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INSTRUCTIONS FOR AUTHORS

OPEN ACCESS AND COMMONS USER LICENSES

Open Access: The International Journal of Medical Biochemistry is an 
open access journal which means that all content is freely available without 
charge to the user or his/her institution. Users are allowed to read, 
download, copy, distribute, print, search, or link to the full texts of the 
articles, or use them for any other lawful purpose, without asking prior 
permission from the publisher or the author. This is in accordance with the 
BOAI definition of open access.

Commons User Licenses: Creative Commons Attribution-
NonCommercial (CC BY-NC) For non-commercial purposes, lets others 
distribute and copy the article, and to include in a collective work, as long as 
they credit the author(s) and provided they do not alter or modify the article.

AIMS & SCOPE

International Journal of Medical Biochemistry publishes articles relating 
to clinical chemistry, molecular biology and genetics, therapeutic drug 
monitoring and toxicology, hematology, immunology and laboratory 
medicine with the focus on analytical and clinical investigation of laboratory 
tests used for diagnosis, prognosis, treatment and therapy, and monitoring 
of disease. The official language of the Journal is English. The journal will be 
published 3 times a year in print and electronically.

Abstracting and Indexing: International Journal of Medical Biochemistry 
is indexed in TUBITAK TR Index (2019), CNKI (2019), TurkMedline (2019), 
Open Ukrainian Citation Index (2019), ProQuest (2019), CABI (2021), 
CEEAS (2021), EBSCO (2022), CAS (American Chemical Society) (2022), 
Directory of Open Access Journals - DOAJ (2022), Scopus (2023) and Gale 
Cengage (2023).

Main Topics

• Clinical Biochemistry

• Molecular Biology

• Clinical Haematology

• Clinical Immunology

• Drug Monitoring and Analysis

• Diagnostic Biomarkers

• Disease-Oriented Topics (Cardiovascular Disease, Cancers, Diabetes, 
Obesity, Genetic Disorders, Neurodegenerative Disease etc.)

• Pediatric Biochemistry

• Inherited Metabolic Disorders

• Newborn Screening: Congenital and Genetic Disorders

• New Reagents, Instrumentation, Technologies and Methodologies

• Laboratory Medicine; Quality, Safety, Translational laboratory

• Metrology

INSTRUCTIONS FOR AUTHORS

International Journal of Medical Biochemistry is published in accordance with 
the principles of independent, unbiased, and double-blinded peer review 
Research-articles, review-articles, short communications, case-reports, opinion 
papers, letter to editor, technical notes, editorials and article-commentaries 
that have not been published elsewhere, are published in the journal.

The journal evaluates only the manuscripts submitted through its online 
submission system on the web site http://www.internationalbiochemistry.
com Manuscripts sent by other means will not be accepted.

The primary conditions for the acceptance of manuscripts for publication 
are originality, scientific value and citation potential.

PUBLISHING FEE
International Journal of Medical Biochemistry is an open access journal. 
Manuscripts are available on the journal web page at no cost.

STATEMENTS AND GUIDELINES

Statements: All statements and opinions expressed in the manuscripts 
published in International Journal of Medical Biochemistry reflect the 
views of the author(s). All liability for the advertisements rests with the 
appropriate organization(s). Association of Clinical Biochemistry Specialists, 
the Editor-in-Chief and Kare Media do not accept any responsibility for 
articles and advertisements.

The manuscripts submitted to the journal, except abstracts, presentations, 
reviews and parts of theses, should not have been accepted and published 
previously elsewhere in electronic or printed format. Manuscripts evaluated 
and rejected by other journals must mention any previous submissions 
and supply reviewer’s reports. This will help to accelerate the evaluation 
process. If the submitted manuscript has been previously presented at a 
meeting, the name, date, city and country must be specified.

The authors transfer all copyrights of the manuscript in the framework 
of national and international regulations to the Association of Clinical 
Biochemistry Specialists as of evaluation process. A Copyright Transfer 
Form signed by corresponding author in order must be submitted to the 
journal with manuscript. After acceptance of manuscript, all of authors must 
fill and sign Copyright Transfer form. A separate form for each manuscript 
should be submitted. Manuscripts submitted without a Copyright Transfer 
Form will not be accepted. In the case of rejection, all copyrights transfer 
to the authors again. Authors must confirm that they will not submit the 
work to another journal, publish it in the original or another language and 
or allow a third party to use the manuscript without the written permission 
of the Association of Clinical Biochemistry Specialists.

All contents are the authors’ responsibility. All financial liability and legal 
responsibility associated with the copyright of submitted tables, figures and 
other visual materials protected by national and international laws rest with 
the authors. The authors take responsibility for any legal proceedings issued 
against the journal.

Rejected manuscripts will not be returned except for artwork.

To clarify scientific contributions and responsibilities and any conflict 
of interest issues relevant to the manuscript, all parts of the ‘Authors' 
Contribution’ form must be completed by the corresponding author and 
the‘ICMJE Uniform Disclosure Form for Potential Conflicts of Interest’ 
must be completed online by all authors. Both forms should be included in 
the manuscript at the time of original submission.

Guidelines: The format of the manuscripts must be in accordance with 
the ICMJE Recommendations for the Conduct, Reporting, Editing and 
Publication of Scholarly Work in Medical Journals (updated in December 
2014:http://www.icmje.org/icmje-recommendations.pdf).

The presentation of the manuscripts must be in accordance with 
international guidelines. CONSORT should be used for randomized trials, 
STROBE for observational studies, STARD for diagnostic studies, PRISMA 
for systematic reviews and meta-analyses, ARRIVE for animal studies, and 
TREND for non-randomized behavior and public health studies.
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Ethics: All manuscripts will be vetted by the Editor-in-Chief’s Office for 
possible plagiarism and duplication. Sanctions will be imposed in accordance 
with the guidelines of the Committee on Publication Ethics (COPE) when 
non-ethical issues arise. The authors must obtain the permission of the 
copyright holder for non-original tables, figures, graphs, images and other 
visuals.

The authors should acknowledge and provide detailed information on 
any contributions in kind and financial support given by any foundations, 
institutions and firms.

An ethics committee report prepared in conformity with the WMA 
Declaration of Helsinki - Ethical Principles for Medical Research Involving 
Human Subjects and the Guide for the Care and Use of Laboratory Animals 
is required to be submitted with experimental and clinical studies, drug trial 
studies and some case reports. Authors may be asked by the Editor-in-Chief’s 
Office for an ethics committee report or similar in other circumstances also. 
Manuscripts reporting the results of experimental studies must explain in 
detail all procedures which volunteer subjects and patients have undergone 
and a statement indicating that consent for the study has been obtained 
from all subjects should be included in the text. Animal studies should clearly 
specify how pain or discomfort has been relieved.

PREPARATION AND SUBMISSION OF MANUSCRIPTS

Manuscript files should be prepared with Microsoft Office Word. The 
online submission system will direct authors during all stages of submission 
and provide necessary support for accelerating the submission process. A 
list of the files that should be supplied through the online submission system 
is provided below.

1. Title Page
2. Main Text
3. Tables, Graphs and Figures
4. Copyright Transfer Form
5. Author Contribution Form

ICMJE Uniform Disclosure Form for Potential Conflicts of Interest

MANUSCRIPT TYPES

Contributions may be in the form of clinical and basic Original Research 
articles, Reviews, Short communications, Case reports, Letters to the 
Editor, Opinion papers, Technical notes and Editorial Comment. The 
Journal also publishes brief reports on original studies or evaluations, book 
reviews, and proceedings of scientific meetings.

Original Research: Consists of Title, Authors, their addresses, Abstract, 
Key Words, Introduction, Materials and Methods, Results, Discussion, 
Ethical Considerations (if necessary), Acknowledgements, Conflict of 
Interest, References, Figure Legends, Figures, and Tables. It should not 
exceed 5000 words excluding the references. The manuscript should have 
no more than 50 references and a total of 6 tables and/or figures. 

Review: Reviews prepared by authors with extensive knowledge on 
a particular field, which has been reflected in international literature by 
a high number of publications and citations, are evaluated. The authors 
may be invited by the Editor-in-Chief. A review should be prepared in the 
format describing, discussing and evaluating the current level of knowledge 
or topic that is to be used in the clinical practice and it should guide 
further studies. A review article consists of Title, Authors, their addresses, 
Abstract, Key Words, Introduction, Main Sections under headings written 
in bold and sentence case, Subsections (if any) under headings written 

in italic and numbered consecutively with Arabic numerals, Conclusion, 
Acknowledgements, Conflict of Interest, References, Figure Legends, 
Figures, and Tables. The manuscript should have no more than 75 references 
and a total of 6 tables and/or figures. Supplemental data are permitted for 
Review articles. Abstract should not include subheadings and should be 
limited to 300 words. Keywords section should contain a minimum of three 
and a maximum of six items in accordance with Medical Subject Headings 
(MeSH) terms prepared by the National Library of Medicine (NLM) and 
should be provided just below the abstract. Main Text should include 
Introduction, other subheadings and Conclusion sections and should be 
limited to 5000 words excluding the references. Tables, Figures and Images 
should be provided after the reference list according to their order of 
appearance in the text. 

NOTE: The originality of the visuals included in the reviews should 
be assured by submission of an accompanying letter by the authors. 
Appropriate citation should be done for the visuals adapted from previously 
published sources, in accordance with the original versions of the printed 
or electronic copies. The written permission obtained from the copyright 
holder (publisher, journal or authors) should be sent to the Editor-in-
Chief’s Office.

Short communications: These manuscripts are intended to concise and 
quick publishing of a new finding. Publishing of research articles under this 
concept is decided by the Editorial Board, providing that the authors adhere 
to the publishing format. The general format of this type of manuscript 
is similar to that of research articles except the word and reference 
limitations. For the short communications, main text should not exceed 
1,500 words and number of references should not exceed 15.

Case Report: Since a limited number of case reports is published, only 
reports which are related to rare cases and conditions that constitute 
challenges in diagnosis and treatment, offer new methods or suggest 
knowledge not included in books, and are interesting and educational 
are accepted for publication. A case presentation consists of Title, 
Authors, their addresses, Abstract, Key Words, Introduction, Patients 
and Methods, Results, Discussion, Conclusion, Ethical Considerations, 
Acknowledgements, Conflict of Interest, References, Figure Legends, 
Figures, and Tables. Main Text should not exceed 1500 words excluding the 
references. The reference list should follow the main text and the number 
of references should be limited to 15. Tables, Figures and Images should be 
provided after the reference list according to their order of appearance in 
the text and should be limited to two.

Letter to the Editor: Letters to the Editor aim to discuss the importance 
of a manuscript previously published in the journal. This type of manuscripts 
should also include a comment on the published manuscript. Moreover, 
articles on topics of interest to readers within the scope of the journal, 
especially on educational issues, can be published in the format of a Letter to 
the Editor. It consists of title, main text and references sections. Abstract, 
Keywords, Tables, Figures and Images, and other visuals are not included. 
Main Text should not include subheadings and it should be limited to 500 
words. The reference list should follow the main text and the number of 
references should be limited to five. The volume, year, issue, page numbers, 
authors’ names and title of the manuscript should be clearly stated, included 
in the list of references and cited within the text.

Opinion papers: Opinions on the topics within the scope of the 
journal that are prepared by the experts are published in this section. An 
opinion consists of Title, Authors, their addresses, Abstract, Key Words, 
Introduction, Discussion, Conclusion, Ethical Considerations (if necessary), 
Acknowledgements, Conflict Of Interest, References, Figure Legends, 
Figures, and Tables. Editorial Board decides the eligibility of an opinion with 
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respect to its concept and language. For the opinions, main text should 
not exceed 1,500 words and number of references should not exceed 15.

Technical reports: Manuscripts on development and application of new 
methodologies are published in this category. A technical report consists of 
Title, Authors, their addresses, Abstract, Key Words, Introduction including 
the main aspects of the method involved, Materials and Methods, Results, 
Discussion, Ethical Considerations (if necessary), Acknowledgements, 
Conflict of Interest, References, Figure Legends, Figures, and Tables. Data 
analysis should be presented in Materials and Methods. Clinical technical 
reports should include and discuss the clinical significance of values and 
their deviations. For the technical reports, main text should not exceed 
1,500 words and number of references should not exceed 10.

Editorial Comment: Authors are selected and invited by the Editor-
in-Chief. This type of manuscript aims at providing a brief commentary 
on an article published in the journal by a researcher who is an authority 
in the relevant field or by the reviewer of the article. It should consist 
of title, main text and references sections. Main Text should not include 
subheadings and should be limited to 500 words. The reference list should 
follow the main text and the number of references should be limited by 
15. Abstract, Keywords, Tables, Figures, Images and other visuals are not 
included in editorial comments.

PREPARATION OF MANUSCRIPTS

Manuscripts should be prepared according to the above mentioned word and 
reference limitations and other related information. Language: Manuscripts 
should be written in clear and concise English. Please have your text 
proofread by a native English speaker before you submit for consideration.

The manuscripts submitted to our journal are classified and evaluated 
according to the manuscript types stated below. During preliminary 
evaluation, the editors assess whether a manuscript’s format and sub-
headings are prepared in accordance with the journal’s guidelines. Therefore, 
it is important that authors check the accuracy of the main text in terms of 
the following.

Title Page: Title should be concise and informative and reflect the content 
of the manuscript and should not exceed 15 words. Avoid abbreviations 
and formulae where possible. It should be written in sentence case; that 
is, first letter of the initial word should be written in capital letter and rest 
of the title should be typed with lower case letters except proper nouns 
and abbreviations.

Information about the authors and their institutions should not be included in 
the main text, tables and figures . Since submitted manuscripts are evaluated 
by the reviewers through the online system, personal identification is 
excluded in the interests of unbiased interpretation. Thus, only information 
about the manuscript as specified below should be included on the title 
page. For each type of manuscript, it is mandatory to upload a title page as a 
separate Microsoft Word document through the online submission system. 
The title page should include the names of the authors with their latest 
academic degrees, and the name of the department and institution, city 
and country where the study was conducted. If the study was conducted 
in several institutions, the affiliation of each author must be specified with 
symbols. The first letters of authors’ names and surnames should begin with 
capital letter and the rest should be written in lower case letters. If there is 
more than one author, corresponding author should be indicated. 

The correspondence address should contain the full name of the 
corresponding author, postal and e-mail addresses, phone and fax numbers. 
If the content of the manuscript has been presented before, the name, 
date and place of the meeting must be noted. Disclosure of conflict of 
interest, institutional and financial support, author contributions and 
acknowledgments should be included on the title page.

Structured Abstract: It should be structured with Objective, Methods, 
Results and Conclusion subheadings and should be limited to 300 words. 
The abstract should state briefly the purpose of the research, the 
principal results and major conclusions. An abstract is often presented 
separately from the article, so it must be able to stand alone. For this 
reason, References should be avoided. Also, non-standard or uncommon 
abbreviations should be avoided, but if essential they must be defined at 
their first mention in the abstract itself. Level of evidence has to be stated 
at the end of the abstract as a separate paragraph. 

Keywords: This section should contain a minimum of three and a maximum 
of six items in accordance with Medical Subject Headings (MeSH) terms 
prepared by the National Library of Medicine (NLM) and should be placed 
just below the abstract.

Main Text: Text should be prepared with MS Word document. All text 
should be written with Arial font type at 12 font size and double spaced 
on A4 sized paper with 1 cm right margin and 3 cm other margins. Header 
and/or footer should not be inserted in the text except that the pages 
should be numbered with Arabic numerals. Main text should consist of 
title, introduction, materials and methods, results and discussion

Introduction: State the objectives of the work and provide an adequate 
background, avoiding a detailed literature survey or a summary of the 
results. The unnecessary details and excessive references should be avoided. 
Hypothesis and the aim of the study should be stated in the introduction.

Material and methods: Provide sufficient detail to allow the work to be 
reproduced. Methods already published should be indicated by a reference: 
only relevant modifications should be described. Design and place of 
the study, subjects/patients, if applicable, information on the treatment 
procedures, statistical methods and information on the adherence to the 
ethical rules should be indicated.

Statistical analysis should be conducted in accordance with the guidelines 
on reporting statistical data in medical journals. The software used 
for statistical analysis must be described. The outcomes of statistical 
analyses and interpretation of the results must be in evidence-based 
scientific language. Statistics- statistical methods should be explained in 
detail in the Materials and Methods so that if original data is given, the 
results can be verified. If possible, quantitative results should be given 
and appropriate indicators should be used to indicate measurement 
error or uncertainty.

Results: Results should be clear and concise. Results must be concise 
and include figures and tables. Descriptive statistics should be compatible 
with the nature of data and statistical analyses used. The graphs should be 
prepared to reflect the important features of data. Please avoid excessive 
figures and tables.

Tables, Graphs and Figures

• Tables, Graphs, Figures and other visuals should be numbered in the 
order of their citation within the text and names of patients, doctors 
and institutions should not be disclosed.

• Tables should be prepared in a Microsoft Office Word document 
using the command ‘Insert Table’ and inserted at the end of the 
references in the main text.

• Tables should not be submitted in JPEG, TIFF or other visual formats. 
For microscopic images, the magnification ratio and staining technique 
used should be specified in addition to figure legends.
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• Roman numbers should be avoided in tables and figures within 
the text and their titles. Each table should be clearly labeled and 
numbered consecutively with Arabic numerals (Table 1, Table 2, etc.). 
The abbreviations used must be defined. As with the text, reporting 
of concentration units consists of analyte concentrations expressed 
in the text in the traditional mass unit (mg/dL, ng/ml, and so forth) 
followed by the SI unit in parentheses

• The thickness of the lines in graphs should be sufficient to minimize 
loss of quality if size reduction is needed during the printing process. 
The width of the graphs should be 9 cm or 18 cm. Drawings should be 
performed by professionals. No grey colours should be used.

