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Instructions for Authors
1.

Aims and scope

•

Baghdad Journal of Biochemistry and
Applied Biological Sciences (BJ-BABS) is an
international, English language, peer-reviewed
scholarly publication in the area of biomedical
sciences and published by the College of Medicine,
Al-Nahrain University and is edited by an
international group of eminent researchers. BJBABS publishes original papers, reviews and short
communications on, but not limited to:
• Biochemistry (medical, clinical, analytical)
• Biotechnology (medical)
• Complementary and alternative medicine
• Endocrinology, diabetes and metabolism
• Microbiology
• Molecular and cell biology
• Pharmaceutical chemistry
2.

•
•
•
•
•
•
•

2.2.2. Narrative reviews

Types of articles

•
•

BJ-BABS considers original research
articles, review articles, and short communications
for publication. Editorials by the editorial team and
letters to the editor by other researchers about the
articles published in previous issues of the journal
are also can be published. The submitted
manuscripts should be formatted according to their
types:

•
•
•
•
•
•
•

2.1. Original (full-length) research articles
•
•

•
•
•
•
•
•
•

Abstract: Unstructured
Manuscript’s structure: Introduction, Main
text, and Conclusions.
Figures: Unspecified
Tables: Unspecified
References: Should not exceed 150
Highlights: Mandatory
Graphical abstracts: Optional
Word count (including all sub-headings but
excluding abstract, figure/table legends and
references): Should not exceed 10,000

2.3. Short communications

Abstract:
Structured
(Background
and
objective, Methods, Results, and Conclusions)
Manuscript’s structure: Introduction, Materials
and methods, Results, Discussion, and
Conclusions. Results and Discussion can be
merged in one section.
Figures: Up to 10
Tables: Up to 10
References: Should not exceed 40
Highlights: Optional
Graphical abstracts: Optional
Word count (including all sub-headings but
excluding abstract, figure/table legends and
references): Should not exceed 3,500
The STROBE statement should be used when
reporting observational studies (cohort, casecontrol, and cross-sectional studies)

•
•

•
•
•
•
•
•

Abstract:
Structured
(Background
and
objective, Methods, Results, and Conclusions)
Manuscript’s structure: Introduction, Materials
and methods, Results and discussion, and
Conclusions. Results and Discussion should be
merged in one section.
Figures: Up to 5
Tables: Up to 5
References: Should not exceed 20
Highlights: Optional
Graphical abstracts: Optional
Word count (including all sub-headings but
excluding abstract, figure/table legends and
references): Should not exceed 1,500

2.4. Editorials
•
•
•
•
•
•
•

2.2. Review articles
2.2.1. Systematic reviews (with or without metaanalysis)
•

Manuscript’s structure: Introduction, Materials
and methods, Results, Discussion, and
Conclusions. Results and Discussion can be
merged in one section.
Figures: Up to 10
Tables: Up to 10
References: Should not exceed 80
Highlights: Optional
Graphical abstracts: Optional
Word count (including all sub-headings but
excluding abstract, figure/table legends and
references): Should not exceed 5,000
Authors should prepare their manuscripts in
accordance with PRISMA Compliant, and the
checklist is necessary for accepting submissions

Abstract:
Structured
(Background
and
objective, Methods, Results, and Conclusions)
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Abstract: Not applicable
Manuscript’s structure: Unstructured
Figures: Unspecified
Tables: Unspecified
References: Should not exceed 15
Highlights: Not applicable
Graphical abstracts: Not applicable

•

include a declarations statements and acknowledgments, as follows:

Word count (including all sub-headings but
excluding abstract, figure/table legends and
references): Should not exceed 1,000

3.1.1. Declarations
 Authors’ contribution statement
 Conflict of interests’ statement
 Data availability statement
 Funding resources
 Institutional ethical approvals and consents

2.5. Letters to the editor
•
•
•
•
•
•
•
•

3.

Abstract: Not applicable
Manuscript’s structure: Unstructured (should
be a note or comment on a paper published in
BJ-BABS). Opinions can also be considered.
Figures: Maximum 1
Tables: Maximum 1
References: Should not exceed 10
Highlights: Not applicable
Graphical abstracts: Not applicable
Word count (including all sub-headings but
excluding abstract, figure/table legends and
references): Should not exceed 500 characters

3.1.2. Acknowledgments
 Personal acknowledgements should precede
those of institutions or agencies only (not
referees).
 The funding agency (if any) which supported
the work, must be clearly mentioned.
3.2. Title page

Submission checklist

•
•
•
•
•
•
•
•



You can use this list to carry out a final check
of your submission before you send it to the journal
for review. Please check the relevant section in this
Guide for Authors for more details.
Cover letter (including declarations, acknowledgments, list of potential reviewers)
Title page (article’s and author’s details)
Blinded manuscript (without author details;
figures and tables are placed within the text at the
appropriate points rather than at the end)
Figures (High quality artworks)
Tables (Should be editable and with simple
format)
Supplementary materials
Highlights
Graphical abstract









