3187, 3054 (=C-H), 1580 (C=C), 1491 (C=N). 
MS-APCI (m/z): [M+1] 197. LC-MS: [M+1] 197.

LC-MS analysis

A methanol/water mixture was used with a gradient elution as a mobile phase. 
The substrates and their potential metabolites were separated according to their 
mass/charge ratio and their molecular ion peaks were determined. The retention 
times (Rt) of the substrate and possible metabolites were recorded. A DAD de-
tector was also used to compare UV spectra of standard and metabolic products.

Biological studies

The animals were deprived of food overnight prior to sacrifice, but were allowed 
water ad libitum. They were previously fed on a balanced diet. Hepatic washed 
microsomes were prepared as described by Schenkman and Cinti 25 and Ulgen 26. 
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Incubation and extraction procedures

Incubations were carried out in a shaking water-bath at 37oC using a standard 
co-factor solution consisting of NADP (2 µmole), G-6-P (10 µmole), G-6-PD 
suspension (1 unit) and aqueous MgCl2 (50% w/w) (20 µmole) in phosphate 
buffer (0.2M, pH 7.4, 2 ml) at pH 7.4. Co-factors were pre-incubated for 5 min 
to generate NADPH, before the addition of microsomes (1 ml equivalent to 0.5 
g original liver) and substrate (5 µmole) in methanol (5 µl). Incubation was 
continued for 30 min, terminated and extracted with dichloromethane (3x5 
ml). Organic extracts were evaporated to dryness under a steream of nitrogen 
10. The residues were reconstituted in 200 µl of methanol for LC-MS. The re-
constituted extracts were analysed using the reverse-phase LC-MS system de-
scribed in the text.

RESULTS AND DISCUSSION

Chemistry

The ester and hydrazide derivatives of adamantane were synthesized according 
to the reported method 3. Both IR and LC-MS results were in accordance with 
the expected data. Briefly, adamantane carboxylic acid was reacted with metha-
nol in the presence of concentrated sulphuric acid to give methyl adamantane-
1-carboxylate. IR and LC-MS studies proved to formation of ester derivative. 
The carbonyl peak was shifted from 1701 to 1732 cm-1 confirming the ester car-
bonyl in IR studies (Table 1). 

Table 1. Chromatographic and spectroscopic properties of the substrates and their potential 
metabolites 

Compound 
(abbreviation)

M.w.
(g/mol)

Molecular 
ion peak [M+1] 

(m/z)

IR peak 
(C=O) (cm-1)

IR peak 
(C=N) (cm-1)

LC-MS 
retention 
time (min)

S1 358.49 359 1689 -
S2 316.83 317 1647 - 4.56
M3 150.24 151 1732 - NT
M1 194.27 195 1616 - 3.39
M4 196.25 197 - 1516 3.95
M6 154.60 155 - 1501 6.61

LC-MS results indicated the molecular weight of the compound. To synthe-
size hydrazide derivative, methyl adamantane-1-carboxylate was heated with 
hydrazine-hydrate in the presence of methanol. The formation of the hydrazide 
(adamantane-1-carbohydrazide) was also proved with IR and LC-MS stud-
ies. The carbonyl peak resulting from hydrazide formation shifted from 1732 
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cm-1 to 1616 cm-1 in IR studies. LC-MS and 1H-NMR spectra also proved to for-
mation of hydrazide (Figure S1 and Figure S2). The substrate synthesis was 
performed using simple addition reaction steps. Both N’-[1,1-diphenylmeth-
ylidene]adamantane-1-carbohydrazide and N’-[(4-chlorophenyl)methylidene]
adamantane-1-carbohydrazide were synthesized in the presence of ethanol and 
addition of benzophenone and 4-chlorobenzaldehyde respectively. The forma-
tion of hydrazone structure were proved with IR and LC-MS studies; following 
the presence of hydrazide C=O and azomethine –CH=N- peaks in IR and mol-
eculer weight in LC-MS. Finally, we performed the synthesis of possible metab-
olites; (diphenylmethylidene)hydrazine and [(4-chlorophenyl)methylidene]
hydrazine. The synthetic procedures for compounds were already reported in 
literature; therefore we simply performed the synthesis and proved the for-
mation of the compounds by comparison with previous chromatographic and 
spectroscopic data.

LC-MS

Adamantane 1-carboxylic acid and 1-adamantanecarbohydrazide have no de-
tectable UV absorbtion. Therefore, we were only able to determine the com-
pounds by their MS spectrum. In order to determine the suitable mobile phase 
for the seperation of both substrate and their potential metabolites, few experi-
mental procedures were performed. Hydrazone functional groups generally do 
not need any buffer medium in liquid chromatography methods. However, a 
buffer was necessary for aldehyde/ketone hydrazones (M4 and M6) and oth-
er possible metabolites. First attempts were made by using buffer medium as 
mobile phase. Acetonitrile/phosphate buffer and methanol/phosphate buffer 
systems were used. The seperation of the substrate and possible metabolites 
were achieved. Unfortunately, we were unable to identify the molecular ions 
in MS detector due to the strong shielding effect of triethylamine in the buffer 
solutions. Therefore, we immediately developed a buffer free mobile phase sys-
tem. After several attempts, a gradient elution with a methanol/water mixture 
was found to be the best system for the separation of the substrates and their 
potential metabolites.

In vitro metabolic experiments were performed for two different substrates. 
Substrate 1 (S1) was synthesized from ketone, benzophenone derivative. Sub-
strate 2 (S2) was synthesized from an aldehyde derivative. Both of the sub-
strates have hydrazone functionality. Literature data mostly suggested the 
hydrolytic degredation of hydrazone compounds in in vitro metabolism stud-
ies 5. Here in this study, we found a stable hydrazone compound, consisting of 
two large hydrophylic phenly ring. Following the metabolic experiments, no 



71Acta Pharmaceutica Sciencia. Vol. 61 No. 1, 2023

hydrolytic change was observed for S1 (Figure 1). However, S2 resulted with 
the hydrolysis of hydrazone structure (Figure 2). The control experiments with 
denaturated microsomes or in the absence of co-factors were also carried out to 
establish whether hydrolysis was enzymatic and co-factor dependent. For S2, 
enzymatic hydrolysis was observed both in the presence of enzyme and co-fac-
tors and in the absence of co-factors, indicating that the reaction was enzymatic 
and co-factor independent (Figure 3). In the control experiment with denatur-
ated enzyme but with co-factors, no hydrolytic metabolite was observed. The 
authentic and metabolically formed hydrolytic products were compared with 
their MS spectra (Figure 4).
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Figure 1. HPLC chromatogram of (a) S1 and its potential metabolites; S1 (4.209 min) and M2 (4.894 

min); (b) HPLC chromatogram from test incubation mixture; HPLC chromatogram of S1 test: S1 (10.15 

min), the other peaks resulted from microsomal mixture, no hydrolytic product was observed (c) HPLC 

chromatogram from control experiment with denaturated microsomes; HPLC chromatogram of S1 

control (no microsome): S1 (9.24 min), the other peaks resulted from microsomal mixture, no hydrolytic 

product was observed (d) HPLC chromatogram from control experiment without co-factors; HPLC 

chromatogram of S1 control (no co-factor): S1 (11.404 min), the other peaks resulted from microsomal 

mixture, no hydrolytic product was observed. 