• Abbreviations should be explained in alphabetical order at the bottom 
of the tables, graphs and figures.

• Explanations should be at the bottom of the table as footnotes.

• Tables should not be divided into parts. Separate parts (Table 1A, 
Table 1B, etc.) will be considered separate tables and will count 
toward your overall table/figure count.

• Table captions should be limited to 60 words.

• Tables should be easily understandable and should not repeat the data 
in the main text.

• In addition to the pictures included in case reports and original images, 
video and movie images are published on the journal’s website. These 
images should be prepared in MPEG format with a maximum size of 
2 MB. They should be submitted to the journal with the manuscript 
documents. The names of patients, doctors, institutions and places 
should be omitted from all documents.

• All figures must be uploaded separately as image files in Tagged Image 
File Format (.TIFF) or Encapsulated Postscript (.EPS). Microsoft 
Power Point (.PPT) is also acceptable; however, the graphics must 
contain embedded fonts with one image per slide, one slide per file. 
Each image should have a resolution of 600 dots-per-inch (dpi).

• Indicate each footnote in a table with a superscript lowercase letter.

Discussion: This should explore the significance of the results of the 
work, not repeat them. A combined Results and Discussion section is 
often appropriate. Avoid extensive citations and discussion of published 
literature.

Conclusions: The main conclusions of the study may be presented in a 
short Conclusions section, which may stand alone or form a subsection of 
a Discussion or Results and Discussion section.

Appendices: If there is more than one appendix, they should be identified 
as A, B, etc. Formulae and equations in appendices should be given separate 
numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. (B.1) and 
so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Abbreviations: Define abbreviations that are not standard in this field in 
a footnote to be placed on the first page of the article. Such abbreviations 
that are unavoidable in the abstract must be defined at their first mention 
there, as well as in the footnote. Ensure consistency of abbreviations 
throughout the article.

Acknowledgements: Collate acknowledgements in a separate section at 
the end of the article before the references and do not, therefore, include 
them on the title page, as a footnote to the title or otherwise. Financial 
and/or technical (running of tests, evaluation of results, providing language 
help, writing assistance or proof reading the article, etc.) supports of the 

study should be mentioned following Ethical Considerations including the 
project number. If the study originates from a thesis or has been previously 
presented in a meeting, this should also be indicated in this section. 
Contribution of each author should be declared in this section.

Nomenclature and units: Follow internationally accepted rules and 
conventions: use the international system of units (SI). If other quantities 
are mentioned, give their equivalent in SI. Authors wishing to present a 
table of nomenclature should do so on the second page of their manuscript. 
You are urged to consult IUB: Biochemical Nomenclature and Related 
Documents for further information. 

Footnotes: It should be used sparingly. Number them consecutively 
throughout the article, using superscript Arabic numbers. Many word 
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The relationship between serum vitamin D levels and 
hematological inflammatory indices in patients with heart 
failure

Heart failure (HF) is a clinical syndrome that occurs as a re-
sult of structural and/or functional abnormalities in the 

heart. It can lead to the impairment of ventricular filling and/
or ejection. Multiple processes, including those involving my-
ocardial damage and ventricular remodeling, are involved in 
the pathogenesis of HF [1].

Inflammation is one of the major pathophysiological con-
tributors to both acute and chronic heart failure (CHF) [1]. 
The activation of neurohormonal systems and hemody-
namic overload may trigger myocardial inflammatory re-
sponses [1, 2]. Consequently, inflammatory activation plays 
an important role in CHF disease progression through my-

Objectives: Recent studies have suggested that chronic systemic inflammation increases the risk of development and 
progression of heart failure (HF). Vitamin D may contribute to the pathogenesis of HF by modulating inflammatory 
pathways. Changes in brain natriuretic peptide (BNP) levels are critical for the diagnosis and assessment of HF severity. 
We aimed to investigate the association between serum vitamin D levels, BNP, and novel hematological systemic in-
flammation indices in chronic heart failure (CHF) patients.
Methods: In this retrospective study, we report data from 187 participants admitted to the outpatient clinic, with 
85 CHF and 102 without CHF (control group). Vitamin D, BNP, and complete blood cell samples were analyzed. Novel 
hematological systemic inflammation indices—the systemic immune-inflammation index (SII; neutrophil × platelet / 
lymphocyte), the systemic inflammation response index (SIRI; neutrophil count × monocyte/lymphocyte count), the 
pan-immune-inflammation value (PIV; neutrophil count × platelet count × monocyte count)/lymphocyte count, mono-
cyte-to-lymphocyte ratio (MLR), and platelet-to-lymphocyte ratio (PLR)—were calculated.
Results: Binomial logistic regression showed that only MLR was significantly associated with CHF (P < 0.001). A weak, nega-
tive, and statistically significant correlation was found between BNP and vitamin D (r=-0.185, p=0.011) levels. There was a weak 
negative correlation between vitamin D and PLR (r=-0.196, p=0.007), PIV (r=-0.145, p=0.048), and SIRI (r=-0.156, p=0.033).
Conclusion: An independent association between systemic hematological inflammatory indicators and vitamin D with 
the severity of CHF expressed by elevated BNP levels was revealed.
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ocardial contractile dysfunction, hypertrophy, apoptosis, 
and remodeling [3, 4].
Measurements of blood cell count levels associated with 
maintaining a subclinical inflammatory environment are inex-
pensive markers for detecting inflammatory activity. Chronic 
sterile inflammation plays a critical role in cardiac hypertro-
phy and cardiac failure [5]. Neutrophilia, lymphocytosis, and 
thrombocytopenia are common findings in patients with 
acute or chronic HF, regardless of etiology [6–8]. Circulating 
inflammatory cells correlate with the severity of CHF [9, 10].
Changes in natriuretic peptide concentrations, either brain 
natriuretic peptide (BNP) or N-terminal pro-B-type natriuretic 
peptide (NTproBNP), are critical for the diagnosis of HF, accu-
rate assessment of prognosis, and assessment of HF severity 
[11, 12]. BNP secretion is mainly dependent on ventricular 
volume expansion and pressure overload. BNP levels provide 
objective inclusion criteria for clinical trials [12]. Natriuretic 
peptides are also elevated in inflammation as a protective 
mechanism to maintain inflammatory homeostasis [13].
In clinical practice, novel systemic inflammatory hematological 
indices that reflect a balance between the host's inflammatory 
and immune responses are used for predicting outcomes in 
patients with acute HF [14, 15]. Recent research has raised the 
possibility that inflammatory markers may be complementary 
biomarkers of CHF [1, 16], which can be simply calculated with 
the data obtained from the complete blood count. The sys-
temic immune-inflammation index (SII; neutrophil × platelet / 
lymphocyte), the systemic inflammation response index (SIRI; 
neutrophil count × monocyte / lymphocyte count), the pan-
immune-inflammation value (PIV; neutrophil count × platelet 
count × monocyte count) / lymphocyte count, and platelet-
to-lymphocyte ratio (PLR) based on lymphocyte, neutrophil, 
and platelet counts, may more comprehensively represent the 
inflammatory state [14–18].
Vitamin D has effects on the cardiovascular system as well as 
its well-known effects on bone health and metabolism [19]. 
Additionally, recent data have revealed the effects of vitamin 
D on innate and adaptive immunity [19, 20].
An association between an increased risk of developing HF and 
vitamin D deficiency has been observed in patients [21–23]. It 
has also been suggested that vitamin D may contribute to the 
pathogenesis of HF by modulating inflammatory pathways [24].
We aimed to investigate the associations between serum vita-
min D levels, novel hematological systemic inflammation, and 
B-type natriuretic peptide (BNP) levels in CHF patients.

Materials and Methods
Our study protocol was approved by the institutional ethics 
committee (2011-KAEK-25 2022/11-19).
In this retrospective study, we reviewed the medical records of 
all patients with confirmed CHF diagnoses who were admitted 
to the outpatient department of Bursa Yuksek Ihtisas Educa-
tion and Research Hospital between September 1, 2021, and 

March 30, 2022. Among the 11,000 patients who had blood 
BNP levels measured, outpatients with simultaneous blood 
collections for BNP, complete blood cell count, and vitamin D 
were included. Those with BNP levels between 100 to 500 pg/
mL and those with incomplete medical records were excluded.
We included a total of 187 participants in the study, all at 
least 18 years of age. These participants were divided into 
two groups according to their BNP levels. The BNP concen-
trations in patients with and without CHF were between 
518–8374 pg/ml and <100 pg/ml, respectively. The compari-
son group was composed of patients admitted to the outpa-
tient clinic for control purposes.
The patients' demographic characteristics, medical histories, 
and blood test results were collected from the hospital's med-
ical records. We excluded patients with acute coronary syn-
drome, active cancer, end-stage kidney disease, total white 
blood counts exceeding 1.0×104 cells/μL, active viral or bacte-
rial infections, or any history of hematological diseases.
The complete blood cell samples were analyzed using an 
automated hematology analysis system (Mindray BC-6000 
hematology analyzer; Mindray, Shenzhen, China). The BNP 
concentrations were measured using an Abbott Architect An-
alyzer (Abbott, Chicago, Illinois).
SII was calculated as follows: neutrophil × platelet / lympho-
cyte [17]. SIRI was defined as neutrophil count × monocyte / 
lymphocyte count [14]. The pan-immune-inflammation value 
(PIV) included all the immune-inflammatory cells in the pe-
ripheral blood count: (neutrophil count × platelet count × 
monocyte count) / lymphocyte count [18]. Monocyte-to-lym-
phocyte ratio (MLR), neutrophil to lymphocyte ratio (NLR), 
platelet-to-lymphocyte ratio (PLR), and red cell distribution 
width to platelet ratio (RDW to PLT) were calculated from whole 
blood counts [10,14–18]. Due to the retrospective nature of 
the study, we could not include other inflammatory markers 
such as C-reactive protein, fibrinogen, interleukins, and others.

Statistical analysis
The statistical software package SPSS 21.0 (SPSS, Chicago, IL) 
was used to conduct the statistical analysis. The character-
istics of the study sample were reported using descriptive 
statistics. The Kolmogorov-Smirnov test was used to test for 
normal distribution. Groups were compared using Student's 
t-test or Mann-Whitney U test for continuous variables and 
chi-squared test for categorical variables. Pearson corre-
lation analysis was used to verify the correlation between 
selected variables. Correlation coefficients (r) were deemed 
statistically significant when the p-value was <0.05. Binomial 
logistic regression analysis was performed to quantify the 
correlation between variables and CHF.

Results
The study included 187 patients admitted to the outpatient 
department, of which 85 had CHF and 102 did not. The de-
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mographic, clinical, and laboratory parameters of the two 
groups are presented in Table 1. The median age of the study 
sample was 67 years (IQR: 19), and 48% of the patients were 
male (97 females, 90 males). Vitamin D levels were lower in 
CHF patients (p<0.001), and the inflammatory indices NLR, 
MLR, PLR, SII, SIRI, PIV, and RDW to PLT were significantly 
higher in CHF patients than in the control group (p<0.001). 
Binomial logistic regression analysis showed that only 
MLR was significantly associated with CHF (p<0.001), but 
other hematological indices were statistically insignificant 
(p>0.005), and vitamin D is not an independent risk factor for 
CHF. Data from the two groups were pooled to analyze the 
relationships between vitamin D and BNP using other hema-
tological parameters (Table 2). The correlation between BNP 
and MLR (r=0.485, p<0.001), SIRI (r=0.504, p<0.001), and 
PIV (r=0.423, p<0.001) was higher than the correlation with 
other inflammatory indexes. There was a very weak negative 
correlation between vitamin D and PLR (r=–0.196, p=0.007), 
PIV (r=–0.145, p=0.048), and SIRI (r=–0.156, p=0.033).

Discussion
The present study had four main findings. First, we found 
lower serum vitamin D levels in CHF patients compared to 
control subjects. This finding is confirmed by a number of 
previous studies suggesting that insufficient vitamin D sta-
tus may increase the risk of HF [21–26]. We also found a weak 
negative correlation between BNP levels and vitamin D levels 
[25–27]. These patients are at risk of having low serum vitamin 
D levels due to their limited exercise capacity and inadequate 
exposure to sunlight. Additionally, we observed a positive re-
lationship between BNP concentration and hematologic in-
flammatory indices in patients with CHF, a finding supported 
by previous reports [1–3, 14, 28].
The most important finding of our study was that complex 
hematological indices better elucidate the relationship be-
tween vitamin D and inflammation in patients with CHF than 
single-cell counts. Blood cell count differences are either a 
cause or a consequence of CHF. Neutrophils act on cardiac 
hypertrophy by regulating hypoxic stress in the myocardium 
[29]. A higher monocyte count is associated with a greater de-
gree of ventricular remodeling [30, 31]. Lymphocyte apopto-
sis is stimulated in CHF [32]. The present results are consistent 
with previous studies demonstrating that MLR is an indepen-
dent risk factor for CHF and predicts hospitalization [33, 34]. 
PLT count levels could also be related to maintaining a low 
inflammatory environment and could change due to several 
factors [35]. Pulmonary congestion in HF may inhibit platelet 
hematopoiesis in the lungs [36]. Although all these blood cells 
are involved in the same general process, none are specific to 
CHF. Hematological indices involve ratios of different but com-
plementary immunological pathways, which is why they can 
adequately reflect a patient's inflammatory state.
Recent data also show a correlation between decreased vi-
tamin D and other inflammatory markers, such as C-reactive 

protein and fibrinogen [37]. However, they usually reflect 
acute inflammation, whereas complex hematological markers 
could better reflect the long-term inflammatory state of CHF. 
These markers could be auxiliary biomarkers of severity and 
may represent a treatment target [8, 38].

Table 1: Demographic and laboratory parameters in patients 
with and without CHF

Parameter CHF Control p 
  group group 
  (n=85) (n=102) 
  median (IQR)  median (IQR)

Age (years) 69 (23) 64 (19) 0.083
Sex
 Female 39  58 0.144
 Male 46 44 
BNP (pg/mL) 1288 (1711)  29 (20) <0.001
Vitamin D (ng/mL) 10.8 (18) 17.3 (11) <0.001
Total WBC (×109/L) 7.7 (2.8) 7.0 (2.9) 0.068
Neu (×109/L) 5.5 (1.7) 4.3 (2.1) <0.001
Lym (×109/L) 1.1 (0.9) 2.0 (0.7) <0.001
Mono (×109/L) 0.49 (0.30) 0.46 (0.25) <0.001
PLT (×109/L) 237 (119) 253 (90) 0.024
NLR 4.76 (3.54) 1.94 (0.95) <0.001
MLR 0.41 (0.40) 0.21 (0.19) <0.001
SII  1078 (1109) 491 (284) <0.001
SIRI 2.05 (2.01) 0.92 (0.68) <0.001
PIV 531 (594) 214 (226) <0.001
RDW to PLT 0.067 (0.032) 0.055 (0.022) <0.001

CHF: Chronic heart failure; IQR: Interquartile range; BNP: Brain natriuretic peptide; 
WBC: White blood cell; Neu: Neutrophil; Lym: Lymphocyte; Mono: Monocyte; PLT: 
Platelet; NLR: Neutrophil to lymphocyte ratio; MLR: Monocyte to lymphocyte ratio; 
SII: Systemic immune-inflammation index; SIRI: Systemic inflammatory response 
index; PIV: Pan immune inflammation value; RDW to PLT: Red cell distribution 
width to platelet.

Table 2. Correlation of BNP and vitamin D and inflammatory 
indices

  BNP   Vitamin D

 rho  p rho  p

Vitamin D  –0.185  0.011*
Neu  0.409  <0.001** –0.81  0.269
Lym  –0.405  <0.001** 156  0.33
NLR 0.368  <0.001 –0.176  0.16
MLR 0.485  <0.001** –0.176  0.16
PLR 0.361  <0.001** –0.196  0.007*
SII 0.324  <0.001** –0.145  0.048*
SIRI 0.504  <0.001** –0.156  0.033*
PIV 0.423  <0.001** –0.145  0.047*
RDW to PLT 0.053  0.472 –0.030  0.688

*: Correlation is significant at the 0.05 level; **: Correlation is significant at the 0.01 
level. PLR: Platelet to lymphocyte ratio.
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A study by Tabatabaeizadeh et al.[39] demonstrates that 
high-dose supplementation of vitamin D leads to reduc-
tions in NLR levels. However, anti-inflammatory clinical trials 
have shown limited success in patients with CHF [40]. The 
complexity of inflammatory responses may partially explain 
these unsatisfactory results.

Limitations
The main limitation of our study is that it was conducted retro-
spectively at a single center. Second, the study was based on 
data from patients' medical histories, and other inflammatory 
markers could not be included. Furthermore, the effects of co-
morbidities, rheumatological diseases, smoking status, the ef-
fects of the drugs patients used, and vitamin D ingestion were 
not taken into account. The number of patients evaluated 
is very low, and causal relationships cannot be established 
from this observational study. Well-designed, larger prospec-
tive multicenter studies with more comprehensive data are 
needed to confirm the findings of this study.