3.1. Cover letter
When you submit your work to BJ-BABS,
you should include a cover letter. This is a great
opportunity to highlight to the editor what makes
your research new and important. The cover letter
should explain why your work is perfect for the
journal and why it will be of interest to the journal’s
readers. A well-written cover letter can help your
paper reach the next stage of the process – being
sent out for peer review. So it’s worth spending time
thinking about how to write a cover letter to the
journal editor, to make sure it’s going to be
effective. In the cover letter, the corresponding
author should confirm that the submission has not
been previously published, nor is it before
submitted for another journal for consideration (or
an explanation has been provided in Comments to
the Editor). Providing a list of three or more
potential reviewers outside the author’s affiliation
country is also encouraged.
In addition to highlighting the importance
and novelty of your work, the cover letter should

Article’s full title: Should be concise,
informative, and in lower case characters except
the first letter.
Running head: No more than 50 characters
Author names: Should be in the following
format (Example: Mohammad A. Abdullah
or Abdul-Lateef Mousa (if no middle name).
Middle name should be abbreviated.
Order of Author names should be suffixed with
number in superscript (Example: Mohammad
A. Abdullah1 & Abdul-Lateef Mousa2). If the
affiliation for all the authors is the same then of
superscript is not needed.
Corresponding author’s name should be
identified with a superscript asterisk *
(Example: Mohammad A. Abdullah1,*).
E-mail and contact address of all authors should
be present in the title page and should mention
the email address of corresponding author. At
least one author should provide his institutional
email address.

3.3. Blinded manuscript
According to the submission’s type, the
blinded manuscript should be formatted in a
Microsoft Office Word. The file of blinded
manuscript should include (Full article’s title,
abstract, keywords, body of the manuscript
according to its type, abbreviations, and
references). Five keywords relating to the
concerned subject should be given in alphabetical
order separated by semicolons. The manuscript’s
lines should be numbered. Font’s recommended
are Times New Roman and Arial, 12-point with
spaces between lines of 1.5.
Heading and subheadings should be left
indented lower case characters (except the first
letter). All main headings should be numbered and
in bold characters. Sub-headings should be in
normal characters (not bold) and shall follow the
number from main headings (Example: 1.
Heading, 1.1. Sub Heading 1.2. Sub Heading etc.)
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pictorial form designed to capture the attention of a
wide readership. Graphical abstracts should be
submitted as a separate file in the online
submission system. Preferred file types: TIFF, EPS,
PDF or MS Office files.

3.4. Figures






High quality figures should be provided (TIFF
or JPEG), screenshots are not acceptable
Should not be used previously in any other
published work without permissions
Figures should be numbered serially and
should appear in text in order
Should be cited within the text
Should be placed in their exact places

4.

References


3.5. Tables
Please submit tables as editable text and not
as images. Tables should be placed next to the
relevant text in the article. Number tables
consecutively in accordance with their appearance
in the text and place any table notes below the table
body. Be sparing in the use of tables and ensure that
the data presented in them do not duplicate results
described elsewhere in the article. Please avoid
using vertical rules and shading in table cells.







3.6. Supplementary materials



Supplementary
material
such
as
applications, images and sound clips, can be
published with your article to enhance it. Submitted
supplementary items are published exactly as they
are received (Excel or PowerPoint files will appear
as such online). Please submit your material
together with the article and supply a concise,
descriptive caption for each supplementary file. If
you wish to make changes to supplementary
material during any stage of the process, please
make sure to provide an updated file. Do not
annotate any corrections on a previous version.
Please switch off the “Track Changes” option in
Microsoft Office files as these will appear in the
published version.



5.

Citations must be given in Harvard style in
the text (Stewart et al., 1991; Ali, 1988), or
Stewart et al. (1991) or according to Ali (1988)
and Su & Li (1993). If two or more works by
different authors or authoring bodies are cited
at one point in the text, use a semi-colon to
separate them: (Larsen 2000; Malinowski 1999)
References should be listed in the References
section when the authors complete the
submission process and the total number of
references should not be exceeded (refer to
articles’ types section).
References should not be numbered.
The Year in references should be within
parenthesis [e.g. (1981)].
Authors are responsible for accuracy of
references.
An alphabetical list of all literature cited in the
text should follow the text, headed by
References, and double spaces in Times New
Roman font size 12. Names of the periodicals
should be given in full.
References’ doi should be mentioned (if any).
Page number should be mentioned in the
references.

Submission
Manuscripts can only be submitted online
via the submission system at:
https://bjbabs.org/index.php/bjbabs/submission/
wizard.

6.

3.7. Highlights

After submission (peer-review process)
The rigour of a peer review process ensures
the quality of a research articles. BJ-BABS employs
a rigorous peer review system. All submitted
manuscripts undergo a peer review process before
publication. Only manuscripts of sufficient quality
that meet the aims and scope of BJ-BABS will be
reviewed.
All manuscripts are reviewed initially by the
editors and only those papers that meet the
standards of the journal, and fit within its aims and
scope, are sent for outside review. Upon initial
review, if the corresponding editor feels that a
manuscript does not meet the required standards,
the decision not to send for external review is final.
Submissions that are rejected at this stage may not
fit with the aims and scope of the journal, may not
be sufficiently original, may contain serious
methodological flaws, be unintelligible, or draw
unwarranted conclusions from data presented.