 

Figure 1. HPLC chromatogram of (a) S1 and its potential metabolites; S1 (4.209 min) and M2 
(4.894 min); (b) HPLC chromatogram from test incubation mixture; HPLC chromatogram of S1 
test: S1 (10.15 min), the other peaks resulted from microsomal mixture, no hydrolytic product 
was observed (c) HPLC chromatogram from control experiment with denaturated microsomes; 
HPLC chromatogram of S1 control (no microsome): S1 (9.24 min), the other peaks resulted 
from microsomal mixture, no hydrolytic product was observed (d) HPLC chromatogram from 
control experiment without co-factors; HPLC chromatogram of S1 control (no co-factor): S1 
(11.404 min), the other peaks resulted from microsomal mixture, no hydrolytic product was 
observed.
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Figure 2. HPLC chromatogram of (a) substrate 2 and its potential metabolites; HPLC chromatogram of 

S2 (4.561 min), M5 (5.901 min), M1 (3.917 min)  (b) HPLC chromatogram from test incubation 

mixture; HPLC chromatogram of S2 test: S2 (23.206 min), M5 (24.943 min), M1 (NT), the other peaks 

resulted from microsomal mixture (c) HPLC chromatogram from control experiment with denaturated 

microsomes; HPLC chromatogram of S2 control (no microsome): S2 (22.856 min), M5 (NT), M1 (NT), 

the other peaks resulted from microsomal mixture (d) HPLC chromatogram from control experiment 

without co-factors; HPLC chromatogram of S2 control (no-cofactor): S2 (23.003 min), M5 (24.730), 

M1 (NT), the other peaks resulted from microsomal mixture. 

 

Figure 2. HPC chromatogram of (a) substrate 2 and its potential metabolites; HPLC chroma-
togram of S2 (4.561 min), M5 (5.901 min), M1 (3.917 min)  (b) HPLC chromatogram from test 
incubation mixture; HPLC chromatogram of S2 test: S2 (23.206 min), M5 (24.943 min), M1 
(NT), the other peaks resulted from microsomal mixture (c) HPLC chromatogram from control 
experiment with denaturated microsomes; HPLC chromatogram of S2 control (no microsome): 
S2 (22.856 min), M5 (NT), M1 (NT), the other peaks resulted from microsomal mixture (d) 
HPLC chromatogram from control experiment without co-factors; HPLC chromatogram of S2 
control (no-cofactor): S2 (23.003 min), M5 (24.730), M1 (NT), the other peaks resulted from 
microsomal mixture.
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Figure 3. (a) UV spectra of M5 standard; (b) UV spectra of M1 standard; (c)  Comparison of UV spectra 

from standard M5 and metabolically formed S1 test (22.010 min); (d) Comparison of UV spectra from 

standard M5 and metabolically formed M5 and S2 control with no co-factor (21.652 min); (e) M1 

standard UV; (f)  Comparison of UV spectra from standard M1 and metabolically formed S2 test (3.463 

min); (d), (e), and (f) UV spectrum of S2 with pig microsomes fortified with NADPH

Figure 3. (a) UV spectra of M5 standard; (b) UV spectra of M1 standard; (c)  Comparison of 
UV spectra from standard M5 and metabolically formed S1 test (22.010 min); (d) Comparison 
of UV spectra from standard M5 and metabolically formed M5 and S2 control with no co-factor 
(21.652 min); (e) M1 standard UV; (f)  Comparison of UV spectra from standard M1 and meta-
bolically formed S2 test (3.463 min); (d), (e), and (f) UV spectrum of S2 with pig microsomes 
fortified with NADPH
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Figure 4. (a) MS spectrum of M1 (m/z=195); (b) MS spectrum of S2 test (2.13 min); (c) MS spectrum 

of S2 control (with denaturated microsome) (3.41 min); (d) MS spectrum of S2 control (with no-

cofactor) (2.45 min); (b), (c) and (d) Mass spectrum of S2 with pig microsomes fortified with NADPH 

 

Figure 4. (a) MS spectrum of M1 (m/z=195); (b) MS spectrum of S2 test (2.13 min); (c) MS spec-
trum of S2 control (with denaturated microsome) (3.41 min); (d) MS spectrum of S2 control (with no-
cofactor) (2.45 min); (b), (c) and (d) Mass spectrum of S2 with pig microsomes fortified with NADPH

The UV visibility and a certain UV detection was not applicable for adamantane 
hydrazide as the compound have no UV absorbance. The formation of metabo-
lites was determined with an MS detector. Another challenge within this study 
was the ionization of aldehyde standard was not observed. Even if we tried dif-
ferent mobile phases and also a gradient elution, aldehyde was not observed 
in MS detector. Finally a UV detector was used for aldehyde (M5) and an MS 
detector was used for hydrazide (M1) seperately. On both detectors, we succes-
fully showed the formation of hydrolysis only on S2 but not with S1 (Figure 5).
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Figure 5. Potential metabolic profile of S1 and S2 and molecular weights of metabolites (see text for 
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Figure 5. Potential metabolic profile of S1 and S2 and molecular weights of metabolites (see 
text for abbreviations)

The metabolic stability of ketone-derived hydrazone and aldehyde-derived hydra-
zone covers the novelty of this study. To the best of our knowledge, there are no 
comparation metabolic study was performed before. However, some studies re-
vealed the metabolic stability of some different hydrazone compounds. Kovarikova 
27 and co-workers investigated the the stability of aromatic hydrazones in plasma 
and in some different biological enviroment. Three different aroylhydrazones 
(pyridoxal isonicotinoyl hydrazone, salicylaldehyde isonicotinoyl hydrazone and 
pyridoxal 2-chlorobenzoyl hydrazone) were synthesized in this study and metabol-
ic stability of those compounds were analysed. The results reveiled that the com-
pounds are prone to degredation to their corresponding aldehyde and hydrazide 
intermediates in the presence of plasma and therefore, their half-life is short.
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Another metabolic stability test for hydrazone molecules was presented by Ka-
lia and co-workers; indicating that the hydrazone structures (the ones with al-
dehyde derivatives) are susceptible to hydrolysis in biological conditions. The 
synthesized compounds are derivatives of alkyl or acyl hydrazones. This study 
also its first representative of the comparition of oxime and hydrazone stability 
in biological conditions. The authors reveiled that the oximes are more stable 
than hydrazones; which also correletes with our current results 28.

Currently, no metabolic stability test were presented in the literature containing 
ketone-derived hydrazone compounds. It can be clearly understood that, even 
in the phyological contidions, aldehyde-derived hydrazones are hydrolized to 
their corresponding hydrazide and aldehyde. The existance of one proton in 
hydrazone, most propably favors the hydrolysis. Within this study, the meta-
bolic enzymes clearly facilitates the hydrolysis on aldehyde-derived hydrazone 
compound. However, when hydrogen is exchanged with a larger group like 
phenly, the compound kept its stability both in physological conditions and in 
enzymatic enviroment. 