Conclusion
An independent association between systemic hematological 
inflammatory indicators and vitamin D with the severity of CHF 
expressed by elevated BNP levels was revealed. These results may 
contribute to a better understanding of how patients' inflamma-
tory responses could be related to vitamin D levels. They could 
also lead to further studies that will elucidate this relationship.
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Effect of dapagliflozin on oxidative stress in heart embryonic 
H9c2 cardiomyocytes

Dapagliflozin (DAPA), a sodium-glucose cotransporter 2 
(SGLT-2) inhibitor, has been shown to have favorable ef-

fects on cardiac events such as cardiovascular death or hospi-
talization for heart failure (HF) in patients with type 2 diabetes 
mellitus (T2DM), along with a reduced risk of cardiovascular 
events [1, 2]. However, the cardiovascular safety of DAPA was 
studied in comparison to placebo and other drugs across a total 
of 21 studies, including 2 involving a large number of patients 
with a history of cardiovascular disease (CVD) [3]. The primary 
endpoints were the timing of cardiovascular death, hospitaliza-

tion for myocardial infarction, stroke, or unstable angina, with 
secondary endpoints including unplanned coronary revascu-
larization and hospitalization for HF in addition to the primary 
endpoints. When all the data were combined, it was concluded 
that cardiovascular risk would not increase with the use of 
DAPA [3]. DAPA may also attenuate cardiotoxicity by reducing 
oxidative stress, mitochondrial dysfunction, fibrosis, hypertro-
phy, and inflammation through PI3K/AKT/Nrf2 signaling [4, 5].
The mechanism of methotrexate (MTX)-induced cardiotoxic-
ity is attributed to free radical formation, stimulation of lipid 
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lipid hydroperoxide (LOOH), superoxide dismutase (SOD), total thiol (T-SH), and total antioxidant capacity (TAC) as ox-
idative stress parameters in heart embryonic H9c2 cardiomyocytes.
Methods: H9c2 cardiomyocyte cells were treated with methotrexate (MTX) (10-0.160 μM) and DAPA (10-0.150 µM). The 
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peroxidation, and subsequent alteration of cellular membrane 
integrity. This hypothesis is supported by the reported cyto-
protective effect of antioxidants against MTX toxicity [6, 7].

Oxidative stress is a condition in which reactive oxygen-
containing compounds are present in higher numbers than 
under normal conditions within a cell or group of cells [8]. 
Oxidative stress is a contributing factor in chronic CVD [8, 9] 
and is particularly significant in cardiovascular aging [10]. In 
recent years, many studies have focused on the role of var-
ious drugs in eliminating oxidative stress and reducing the 
damage caused by MTX [4, 5, 11, 12].

However, the exact mechanisms by which these favorable 
effects occur on MTX-induced cardiomyopathy are not fully 
understood. In our study, we aimed to determine the effects 
of DAPA treatment on MTX-induced oxidative stress by mea-
suring (MDA), (LOOH), (SOD), (T-SH), and (TAC) as oxidative 
stress levels before and after DAPA treatment in H9c2 car-
diomyocyte cells.

Materials and Methods
All chemicals used in the study were provided by Sigma-
Aldrich, Istanbul, Türkiye.

Cell culture and treatment
H9c2 (2–1) cardiomyocyte cells were purchased from The 
American Type Culture Collection (ATCC). Cells were cultured 
in DMEM supplemented with 10% heat-inactivated FBS and 
antibiotics (100 U/mL penicillin and 100 U/mL streptomycin) 
at 37˚C in a humidified atmosphere containing 5% CO2. The 
cells were subcultured with 0.25% trypsin-EDTA. The trypsin-
EDTA-cell suspension was centrifuged at 120xg for 5 minutes. 
After centrifugation, the supernatant was discarded, fresh 
medium was added to the cell pellet, and cells were seeded 
into 96-well plates at 1×104/well. The effects on cell viabil-
ity were analyzed by applying MTX and DAPA (Forziga®As-
traZeneca, Türkiye) at different concentrations and times.

Cell viability assay
Cell viability was determined using the MTT reduction assay. 
Briefly, H9c2 cells were incubated with DMEM containing 10% 
FBS overnight in 96 well plates at a density of 1×104 cells/well. 
After reaching 80% confluence, the cells were washed twice 
with D-PBS and incubated with medium containing various 
concentrations of MTX (10, 5, 2.5, 1.25, 0.625, 0.312, and 0.156 
μM) and DAPA (100, 50, 25, 12.5, 6.25, 3.125, and 1.562 μM) for 
24, 48, and 72 hours at 37˚C in a humidified atmosphere con-
taining 5% CO2. The medium was removed, and 100 μL DMEM 
and 20 μL MTT (5 mg/mL) was added to each well for 3 hours. 
The formazan crystals formed in intact cells were dissolved in 
100 μL DMSO. Absorbance was recorded at a wavelength of 
490 nm and at a reference wavelength of 570 nm using a mi-
croplate reader (Multiskan GO-Thermo). Using optical density 

(OD) values, IC50 and EC50 values for MTX and DAPA were cal-
culated as 2.2 µM and 10 µM for 48 hours respectively with the 
GraphPad Prism 9 program.

Experimental groups
Groups were formed to include control, 2.2 µM MTX, 10 µM 
DAPA, and 2.2 µM MTX+10 µM DAPA. Cells were seeded at 
3–4×105 cells/well on 6-well plates for each group. 24 hours 
after cell seeding, the control group was replaced with nor-
mal medium, and the others with medium containing MTX 
and DAPA alone or in combination at the given concentra-
tions. While the other groups were incubated for 48 hours, 
the MTX+DAPA group was treated with DAPA for 48 hours 
after 48 hours of MTX. At the end of the experiment, cell 
lysates were prepared for the measurement of oxidative 
stress parameters from all groups.
All measurements related to the cell culture model, cell vi-
ability assay, cell lysate preparation, and oxidative stress 
were done as clearly stated in our previous studies [11, 12]. 
Differently, the cells were incubated with MTX in complete 
culture medium for 48h prior to the addition of DAPA. H9c2 
(2–1) cardiomyocyte cells were treated with DAPA (Forzi-
ga®AstraZeneca, Türkiye) (10–0.153 µM) for 24, 48, and 72h 
at 37˚C in a humidified atmosphere containing 5% CO2. DAPA 
was dissolved in DMSO. 2.7 µM MTX and 2.5 µM DAPA were 
used for 48 hours. The cell viability was calculated by consid-
ering the control as 100%.

Cell lysate preparation
Using 1xRipa lysis buffer and a protease inhibitor cocktail 
set (Merck KGaA, Darmstadt, Germany), a cell lysate from all 
groups was created at the conclusion of the experiment. 300 
µL of Ripa lysis buffer (0.5M Tris-HCl, pH 7.4, 1.5M NaCl, 2.5% 
deoxycholic acid, 10% NP-40, 10mM EDTA) together with a 
protease inhibitor cocktail (1:200) were added after the cells 
had been washed twice with cold 1xPBS. The cells were lysed 
by pipetting on ice, and the cell suspension was incubated 
for 30 minutes at +4°C in a shaking water bath. It was then 
centrifuged at 14000×g for 30 minutes at +4°C. After centrifu-
gation, the supernatants were transferred to fresh Eppendorf 
tubes, and the resulting cell lysates were stored in a deep 
freezer at –80°C until measurement.

Oxidative stress parameters
Each experimental group was repeated at least three times. 
Lipoperoxidation was ascertained by the formation of malon-
dialdehyde (MDA), which was estimated using the modified 
thiobarbituric acid (TBA) method [13]. LOOH levels were de-
termined spectrophotometrically according to the method of 
ferrous oxidation with xylenol orange version 2 (FOX2) [14]. 
Cu, Zn-SOD activity was determined using the method of Sun 
et al. [15] by inhibition of nitroblue tetrazolium (NBT) reduc-
tion, with xanthine/xanthine oxidase used as a superoxide 
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generator. T-SH levels were determined using 5,5’-dithiobis 
(2-nitrobenzoic acid) (DTNB) as introduced by Hu [16]. The 
non-enzymatic TAC levels were measured with the ferric re-
ducing antioxidant power assay and were performed accord-
ing to the protocol of Benzie and Strain [17].

Statistical methods
All statistical analyses were carried out using the Statistical 
Package for the Social Sciences (SPSS) v. 22.0 (IBM, Armonk, 
NY, USA) package program. The distribution of all analyzed 
parameters was confirmed using the Shapiro-Wilk test. All pa-
rameters were normally distributed and expressed as mean± 
standard deviation. One-way ANOVA and the Tukey test as 
post-hoc were used in the comparison of groups. Correlation 
analysis was performed using Spearman's correlation analysis. 
Correlation/scatter graphs were plotted with Jamovi 2.3.18. A 
p-value below 0.05 was considered significant.

Results
The results of an MTT assay demonstrated that the number 
of viable cells decreased in response to increased concen-
tration and times (24, 48, and 72 hours) of MTX treatment 
(Fig. 1). Conversely, the number of viable cells increased 
in response to increased concentration and times of DAPA 
treatment (Figs. 2, 3).

MDA (p<0.001; p<0.05, respectively) and LOOH (p<0.001 for 
both) levels were significantly lower in the control and DAPA 

groups compared to the MTX groups, while SOD (p<0.001 for 
both), T-SH (p<0.001; p<0.01, respectively), and TAC (p<0.01; 
p<0.05, respectively) were significantly higher in the con-
trol and DAPA groups compared to the MTX groups. There 
was no significant difference between the control and DAPA 
groups in other parameters except for MDA. However, MDA 
levels were significantly higher in the DAPA group (p<0.05) 
compared to the control group (Table 1).
There was a negative correlation between MDA and SOD (r: 
–0.814; p: 0.014) in the DAPA treatment group (Fig. 4). No cor-
relation was observed between other oxidative parameters.

Discussion
In the present study, we found that in MTX-induced H9c2 
cells, MDA and LOOH levels significantly increased, while Cu/
Zn-SOD, T-SH, and TAC levels significantly decreased. These 
results indicate that the activation of systemic reactive oxy-
gen species (ROS) triggers a sequence of events leading to 
cardiomyopathy. To the best of our knowledge, this is the first 
study to show that DAPA administration was able to improve 
oxidative stress induced by MTX. DAPA achieved this goal by 
reducing oxidative stress, increasing antioxidant status, and 
preventing cellular injury.
Free radicals, which occur during normal metabolism or 
pathologically, cause many damages in cells and tissues. 
Since oxidative damage caused by ROS affects biomolecules 
such as proteins, lipids, and nucleic acids, tests for oxidative 
products of these biomolecules have been used for many 

Figure 1. Time- and dose-dependent effects of MTX and DAPA in cell viability in H9c2 cells as 
% of control.
Data are presented as the mean±standard error of the mean (n=8). MTX: Methotrexate; DATA: Dapagliflozin.
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years in demonstrating oxidative stress [18]. Recent studies 
suggested that oxidative stress [19] may be held responsible 
for the development of coronary artery disease (CAD). The 
heart is one of the most vulnerable organs to oxidative stress 
due to its specific structure and function [20]. It is clear that 
the production of ROS in cardiac dysfunction is a major fac-
tor contributing to heart diseases including cardiomyocytes, 
endothelial cells, and neutrophils [21].

The relationship between oxidative stress and atherosclerosis 
has been investigated by various research groups both in hu-
mans and experimental animals [22]. In many studies where 
MDA was used as a marker, high levels of MDA were observed 
to play an important role in the development of atherosclerosis 
in rabbit aorta, and a positive correlation was found between 
atheromatous plaques and MDA levels [23]. On the other 
hand, blood samples were generally used in human studies 
and lipid peroxidation indicators were mostly analyzed. Many 
studies have shown that MDA, diene conjugates, or LOOHs 
increase in serum in atherosclerotic CVD [24–26]. In our pre-
vious studies [11, 12], MDA and LOOH levels were found to be 
increased in H9c2 rat cardiomyocyte cells by MTT assay. Su et 
al. [27] detected increased MDA activity and decreased SOD 
activity in H9c2 cells after H2O2 stimulation. Zilinyi et al. [28] 
showed that injection of 6×3 mg/kg doxorubicin (DOX) was 
associated with considerably elevated MDA levels compared 
to the control group. In line with the literature, our results also 
show increased oxidative stress evidenced by elevated MDA 
and LOOH levels in MTX-treated H9c2 rat cardiomyocyte cells.

Studies have investigated the healing and antioxidant effects 
of DAPA on endothelial cells. DAPA has been reported to im-
prove cell functions due to positive effects on oxidative stress 
[29, 30]. According to TAC and total oxidant status (TOS) analy-
sis, DAPA increased TAC, but not TOS, in cultured human blood 
cells [31]. An animal study showed that DAPA administration 
attenuated macrophage polarization in infarcted rat hearts 
by regulating macrophage polarization via the STAT3-signal-
ing pathway [32]. Solini et al. [33] reported significant reduc-
tions in blood pressure (BP) and oxidative stress due to the 
acute effects of DAPA on systemic and renal vascular function. 

Figure 3. Protective effects of DAPA against MTX-induced decrease 
in cell viability in H9c2 cells as % of control.
Data are presented as the mean±standard error of the mean (n=8).

Figure 2. Protective effects of DAPA against MTX-induced decrease in cell viability in H9c2 cells 
as % of control.
Data are presented as the mean±standard error of the mean (n=8).
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Shigiyama et al. [34] monitored T2DM patients using met-
formin by adding DAPA to their treatment and reported that 
urine 8-hydroxy-2‘-deoxyguanosine, a biomarker of oxida-
tive stress, was significantly lower and endothelial functions 
were better in the DAPA group than in the metformin group 
at 16 weeks. Buyukaydin et al. [35] demonstrated that pa-
tients using SGLT2 inhibitors (empagliflozin or dapagliflozin) 
had statistically higher total antioxidant status (TAS) levels in 
T2DM patients. While increased TAS may appear to be related 
to lower glucose values, there was no statistically significant 
difference in HbA1c between patients using SGLT2 inhibitors 
or not. DAPA has been reported to reduce mitochondrial ROS 
formation in aortic tissues and also to prevent atherosclerosis 
formation and suppress macrophage infiltration [36]. DAPA 
also suppressed high-glucose-induced oxidative stress in cul-
tured mProx24 cells [37]. In addition to modulating inflam-
mation, endothelial activation, and oxidative damage, DAPA 
regulated tubular ion channel expression and the non-classic 
renin-angiotensin-aldosterone system (RAAS) [38].

Limitations of the study
Our study has some limitations. The most significant short-
coming is the lack of transmission electron microscopic data. 
Another limitation is the absence of in vivo (animal and hu-
man studies) experiments in our study. Additionally, including 
another drug with a proven antioxidant effect that reduces 
oxidative stress could have enhanced the study.
In our study, MDA and LOOH values, which are lipid peroxi-
dation products, were analyzed as markers of oxidative stress. 
SOD, T-SH, and TAC levels were analyzed as antioxidant indi-
cators. MDA and LOOH levels were significantly lower in DAPA 
groups, while SOD, T-SH, and TAC were significantly higher 
in DAPA groups compared to the MTX groups. Additionally, 
there was a negative correlation between MDA and SOD activ-
ity in the DAPA treatment group. It was shown that oxidative 
stress markers increased in case of injury and then decreased 
significantly with DAPA treatment.

Conclusion
The results of the study demonstrate that DAPA reduces oxida-
tive stress by decreasing the production of ROS and increasing 
antioxidant levels, in line with the literature. DAPA exhibited 
an antioxidant effect by reducing oxidative stress markers in 
heart embryonic H9c2 cardiomyocytes. However, the mecha-
nism behind the positive effect of SGLT2 inhibitors (DAPA and 
EMPA) on cardiac function is not yet fully understood. Further 
studies are needed to explore how and why these changes oc-
cur in humans and through experimental research.
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EZH2 gene and CA-IX prompt relation: An effective 
therapeutic target approach for melanoma progression

Cancer is a disease caused by the accumulation of genetic 
and epigenetic alterations [1, 2]. In addition to genetic 

alterations, epigenetic regulations that occur during tran-
scription are also important factors in carcinogenesis[3]. Me-
lanoma is the most lethal and aggressive form of skin cancer 
and is one of the types with high malignancy [4, 5]. Although 
melanoma can be detected at an early stage, metastatic 
melanoma has a poor prognosis. As the drugs used in the 
treatment of melanoma are limited, new strategies to combat 
melanoma have been investigated [6].
The genes of the Polycomb group are a group of important 
epigenetic regulators that repress transcription [3]. One of 
the Polycomb genes, Enhancer of Zeste Homolog 2 (EZH2), 

encodes a histone-lysine N-methyltransferase that is involved 
in DNA methylation and also methylates the H3 lysine at po-
sition 27 [7]. EZH2 is the enzymatic catalytic subunit of Poly-
comb repressive complex 2 (PRC2). The catalysis of EZH2 
is associated with the repression of gene expression and is 
considered a critical epigenetic event during tissue develop-
ment. EZH2 acts as a regulator in the cell cycle, autophagy, 
and apoptosis processes and prevents cellular senescence by 
supporting DNA repair. EZH2 is involved in many biological 
processes, for example, in oncogenic metabolic pathways [3]. 
There are mutations and high expression of EZH2 in various 
cancers, suggesting that EZH2 plays a critical role in the devel-
opment and progression of carcinogenesis [8]. EZH2 inhibitors 
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have been investigated and developed as an important new 
therapeutic target. One of these inhibitors, tazemetostat, has 
been approved for the treatment of epithelioid sarcomas. The 
development of highly effective EZH2 inhibitors is of crucial 
importance for the treatment of cancer epigenetics [3]. EZH2 
expression is also controlled by hypoxia via HIF response el-
ements (HRE) in the EZH2 gene promoter. The expression of 
EZH2 increases, and thus the proliferation of cancer cells is 
promoted in a hypoxic environment [9, 10]. A prominent en-
zyme associated with hypoxia is carbonic anhydrase IX (CA-
IX), a fundamental enzyme for all metabolic processes related 
to acid-base balance, and a transmembrane protein associ-
ated with carcinogenesis [11]. Since CA-IX is localized in the 
cell membrane, it increases extracellular acidosis and causes 
angiogenesis, epithelial-mesenchymal transformation, in-
vasion, hypoxia, and signal transduction [12]. Because of all 
these functions, CA-IX inhibitors have become attractive for 
cancer treatment [13]. Acetazolamide (AZA), the most potent 
CA inhibitor, has been used clinically for many years and has 
also been used for CA-IX inhibition in vivo tumor models [14].
Due to its crucial role in carcinogenesis, gene expression, and 
developmental processes, CA-IX also activates the epigenetic 
program of the epithelial-mesenchymal transition in cancer cells, 
thus contributing to cancer cell survival [15, 16]. Since melanomas 
exhibit a higher expression level of CA-IX, epigenetic changes 
may play a crucial function in the development of melanomas. 
The role of EZH2 in this process, known to be associated with 
epigenetic regulation, is not yet clear. Therefore, in our study to 
clarify the relationship between EZH2 and the tumor-associated 
enzyme carbonic anhydrase CA-IX, we tested the hypothesis that 
inhibition of CA-IX is associated with EZH2 in melanoma.