In conclusion, the present study indicates that the hydrolytic profile of the hy-
drazone structures mostly depends on their steric hindrance for metabolic re-
sistance. S1 was observed to be more stable to metabolic hydrolysis compared 
to S2, its aldehyde derivative hydrazone. It was also observed that the hydra-
zone formation depends on enzymes and do not require the co-factors for hy-
drolysis. These results indicated the metabolic stability of S1 for future studies.
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ABSTRACT

The hydrodistilled essential oils of the dried fruits of F. halophila Peşmen, an en-
demic species growing near Salt Lake in Central Anatolia, were analyzed by GC and 
GC-MS systems; 27 and 24 compounds representing 92.1% and 79.8% of the es-
sential oils were characterized, respectively. The main component of the essential 
oils was identified as β-phellandrene. The antibacterial and anticandidal effects of 
the essential oils were determined by using partly modified CLSI methods M7-A7 
and M27-A2, respectively. The essential oils from two specimens showed weak to 
moderate inhibitory effects on the tested pathogenic bacteria (MIC, 125-2000 µg/
mL) and Candida panels (MIC, 156-1250 µg/mL).
Keywords: Antibacterial, anticandidal, essential oil, Ferula halophila

INTRODUCTION

The genus Ferula (Apiaceae) comprises more than 220 species1 and is wide-
spread throughout the Mediterranean area and Central Asia. It is represented 
by 24 species, 13 of which are endemic in the Flora of Turkey2-4.Several species, 
such as Ferula assa-foetida, Ferula gummosa and Ferula latisecta have been 
used in folk medicine to treat stomachache, hysteria, infant colitis, and asthma5. 
The extracts of Ferula persica, Ferula mongolica, Ferula ferulago and Ferula 
sinaica have been used in traditional medicine as antidiabetic6, abortive7, an-
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tispasmodic8 and muscle relaxant9 respectively. Different parts of Ferula have 
been used in treating various diseases such as neurological disorders, inflam-
mations, dysentery, digestive disorders, rheumatism, headache, arthritis, and 
dizziness10. They also have been reported as antipyretic11, contraceptive12,13, and 
smooth muscle relaxant14. F. assa-foetida is used traditionally in the treatment 
of diabetes, asthma, epilepsy, stomachache, flatulence, intestinal parasites, 
weak digestion, bronchitis, and influenza. It was also believed that this plant 
has aphrodisiac, sedative and diuretic properties15.

Recent studies have shown Ferula assa-foetida gum extract improved the mor-
phological changes of the diabetic pancreas and stimulated the regeneration 
of the β cells16. Several studies showed hypotensive, neuroprotective, memory-
enhancing, anti-oxidant, hepatoprotective, antimicrobial, anticarcinogenic, 
anti-obesity and anthelmintic effects for various species of Ferula and their 
constituents17,18. Pharmacological and biological studies indicate that the ex-
tracts and compounds of the genus Ferula have various biological activities, 
such as antibacterial18, anti-inflammatory19, antihypertensive20 and cytotoxic21. 
The main phytochemical components present in the genus Ferula are cou-
marins, coumarin esters, sesquiterpenes, sesquiterpene lactones, monoter-
pene, monoterpene coumarins, prenylated coumarins, sulfur-containing com-
pounds, phytoestrogen, flavonoids and carbohydrates19.

Previous studies reported that the aerial parts extracts of Ferula halophila ex-
hibited antiviral22, antioxidant, a-amylase, a-glucosidase, tyrosinase and cho-
linesterase inhibitory activity and contain phenolic compounds23,24. Different 
bioactivities and uses of the Ferula species essential oils have been reported25. 
There are no reports in the literature dealing with the essential oil of F. hal-
ophila. This work is the first report concerning the chemical composition and 
antibacterial and antifungal activity of the essential oil obtained from the fruits 
of F. halophila. The hydrodistilled essential oils of the dried fruits of endemic 
species Ferula halophila were analyzed by GC and GC-MS and tested for their 
antibacterial and antifungal activity using micro-broth dilution methods.

METHODOLOGY

Plant material

The fruit specimens of Ferula halophila were collected near Salt Lake in Cen-
tral Anatolia in June and July 2012. A voucher specimen identified by Prof. Dr. 
H. Duman (Gazi University, Ankara) was deposited in the Herbarium of Gazi 
University (GAZI Nr. 9898000001582).
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Isolation of the essential oils

Dried and crushed fruits of the plant were subjected to hydro-distillation for 3 
h using a Clevenger-type apparatus. The oil yields of the fruits collected in June 
and July were 1.3 and 0.6 %, respectively on a moisture-free basis. The oil was 
dried over anhydrous sodium sulphate and stored in sealed vials in the dark, at 
4°C, ready for GC and GC/MS analyses and biological activity.

GC and GC/MS conditions

GC/MS: The GC/MS analysis was carried out with an Agilent 5975 GC-MSD 
system. Innowax FSC column (60m x 0.25mm, 0.25mm film thickness) was 
used with helium as carrier gas (0.8 mL/min.). GC oven temperature was kept 
at 60°C for 10 min and programmed to 220°C at a rate of 4°C/min, and kept 
constant at 220°C for 10 min and then programmed to 240°C at a rate of 1°C/
min. Split ratio was adjusted 40:1. The injector temperature was at 250°C. MS 
were taken at 70 eV. Mass range was from m/z 35 to 450. 

GC: The GC analysis were done with Agilent 6890N GC system fitted with a 
FID detector set at a temperature of 300 °C. To obtain the same elution order 
with GC-MS, simultaneous auto-injection was done on a duplicate of the same 
column applying the same operational conditions. Relative percentage amounts 
of the separated compounds were calculated from FID chromatograms. 

Identification of compounds

The components of essential oils were identified by comparison of their mass 
spectra with those in the Baser Library of Essential Oil Constituents, Wiley GC/
MS Library, Adams Library, Mass Finder Library and confirmed by compari-
son of their retention indices. Alkanes were used as reference points in cal-
culating relative retention indices (RRI). Relative percentage amounts of the 
separated compounds were calculated from FID chromatograms. The results 
of the analysis are shown in Table 1.
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Table 1. The Composition of the essential oils of Ferula halophila

RRI Compounds EO1 EO2 IM

1032 a-Pinene 1.0 0.3 tR, MS

1174 Myrcene 3.3 1.8 tR, MS

1176 a-Phellandrene 1.7 0.6 tR, MS

1203 Limonene 1.4 1.1 tR, MS

1210 β-Phellandrene 71.8 37.8 tR, MS

1280 p-Cymene 0.5 0.5 tR, MS

1290 Terpinolene tr - tR, MS

1481 Longipinene 0.3 1.1 MS

1493 a-Ylangene 0.3 2.0 MS

1504 Daucene 0.1 - MS

1513 Longicyclene 0.1 0.6 tR, MS

1549 β-Cubebene 0.4 0.9 MS

1550 cis-a-Bergamotene - tr MS

1568 trans-a-Bergamotene - 0.6 MS

1590 Bornyl acetate  0.3 - tR, MS

1612 β-Caryophyllene - 0.9 tR, MS

1661 a-Himachalene 0.8 4.5 MS

1687 a-Humulene 0.3 - tR, MS

1711 g-Himachalene 1.0 3.8 MS

1729 γ-Himachalene 0.6 2.9 MS

1743 Eremophilene 4.9 7.0 MS

1755 Dauca-8,11-diene 0.2 1.0 MS

1783 β-Sesquiphellandrene 0.1 - MS

1786 ar-Curcumene 0.2 - MS

2008 Caryophyllene oxide 0.4 1.2 tR, MS

2045 β-Himachalene oxide tr 0.5 MS

2045 Carotol tr - MS

2179 6-Epi-cubenol - 0.8 MS

2232 a-Bisabolol 0.5 1.9 tR, MS

2232 2-Himachalen -7-ol 0.8 7.3 MS

2296 Myristicine 1.1 0.7 MS

Grouped compounds (%)

Monoterpene hydrocarbons 79.7 42.1

Sesquiterpene hydrocarbons 9.3 25.3

Oxygenated sesquiterpenes 1.7 11.7

Others 1.4 0.7

Total % 92.1 79.8
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EO1 and EO2: Dried fruits essential oils of F. halophila collected in June and 
July. RRI: Relative retention indices calculated against n-alkanes; %: calculated 
from the FID chromatograms; tr: Trace (<0.1 %). Identification method (IM): 
tR, identification based on the retention times of genuine compounds on the HP 
Innowax column; MS, identified on the basis of computer matching of the mass 
spectra with those of the in-house Baser Library of Essential Oil Constituents, 
Adams, MassFinder and Wiley libraries and comparison with literature data. 

Antimicrobial assay

Antibacterial and anticandidal effects of the samples were evaluated by using 
partly modified CLSI (formerly NCCLS) micro dilution broth methods M7-A7 
and M27-A2 respectively26,27. 

Escherichia coli NRRL B-3008, P. aeruginosa ATCC 27853, Salmonella typh-
imurium ATCC 13311, Bacillus cereus NRRL B-3711, B. subtilis NRRL B-4378, 
Serratia marcescens NRRL B-2544, Staphylococcus epidermidis ATCC 12228, 
E. coli O157:H7 RSSK 234 (RSSK; RSHM National Type Culture Collection 
Strains of Bacteria), two different strains of Candida albicans (clinically iso-
lated, Osmangazi University, Faculty of Medicine, Department of Microbiology 
and ATCC 90028), C. utilis NRRL Y-12968, C. krusei NRRL Y-7179, C. glabra-
ta (clinically isolated, Osmangazi University, Faculty of Medicine, Department 
of Microbiology and ATCC 90028) were used as the test microorganisms. Chlo-
ramphenicol (Merck), Ampicillin (Merck), Amphotericin-B (Sigma-Aldrich) 
and Ketoconazol (Sigma-Aldrich) were used as standard antimicrobial agents.

RESULTS AND DISCUSSION

The essential oils of the dried fruits of F. halophila collected in June and July 
were analysed by GC and GC-MS systems; 27 and 24 compounds representing 
92.1% and 79.8% of the essential oils were characterized, respectively. The main 
component of the essential oils was identified as β-phellandrene (72%) collected 
in June. The other EO distilled from July samples were consist of several ses-
quiterpenes and decreased β-phellandrene content (38%). Monoterpene hy-
drocarbons (June and July; 79.7%, 42.1%), sesquiterpene hydrocarbons (9.3%, 
25.3%) and oxygenated sesquiterpenes (1.7%, 11.7%) were the main groups pre-
sent in the oils respectively. Monoterpene hydrocarbons were the most abundant 
among these groups representing 79.7% collected in June harvest while 42.1% in 
the sample of collected in July, followed by sesquiterpenes and oxygenated ses-
quiterpenes 11.0% and 37.0 % respectively. While monoterpenes were high in the 
essential oil obtained from the plant material collected in June, monoterpenes 
were decreased and sesquiterpenes increased in the samples collected in July.
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The antibacterial and anticandidal effects of the essential oils were determined 
by using partly modified CLSI methods M7-A7 and M27-A2, respectively. Ta-
bles 2 and 3, show that the essential oils from two specimens exhibited weak to 
moderate inhibitory effects on the tested pathogenic bacteria (MIC, 125-2000 
µg/mL) and Candida panels (MIC, 156-1250 µg/mL). Interestingly, essential 
oils obtained from June and July plant samples were demonstrated different 
bioactivity. 

 
Table 2. Antibacterial effects of F. halophila essential oils (MIC, µg/mL)

Microorganisms EO1 EO2 S1 S2

Escherichia coli 2000 2000 3.9 1

Pseudomonas aeruginosa 2000 2000 62.5 15.6

Salmonella typhimurium 500 500 3.9 1

Bacillus cereus 1000 1000 7.8 1

Bacillus subtilis 500 125 1.9 1

Serratia marcescens 1000 500 15.6 15.6

Staphylococcus epidermidis 1000 1000 3.9 1

E. coli O157:H7 1000 2000 3.9 1

EO1 and EO2: Dried fruits essential oils of F. halophila collected in June and July, S1: Chlo-

ramphenicol, S2: Ampicillin
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Table 3. Anticandidal effects of F. halophila essential oils (MIC, µg/mL)

Microorganisms EO1 EO2 S1 S2

Candida albicans* 625 625 0.05 0.1

Candida utilis 625 156 1.6 0.05

Candida tropicalis 625 1250 0.2 0.2

Candida krusei 625 312 1.6 0.2

Candida albicans 1250 625 0.1 0.2

Candida glabrata 1250 1250 3.2 0.2

EO1 and EO2: Dried fruits essential oils of F. halophila collected in June and July, S1: Keto-

conazole, S2: Amphotericin-B, *: Clinically isolated strain

Except from E. coli O157:H7 and C. tropicalis, essential oil of the F. halophila 
collected in July were more active against all test microorganisms having MIC 
values between 125-2000 µg/mL. July sample was also rich in himachalenes. 
A previous study was reported that the himachalanes were demonstrated an-
tibacterial activity at various doses 46 to 3000 µg/mL (MIC) 28. In other study 
a correlation have been found between the antibacterial activity against MRSA 
and sesquiterpene compounds in Ferula akitsckensis essential oil obtained 
from leaves at budding stage 29. β-phellandrene-rich June essential oil were 
showed weaker effects against all test panel between the concentration of 625 
to 2000 µg/mL.

To our knowledge, no previous study has examined the antimicrobial effects of 
Ferula halophila essential oils. Furthermore, it was also showed in this study 
that the plants collected in different months have different inhibitory effects.