Materials and Methods
Cell culture
The A375 human melanoma cell line was obtained from 
Hacettepe University Pharmacy Faculty Biochemistry Depart-
ment, Ankara, Türkiye. All cells were cultured in DMEM (Capri-
corn, DMEM/HPA) including 10% Fetal Bovine Serum (FBS) 
(Capricorn, FBS-HI-11A), 1% Streptomycin/Penicillin (Capri-
corn, PS-B) at optimum conditions (37°C, 5% CO2). Acetazo-
lamide (AZA) was purchased from Sigma (BCBZ9159). It was 
prepared as a stock solution by dissolving it in DMSO at a con-
centration of 300 µM.

Cytotoxicity test
Using 96-well plates, all cells were cultured with DMEM supple-
mented with 10% FBS. The cells were treated with 0, 2.5, 5, 10, 
25, 50, 100 µmol/L concentrations of AZA for 24 h and 48 h, in 
triplicate, in a humidified 5% CO2 atmosphere. WST-1 reagent 
was added to the wells and incubated at 37°C for 2 h. The plates 
were then read at 450 nm on an Epoch™ Microplate Spec-
trophotometer (BioTek, USA). The IC50 value of AZA was deter-
mined as 10.7 µmol/L using a WST-1 assay (Cayman Chemical).

While calculating IC50 values:
% Viability = (Average absorbance of inhibitor × 100) / (Aver-
age absorbance of control)
% Inhibition = 100 − ((Average absorbance of inhibitor × 100) 
/ (Average absorbance of control))
Then, the inhibitor concentration values were entered into the 
GraphPad Prism 9.1.0 program, converted into a graph, and 
the inhibitor dose (IC50) value that inhibited 50% of the cells 
was calculated.

ELISA
CA-IX levels were measured using the Human Carbonic An-
hydrase IX ELISA Kit BT Lab (Zhejiang, China). Firstly, the col-
lected cells were diluted in DPBS to reach a concentration of 
one million/mL. The damaged cells were lysed with prepared 
freeze-thaw cycles. After centrifugation (4°C, 1500 g, 10 min), 
the supernatants were collected carefully. Briefly, 40 µL of su-
pernatant, 10 µL of primary antibody, and 50 µL of Streptavidin-
Horseradish Peroxidase were mixed to reach a final volume of 
100 µL at 37°C for 60 min. After incubation, chromogen solu-
tions A and B were added to the wells. Following a 10 min incu-
bation at 37°C, a stop solution was used to end the reaction. All 
experiments were performed in triplicate (n=3) and read at 450 
nm by an Epoch™ Microplate Spectrophotometer (BioTek, USA).

RNA isolation
The cells were trypsinized and washed with DPBS for RNA 
isolation. The miRNeasy Kit and QIACube Connect (QIAGEN) 
were used for total RNA isolation according to the manu-
facturer's instructions (QIAGEN). Total RNAs were quantified 
with the QIAxpert Instrument. cDNA synthesis was per-
formed with the QuantiNova Kit.

qPCR
qPCR was performed using the QuantiNova LNA Probe PCR 
assay. PCRs were conducted at a final volume of 50 µL. All PCR 
reagents were purchased from QIAGEN. Each reaction mixture 
contained 10 µL of 2× QuantiNova Probe PCR Master Mix, 2 µL 
of 10x Probe PCR Assay, and 3 µL of RNase-free water. The reac-
tions were run for 45 cycles on a Rotor Gene Q device (QIAGEN), 
with denaturation at 3 min at 25°C, annealing at 10 min at 
45°C, and extension at 5 min at 85°C. Primer sequences' cat-
alog numbers are UPFH0128337 for EZH2 and UPFH1132903 
for CA9. The relative gene expression was calculated with the 
2−ΔΔCT method. Relative mRNA amounts were calculated using 
the CT method. ΔCT = CTtarget - CTGAPDH, ΔΔCT = CTtreatment - CTcali-

brator, where the calibrator was the no-treatment group. CT was 
then converted to fold change using the formula 2−ΔΔCT [17]. The 
GAPDH gene was selected as an internal control to normalize 
the relative expression levels of EZH2 and CA9. The compar-
ative quantification of the individual target genes was based 
on the cycle threshold (CT), which was normalized to GAPDH 
using the ΔΔCT method. GAPDH is constitutively expressed at 
high levels in almost all tissues. For this reason, we use GAPDH 
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as the housekeeping gene for qPCR. In addition, according to 
the literature, the GAPDH gene was the most stable gene, so 
we used this gene as the housekeeping gene [18, 19].

Statistical analysis
Statistical analysis for ELISA was performed with Student’s 
t-test in the GraphPad Prism 5.0 program. The relative gene 
expression was calculated with the 2−ΔΔCT method. When an-
alyzing qPCR data, we first calculate Delta Ct (ΔCt), obtained 
by subtracting the reference gene Ct from the target gene Ct. 
Ct was then converted to fold change using the formula 2−ΔΔCT. 
The qPCR results were analyzed with the GeneGlobe program. 
All significance levels were accepted as p<0.05.

Results
Acetazolamide reduces the viability of A375 melanoma cells
A375 melanoma cells were treated with AZA for 24h and 48h 
(Fig. 1). After treatment with 0, 2.5, 5, 10, 25, 50, 100 µM AZA con-
centrations for 24h, the viability of A375 melanoma cells were 
100%, 100%, 70.2%, 50.3%, 29.6%, 28.6%, and 27.3%, respec-
tively. Additionally, after 48h with the same AZA concentrations, 
the viabilities were 100%, 100%, 52.6%, 14.3%, 13.3%, 12.5%, 
and 12.1%, respectively. Based on these results, the dose of AZA 
for A375 melanoma cells was determined to be 10.7 µM at 24h.

CA-IX levels decreased in A375 melanoma cells treated 
with AZA
The CA-IX levels in A375 melanoma cells were 5.31 ng/mL in 
the AZA non-treated group, while it was 1.81 ng/mL in the 
AZA-treated group. CA-IX levels decreased in cells treated 
with AZA (p<0.0001). The decrease indicates that AZA can in-
hibit the CA-IX enzyme in melanoma cells. Moreover, AZA is 
not only a classical CA inhibitor but also effectively inhibits the 
CA-IX isoenzyme, which plays a role in tumorigenesis (Fig. 2).

EZH2 mRNA levels decreased in A375 melanoma cells 
treated with AZA
To assess the mRNA expression of EZH2 and CA9 in A375 
melanoma cells, qPCR was performed. The results indicated 
that while the mRNA expression of CA9 decreased after 
AZA treatment, the change was not statistically significant 
(p=0.4136). However, EZH2 mRNA expression decreased 
significantly (p<0.05) (Fig. 3). AZA treatment resulted in a 
1.67-fold decrease in CA9 and a 3.57-fold decrease in EZH2 
gene expression (Fig. 4). The substantial reduction in EZH2 
suggests that AZA could be used to inhibit this critical 
Polycomb protein.

Figure 1. (a) Images of A375 melanoma cells without treatment. (b) 24 hours after AZA treatment.
AZA: Acetazolamide.

a b

Figure 2. 2-ΔΔCt values of GAPDH-normalized CA9 and EZH2 genes in 
A375 melanoma cells treated with 10.7 µmol/L AZA (p=0.4136, CA9; 
p<0.05, EZH2).
EZH2: Enhancer of Zeste Homolog 2.
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Discussion
CA-IX is a transmembrane isoform of CAs and regulates acidity 
in cancer cells [20, 21]. Additionally, acidosis is thought to be 
responsible for epigenetic changes in cancer [22]. In this study, 
we aimed to investigate the effect of CA-IX inhibition on the 
EZH2 polycomb protein, which is a key epigenetic modulator.
CA-IX is an important regulator of many processes involved 
in carcinogenesis and is highly expressed in melanomas 
[23]. Andreucci et al. [21] demonstrated that melanoma, 
breast, and colon cancer cells exposed to acid significantly 
increase CA-IX expression. Federici et al. [23] observed that 
CA-IX was expressed by malignant human melanoma cells 
and that specific CA-IX inhibitors suppressed the growth 
of melanoma cells. Chafe et al. [24] discovered that CA9 ex-
pression was associated with decreased immune activity in 
tumors from patients with metastatic melanoma and that 
the CA-IX inhibitor SLC-0111 may represent a significant 
therapeutic option. In summary, literature indicates that an 
aggressive melanoma phenotype with high CA-IX expres-
sion and the application of inhibitors to this protein should 
improve prognosis. In our study, we observed a notable de-
crease in CA-IX protein levels in melanoma cells post-AZA 
treatment. Given the role of CA-IX in melanoma, its inhibi-
tion may be a promising strategy [23, 25].
EZH2 is an epigenetic regulator that plays a crucial role in 
DNA methylation and melanoma development [26]. High 
expression of EZH2 has been shown to be associated with 
malignant forms of melanoma [27, 28]. Mahmoud et al. [29] 
highlighted a close association between EZH2 and metastatic 
melanoma, suggesting that EZH2 facilitates melanoma pro-
gression by activating oncogenic signaling pathways and 
deactivating tumor suppressive signaling pathways. Consid-

ering that epigenetic changes are known to be induced by 
acidosis, we postulate that CA-IX inhibition impacts EZH2, a 
key regulator of epigenetics. Huang et al. [16] observed in-
creased expression of EZH2 and CA-IX under hypoxic con-
ditions. Our study aimed to demonstrate the effect of CA-IX 
inhibition on EZH2 levels through qPCR experiments. Our 
results indicate that inhibiting CA-IX leads to a marked re-
duction in EZH2 levels. Our study suggests that CA-IX inhibi-
tion can modulate epigenetic alterations by lowering EZH2 
levels, proposing an alternative method to modulate epige-
netics by targeting CA-IX in melanoma (Fig. 1).

Conclusion
In summary, various innovative strategies for melanoma 
treatment have been explored over the years. One such 
strategy involves the pivotal modulator EZH2, which is es-
sential for the survival of melanoma cells by regulating 
gene expression. Our preliminary data suggest that EZH2 
gene levels decrease upon CA-IX inhibition, which is asso-
ciated with poor prognosis in melanoma cells, making CA-
IX inhibition a potentially valuable approach for advancing 
melanoma treatment strategies. Additionally, our research 
acts as a link between past and prospective studies on 
melanoma treatment approaches.
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Figure 3. mRNA expression levels of CA9 and EZH2 genes in A375 
melanoma cells treated with 10.7 µmol/L AZA (p=0.4136, CA9; 
p<0.05, EZH2).

Figure 4. The fold increase rates of the mRNA expressions of CA9 
and EZH2 genes in A375 melanoma cells treated with 10.7 µmol/L 
AZA after normalization with GAPDH compared to the control group 
(-1.67 fold change, CA9; -3.57 fold change, EZH2).
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The association of serum proprotein convertase furin/PCSK3 
concentrations with stable coronary artery disease and 
coroner artery lesion severity

Cardiovascular diseases (CVDs) continue to be the most 
important health problem and are the leading cause of 

death globally [1]. CVDs are a group of disorders of the heart 
and blood vessels including coronary artery disease (CAD). 
The main cause of CAD is atherosclerosis, which is a complex 

pathophysiological process mainly driven by endothelial dys-
function, lipid accumulation, and inflammation [2]. While tra-
ditional risk factors including dyslipidemia, hypertension, di-
abetes mellitus contribute to the pathogenesis of CAD, other 
novel risk factors may be involved. The proprotein convertases 

Objectives: Furin (Proprotein Convertase Subtilisin/Kexin Type 3, PCSK3) is a proprotein convertase involved in the pro-
cessing of precursor proteins. Furin substrates play significant roles in the initiation and progression of atherosclerosis, 
which is the primary cause of coronary artery disease (CAD). This study aimed to investigate the serum furin concentra-
tions in stable CAD patients and their relationship with disease severity.
Methods: The study included 81 stable CAD patients and 50 subjects without coronary artery lesions. Coronary an-
giography was performed via the percutaneous femoral artery approach, and the severity of CAD was assessed using 
the Gensini score. Serum furin concentrations were measured using an enzyme-linked immunosorbent assay.
Results: Serum furin concentrations were significantly higher in CAD patients compared to CAD-negative subjects 
(p=0.0001). The serum furin levels of mild, moderate, and severe CAD patients were 1.53 ng/mL, 2.01 ng/mL, and 3.03 
ng/mL, respectively, which were significantly different from CAD-negative subjects (p=0.018, p=0.002, and p=0.0001, 
respectively). Furin levels were found to be an independent predictor of CAD and exhibited potential diagnostic value 
for CAD and severe CAD.
Conclusion: The study concluded that serum furin concentrations could be considered a new risk factor for CAD, in 
addition to well-known biomarkers.
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(PCs) are serine proteases involved in the processing of pre-
cursor proteins; they often are responsible for the activation of 
their substrates but sometimes lead to inactivation [3, 4]. PCs 
are generally abbreviated as PCSK because of their similarity 
with bacterial subtilisin and yeast kexin proteases [5], and the 
genes encoding these enzymes are called PCSKs [6]. There are 
nine mammalian PC families: PC1/3, PC2, Furin, PC4, PC5/6, 
PACE4, PC7, SKI-1/S1P, and PCSK9 [4]. Furin (PCSK3) is the first 
endoprotease identified among the PCs and is expressed ubiq-
uitously in all mammalian tissues and cell lines [7]. This PC is 
localized primarily in the trans-Golgi network (TGN) but can cy-
cle between the TGN and the cell surface. Furin, a type-I mem-
brane-bound protein, can be present in the extracellular milieu 
with ectodomain shedding from the membrane [8, 9]. There 
are many mammalian substrates of furin including cytokines, 
hormones, growth factors, receptors, and it also cleaves bac-
terial and viral substrates [5, 10]. Any dysfunction in the ex-
pression or activity of furin may be associated with a variety 
of disorders, such as atherosclerosis, cardiovascular diseases 
(CVDs), cancer, diabetes, infectious diseases, inflammation [5, 
11–14]. In particular, the potential targets of furin are involved 
in the initiation and progression of atherosclerosis by regulat-
ing lipid and lipoprotein metabolism, inflammatory response, 
blood pressure, and formation of atherosclerotic lesions [11, 
15]. In recent years, it has been shown that the expression of 
furin and PCSKs5-7 is associated with key molecular pathways 
and mechanistic networks for CVD [12]. Also, it has been ob-
served that furin is among the proprotein convertases with the 
highest novel CVD therapeutic potential [12], and it would be 
important to determine the exact role of furin in CAD patho-
genesis as a new target for the treatment of the disease.
To the best of our knowledge, studies focusing on the clinical 
use of furin as a biomarker for CAD are insufficient. We hypoth-
esized that furin might be a circulating candidate biomarker 
for CAD and its level could be related to coronary artery lesion 
severity. The aim of the present study was to investigate the 
serum level of furin protease in subjects with CAD and to eval-
uate the relationship between its concentration and the sever-
ity of coronary artery disease determined by Gensini score.

Materials and Methods
Study population
The study population consisted of eighty-one (81) stable coro-
nary artery disease patients who were diagnosed by coronary 
angiography [CAD (+)] and fifty (50) individuals who did not 
have a lesion in their coronary arteries [CAD (−)], who applied 
to the outpatient clinic of Karadeniz Technical University Fac-
ulty of Medicine, Department of Cardiology. A detailed anam-
nesis from all subjects was taken, and physical examinations 
were performed before coronary angiography. Individuals 
younger than 18 years of age, who had malignant neoplasm, 
severe renal/hepatic disease, systemic infection, recent history 
of surgery, or were pregnant were excluded from the study. An 
informed consent form was signed by the individuals partici-

pating in the study. Ethics committee approval was obtained 
for the research from the Karadeniz Technical University (KTU) 
Faculty of Medicine Scientific Researches Ethics Committee 
(Submission number: 2011/3, approval date: October 17, 
2011) and was in accordance with the Declaration of Helsinki.

Gensini score
Coronary angiography was performed for all individuals via 
the percutaneous femoral artery approach following the stan-
dard procedure [16]. The Gensini score [17] was used to assess 
the severity of coronary artery disease. Gensini scores were 
determined using the following steps: 1. Definition of the 
concentric or eccentric luminal narrowing degrees; 1 point 
for ≤25% stenosis, 2 points for 26–50% stenosis, 4 points for 
51–75% stenosis, 8 points for 76–90% stenosis, 16 points for 
91–99% stenosis, and 32 points for 100% occlusion. 2. Defini-
tion of the coronary artery lesion site; 5 points for the left main 
coronary artery, 2.5 points for the proximal left anterior de-
scending branch and left circumflex artery, 1.5 points for mid-
segment of the left anterior descending coronary artery, 1 
point for the diagonal branch and obtuse marginal branches, 
and 0.5 points for the second diagonal and left circumflex 
artery posterolateral branch. 3. The summation of the individ-
ual coronary segment scores (the narrowing scores were mul-
tiplied by a coefficient defined for each main coronary artery 
and each segment). The CAD (+) patients were classified into 
three groups according to the tertile of their Gensini score: 
Mild (Gensini score 2–7.5 points), moderate (Gensini score 
8–35.5 points), and severe (Gensini score 36–177 points).