In a previous study, dichloromethane extract of the roots of Ferula halophila 
was evaluated for its antimicrobial activity against 36 different pathogenic bac-
teria and Candida strains. Stenotrophomonas maltophilia and Candida albi-
cans were inhibited by the extract at lowest concentration (0.3 mg/ml). MIC 
values have been determined for other test strains ranking from 10 mg/ml to 
0.3 mg/ml 30.
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In other study, antimicrobial activities of water, methanol extracts and their 
several fractions of the aerial and underground parts of F. halophila were 
screened by using disc diffusion method. Staphylococcus aureus, Bacillus ce-
reus and B. subtilis were determined as the most susceptible test strains with 
7-10 mm inhibition zones. Chloroform fraction were demonstrated moderate 
antibacterial effects 31.
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ABSTRACT

Measurement of polyamines (putrescine, spermidine and spermine) is important in 
the monitoring of many metabolic events, as well as in cancer prognosis. However, 
the lack of method standardization and validation for the measurement of poly-
amines is a major obstacle. In this study, sample preparation, gradient program, 
chromatography column, sample concentration studies were attempted and an 
analysis method was developed for the detection of polyamines in serum by using 
HPLC fluorescence detector in order to reduce the difficulties experienced with the 
existing methodologies. This method was validated analytically in accordance with 
EMA and FDA’s guidelines. In this study, Waters Nova-Pak C18 A chromatography 
column with 3.9 mm, 150 mm and 4 µm specifications was used for the first time. 
Acetonitrile was used instead of methanol. Thanks to the newly developed gradient, 
peak purity and sufficient peak separation were ensured and accurate, sensitive, 
reliable and reproducible method was developed and validated.
Keywords: Polyamines, HPLC, derivatization, O-Phthalaldehyde, N-Acetyl-L 
cysteine

INTRODUCTION

Polyamines are involved in functions related to cell growth and differentiation, 
such as DNA synthesis and stability, regulation of transcription, ion channel reg-
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ulation and protein phosphorylation. Their role in cancer metabolism and gut 
maturation, as well as their antioxidant properties and aging are being investigat-
ed. Natural polyamines putrescine (Put), spermidine (Spd), and spermine (Spm) 
are found in all living cells. The biosynthesis of polyamines in mammalian cells 
begins with putrescine synthesized from L-ornithine. Spermidine is synthesized 
from putrescine and spermine, from spermidine1. Polyamines (putrescin, sper-
midine, and spermine) are simple aliphatic primary amines that are fully pro-
tonated under physiological conditions, essential components of eukaryotic and 
prokaryotic cells. They are involved in performing many cell functions including 
cell growth and differentiation and receptor function. They also affect DNA rep-
lication, gene expression, protein synthesis, stabilization of lipids, brain develop-
ment, nerve growth and regeneration 2. Excessive production or excessive intake 
of polyamines is toxic to cells and facilitates cell death by oxidative mechanism 3. 
These compounds were also suggested as possible tumor markers 4-7. 

Because of its recognized importance in clinical diagnosis, it has become a ne-
cessity to produce inexpensive, easy, and reproducible methods of polyamine 
measurement. Various methods for the analysis of polyamines were studied for 
many years. Thin Layer Chromatography (TLC), enzymatic assay method, ben-
zoyl chloride and dansyl chloride derivatization methods of polyamines using 
HPLC UV detector were used for the detection of amines 8-14.

The losses experienced in the sample preparation stage in derivatization meth-
ods and some limitations in applications cause serious difficulties in terms of 
obtaining reproducibility and accurate results 15.

LC-MS systems are systems which offer the most selective, sensitive and repro-
ducible results compared to UV and Fluorescent systems. With the development 
of MS systems in parallel with technological developments, studies were carried 
out with HPLC/Quadrupole-Time of Flight (Q-TOF)-MS systems. Liu et al. pro-
posed a method to detect the amounts of polyamines in human plasma through 
benzoyl chloride derivatization process using the HPLC/Q-TOF-MS system 16.

EMA and FDA are currently publishing guidelines for the validation of bio-
logical fluids, and these guidelines are used for analytical method validation of 
biological fluids17. Method validity of biological fluids contain the parameters of 
accuracy, precision, linearity, selectivity, lower limit of quantification (LLOQ), 
recovery, intra-day and inter-day repeatability and inter-day repeatability 18, 19.

In this study, we aimed to develop a method for the measurement of polyamine 
in serum, analytically validated with EMA and FDA guidelines by using HPLC 
fluorescence detector. 



93Acta Pharmaceutica Sciencia. Vol. 61 No. 1, 2023

METHODOLOGY

Demographics of the Patient and Control Groups 

In this study, healthy individuals who came to Medipol University Mega Hos-
pital Laboratory for health checks were informed regarding the study and their 
blood was taken after receiving their written consent. 40 healthy control serums 
were obtained from selected individuals according to the exclusion criteria. 

Exclusion criteria were determined as being younger than 18 years of age, older 
than 40 years of age, smoking and use of alcohol, having kidney function dis-
orders, hypertension, heart disease, osteoarthrosis, diabetes, obesity, cancer, 
polycystic ovarian disease, inflammatory and infectious diseases.

Collection and Storage of Blood Samples

After 12 hours of fasting,10 ml of venous blood was taken from 40 healthy con-
trol groups, which was then incubated for 30 minutes at room temperature in 
vacuum gel tubes and left to coagulate. After coagulation, the tubes were incu-
bated at 1200 g for 15 minutes at room temperature, following which they were 
centrifuged, and serum separated. For other tests that were not studied on the 
same day, the sera were transferred to Eppendorf tubes and stored at -80˚ C 
until the day of study.

Parameters and Methods Examined in Blood Samples

Polyamines levels (putrescine, spermidine and spermine) measured in the RE-
MER laboratory using the HPLC method. Initially, a serum pool was created 
from the 40 serum samples collected. Selectivity, calibration/standard curve, 
accuracy, precision, intra-day and inter-day repeatability, recovery, lower lim-
it of test (LLOQ) and stability parameters were performed as specified in the 
EMA and FDA validation guidelines18, 19.

Devices and Equipment Used

Chemicals

The following chemicals were used as Merck; Sodium Acetate Trihydrate, Hy-
drochloric Acid Fuming 37%, Acetonitrile, Potassium Carbonate and Sodium 
Tetraborate Decahydrate. The following chemicals were used as Sigma Aldrich; 
Methanol, Tetrahydrofuran, Perchloric Acid, Benzoic Acid, Potassium Tetrab-
orate Tetrahydrate, O-Phthalaldehyde, N-acetyl-L-cysteine, Brij-35 Solution 
(Brij-L23), Putrescine-2HCI, Spermidine-3HCl and Spermine-4HCI.
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Instruments, System Setup and Chromatographic Requirements

The HPLC system was a Waters Alliance 2695 HPLC system equipped with 
an analytical column (Waters Nova-Pak C18 3.9mm*150mm*4µm). A Waters 
2475 fluorescence detector was used to detect the fluorescence each polyamine 
derivative, with excitation λ set at 340 nm and emission λ at 450 nm. The HPLC 
conditions for the of separation were as follows; mobile phase A was (0.1 M so-
dium acetate; pH 7.2): added 27.3 g sodium acetate (trihydrate) and 96 µl of 6 
N HCl to 1.6 l LC grade water and on this solution add 180 ml methanol and 10 
ml tetrahydrofuran. The final volume was made up of 2 l with HPLC grade wa-
ter. The solution was mixed thoroughly. Mobile phase B was LC grade acetoni-
trile. The HPLC was run at a gradient program. The flow rate was 1.0 mL/ min, 
with the following gradient: 95%-A, 5%-B to 73%-A, 27%-B in 20 min; 73%-A, 
37%-B to 30%-A, 70%-B in 1 min; 30%-A, 70%-B from 21 to 25 min; returning 
to 95%-A, 5%-B from 25 to 26 min and the column was conditioned between 
26 and 30 minutes. The total running time for each sample (including column 
regeneration on the automated system) was 30 minutes. Column temperature 
was maintained at 40 °C and autosampler temperature was maintained at 4°C. 
The in-line pre-column derivatization of polyamines was accomplished by set-
ting the ‘‘auto addition’’ option in the sample set method of the software Waters 
Empower 3. A volume of 10 µl derivatization + 10 µl blank, standards solu-
tions, sample solutions was injected. After mixing in the derivatization loop, an 
injection (a total volume of 20 µl) was automatically performed with no delay. 
Separated polyamines were monitored and peak integration and calculations 
of concentrations against the standard curve were performed using the Waters 
Empower 3 software, recording and analyzing the HPLC chromatography data. 

Preparation of Standard and Sample Solutions

Preparation of 100 ng/ml Polyamine Standard Solution Mixture: Standard 
amounts of 18.3 mg putrescine-2HCI, 17.5 mg spermidine-3HCl and 17.2 mg 
spermine-4HCl were precisely weighed and filled into a 10.0 ml plastic balloon 
flask. Then 5 ml of deionized water was added, and the mixture was was vortexed 
thoroughly for 2 minutes. Then the mixture was kept in a cold ultrasonic bath for 
1 minute, following which the solution was completed to its volume using deion-
ized water. Then we waited for the mixture temperature to reach ambient labo-
ratory conditions. 10.0 μl of this solution was taken into a 1.5 μl eppendorf tube 
and 990 μl of deionized water was added to it and mixed in vortex for 30 seconds. 
10.0 μl of this solution was transferred to a 1.5 ml Eppendorf tube. 940 μl of 
deionized water and 50 μl of 1.2% (w/v) benzoic acid solution were added and 
mixed in vortex for 30 seconds. The solution was stored at 0-4 ˚C until used 16, 17.
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Sample Solution Preparation 

The serum sample pool stored at -80 ˚C were dissolved in laboratory condi-
tions and 100 μl of each solution was taken into a 1.5 ml eppendorf tube. 250 
μl of deionized water was added and mixed with vortex for 10 seconds. 100 μl 
of cold 1.5 M HCIO4 was added to this solution and mixed in vortex for 30 sec-
onds. A cold 50 μl of 2 M K2CO3 was added and mixed in vortex for 30 seconds. 
Tube cap was opened, and gas was released for 20 seconds. Then the solution 
was centrifuged for 3 minutes at 14000 g and 4 ˚C. 200 μl of the supernatant 
liquid was transferred to a 1.5 ml Eppendorf tube. 750 μl of deionized water and 
50 μl of 1.2% (w/v) benzoic acid solution were added and mixed in vortex for 
30 seconds. This solution was transferred to the HPLC vial and then injected 16.

Preparation of Polyamine Spiked Sample Solutions

Preparation of Stock Standard Solution: The solution was prepared as 
in 100 ng/ml Polyamine standard solution mixture. 25.0 μl of this solution was 
taken into a 1.5 μl eppendorf tube and 975 μl of deionized water was added to it 
and mixed in vortex for 30 seconds.

Spike Sample Solution Preparation: The sera of 6 healthy individuals stored 
at 80 ̊ C were dissolved in laboratory conditions and 100 μl of each was taken into 
a 1.5 ml eppendorf tube. 240 μl of deionized water was added and mixed in vortex 
for 10 seconds. On top of this solution, 10.0 μl of the stock standard solution and 
100 μl of cold 1.5 M HCIO4 were added and mixed in vortex for 30 seconds. Cold 
50 μl of 2 M K2CO3 was added and mixed in vortex for 30 seconds. Tube caps were 
opened to enable gas escape. Then the solution was centrifuged for 3 minutes at 
14000 g and 4 ˚C. 200 μl of the supernatant liquid was transferred to a 1.5 ml 
Eppendorf tube. 750 μl of deionized water and 50 μl of 1.2% (w/v) benzoic acid 
solution were added and mixed in vortex for 30 seconds 16, 17. 

Validity Tests of the HPLC Method

The validity test of the HPLC method to be used in the determination of poly-
amine in serum samples in this study was performed based on the parameters 
of selectivity, calibration/standard curve, accuracy, precision, intra-day re-
peatability, inter-day reproducibility, recovery, LLOQ and stability specified in 
EMA and FDA validation guidelines 18,19.

Selectivity 

In the HPLC method, to show that the chemicals in the mobile phase, serum 
matrix, other impurities and standard peaks do not interfere these solutions 
were injected separately into the HPLC device calibrated according to polyam-
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ine standards. Chromatograms of peak areas versus retention times of the solu-
tions were obtained. With the help of PDA detector, the spectra of the injections 
were taken between 190 nm and 800 nm. Peak purity was determined from the 
obtained spectra.

Calibration/Standard Curve (Linearity Range) Study

The linearity of the method was determined through repeated analyzes of 8 
standards at each concentration, including the LLOQ, in the concentration 
range of 0.1-200.0 ng/ml. While selecting the working range in both studies, 
concentration ranges where acceptable accuracy, precision and linearity were 
obtained were preferred. For the calibration standards to be used during the 
study, the concentrations are given in Table 1; 8 standards, including putres-
cine, spermidine, and LLOQ of spermine at 10.0 ng/ml, 50.0 ng/ml, 80.0 ng/
ml, 100.0 ng/ml, 150.0 ng/ml, 200.0 ng/ml and 250.0 ng/ml solution was pre-
pared. All solutions were labeled and stored at -20 ˚C in the dark. Solutions 
were diluted by dissolving in laboratory conditions before each study. In the 
linearity study, 3 injections for each were studied and the average was calcu-
lated, and the linearity graph was drawn. Calibration curves were derived by 
plotting the peak area ratios obtained against the concentration of the solu-
tion in the concentration ranges specified in the study (n=3). Correct equations 
of the standard curve and correlation coefficients were obtained by regression 
analysis of the calibration curves.