Biochemical analyses
Blood samples were obtained from an antecubital vein of 
each subject into the serum separator tubes without antico-
agulant. Serum samples were separated after centrifugation 
at 1800g for 10 min and stored at −80°C until analysis. Serum 
concentrations of glucose, triglyceride (TG), total choles-
terol (TC), low-density lipoprotein-cholesterol (LDL-C), 
and high-density lipoprotein-cholesterol (HDL-C) were 
measured enzymatically using a Roche/cobas 6000 series 
clinical chemistry analyzer (Mannheim, Germany). Serum 
hs-CRP concentrations were assigned by a latex-enhanced 
immunonephelometric method on a Siemens Dade Behring 
BN II nephelometer (Marburg, Germany). The measurement 
of serum hs-TroponinT concentrations was determined by an 
Electrochemiluminescence (ECL) method on a Roche Elecsys 
2010 (Mannheim, Germany). The original reagents of the 
analyzers were used to measure the concentrations of vari-
ables. The quantification of these variables was carried out 
in the Medical Biochemistry Laboratory of Farabi Hospital at 
Karadeniz Technical University Faculty of Medicine after daily 
quality control procedures were completed. Serum furin 
concentrations were determined by using an enzyme-linked 
immunosorbent assay kit (Human furin USCN Life Science 
Inc., Wuhan, PRC) and expressed as ng/mL. The minimum 
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detectable dose of the assay is less than 0.055 ng/mL with an 
intra-assay CV% of <10% and an inter-assay CV% of <12%.

Statistical analyses
The Kolmogorov-Smirnov test was used to determine whether 
the variables were normally distributed. The data were pre-
sented using mean and standard deviation (mean±SD) for nor-
mally distributed variables. The data not scattered normally 
were expressed as median with interquartile range (Q1-Q3)
values. The independent t-test was used to compare the vari-
ables that showed normal distribution. Pairwise comparisons 
were made using the Mann-Whitney U test for non-normal 
distribution. The data comparisons for mild, moderate, and 
severe CAD (+) patients were performed by the Kruskal-Wallis 
test. The Chi-Square test was used for categorical variables. Bi-
nary logistic regression analysis was performed to determine 
independent predictors of CAD. A binary logistic regression 
model was established using age, gender, diabetes mellitus, 
smoking, HDL-C, and furin that were significant in the univari-
ate analysis as independent variables. The model's goodness 
of fit was evaluated using the Hosmer-Lemeshow test. The 
correlation coefficients (r) and their significance were assessed 
by Pearson correlation analysis, and log transformation was 
performed for non-normally distributed variables. Statistical 
analyses were performed using SPSS version 23.0 software 

(SPSS, Inc., Chicago, USA). Receiver operating characteristics 
(ROC) curves were constructed on MedCalc version 9.6.4 soft-
ware (MedCalc Software BVBA, Belgium) to assess sensitivity, 
specificity, and respective areas under the curves (AUCs) with 
95% CI. P-values <0.05 were considered statistically significant.

Results
The main characteristics of demographic, anthropometric, 
and biochemical variables of the study population are rep-
resented in Table 1. The mean age of CAD (−) subjects was 
58±14 years, and the mean age of CAD (+) patients was 62±12 
years (p=0.043). Male individuals constituted 80% of CAD (+) 
patients and were significantly different from CAD (−) subjects 
(p=0.0001). The body mass index (BMI), waist circumference, 
systolic blood pressure (SBP), diastolic blood pressure (DBP), 
and heart rate values were not different between CAD (+) 
patients and CAD (−) subjects. The history of diabetes melli-
tus and smoking was found to be higher in CAD (+) patients 
(p=0.005). In addition, no significant difference was found 
in fasting TC, LDL-C, TG, and glucose levels, but HDL-C levels 
showed a significant decrease in CAD (+) patients (p=0.001). 
The median serum furin concentration in CAD (+) patients 
(2.11 ng/mL) was approximately twofold higher compared 
to CAD (−) subjects (1.00 ng/mL) (p=0.0001) (Table 1 and Fig. 
1a). Hs-TroponinT concentration was found to be significantly 

Table 1. Demographic, anthropometric and biochemical variables in CAD (-) and CAD (+) subjects

Variables  CAD (-)   CAD (+)  p 
   n=50   n=81

  n  % n  %

Age, years  58±14   62±12  0.043*
Male,  16  32 65  80 0.0001**
Hypertension 24  48 41  51 0.771**
Diabetes mellitus 2  4 18  22 0.005**
Smoking 2  4 18  22 0.005**
Family history 21  42 36  44 0.878**
BMI, kg/m2  28 (26–32)   29 (26–32)  0.636
Waist cimcumference, cm  100 (90–106)   102 (94–110)  0.293
SBP, mm/Hg  120 (110–136)   125 (118–133)  0.703
DBP, mm/Hg  78 (60–80)   78 (68–80)  0.710
Heart rate, beats/min  70 (68–75)   72 (65–78)  0.738
TC, mg/dL  173±37   167±42  0.399*
LDL-C, mg/dL  123±30   120±38  0.694*
HDL-C, mg/dL  41.5±10.4   36±6.67  0.001*
TG, mg/dL  106 (83–163)   133 (93.5–167)  0.348
Glucose, mg/dL  94 (82.8–110)   98 (85.5–149)  0.076
Furin, ng/mL  1.00 (0.65–2.20)   2.11 (1.17–3.50)  0.0001
Hs-TroponinT, ng/L  6 (4–11)   9 (7–18)  0.001
Hs-CRP, mg/L  0.28 (0.11–0.63)   0.34 (0.15–0.79)  0.287

*: p for Independent t-test and values are given as mean±standard deviation; **: p for Pearson Chi-Square Test and values are given as n (%). The remaining variables are given as 
median with IQR(Q1-Q3) and Mann-Whitney U Test was used for statistical analysis. CAD: Coronary artery disease; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic 
blood pressure; TC: Total cholesterol; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; TG: Triglyceride; Hs-CRP: High sensitive-C reactive protein.
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higher in CAD (+) patients versus CAD (−) subjects (p=0.001) 
(Table 1 and Fig. 1b). Although there was an increase in hs-CRP 
concentrations in CAD (+) patients, it did not reach a statisti-
cally significant level (p=0.287) (Table 1 and Fig. 1c).
In order to assess the potential of serum furin concentrations 
to discriminate between CAD (+) patients and CAD (−) sub-
jects, ROC curve analysis was performed. The ROC curves for 
furin, hs-TnT, and hs-CRP were evaluated, and the area under 
the curve (AUC) values, 95% confidence intervals (CI), and p-
values were provided in Figure 2. Serum furin concentrations 
had significant discriminating ability between CAD (+) patients 
and CAD (−) subjects with the highest AUC value of 0.730 (95% 
CI=0.646–0.804, p=0.0001). In addition, the serum furin cut-off 
value corresponding to the maximum of the Youden index 
was 1.03 ng/mL (86.4% sensitivity, 54% specificity).
The results of the binary logistic regression analysis for CAD 
risk factors are presented in Table 2. The analysis showed that 
serum furin concentrations (OR=1.399, 95% CI=1.075–1.822, 
p=0.013), gender (OR=7.322, 95% CI=2.767–19.376, p=0.001), 
and age (OR=1.040, 95% CI=1.003–1.078, p=0.034) were inde-
pendent predictors for CAD.
CAD (+) patients were divided into tertiles as mild, moderate, and 
severe according to their Gensini scores (Table 3). The median 
furin levels of mild, moderate, and severe CAD (+) patients were 
1.53 ng/mL, 2.01 ng/mL, and 3.03 ng/mL, respectively (Table 3). 

Figure 1. Serum furin (a), hs-TroponinT (b), and hs-CRP (c) 
concentrations in CAD (-) subjects and CAD (+) patients. Mann-
Whitney U Test was used for statistical analysis. Statistically 
significant p values were shown (p<0.05).
CAD: Coronary artery disease; Hs-CRP: High sensitive-C reactive protein.

a b

c

Figure 2. Receiver operating characteristic curve of furin, hs-
TroponinT and hs-CRP concentrations for discrimination of CAD (+) 
patients from CAD (-) subjects.
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Although it tended to increase, it was not statistically significant 
among tertiles (p=0.131). On the other hand, the serum furin lev-
els of mild, moderate, and severe CAD (+) patients were found 
significant according to CAD (−) subjects (p=0.018, p=0.002, 
and p=0.0001, respectively, Fig. 3a). Moreover, hs-TroponinT 
concentrations of mild, moderate, and severe CAD (+) patients 
were found significant according to CAD (−) subjects (p=0.025, 
p=0.006, and p=0.002, respectively, Fig. 3b), but hs-CRP levels of 
the tertiles were not significant compared to CAD (−) subjects 
(p>0.05, Fig. 3c). There were no statistically significant alterations 
between the tertiles in terms of other variables (Table 3).
The results of ROC curve analysis of the potential diagnostic 
value of serum furin concentrations for severe CAD patients 
were provided in Figure 4. For the analysis, mild+moderate 
CAD patients (n=54) were considered as one group. Serum 

furin levels had discriminating ability between severe CAD 
patients and mild+moderate CAD patients (AUC=0.635, 95% 
CI=0.520–0.739, p=0.045). The serum furin cut-off point corre-
sponding to the maximum of the Youden index was 2.61 ng/
mL (59.3% sensitivity, 74.1% specificity).
The associations between serum furin levels and other vari-
ables were also evaluated. In the whole study population, we 
observed a positive correlation between serum furin levels 
and hs-CRP levels (r=0.179, p=0.041), but serum furin lev-
els showed a negative correlation with serum HDL-C levels 
(r=−0.203, p=0.020). Moreover, furin levels did not correlate 
with the Gensini score in CAD (+) subjects (r=0.091, p=0.420).

Discussion
The main findings of the present study were that the concen-
trations of serum furin increased in stable CAD patients and 
showed a tendency to increase with coronary artery lesion 
severity.
There were limited investigations about circulating furin lev-
els in CAD patients. To our knowledge, there is only one study 
examining plasma furin levels in stable CAD patients. This 
study by Langnau et al. [18] focused on the association be-
tween plasma furin levels and the prognosis of COVID-19 pa-
tients with preexisting stable CAD. Additionally, they did not 
observe any difference in furin levels between healthy con-
trols (n=39) and stable CAD patients (n=28) [18]. We observed 

Table 2. Odds ratios (ORs) and 95% confidence intervals (CIs) 
for coronary artery disease by using binary logistic regression 
analysis

Variables OR 95% CI p

Gender 7.322 2.767–19.376 0.001
Furin 1.399 1.075–1.822 0.013
Age 1.040 1.003–1.078 0.034
Diabetes mellitus 5.178 0.957–28.024 0.056
Smoking 2.888 0.565–14.762 0.203
HDL-C 0.967 0.912–1.025 0.254

Table 3. Demographic, anthropometric and biochemical variables according to Gensini score tertiles in CAD (+) patients

Variables  Mild   Moderate   Severe  p 
  n=27   n=27   n=27

 n  % n  % n  %

Age, years  62 (53–70)   62 (53–68)   64 (55–70)  0.751
Male 19  70 24  89 22  82 0.228*
Hypertension 14  52 13  48 14  52 0.952*
Diabetes Mellitus 3  11 9  33 6  22 0.145*
Smoking 8  30 7  26 3  11 0.223*
Family history 13  48 9  33 14  52 0.377*
BMI, kg/m2  27 (25–32)   29 (25–32)   29 (27–32)  0.444
Waist cimcumference, cm  105 (90–110)   102 (95–110)   100 (94–108)  0.952
SBP, mm/Hg  125 (120–130)   120 (110–130)   130 (120–140)  0.312
DBP, mm/Hg  80 (75–80)   70 (65–80)   70 (65–80)  0.028
Heart rate, beats/min  72 (67–76)   68 (60–78)   71 (65–82)  0.503
TC, mg/dL  167 (153–191)   154 (127–175)   162 (138–190)  0.174
LDL-C, mg/dL  127 (104–138)   106 (85–134)   115 (104–142)  0.176
HDL-C, mg/dL  36 (31–41)   36 (31–39)   36 (29–44)  0.898
TG, mg/dL  124 (81–154)   136 (109–167)   136 (88–179)  0.724
Glucose, mg/dL  95 (86–122)   102 (89–166)   90 (83–149)  0.409
Furin, ng/mL  1.53 (1.05–3.37)  2.01 (1.17–2.61)  3.03 (1.45–3.87) 0.131
Hs-TroponinT, ng/L  6 (9–18)   7 (9–17)   7 (11–18)  0.629
Hs-CRP, mg/L  0.25 (0.12–0.52)  0.33 (0.21–0.63)  0.46 (0.18–1.36) 0.206

*: p for Pearson Chi-Square Test and values are given as n (%). The remaining variables are given as median with IQR(Q1-Q3) and Kruskal Wallis Test was used for statistical analysis.
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approximately twofold increased serum furin levels in stable 
CAD patients compared to CAD (−) subjects. The difference in 
findings may be due to the characteristics of the study popu-
lation. In the current study, the increased serum furin levels in 
CAD patients might be explained by its increased cellular ac-
tivity. Furin has roles in the transformation of many zymogen 
substrates to their functionally active form, which participate 
in atherogenesis, and thus CAD. Furin modulates lipid metab-
olism by inactivating endothelial lipase (EL) [19] and lipopro-
tein lipase (LPL) [20]. It regulates plasma LDL-C levels by 
cleaving PCSK9 [21]. Furin promotes the activation of pro-in-
flammatory tumor necrosis factor (TNF) superfamily cytokines 
[22], is involved in the MT1-MMP driven proteolytic cascade 
of pro-MMP2 activation [23], and regulates blood pressure by 
cleaving the (pro)renin receptor [24]. Thus, furin is an impor-
tant regulator of cell functions associated with the initiation 
and progression of atherosclerosis [11]. In the present study, 
ROC curve analysis of furin for stable CAD patients showed 
discriminating power, and its value was better than hs-TnT. 
Also, binary logistic regression analysis indicated that serum 
furin concentrations, gender, and age were independent pre-
dictors for CAD. Therefore, it could be proposed that increased 

levels of furin may indicate progression of atherosclerosis and 
serve as an independent predictor for CAD risk.
When evaluating furin levels in relation to coronary artery le-
sion severity, there was a tendency for serum furin levels to in-
crease from the bottom tertile to the upper tertile. One of the 
most important findings of the current study was that severe 
CAD patients had the highest serum furin levels. Furthermore, 
serum furin levels discriminated severe CAD patients from 
mild and moderate CAD patients. These findings may be clin-
ically important because of the potential role of furin as a cir-
culating biomarker of coronary artery disease lesion severity. 
However, in the current study, serum furin levels did not cor-
relate with the Gensini score in CAD patients. Wang et al. [25] 
investigated the prognostic value of furin in acute myocardial 
infarction (AMI) patients [25]. They observed that patients with 
higher furin levels had an increased risk of major adverse car-
diac events (MACE), all-cause mortality, recurrent MI, and hos-
pitalization for heart failure. Conversely, another study found 
that plasma furin was not associated with the risk of MACE, but 
higher levels of plasma furin might be related to a higher risk 
of recurrent MI in AMI patients [26]. Moreover, Liu et al. [26] 
found a slight increase in cTNT levels in patients with higher 

Figure 3. Serum furin (a), hs-TroponinT (b), and hs-CRP (c) 
concentrations in CAD (-) subjects, and mild, moderate, and severe 
CAD (+) patients. Kruskal Wallis Test post-hoc Mann-Whitney U Test 
was used for statistical analysis. Statistically significant p values 
were shown (p<0.05).

a

c

b



Int J Med Biochem24

plasma furin concentrations. They suggested that higher cir-
culating furin concentrations may imply progression of ather-
osclerosis and more severe or vulnerable plaque lesions.
The main limitation of the current study was that the number of 
CAD patients in tertiles was small. Further studies with larger sam-
ple sizes on the clinical effectiveness of using furin as a circulating 
biomarker for CAD risk and prognosis need to be conducted.
It was concluded that serum furin levels were increased in sta-
ble CAD patients, predicted CAD risk, and discriminated the 
severity of CAD. Therefore, furin might be used as a candidate 
molecule for determining CAD risk.
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Biomarkers of a Football Match-play - Internal load analysis 
using Technical Soccer Specific Aerobic Field Test (TSAFT90)

Playing a 90-minute football match leads to a decrease in 
physical performance with associated disturbances in psy-

chophysiological and biochemical parameters. Neuromuscu-
lar fatigue is defined as an exercise-induced reduction in the 
maximal voluntary force that a player can exert. Fatigue causes 
a breakdown in internal homeostasis due to an increase in en-

ergy production demanded by an external stimulus [1]. This 
incomplete force restoration can significantly influence per-
formance. Most football injuries occur in the final 15 minutes 
of each half, with a higher injury risk in the second half than 
in the first [2]. Fatigue monitoring and management are cru-
cial for controlling athletes' training adaptations and reducing 