Table 1: Concentrations of calibration standards

Solution 
Level

    Concentration 
of Putrescine  
           (ng/ml)

Concentration
of Spermidine

(ng/ml)

Concentration
of Spermine

(ng/ml)

LLOQ 0.2 0.5 1.0

10.0% 10.0 10.0 10.0

50.0% 50.0 50.0 50.0

80.0% 80.0 80.0 80.0

100.0% 100.0 100.0 100.0

150.0% 150.0 150.0 150.0

200.0% 200.0 200.0 200.0

250.0% 250.0 250.0 250.0
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Accuracy/Precision Study

Quality control solutions were prepared at three different concentrations (50.0, 
100.0 and 150.0 ng/ml) corresponding to the concentration range determined 
in the linearity study. These solutions were analyzed 6 times in 1 day under the 
same laboratory conditions using the same method for intraday reproducibility 
analyses, and 6 times in 3 consecutive days, using the same method for intraday 
reproducibility analyses, under the same laboratory conditions. Accuracy and 
precision values ​​were calculated from the obtained results. The mean, standard 
deviation (SD), relative standard deviation (%RSS) and relative errors (%RE) 
of the analysis results were determined. Accuracy was given with % relative er-
ror (%RE) and precision with % relative standard deviation (%RSS).

Recovery Study

Recovery experiments were performed using standard addition method, com-
paring analytical responses at three different concentrations (low, medium, 
high) with non-extracted standards (representing 100% recovery). For recov-
ery, 3 parallel samples of each concentration were prepared at three different 
concentrations and each sample was analyzed 3 times. Theoretical concentra-
tions (Calculated Concentration) were calculated using the concentration curve 
equation related to the areas obtained from the injection of the recovery sam-
ples, versus the standard areas obtained from the linearity range chromato-
gram. Theoretical concentrations (added concentration) of the standards add-
ed on the samples by the standard addition method were calculated.

Calculation was made using the formula % Recovery = (Calculated Concentra-
tion/Added Concentration) x100. Recovery solutions were prepared as serum 
polyamine concentrations of 50, 100 and 150 ng/ml.

Quantity Determination Lower Limit Study (LLOQ)

As a rule of thumb, the signal-to-noise (S/N) ratio was used in chromatograph-
ic measurements. The analyte response on the LLOQ was determined to be at 
least 5 times the response compared to the blanked response. The analyte peak 
(response) has been shown to be identifiable, discrete, and reproducible with 
an accuracy of 20% and an accuracy of 80-120%.

LLOQ values ​​for putrescine, spermidine and spermine were obtained from lin-
earity study. The following conditions were fulfilled in the development of the 
linearity curve.

- 20% deviation of LLOQ from nominal concentration

- 15% deviation of standards other than LLOQ from nominal concentration
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At least four of the six nonzero standards met the above criteria, including the 
LLOQ and the calibration standard at the highest concentration.

Stability

The stability study was performed on serum samples spiked with three differ-
ent levels of polyamine. The following methods were used for stability deter-
mination.

Short Term Temperature Stability

Three aliquots of each analyte at low, medium, and high concentrations were 
dissolved at room temperature. They were stored under refrigerator (+4 ˚C) 
storage conditions and analyzed at 0, 2, 4, 8, 12 and 24 hours.

RESULTS and DISCUSSION

EMA and FDA are currently publishing guidelines for the validation of bio-
logical fluids, and these guidelines are used for analytical method validation of 
biological fluids17. In the analytical method validation of the method developed 
considering the parameters specified in these guidelines, selectivity, linearity, 
accuracy, precision, recovery, intra-day and inter-day reproducibility, LLOQ 
and solution stability studies were performed. HPLC methods are widely used 
due to their high sensitivity and repeatability and ease of automation. Our goal 
is to separate and quantify polyamines using reverse phase chromatography 
18. HPLC technique is the development of a simple, fast, precise, accurate and 
precise method. The purpose of all of these studies is to develop and validate a 
method which is usable in clinical practices as a cheap, fast, reproducible and 
fast. For this purpose, pre-column in-line derivatization method was preferred 
by using fluorescent detector and o-phthalaldehyde-N-acetyl-L-cysteine ​​rea-
gents in HPLC system.

HPLC Method Validation Tests 

Selectivity Study

No other peaks were observed at the retention time of the polyamine peaks 
and the peak purity was determined accordingly. No interference was found in 
the retention times of the polyamine peaks in the chromatograms taken under 
the chromatographic conditions determined as a result of method development 
studies. 

In the selectivity study, the retention times obtained as a result of the injec-
tion of the standard solution with a 30-minute gradient program were approxi-
mately 19.2 minutes for putrescine and 18.0 minutes for spermidine and 17.1 
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min for spermine. The purity angle and purity threshold values ​​obtained from 
the Empower 3 program were 0.570 and 1.103 for putrescine, 0.361 and 0.406 
for spermidine, and 0.361 and 0.406 for spermine.  In the method developed 
according to these data, the peak purity is appropriate, and the peaks were ob-
tained pure. As a result of the 30-minute gradient program they applied in the 
method, Dai et al. found the retention times to be approximately 12.2 minutes 
for putrescine, 11.1 for spermidine, and 14.1 for spermine 20.

Calibration/Standard Curve (Linearity Range) Study

Chromatograms were taken for each of 8 standards, including LLOQ, at con-
centrations of 0.2-250 ng/ml for putrescine, 0.5-250 ng/ml for spermidine and 
1.0-250 ng/ml for spermine, and peak areas were determined. Obtained by 
HPLC method; Putrescine, spermidine and spermine solution linearity results 
and statistical analysis values ​​of calibration curve are given in Table 2.

Table 2. Linearity study results of Putrescine, Spermidine and Spermine

Solution 
Levels

Putrescine 
Concentration 

(ng/ml)

Spermidine
Concentration 

(ng/ml)

Spermine
Concentration

(ng/ml)

LLOQ 0.2 0.5 1,0

10.0% 9,9 10,2 10,0

50.0% 49,6 51,1 50.0

80.0% 79,4 81,7 80.0

100.0% 99,2 102,2 100.0

150.0% 148,8 153,3 150,0

200.0% 198,4 204,4 200.1

250.0% 248.0 255,4 250.1

Linearity Range 
(ng/ml): 0.2-250.0 0.5 - 250.0 1.0 - 250.0

Slope: 211992.7343 136673.7451 44695.4958

Intercept: - 163096.5089 - 619833.0382 - 389224.3886

Correlation 
Coefficient (r2): 0.9996 0.9981 0.9937

Calibration curves were created by plotting the peak areas obtained against the 
solution concentrations of putrescine, spermidine and spermine. The correla-
tion coefficient (r2) found by the least squares method should be ≥0.9950. The 
r2 value for putrescine, spermidine, and spermine were 0.9996, 0.9981, 0.9937, 
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respectively. According to these results, the method; linear for putrescine, sper-
midine, and spermine. A respective example linearity chromatogram is given 
below (Figure 1).   
 