Objectives: The study measured the magnitude of physiological, immune, endocrine, and muscle damage markers 
of exercise-induced fatigue using the Technical Soccer Specific Aerobic Field Test (TSAFT90). We examined the effect of 
fatigue on performance and recovery at 24 hours post-exercise using biochemical indices.
Methods: Professional football players (n=30) with a mean age of 19.20 years participated in the study during their 
preseason. To induce fatigue, participants underwent a 90-minute fatigue simulation program, TSAFT90. Venous blood 
samples were collected at baseline, 0-hour, and 24 hours post-fatigue. Analyzed markers included fatigue metabolites 
(lactate and uric acid), endocrine response marker (cortisol), muscle damage marker (creatine kinase), immunologi-
cal markers (leukocytes, lymphocytes, neutrophils, and monocytes), inflammatory marker (CRP), hydration indicator 
(serum osmolality), and recovery marker (magnesium). Ball velocity and a 7-point Likert scale for muscle soreness were 
recorded to assess performance and perception of fatigue, respectively.
Results: All biomarkers studied were significantly elevated (p<0.05) at 0 hours post-fatigue. Uric acid, creatine kinase, 
leukocytes, monocytes, CRP, serum osmolality, and magnesium remained altered at 24 hours. Ball velocity significantly 
reduced post-fatigue (p=0.04) from 94.67 km/hr to 90.47 km/hr, whereas there was no change in the soreness scale.
Conclusion: The failure of the biomarkers to return to baseline levels within 24 hours indicates disrupted homeostasis. 
Monitoring the internal load with biomarkers aids in formulating strategies that can delay or mitigate fatigue and help 
achieve optimal performance and recovery, thus reducing the likelihood of injury.
Keywords: Athletic performance, biomarkers, fatigue, football, recovery, sports injury
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their susceptibility to injury as they face higher physical de-
mands coupled with fixture congestion [3]. Among the tools 
available to monitor fatigue, the serum biochemical profile 
reflects the ideal internal load. Biomarker fluctuations could 
affect performance, and recovery is thought to be influenced 
by these changes [4]. Immunosuppression tends to occur fol-
lowing a rapid increase in training load, leading to a higher 
risk of illness and injury for athletes who do not return to base-
line levels within the latency period [5].
Existing literature categorizes the peripheral biomarkers of 
exercise-induced fatigue into several groups: Fatigue metabo-
lites (lactate and uric acid) [6, 7], endocrine response markers 
(cortisol and testosterone) [7, 8], muscle damage markers (cre-
atine kinase and myoglobin) [7−10], immunological markers 
(lymphocytes, leukocytes, neutrophils, and monocytes)[4, 8, 
11], oxidative stress and inflammatory markers (reactive oxy-
gen species, TAS, CRP, and interleukin 6) [6, 7, 11], hydration 
indices (hematocrit, haemoglobin, and serum osmolality) [12, 
13], and recovery markers (magnesium) [12, 14]. Measuring 
these biomarkers helps understand the effects of training 
load, nutrition, hydration, and recovery methods on an ath-
lete’s homeostasis.
Although various football-specific simulation programs for fa-
tigue are mentioned in the literature, such as free running, mo-
torized, and non-motorized treadmill programs [15], those in-
volving technical actions like passing, dribbling, shooting, and 
jumping are essential for a simulation protocol's success. The 
Technical Soccer Specific Aerobic Field Test (T-SAFT90) is one 
such program with proven external validity [16]. Data related 
to fatigue in football in the Asian sub-continent is scarce. This 
study is the first in the region using TSAFT90, a novel footbal-
l-specific simulation program, to analyze fatigue biomarkers 
and their influence on kicking velocity and recovery in Indian 
professional football players. The primary objective was to 
measure the magnitude of physiological, immune, endocrine, 
and muscle damage markers of exercise-induced fatigue at 
baseline, 0 hours, and 24 hours post-TSAFT90. The secondary 
objective was to assess the effect of fatigue on performance 
using kicking velocity and recovery from muscle soreness, 
thereby drawing recommendations to monitor and manage 
match-induced fatigue in footballers.

Materials and Methods
Study participants
Professional male football players (n=30) representing the 
first division league level with a mean age of 19.20 (1.56) 
years and training experience of 7.90 (2.6) years consented 
to participate in this quasi-experimental study. Ethical clear-
ance was obtained from the Institutional Ethical Committee 
board before the start of the study (IEC-NI/21/APR/78/82). A 
medical clearance and injury screening were conducted by 
a sports physician prior to participation. The study was con-
ducted during the pre-season. Questions on the number of 
weekly training sessions, strength and conditioning sessions, 

and matches played were recorded to maintain homogeneity. 
Additionally, players' recovery strategies post-match/training, 
average sleep hours, and a 24-hour dietary recall were doc-
umented. All players were familiarized with the TSAFT90 well 
before the test day. A training-free period of 48 hours was ob-
served before the fatigue testing. All tests were conducted at 
the same time of day for participants in batches. Participants 
were asked to fill in a 7-day food recall diary. Food and water 
intake on the test day and the following day were standard-
ized for all participants.

TSAFT 90 setup
The players underwent a 90-minute audio-guided football-
specific fatigue simulation program, TSAFT90 [16]. A schematic 
representation of the fatigue program is depicted in Figure 1. 
The protocol involves a 20-meter shuttle circuit, with poles, 
barriers, and a goalpost positioned strategically for play-
ers to navigate through utility movements. The movements 
were directed by verbal signals from an audio file at both the 
0-meter (“outbound”) and 20-meter cones (“return activities”). 
Each 15-minute protocol segment represents the rhythm and 
various types of activities demanded (13 in total; “stand still”, 
“walk,” “jog,” “run,” “sprint,” “jump,” “passes,” “shots on target”, 
“ball dribbling”, and other combinations) [16]. Six cycles of the 
program were completed to achieve 90 minutes of simulation 
(45 minutes [3 cycles] - 15-minute rest - 45 minutes [3 cycles]), 
inducing fatigue.

Blood sampling and processing
Venous blood samples were collected at baseline, 0-hour 
post-fatigue, and 24 hours post-fatigue. The baseline sample 
was collected one week before the test day, following a non-
training period of 48 hours. The laboratory analyzed blood 
samples for the following serum markers: lactate, uric acid, 
cortisol, Creatine Kinase, magnesium, osmolality, leukocytes, 
neutrophils, monocytes, lymphocytes, and CRP. Hematologi-
cal markers, namely leukocytes, neutrophils, monocytes, and 
lymphocytes, were analyzed using fluorescence flow cytome-
try with Sysmex SP-50 (Sysmex Co., Kobe, Japan). The AU 5800 
and AU 680 (Beckman Coulter, Brea, California, USA) measured 
serum uric acid, magnesium (serum xylidyl blue), creatine ki-
nase (IFCC, NAC activated), and lactate (enzymatic method). 
Serum osmolality was calculated using the Smithline and 
Gardner formula (Serum osmolality = 2(Na) + glucose/18 + 
BUN/2.8). Cortisol was measured using an electrochemilumi-
nescent immunoassay (ECLIA) on a Cobas 8000 module e602 
(Roche Diagnostics, Mannheim, Germany). CRP levels were as-
sayed by rate turbidimetry on an Immage 800 Immunochem-
istry System CRPH (Beckman Coulter, Brea, CA, USA).

Performance indicators
Post-strike ball velocity is an established performance variable 
[17]. Each player kicked a ball from a distance of 11 meters 
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from the goal post. Kicking velocity was measured before and 
after TSAFT90 using a handheld radar speed gun (Pocket Radar 
Ball Coach, Pro-Level Speed Training Tool, USA) from 1 meter 
behind the goal post. The perception of lower limb muscle 
soreness was noted at 0 and 24 hours post-fatigue using a 
lower limb-specific 7-point Likert scale, adapted from Impel-
lizzeri 2007 [18]. Heart rate and rate of perceived exertion 
were monitored throughout the protocol.

Statistics
Data were analyzed using R statistical software version 4.0.2. 
An unpaired t-test was used for performance indicators and 
one-way ANOVA followed by Tukey HSD (Honestly Significant 
Difference) post hoc test to compare the mean difference 
across groups for fatigue biomarkers. Statistical significance 
was set at a p-value of <0.05.

Results
Among the participants, 31% were forwards, 36% were 
midfielders, and 33% were defenders. Fatigue metabolites, 
namely lactate and uric acid, the endocrine response marker 
cortisol, the muscle damage marker creatine kinase, im-
munological markers leukocytes, lymphocytes, neutrophils, 
and monocytes, the inflammatory marker CRP, all remained 
significantly elevated at the end of 0 hours post-fatigue com-

pared to baseline (p<0.05). The hydration status indicator, 
serum osmolality, and the recovery marker, serum magne-
sium, were also deranged and did not return to normal levels 
post-fatigue (Table 1). 

Uric acid, creatine kinase, leukocytes, monocytes, CRP, serum 
osmolality, and magnesium remained altered at 24 hours. 
Graphical representations of the biomarkers are depicted in 
Figure 2a-d. The kicking velocity significantly decreased post-
fatigue (p=0.04) from 94.67 km/hr to 90.47 km/hr, and the 
Likert scale showed no significant difference after 24 hours 
(p=0.07). Average heart rate and RPE during all six blocks of 
TSAFT90 are shown in Figure 2e, f.

Discussion
A 90-minute football match induces acute physiological 
changes that stress aerobic metabolism. The utility of bio-
chemical indices to study fatigue in football and its practical 
implications for managing recovery and preventing injury 
is still under investigation. This study aimed to measure the 
magnitude of various subtypes of fatigue biomarkers using a 
football-specific simulation program and assess the effect of 
fatigue on performance and recovery over 24 hours. Despite 
numerous studies on biochemical profiles during fatigue, no 
data involving Asian football athletes have been found to 
date. This study utilized a simulation program encompassing 

Figure 1. TSAFT90 (Technical Soccer Specific Aerobic Field Test) set up in the indoor training area.
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all technical activities in an actual football match, showing 
that the players' internal systems exhibit inadequate phys-
iological recovery adaptation mechanisms to fatigue. At 0 
hours post-fatigue, all biomarkers were elevated. Specifi-
cally, lactic acidosis impairs contractile function by reducing 
sarcoplasmic release and reuptake of calcium, myofibrillar 
sensitivity, the activity of ATPase, and key glycolysis enzymes 
such as phosphofructokinase and phosphorylase [6]. Blood 
lactate measurement estimates anaerobic metabolism con-
tribution and interprets an athlete’s resistance to fatigue, 
acting both as a fatigue agent and signaling molecule. Our 
study indicates a return to baseline for serum lactate at 24 
hours. Another fatigue metabolite, uric acid, the end prod-
uct of purine metabolism, was significantly elevated until 
24 hours [5.82 (1.08) mg/dl]. Ascensao et al. [11] 2008 found 
that uric acid levels in 16 male soccer players were signifi-
cantly elevated up to 72 hours post-match. Uric acid is asso-
ciated with total antioxidant status as it scavenges hydroxyl 
ions and other free radicals produced in human plasma and 
skeletal muscle after acute strenuous exercise [19], attenu-
ating the rise of plasma oxidative damage due to exercise.
White blood cell (WBC) activity reflects not only the status of 
the immune system but also the extent of muscle damage 
caused by exercise. Knight et al. [20] suggested that mon-
itoring the redox status of WBCs is an emerging approach 
for the long-term management of elite athletes to better 
prevent overtraining and treat early infections. Our study 
showed significantly elevated WBC indices at 0-hour vs. 24-
hour measurements. After 24 hours, leukocytes [6,920.00 

(1584.27) cu/mm] and monocytes [4.44 (1.32) cu/mm] re-
mained elevated, failing to return to baseline, illustrating 
the effect of fatigue on the immune system. Becatti et al. 
[21] and Carrera et al. [22] have identified established links 
between the redox status of leukocyte subpopulations with 
performance, injury, and training adaptations, demonstrat-
ing that training status and antioxidant supplementation 
impact reactive oxygen species production by WBCs.
Evidence of tissue damage is indicated by the increase in 
creatine kinase even 24 hours after the fatigue program. 
The increase in CK is 2-fold (658.47 U/L) in Indian players 
compared to Europeans (301.4 U/L) [10], which explains 
the dissimilarity between the study populations regarding 
nutrition, training load, recovery, and resistance levels to 
fatiguing conditions. This is consistent with the 24-hour CK 
values obtained by da Silva CD[16] in Brazilian football play-
ers (812±383 U/L). Stajer et al. [9] have elucidated a com-
plex metabolic relationship between creatine and cortisol 
response to exhaustive exercise training, suggesting a link 
between cortisol and exercise-induced impaired bioener-
getics, specifically the GAA-creatine axis. The biomarkers of 
creatine metabolism are positively associated with a cortisol 
stress response to exercise. The study shows a significantly 
increased stress response with serum cortisol values from 
9.34 (2.68) μg/dL at baseline to 13.50 (5.68) μg/dL immedi-
ately post-TSAFT90, but the values seem to be nearing base-
line levels 24 hours after fatigue [9.59 (3.29) μg/dL]. The 
trendline of serum cortisol was found to be similar to that 
reported in previous studies [16, 23].

Table 1. Fatigue analysis of various biomarkers at Baseline, 0 hour and 24 hour post fatigue

Biomarkers/ (mean [SD]) Baseline 0 Hour 24 Hour Baseline vs 0 hr vs Baseline vs 
      0 hr 24 hr 24 hr

Fatigue metabolites
 Lactate (mg/dL) 24.63 (7.51) 45.89 (13.04) 24.80 (8.13) p=0.001 ⬆ p=0.001 ⬆ p=0.33 
 Uric acid (mg/dL) 5.58 (1.10) 6.01 (1.20) 5.82 (1.08) p=0.05 ⬆ p=0.002 ⬆ p=0.05 ⬆
Endocrine response 
 Cortisol (μg/dL) 9.34 (2.68) 13.50 (5.68) 9.59 (3.29) p=0.001 ⬆ p=0.001 ⬆ p=0.70 
Muscle damage
 CK (U/L) 233.17 (122.83) 525.93 (396.45) 658.47 (563.80) p=0.001 ⬆ p=0.004 ⬆ p=0.001 ⬆
Hydration and muscle 
contraction
 Serum mg (mg/dL) 2.06 (0.13) 1.92 (0.14) 2.02 (0.13) p=0.02 ⬇ p=0.05 ⬇ p=0.02 ⬇
 Serum osmolality (mOsm/kg) 285.00 (3.01) 292.20  (3.52) 287.77 (3.53) p=0.02 ⬆ p=0.04 ⬆ p=0.01 ⬆
Immunological state
 Leukocytes (cu/mm) 6.458.00 (1091.13) 11.543.00 (3572.52) 6.920.00 (1584.27) p=0.001 ⬆ p=0.002 ⬆ p=0.05 ⬆
 Lymphocytes 37.22 (9.33) 25.60 (9.89) 37.68 (9.37) p=0.002 ⬆ p=0.001 ⬆ p=0.22
 Neutrophils 53.74 (10.03) 68.07 (10.73) 53.01 (10.63) p=0.001 ⬆ p=0.01 ⬆ p=0.77
 Monocytes 4.33 (1.04) 3.63 (0.84) 4.44 (1.32) p=0.42 p=0.01 ⬆ p=0.04 ⬆
 Eosinophils 3.95 (3.01) 1.79 (2.05) 4.13 (3.06) p=0.001 ⬆ p=0.001 ⬆ p=0.07
Inflammatory markers
 C Reactive Protein 0.10 (0.10) 0.19 (0.12) 0.30 (0.25) p=0.02 ⬆ p=0.001 ⬆ p=0.01 ⬆

⬆

 Statistical significance set to p <0.05. One-way ANOVA followed by Tukey HSD (Honestly Significant Difference) post hoc test was done. SD: Standard deviation; CK: Creatine Kinase.
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Exercise-induced muscle damage leads to an inflammatory 
response, indicated by increased levels of biomarkers such 
as CRP, IL-6, IL-1β, and TNF-α [24]. C-reactive protein and in-
terleukins are linked with the physical stress of match-play 
and an increased susceptibility to injury risk, overreaching, 
and overtraining [5]. Jatene P et al. [25] have stated that CRP 
is a reliable biochemical marker for internal load monitoring 
after training or match-play with high external loads. In this 
study, CRP levels were significantly elevated at both 0 Hr 

(p=0.02) and 24 Hr (p=0.01) post-fatigue. Recent reviews [24] 
also state that football matches affect the circulating levels 
of CRP, which tend to peak 24 hours postgame and return 
to baseline within 72 hours of recovery time. Therefore, a 
congested match schedule can adversely affect an athlete's 
physiological system's inflammatory response.
Sweat is hypotonic, and exercise-induced dehydration pri-
marily results in a decrease in extracellular fluid volume due 
to plasma water loss, a condition known as hypertonic hy-

Figure 2. Graphical representation of Biomarkers over three timelines (Baseline, 0 hour, and 24-hour post-fatigue). (a) Fatigue metabolites, (b) 
immunological markers, (c) muscle damage markers, (d) hydration indicator, (e) average heart rate throughout the fatigue program, (f ) RPE 
using 20-point Borg’s scale during six blocks of the fatigue program
RPE: Rate of Perceived Exertion.

a

c

e
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d
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povolemia. Biomarkers of hemoconcentration have been 
extensively used as indicators of dehydration. Serum osmo-
lality is the gold standard for assessing acute and dynamic 
changes in hydration status, particularly in sports [12, 26]. 
Various studies have identified a dehydration threshold for 
blood osmolality at 295 mOsm/kg of plasma water [27, 28]. 
In the current study, football players were within threshold 
limits at 0 hours and 24 hours, yet there was a significant 
statistical derangement in hydration status. Magnesium, a 
crucial micronutrient for recovery [29], plays a vital role in 
energy production and storage, blood glucose level main-
tenance, and normal muscle function [14]. Our footballers 
showed a significant downward trend in magnesium lev-
els post-fatigue. Plasma volume and blood micronutrient 
concentration, especially magnesium, are interrelated, as 
demonstrated in this study.
The secondary objective was to evaluate the impact of fatigue 
on performance through kicking velocity and recovery from 
muscle soreness. There was a significant decrease in ball ve-
locity post-fatigue (p=0.04) from 94.67 km/hr to 90.47 km/
hr, reflecting reduced performance. The perceptual measure 
for grading muscle soreness, Likert’s 7-point scale for lower 
limb soreness, showed no significant change after 24 hours 
(p=0.07). This finding contrasts with the magnitude of dis-
rupted homeostasis in relation to the biochemical internal 
load of the players. One hypothesis is that when players feel 
less fatigued, they may train or play at higher intensities, po-
tentially increasing the risk of injuries [30].

Limitations
The levels of biochemical parameters may fluctuate based on 
an individual's lifestyle, fitness status, training history, nutri-
tion, psychological state, genetics, previous injuries, chronic 
diseases, and immune status. Additionally, exhausting players 
for 90 minutes in an indoor environment may differ from an 
actual outdoor football match. Future studies should aim to 
bridge the gap between biochemical adaptations to fatigue 
and their practical applications in preventing injuries and 
overtraining in football.

Practical implications
• The internal homeostasis of football players remains se-

verely deranged 24 hours after the TSAFT 90 fatigue pro-
gram. This information can assist in scheduling training 
sessions and matches to allow for adequate recovery.

• Elevated CK, CRP, UA, and leukocytes may indicate muscle 
damage and ongoing inflammation. This finding under-
scores the need for sports scientists to adapt appropriate 
recovery strategies and monitor the training load to im-
prove the fatigue threshold. These parameters can serve 
as performance and recovery indicators.

• An increase in serum osmolality and a decrease in magne-
sium disrupt hydration levels, contributing to fatigue and 

causing burnout that affects performance. Thus, magne-
sium supplementation can aid in achieving euhydration 
and ultimately promote recovery. Tailored planning of pre, 
during, and post-match nutritional supplementation by 
sports nutritionists can significantly manage fatigue.

• From an injury prevention and management perspective, 
these biochemical indices can assist in examining neuro-
muscular fatigue related to injury risk parameters and in 
evaluating the late-stage rehabilitation status of players 
returning from injury. Monitoring the athletes with peri-
odic checks using biomarkers can contribute to longitudi-
nal management to reduce injury and illness risk.

• There was no significant increase in soreness scale scores 
at 24 hours, which allows players to engage in intensive 
training or matches, thus increasing the risk of acute and 
overuse injuries. The mismatch between perceived and 
physiological differences in fatigue demonstrates that 
biomarkers may be more reliable than subjective sore-
ness assessments.

Conclusion
All fatigue biomarkers analyzed in the study were significantly 
elevated immediately post-TSAFT 90 simulation program. The 
failure of these biomarkers (UA, CK, leukocytes, CRP, serum os-
molality, and magnesium) to return to baseline levels within 
24 hours suggests disrupted homeostasis. Poor internal re-
covery at this time can affect performance and increase the 
likelihood of injury.
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Exploratory role of serum FGF-8 as a marker of bone 
metastasis in tumor progression

Human FGF is a class of cytokines that significantly impacts 
tissue disease, metabolism, cell growth, and develop-

ment. The FGF family comprises 22 members and can be fur-
ther broken down into paracrine and endocrine subgroups [1]. 
The FGF family is divided into seven subfamilies, including the 
FGF-1, FGF-4, FGF-7, FGF-8, FGF-9, FGF-11, and FGF-19 sub-
families. Each subfamily is distinguished by the similarity and 
specificity of its protein structure [2]. FGF signaling controls 
the actions of articular chondrocytes, peripheral synoviocytes, 
and osteoblasts, essential for maintaining joint health and 
functional balance [3]. The FGF-8 subfamily consists of three 

proteins: FGF-8, FGF-17, and FGF-18 [4]. FGF-17 is essential 
for brain development, while FGF-18 and FGF-8 are crucial for 
chondrogenesis and osteogenesis [5]. Members of the FGF-
8 subfamily exhibit distinct tissue distribution patterns and 
binding affinities for FGF receptors. FGF-8, also known as an-
drogen-induced growth factor (AIGF) [6], plays a role in stim-
ulating physiological cellular processes such as cell prolifera-
tion, differentiation, and migration [7]. FGF signaling pathways 
may be significant in cancer pathophysiology since they have 
been linked to tumor growth and progression. Cell lines from 
breast and prostate cancers express FGF-8 [8]. Bone develop-
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ment is controlled by a network of signaling molecules and 
pathways, with FGF and its receptors shown to be important in 
bone formation. It has been found that several FGFRs perform 
complementary roles and show some functional redundancy 
during osteogenesis [9]. During the metastatic phase, cancer 
cells subvert these pathways and alter cell-to-cell interactions 
in bone. Depending on the precise interaction between can-
cer cells and bone cells, bone metastases can be osteoblastic, 
like those from prostate cancer, or osteolytic, like those from 
multiple myeloma. However, both components, osteolytic and 
osteoblastic, are present in most bone metastases at various 
levels [10]. In particular, people with lung, breast, and prostate 
cancer are more likely to develop metastatic bone disease 
than other cancer patients [11]. Rising evidence suggests that 
the FGF axis contributes to bone metastases and has been 
linked to the development of numerous malignancies.
The four isoenzymes of alkaline phosphatase, namely liver, 
bone, kidney (L/B/K) alkaline phosphatase, and intestinal al-
kaline phosphatase (I-ALP), placental alkaline phosphatase 
(P-ALP), and germ cell alkaline phosphatase, are expressed 
throughout various tissues. In bone diseases, increased os-
teoblastic activity and/or enhanced hepatocyte production 
are the main causes of high blood alkaline phosphatase [12]. 
Bone alkaline phosphatase (B-ALP) is a relatively specific 
marker for osteogenesis and an indicator of osteoblast metab-
olism [13]. Therefore, B-ALP measurements may be a helpful 
addition to identifying individuals with skeletal involvement. 
Preoperative estimates of predicted survival have a role in de-
termining whether surgical management for bone metastasis 
patients is appropriate. Several prognostic indicators have 
been identified in the past to aid in decision-making, but there 
is currently no precise biomarker for bone metastasis.
To include the ideas of the current understanding of the in-
volvement of the FGF axis in bone metastases, this study was 
designed to comprehensively characterize the role of Fibroblast 
Growth Factor-8 (FGF-8) in bone metastasis and to investigate 
the potential of FGF-8 as a diagnostic marker for bone metas-
tasis. The secondary objective is to correlate FGF-8 levels with 
Bone-Alkaline Phosphatase (B-ALP) for a more comprehensive 
understanding of FGF-8's role in bone health and disease.

Materials and Methods
Study design
This study employed a case-control design to investigate the 
associations between FGF-8 levels and bone metastasis, with 
a specific study duration of 12 months. The study was con-
ducted within the Department of Biochemistry, and approval 
for the study protocol was obtained from the Institutional Ethi-
cal Committee, ensuring strict adherence to ethical guidelines.

Participants
The participant cohort was meticulously selected based on 
specific criteria, comprising a total of 60 individuals. This group 

included 30 participants with secondary bone metastasis and 
an equal number without metastasis. The identification of 
bone metastasis was achieved through whole-body MRI, in fe-
males diagnosed with breast and males with prostate cancer. 
All cases of metastasis were recurrences of breast and prostate 
cancer in females and males, respectively, and enrolled before 
the commencement of chemotherapy.

Variables
The study incorporated distinct variables, both independent 
and dependent. The primary focus was on evaluating FGF-8 
levels as the independent variable. Dependent variables en-
compassed Bone-Alkaline Phosphatase (B-ALP), serum ALP 
levels, and various biochemical parameters such as ALT, AST, 
total bilirubin, blood urea, creatinine, and calcium.

Data sources/measurement
Data acquisition and measurement were meticulously con-
ducted through standardized procedures. Each participant un-
derwent the aseptic collection of 5 mL venous blood, followed 
by centrifugation for serum separation. Biochemical analyses 
were performed on the obtained serum samples using the 
Beckman Coulter AU-480 analyzer (California, United States). 
The evaluation of B-ALP levels employed an inhibition method. 
The initial phase encompassed the quantification of serum ALP 
levels in individuals, thereby determining the overall ALP con-
centration. Subsequent heat inactivation at 56°C for 10 min-
utes resulted in a substantial reduction, yielding B-ALP levels. 
Further diminution ensued with the addition of L-phenylala-
nine (10 mmol/L), leading to the inhibition of the intestinal 
fraction of ALP and the concomitant yield of the L-ALP fraction. 
The residual portion was designated as the intestinal ALP frac-
tion [14]. FGF-8 levels were quantified using Enzyme-Linked 
Immunosorbent Assay (ELISA) with a kit from Elabscience®.

Bias
Concerted efforts were made to minimize bias. Matching 
cases and controls from the same socioeconomic background 
and age group aimed to control potential selection bias. Stan-
dardized procedures for blood collection and analysis were 
implemented to minimize information bias. Selecting partici-
pants with breast and prostate cancer was strategic to control 
potential confounding factors.

Sample size
The study encompassed a total of 60 participants, with 30 in 
the metastatic group and 30 in the non-metastatic group.

Statistical methods
Primary statistical tools included Student's independent t-
test and Pearson correlation coefficient. The MedCalc® plat-
form from MedCalc Software Ltd in Belgium served as the 
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analytical tool. A predetermined significance level of p<0.05 
indicated statistical significance. Calculating the Coefficient 
of Variation (CV%), interassay and intra-assay variability for 
FGF-8 measured by an ELISA Kit involved assessing the pre-
cision and reliability of the assay. The percentage of coeffi-
cient of variation, CV% of intra-assay variability was 2.63% 
(mean=18.27, SD=0.48), and the CV% of inter-assay variabil-
ity was 3.39% (mean=18.20, SD=0.62).

Ethics approval and Helsinki declaration
The present study received ethical approval from the Institu-
tional Ethical Committee. The study adheres to the principles 
outlined in the Declaration of Helsinki, as adopted by the 
World Medical Association, guiding ethical conduct in bio-
medical research involving human subjects. Participants were 
provided with detailed information about the research objec-
tives, procedures, potential risks, and benefits. Informed con-
sent was obtained from all participants, and their confidential-
ity and privacy were strictly maintained throughout the study.

Results
In the present study, 30 patients diagnosed with secondary 
bone metastasis were included. Out of these, 10 were females 
with breast cancer, while 20 were males with prostate cancer. 
The average age of the metastatic group was 60.86±12.14 
years (ranging from 38 to 78 years). Females with breast can-
cer had an average age of 46.2±5.26 years, whereas males 
with prostate cancer had an average age of 66.7±8.24 years. 
Two-way ANOVA was used to analyze the association be-
tween age, sex, and metastatic/non-metastatic status, but 
no significant interaction was found. Out of 20 males with 
prostate cancer, 6 had a history of smoking, and all 10 females 
with breast cancer were non-smokers. Initially, the serum ALP 
level was measured in patients with bone metastasis, which 
averaged 471.13±135.23 U/L. Following heat inactivation at 
56°C for 10 minutes, the mean serum ALP level dropped to 
74.55±24.72 U/L. Additionally, after the addition of L-pheny-
lalanine (10 mmol/L), the mean ALP level further decreased 
to 33.55±11.96 U/L. The inhibition percentage after heat in-
activation was calculated to be 84.39%, which increased to 
92.59% after the addition of L-phenylalanine. The inhibition 
study was utilized to calculate the fractions of Bone (B), Liver 
(L), and Intestinal (I) ALP. The mean B-ALP activity, which was 
inhibited by heat inactivation, was 396.07±111.84 U/L. The 
remaining 74.55±24.72 U/L of ALP level consisted of both 
liver and intestinal fractions. The addition of L-phenylalanine 
successfully inhibited the intestinal fraction of ALP, resulting 
in a mean ALP level of 33.66±11.99 U/L, representing the 
L-ALP fraction. The remaining 38.19±14.34 U/L was consid-
ered the intestinal ALP fraction (Fig. 1). In patients with bone 
metastasis, the percentages of bone, liver, and intestinal 
ALP in serum were 84.17%, 7.45%, and 8.31%, respectively, 
whereas in the non-metastatic group, the percentages were 
18.42%, 41.26%, and 41.68%, respectively. The B-ALP/total 

ALP ratio was 0.87 in the metastatic and 0.19 in the non-
metastatic. Other biochemical parameters, including serum 
ALT, AST, total bilirubin, blood urea, creatinine, and calcium, 
were measured in both groups (Table 1).
Furthermore, FGF-8 protein levels were measured in the 
serum of both metastatic and non-metastatic groups. The 
mean concentration of FGF-8 in the metastatic group was 
21.51±3.41 pg/ml (ranging from 15.13 to 28.35 pg/ml), while 
in the non-metastatic group, it was 5.36±1.79 pg/ml (ranging 
from 2.52 to 9.08 pg/ml). The metastatic and non-metastatic 
cases were stratified by gender. In females with metastasis, 
the mean FGF-8 concentration was 19.39±2.73 pg/ml com-
pared to 6.15±1.90 pg/ml in females without metastasis. For 
males, the corresponding values were 22.56±3.26 pg/ml for 
metastatic cases and 4.46±1.16 pg/ml for non-metastatic 
cases. These higher mean values in metastatic cases for both 
genders indicated a significant difference compared to the 
non-metastatic group (p<0.05) (Fig. 2). The concentration 
of FGF-8 in metastatic and non-metastatic groups, compris-
ing two categories, i.e., males and females, was analyzed 
using two-way ANOVA. The difference between males and 
females was not significant (p=0.36), but there was a signifi-
cant difference between the metastatic and non-metastatic 
groups (independent variable) in relation to the dependent 
variable FGF-8 (p<0.05). It was also found that there was an 
interaction between the two variables, sex and metastatic/
non-metastatic status, in relation to the dependent variable 
FGF-8 (p<0.05). A non-significant result between males and 
females cannot prove that there is no difference between 
sexes. Since the interaction between sex and metastatic/
non-metastatic status was significant, it indicates that sex 
was important in influencing the dependent variable, 
i.e., FGF-8 (Fig. 3). In the metastatic group, FGF-8 protein 
showed a significant positive correlation with B-ALP isoen-
zyme (r=0.58) and serum calcium (r=0.62). Serum calcium 
also displayed a very high positive correlation (r=0.59) with 
B-ALP isoenzyme activity (Fig. 4).

Figure 1. Mean±SD of fractions of ALP in controls and cases.
SD: Standard deviation; ALP: Alkaline phosphatase.
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Discussion
Secondary bone cancer, also known as bone secondaries or 
bone metastases, occurs when cancer spreads to the bones 
from its original site. In this study, 30 patients with secondary 
bone metastasis were enrolled. The research revealed that the 
age of men with prostate cancer with bone metastasis con-
curred with the findings of Plym et al. [15]. Similarly, Shoe-
maker et al. [16] reported that the majority of breast cancer 
cases occurred in women aged 40−44 and 45−49 years, which 
aligns with the results of this study. A case-control study by 
Rao et al. [17] conducted in India found that the mean age of 
breast cancer patients was 46.2 years.

The present study indicated that ALP levels in the metastatic 
group were significantly higher than those in the non-metastatic 
group. Singh et al. [18] concluded that women with breast can-
cer generally exhibit higher ALP activities than normal healthy 
women. The progressive increase in serum ALP activities with 
breast cancer serves as an indication of metastasis. Measuring 
this parameter could be a valuable diagnostic tool for moni-
toring the disease's progression and treatment, especially in 
areas lacking sophisticated studies. A meta-analysis by Jiang et 
al. [19] summarized that breast cancer patients had higher ALP 
levels compared to healthy controls, and elevated levels of both 
ALP and B-ALP were risk factors for bone metastasis. Another 
study by Akimoto et al. [20] found that ALP levels showed sig-
nificant differences concerning the extent of bone metastasis. 
Researchers have employed heat stability and L-phenylalanine 
inhibition studies on human serum alkaline phosphatase to 

Figure 2. FGF-8 (pg/mL) Concentration in metastatic and non-
metastatic stratified by gender.
FGF-8: Fibroblast Growth Factor-8.

Figure 3. Interaction between the two variables sex and metastatic/
non-metastatic in relation to the dependent variable FGF-8.

Table 1. Mean±SD of various parameters in non-metastatic and metastatic groups

Parameters Non-metastatic Metastatic p

Age (years) 55.63±11.26 60.86±12.14 0.19
Total serum ALP (U/L) 88.80±18.78 471.13±135.23 ≤0.05
Bone-ALP (U/L) 17.05±4.69 396.07±111.84 ≤0.05
Liver-ALP (U/L) 34.41±8.33 33.66±11.99 0.59
Intestinal-ALP (U/L) 37.33±7.90 38.19±14.34 0.93
Serum ALT (U/L) 31.16±8.69 49.36±19.94 0.07
Serum AST (U/L) 42.36±8.69 42.07±13.73 0.86
Total bilirubin (µmol/L) 13.17±2.73 12.65±3.93 1.00
Blood urea (mmol/L) 11.44±3.63 17.53±9.54 0.09
Serum creatinine (µmol/L) 68.92±23.86 99.89±54.80 0.16
Serum calcium (mmol/L) 2.02±0.23 2.65±0.17 ≤0.05
Serum FGF-8 (pg/ml) 5.36±1.79 21.51±3.41 ≤0.05

Data are expressed as Mean±SD and were compared using the Welch's T-test. P<0.05 was considered statistically 
significant. SD: Standard deviation; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; FGF-8: Fibroblast Growth Factor-8.
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identify the isoenzyme contributing to the total enzyme ac-
tivity in the serum. Bone alkaline phosphatase was observed 
to be more heat-labile than liver and intestinal alkaline phos-
phatase, allowing for differentiation through pre-incubation of 
the serum at 56°C for 10 minutes before enzyme assay. After 
heat treatment, serum alkaline phosphatase levels decreased 
to less than 14% of the original activity in the metastatic group. 
The bone ALP fraction was significantly higher in the metastatic 
compared to the non-metastatic group. In a study by Lorente et 
al. [21] analyzing bone alkaline phosphatase enzyme concen-
trations in patients with prostate cancer, it was concluded that 
the clinical use of bone alkaline phosphatase enzyme measure-
ment is valuable for diagnosing bone metastasis and assessing 
the progression of prostate cancer due to its good sensitivity 
and specificity. Other biochemical parameters, including serum 
ALT, AST, total bilirubin, blood urea, and serum creatinine, did 
not show significant differences between the metastatic and 
non-metastatic groups, indicating that there was no invasion 
of cancer into other tissues except bone.