  

 

Figure 1. Chromatogram of 150% linearity standard 
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Figure 1. Chromatogram of 150% linearity standard

Linearity limits including LLOQ for putrescine, spermidine, and spermine were 
0.1-250 ng/ml, 0.5-250 ng/ml, 1-250 ng/ml, respectively. Correlation values ​​
were found as 0.9998, 0.9990 and 0.9968, respectively. Liu et al. found lin-
earity limits for each polyamine as 0.4-200.0 ng/ml and correlation values ​​as 
0.9941, 0.9939 and 0.9937, respectively 16. The values ​​found as a result of our 
study meet the criteria specified in the FDA and EMA validation guidelines 18,19. 
LLOQ values ​​for putrescine, spermidine, and spermine were found as 0.2 ng/
ml, 0.5 ng/ml and 1.0 ng/ml respectively. Liu et al. found the lower limit of 
quantitation values ​​in the range of 0.02-0.1ng/ml 16.

Accuracy/Precision Study

Intraday accuracy values ​​for putrescine, spermidine and spermine were 6.3-
13.6%, 3.4-8.6%, 1.5-6.0%, respectively. Liu et al. found the intraday accuracy 
values ​​to be 7.8-9.3%, 5.0-14.0%, 3.9-7.9%, respectively 16. Intraday precision 
values ​​for putrescine, spermidine, and spermine were 0.9-1.7%, 0.2-0.3%, and 
0.1-0.7%, respectively. 

Inter-day accuracy values ​​for putrescine, spermidine, and spermine, were 
found to be 5.7-12.4%, 6.1-9.1%, 4.5-12.6% respectively. Liu et al. found the in-
traday accuracy values ​​to be 4.3-9.8%, 7.3-11.1%, and 2.9-3.5%, respectively 16. 
Inter-day precision values ​​for putrescine, spermidine and spermine were 6.2-
9.7%, 1.6-6.1%, 5.4-13.8%, respectively. 
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According to FDA criteria, intraday and interday accuracy and precision values 
should be below 15%18. In this study, all values ​​were found below 15% and all 
criteria were met. Results obtained by HPLC method are given in Table 3 for 
intra-day and inter-day accuracy and precision values.

Table 3. Intra-day and Inter-day accuracy and precision values

Intra-day accuracy and 
precision values

Inter-day accuracy and 
precision values

Active 
Ingredient

Added 
Conc. 

(ng/ml)

Calculated 
Conc. ±SD 

(ng/ml)

RE %
(Accuracy)

%RSS
(Precision)

Calculated 
Conc. ±SD 

(ng/ml)

RE %
(Accuracy)

% RSS
(Precision)

50 42.6 ±0.4 13.6 0.9 52.7 ±5.1 12.4 9.7

Putrescine 100 86.1 ±1.5 12.8 1.7 96.0 ±5.9 5.7 6.2

150 138.7 ±1.3 6.3 0.9 144.6 ±12,9 6.8 8.9

50 49.4 ±0.2 3.4 0.3 49.8 ±3.0 6.1 6.1

Spermidine 100 93.4 ±0.3 8.6 0.3 87.2 ±1.4 9.1 1.6

150 147.5 ±0.5 3.8 0.3 128.4 ±3.4 8.5 2.6

50 49.9 ±0.06 1.5 0.1 52.6 ±4.5 8.0 8.6

Spermine 100 95.3 ±0.7 6.0 0.7 92.1 ±4.8 4.5 13.8

150 148.6 ±0.3 2.1 0.2 124.3 ±6.7 12.6 5.4

Conc.: Concentration, SD: Standard Deviation, %RSS: Percent Relative Stand-
ard Deviation, %RE: Percent Relative Error

Recovery Study

Recovery values ​​were 89.55% for putrescine, 89.62% for spermidine and 
88.36% for spermine. Liu et al. found the recovery values ​​to be 80.6% for pu-
trescine, 79.5% for spermidine and 84.0% for spermine 16. Although 100% re-
covery of the analyte is required according to FDA guidelines, the degree of 
recovery of an analyte and internal standard must be consistent, precise, and 
reproducible 18. In the study, a high recovery of nearly 100% was achieved and 
consistent, precise and reproducible results were obtained. These results show 
that the recovery degree of the method is appropriate. Recovery study results 
are given in Table 4 for putrescine, Table 5 for spermidine, and Table 6 for 
spermine.
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Table 4. Putrescine recovery study results

Concentration
Level

Added 
Concentration

(ng/ml)

Calculated 
Concentration 

(ng/ml)

Recovery 
%

49.33 47.00 95.28

50% 49.33 47.44 96.17

49.33 43.45 88.08

98.67 87.63 88.82

100 % 98.67 82.82 83.93

98.67 85.86 87.02

148.00 133.24 90.03

150% 148.00 128.82 87.04

148.00 132.64 89.62

Average % Recovery Value (ng/ml): 89.55

Recovery 95% Confidence Interval Limits (ng/ml): 86.53-92.57

Standard Deviation (ng/ml): 3.93

Relative Standard Deviation (%): 4.39

Table 5. Spermidine recovery study results

Concentration 
Level

Added 
Concentration

(ng/ml)

Calculated 
Concentration 

(ng/ml)

Recovery 
%

51.09 52.31 102.39

50% 51.09 52.22 102.21

51.09 48.90 95.71

102.18 88.13 86.25

100 % 102.18 83.82 82.03

102.18 86.81 84.96

153.27 130.83 85.36

150% 153.27 126.93 82.82

153.27 129.98 84.81

Average % Recovery Value (ng/ml): 89.62

Recovery 95% Confidence Interval Limits (ng/ml): 83.32-95.92

Standard Deviation (ng/ml): 8.19

Relative Standard Deviation (%): 9.14
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Table 6. Spermine recovery study results

Concentration 
Level

Added 
Concentration 

(ng/ml)

Calculated 
Concentration 

(ng/ml)

Recovery 
%

51.46 53.65 104.26

50% 51.46 49.62 96.43

51.46 46.71 90.77

102.92 84.82 82.42

100 % 102.92 81.06 78.76

102.92 84.79 82.38

154.38 129.61 83.95

150% 154.38 134.40 87.06

154.38 137.73 89.22

Average % Recovery Value (ng/ml): 88.36

Recovery 95% Confidence Interval Limits (ng/
ml): 82.23-94.49

Standard Deviation (ng/ml): 7.98

Relative Standard Deviation (%): 9.03

Lower Limit of Quantification (LLOQ) Study

The LLOQ values ​​of the method were determined as 0.2 ng/ml for putrescine, 
0.5 ng/ml for spermidine and 1.0 ng/ml for spermine. 

Stability Study

For short-term temperature stability study, serum samples with three different 
levels of polyamine spiked were prepared as described in section stability. They 
were stored at 4˚C and analyzed at 0, 2, 4, 8, 12 and 24 hours. Areas were de-
termined for each level. The % changes with baseline areas were determined for 
each study. At the end of the 24th hour, the % change was found to be 9.1% for 
putrescine, 9.9% for spermidine and 9.8% for spermine. According to these re-
sults, solutions of putrescine, spermidine and spermine are stable for 24 hours 
at 4 ˚C. 

As a result, a sensitive, reproducible and reliable method was developed and 
validated for routine analysis of serum samples in clinical laboratories. This 
work can be extended to make it applicable to all biological fluids and can be 
applied for routine analysis.
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