The serum calcium level was markedly elevated in the 
metastatic group compared to the non-metastatic group. 
According to a study by Joeckel et al. [22], the highly ex-

pressed calcium-sensing receptor (CaSR) and its down-
stream signaling pathways promote bone metastasizing 
cell migration and proliferation. The primary mechanism 
responsible for approximately 80% of malignancy-related 
hypercalcemia is PTHrP production. PTHrP's biochemical 
structure is very similar to that of PTH [23]. PTHrP acts on os-
teoblasts to increase the production of RANKL, which in turn 
activates osteoclasts and causes bone resorption, releas-
ing calcium into the circulation. Another pathway through 
which PTHrP causes hypercalcemia is by increased renal cal-
cium reabsorption. Osteolytic metastases and excessive cal-
cium release from bone account for about 20% of all cases 
of hypercalcemia. The majority of cases of osteolytic hyper-
calcemia are caused by breast and prostate cancer [24].

FGF-8 concentration was measured in the serum of both the 
metastatic group (breast cancer or prostate cancer with bone 
metastasis) and the non-metastatic group, and it was signifi-
cantly higher in the metastatic group compared to the non-
metastatic group. The difference was statistically significant 
(p<0.05). FGF-8 mRNA expression was found in the cancer-
ous prostatic epithelium by Dorkin et al. [25] using in situ hy-
bridization. FGF-8 expression levels were substantially linked 

Figure 4. Scatter graph of person`s correlation between FGF-8, serum calcium and bone-ALP isoenzyme.
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with low survival rates, advanced tumor stages, and higher 
Gleason scores. Darby et al. [26] studied the expression of hSef, 
a crucial inhibitory regulator of FGF signaling, in prostate can-
cer and concluded that siRNA-induced forced downregulation 
of hSef promoted FGF-8-induced cell migration and invasion. 
Valta et al. [27] conducted a tissue microarray in patients with 
prostate cancer with bone metastasis and reported that 76% 
of samples tested positive for FGF-8. Similar observations 
were made by Gnanapragasam et al. [28]. Nilsson et al. [29] 
conducted a cDNA microarray analysis to identify target genes 
associated with FGF-8b-mediated breast cancer cell prolifera-
tion. The study revealed the involvement of several essential 
regulators of early cell cycle progression, such as Btg2 and cy-
clin D1, as well as mitosis-related regulators, including cyclin B, 
Plk1, survivin, and aurora kinase A. These findings suggest that 
FGF-8 plays a role not only in promoting cell cycle progression 
through the G1 restriction point but also in regulating critical 
proteins involved in chromosomal segregation during mitosis 
and cytokinesis in breast cancer cells. FGF-8 efficiently antici-
pates the differentiation of bone marrow cells into osteoblasts 
and boosts bone production in vitro. It is conceivable that FGF-
8 also increases bone growth in vivo. The findings suggest that 
FGF-8, which is produced in significant amounts by malignant 
tumors of the breast and prostate, may play a role in the devel-
opment of osteosclerotic bone metastases [30].
Fibroblast growth factor 8 (FGF-8) emerges as a pivotal player 
in the insidious choreography of cancer metastasis, wielding 
its influence through diverse mechanisms. One key act in-
volves triggering epithelial-mesenchymal transition (EMT), 
a phenotypic metamorphosis where tumor cells shed their 
epithelial adherence and don mesenchymal traits, granting 
them enhanced motility and invasiveness [31]. FGF-8 accom-
plishes this feat by activating signaling pathways like Wnt 
and MAPK, dismantling epithelial cell junctions, and promot-
ing the expression of mesenchymal markers [32]. Moreover, 

FGF-8 fosters a pro-metastatic microenvironment by induc-
ing angiogenesis, the construction of new blood vessels 
that nourish and oxygenate tumors and facilitate their dis-
semination [33]. Additionally, FGF-8 bolsters the resilience 
of cancer cells against the hostile conditions encountered 
during metastasis, such as hypoxia and anoikis (detachmen-
t-induced cell death) [34]. This multifaceted orchestration by 
FGF-8 underscores its critical role in propelling cancer cells 
along the metastatic odyssey, highlighting its potential as a 
therapeutic target for curbing cancer's spread.
FGF-8, bone ALP isoenzyme, and serum calcium level all ex-
hibited strong positive correlations. These associations indi-
cate that the FGF-8 protein plays a role in the initial bone 
metastasis of breast or prostate cancer (Fig. 5). Several lines 
of evidence point towards a positive correlation between 
FGF-8 protein levels and bone ALP activity. In vitro studies 
by Mansukhani et al. [35] demonstrated that FGF-8 directly 
stimulates ALP expression in osteoblast precursors, suggest-
ing a direct regulatory role. In an in vivo model of prostate 
cancer with bone metastasis, FGF-8 expression enhances 
PC-3 prostate cancer cells' proliferation as intratibial tumors 
and regulates the occurrence of bone lesions [27]. These ob-
servations suggest that FGF-8 acts as a potent stimulator of 
osteoblast differentiation and maturation, as evidenced by 
elevated ALP levels. However, the relationship is not unidi-
rectional. Bone ALP may influence FGF-8 signaling through 
a feedback loop. Recent studies suggest that ALP can de-
phosphorylate FGF-8, potentially modulating its activity and 
downstream effects [36]. This intricate interplay highlights 
the delicate balance between FGF-8 and B-ALP.
The present study suggests that measuring FGF-8 in serum 
holds promise as a superior marker for bone metastasis com-
pared to B-ALP, due to several key advantages. First, FGF-8 
levels are significantly higher in patients with bone metastasis 
compared to those without, while B-ALP levels can be elevated 

Figure 5. Heatmap diagram of correlation between FGF-8, serum calcium and bone-ALP isoenzyme.
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due to other bone diseases. This specificity makes FGF-8 a more 
reliable indicator of bone metastasis. Secondly, FGF-8 may be 
detectable earlier in the course of bone metastasis compared 
to B-ALP and may correlate with the extent and severity of 
bone metastasis, potentially providing valuable prognostic in-
formation for treatment planning. FGF-8 plays a direct role in 
promoting bone metastasis through mechanisms like EMT and 
angiogenesis, while B-ALP is a downstream marker of bone 
activity. Understanding the underlying mechanisms of FGF-8 
involvement provides more insight into disease progression.

Conclusion
FGF-8 is expressed at a high frequency in bone metastases of 
hormonal cancers as it is associated with the induction and fa-
cilitation of prostate tumorigenesis and increases the growth 
and angiogenesis of breast and prostate cancer. FGF-8 has 
demonstrated a robust autocrine growth factor role, fostering 
osteoblastic differentiation in metastasis, leading to increased 
B-ALP levels. Previous expression studies have assayed total 
FGF-8 levels in tissue samples, not particularly in serum. How-
ever, affordable, quicker, and more accurate assays like ELISA-
based kits that measure FGF-8 in serum might be helpful to 
assess the progression of bone tumors in patients with breast 
or prostate cancer for better treatment plans.
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Unmeasurable HbA1c result due to hemoglobinopathy

Analysis of glycosylated hemoglobin (A1C, hemoglobin 
A1C, HbA1c) shows the proportion of hemoglobin to 

which a glucose molecule has been non-enzymatically ad-
joined. The production of HbA1c is a spontaneous reaction 
that is dependent on the prevailing concentration of blood 
glucose. The irreversible production of HbA1c proceeds for 
approximately 120 days, which is the red blood cell's lifespan. 
Therefore, HbA1c levels represent the average glucose levels 
of the previous 2–3 months. HbA1c is the most common test 
used in chronic glycemic management [1]. As standardized 
by the Diabetes Control and Complications Trial (DCCT) and 
approved by the National Glycohemoglobin Standardization 
Program (NGSP), the measurement levels of ≥6.5% or ≥48 
mmol/mol concentration of HbA1c are crucial parts of the di-
agnostic criterion for Diabetes Mellitus [2].
HbA1c can be measured by enzymatic assay, immunotur-
bidimetric assay, boronate affinity, ion-exchange High Per-
fomance Liquid Chorataography (HPLC), or capillary elec-
trophoresis in clinical laboratories [3].
Testing of HbA1c has some advantages over blood glucose 
level measurement which is affected by calorie intake and in-
volves the necessity of patient preparation, and specific tim-

ing. HbA1c measurement also has more preanalytic stability 
and less variability between days [1].
However, HbA1c cannot be studied in every laboratory due to 
its rather high cost. Also, inappropriate correlations between 
HbA1c measurement results and blood glucose levels can be 
seen in patients with hemoglobinopathies, thalassemia, etc.
It has been stipulated that HPLC, which is considered the gold 
standard, should be used for HbA1c testing in every labora-
tory working on HbA1c in the United States [4].

Case Report
In this case report, hemoglobinopathy variants were detected 
in two cases in which HbA1c test results couldn’t be obtained 
by cation exchange HPLC. The use of fructosamine testing in-
stead of HbA1c in the follow-up will be discussed.

Patients and Methods
Two male patients (aged 29 and 25) were seen by their gen-
eral practitioner for their routine checkups. Their biochem-
istry, hemogram, and HbA1c samples were accepted into 

The aim of this study was to show the interference caused by hemoglobinopathy in the measurement of hemoglo-
bin A1c (HbA1c). In our case presentation, we reported two patients whose HbA1c values were unmeasurable when 
using our laboratory's cation exchange chromatography. We detected HbSβ+ and HbSC variants by remeasuring the 
samples with another chromatography instrument. Measurement of HbA1c is a commonly performed procedure 
for the diagnosis of diabetes and for the assessment of blood glucose control in patients with diabetes. However, 
various hemoglobinopathies, chronic kidney disease, and abnormalities in red cell turnover rate may interfere with 
HbA1c quantification.
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our laboratory. Test results of the patients are presented in 
Table 1. The patients’ HbA1c tests were performed with a 
cation-exchange HPLC-based Adams A1C HA-8180V (Arkray, 
Inc., Kyoto, Japan) instrument. HbA1c values were not ob-
tained by our instrument for both patients (Fig. 1). The sam-
ples were reevaluated with a cation-exchange HPLC-based 
Adams A1C HA-8180T (Arkray, Inc., Kyoto, Japan) instrument 
(Fig. 2). HbSβ+ and HbSC variants were detected from Case 
1 and Case 2, respectively.

Discussion
The quantity of HbA1c in patient samples is not only affected 
by blood glucose levels but also influenced by changes in red 
blood cell lifetime and globin chain structure. Hence, clinical 
biochemistry, hematological, and analytical methods are all 
important when commenting on HbA1c [5].

When A1C values are unexpected or incompatible with blood 
glucose measurement results, a disorder in red cell turnover, 
hemoglobin variants, and chronic kidney disease should be 
considered.

Red cell turnover: Incorrectly elevated HbA1c levels can oc-
cur when red cell turnover is low. This situation can occur in 
megaloblastic anemia (related to folate or vitamin B12 defi-
ciency). Conversely, incorrectly low HbA1c levels can occur 
with fast red cell turnover. This situation can occur in patients 

Table 1. Test results of the patients

Parameters Results Results Reference 
 case 1 case 2 value

Glucose (mg/dL) 85 72 74–100
Urea (mg/dL) 31  16.6–48.5
Creatinin (mg/dL) 0.96 0.73 0.70–1.20
AST ( U/L) 26 30 0–40
ALT (U/L) 14 38 0–41
Iron (ug/dL) 102 65 33–193
UIBC (ug/dL) 184 228 125–345
Calcium (mg/dL) 9.4 9.2 8.6–10
Ferritin (ug/L) 631 136 30–400
TSH (mU/L) 3.87 2.9 0.27–4.2
Free T4 (ng/L) 12.4 12.1 8.9–17.1
WBC (103/uL) 9.78 10.48 3.8–10
RBC (106/uL) 2.59 4.82 4.3–5.7
Hemoglobin (g/dL) 95  129 132–173
Hematocrit (%) 28.9 35.7 40–52
MCV (fL) 111.7 74 80–95
MCHC (g/dL) 330 362 310–370
Trombocyte (103/uL) 400 283 150–400

AST: Aspartate transaminase; ALT: Alanine aminotransferse; UIBC: Unsaturated iron 
binding capaticy; TSH: Thyroid stimulating hormone; WBC: White blood cell; RBC: 
Red blood cell; MCV: Mean corpuscular hemoglobin; MCHC: Mean corpuscular 
hemoglobin concentration.

Figure 1. Unmeasurable HbA1c value of cases.
HbA1c: hemoglobin A1C.
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with chronic hemolysis (thalassemia, glucose-6-phosphate 
dehydrogenase deficiency) and patients treated with iron or 
erythropoietin [6–9].
Hemoglobinopathy: HbA1c levels can be measured high or 
low in patients with hemoglobin variants depending on the 
methodology [10].
Chronic kidney disease: HbA1c levels can be altered by ad-
vanced chronic kidney disease, hemodialysis, and erythropoi-
etin treatment [11].
All hemoglobin disorders that occur as a result of a genetic dis-
order are called hemoglobinopathies. Hemoglobinopathies 
are examined in two main groups; thalassemias and hemoglo-
bin variants. Thalassemia syndromes occur when the defect in 
the genes causes synthesis disorders without affecting the 
globin structure. Hemoglobin variants occur when the defect 
in the genes causes abnormal globin synthesis [12].
Hemoglobin S, associated with sickle cell anemia, is caused 
by a specific mutation in the beta-globin (HBB) gene (β6 
GAG>GTG Glu>Val). This variant can be found in heterozygous 
(AS, carrier) or homozygous states (SS, patient). The homozy-
gous (SS) form is the most commonly seen form in sickle cell 
anemia; however, compound heterozygosity of variants of β-
thalassemia (Sβ0 and Sβ+) and Hb C (SC) can also be seen in 
patients showing signs and symptoms of sickle cell anemia 
[13]. Hemoglobin Sβ-thalassemia occurs with the co-inheri-

tance of HbS and β-thalassemia alleles. HbS and HbA ratios 
depend on whether the thalassemia allele is β+ or β0 type. 
Hemoglobin electrophoresis shows 60–90% Hb S, 0–30% Hb 
A, 1–15% Hb F, and 3.5–6% Hb A2 for Hb Sβ+ thalassemia and 
80–95% Hb S, 0% Hb A, 1–15% Hb F, and 3.5–6% Hb A2 for Hb 
Sβ0 thalassemia [13]. Hemoglobin SC, which has the highest 
prevalence in West Africa, occurs with the co-inheritance of 
HbS and HbC alleles. HbSC, which has more target cells and 
fewer sickle cells in blood smear tests, causes a mild version 
of sickle cell anemia. Hemoglobin electrophoresis shows 50% 
Hb S, 0–30% Hb A, 1–7% Hb F, and a normal ratio of HbA2 for 
HbSC [13]. In our cases, HbA1c values were not measurable 
by our instrument (Adams A1C HA-8180V), but with another 
HPLC-based analysis (Adams A1C HA-8180T), HbSβ+ and 
HbSC were detected in case 1 and case 2, respectively. Ge-
netic analysis was also recommended for the patients to con-
firm the diagnosis. Macrocytic anemia (Hemoglobin: 95 g/dL 
and MCV: 111.7 fL) and microcytic anemia (Hemoglobin: 129 
g/dL and MCV: 74 fL) were observed in hematology tests from 
case 1 and case 2, respectively. Tirthankar et al. [14] presented 
a case whose HbA1c test result was zero by an ion-exchange 
HPLC method on a Bio-Rad D10 analyzer. They investigated a 
variant hemoglobin (Hb) by capillary electrophoresis of Hb. 
They found an elevated peak which was suggestive of HbE 
disorder. Hegde et al. [15] reported a case whose HbA1c was 
measured zero by an ion-exchange high-performance liquid 

Figure 2. Reevaluated sample of the cases.
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chromatography (HPLC) method on a Bio Rad D10 analyzer. 
The chromatogram showed a large unknown peak with an 
area of 82.4% and DNA sequencing confirmed HbD Punjab 
mutation. Fructosamine should be recommended for clinical 
use in special populations where HbA1c is less useful. John 
et al. [16] investigated the clinical use of fructosamine and 
HbA1c in diabetes mellitus compared to control groups. They 
found that serum fructosamine should be considered a valid 
diagnostic marker.

Conclusion
HbA1c results would not be obtained from HbSS, HbSβ+, 
HbSC, and HbCC patients since these patients would not have 
any HbA. Alternative test forms such as fructosamine testing 
should be considered for patients whose HbA is unmeasured 
in the chromatogram or when HbA1c results are unobtainable 
by any measurement method.
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