Highlights help increase the discoverability
of your article via search engines. They consist of a
short collection of bullet points that capture the
novel results of your research as well as new
methods that were used during the study (if any).
Highlights should be submitted in a separate
editable file in the online submission system. Please
use “Highlights” in the file name and include 3 to 5
bullet points (maximum 85 characters, including
spaces, per bullet point).
3.8. Graphical abstract
Although a graphical abstract is optional in
non-experimental articles published in BJ-BABS,
its use is encouraged as it draws more attention to
the online article. The graphical abstract should
summarize the contents of the article in a concise,
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this stage with permission from the editor. It is
important to ensure that all corrections are sent
back to us in one communication. Please check
carefully before replying, as inclusion of any
subsequent corrections cannot be guaranteed.
Proofreading is solely your responsibility.
7.2. Author inquiries
You can track your submitted article after
logging in the journal’s system. You are also
welcome to contact Author Support and for journal
related information via editor@bjbabs.org,
bjb.abs.editor@gmail.com, or 00964-780-0011009 (Raid J. Timimi, Ph.D.).
8. Editorial policies and general notes
8.1. Ethical consideration
BJ-BABS applied to be a member of the
Committee on Publication Ethics (COPE). COPE’s
flowcharts and guidelines are approached in
confronting any ethical misbehavior. The Journal
also follows the guidelines mentioned in the
Recommendations for the Conduct, Reporting,
Editing and Publication of Scholarly Work in
Medical Journals issued by the International
Committee of Medical Journal Editors (ICMJE).

If the editors decide that a submission be sent for
external review, it will be sent to at least two
reviewers, and normally three. All manuscripts are
sent anonymously in order to ensure unbiased
consideration by the referees. Any other indications
of authorship are removed in order to ensure that
publication is not dependent upon irrelevant
factors such as race, gender, religion, ethnicity or
political commitment.
Submissions are normally reviewed within 1
month of submission, although due to the rigorous
double-blind peer review system this sometimes
takes longer. Authors should expect a decision on a
submission within 2 months.

8.1.1. Human and animal rights
Studies that involve human beings or
animals must adhere to the principles of the
Declaration of Helsinki.
8.1.2. Informed consent
All patients and participants in a
research project should be thoroughly informed
about the aims of the study and any possible
side effects of the drugs and interventions.
Written informed consent from the participants
or their legal guardians is necessary for any such
studies. BJ-BABS reserves the right to request
the related documents. Articles that require
informed consent should contain related
statements in the methodology section.

7. After acceptance
7.1. Proof correction
To ensure a fast publication process of the
article, we kindly ask authors to provide us with
their proof corrections within two days.
Corresponding authors will receive an e-mail with
an edited manuscript from the copyeditor, allowing
annotation and correction of proofs. The authors
can comment on figures/tables and answer
questions from the Copy Editor. If preferred, you
can still choose to annotate and upload your edits
on the PDF version. All instructions for proofing
will be given in the e-mail we send to authors,
including alternative methods to the commenting
on PDF.
We will do everything possible to get your
article published quickly and accurately. Please use
this proof only for checking the typesetting, editing,
completeness and correctness of the text, tables and
figures. Significant changes to the article as
accepted for publication will only be considered at

8.2. Authorship
Authors must make sure that all only
contributors who have significantly contributed to
the submission are listed as authors and,
conversely, that all contributors who have
significantly contributed to the submission are
listed as authors. If persons other than authors
were involved in important aspects of the research
project and the preparation of the manuscript, their
contribution should be acknowledged in a footnote
or the Acknowledgments section.
Authors are expected to consider carefully
the list and order of authors before submitting
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their manuscript and provide the definitive list of
authors at the time of the original submission. Any
addition, deletion or rearrangement of author
names in the authorship list should be made only
before the manuscript has been accepted and only
if approved by the journal editor. To request such a
change, the editor must receive the following from
the corresponding author: (a) the reason for the
change in author list and (b) written confirmation
(e-mail, letter) from all authors that they agree with
the addition, removal or rearrangement. In the case
of addition or removal of authors, this includes
confirmation from the author being added or
removed.
Only in exceptional circumstances will the
editor consider the addition, deletion or
rearrangement of authors after the manuscript has
been accepted. While the editor considers the
request, publication of the manuscript will be
suspended. If the manuscript has already been
published in an online issue, any requests approved
by the editor will result in a corrigendum.

inventing data or results and reporting them in the
research. Both of these misconducts are fraudulent
and seriously alter the integrity of research.
Therefore, articles must be written based on
original data and use of falsified or fabricated data
is strongly prohibited. In confronting cases with
fabricated or falsified data COPE’s flowcharts and
guidelines are followed. Researchers who perform
randomized or controlled clinical trials are advised
to keep their original data at hand. The Journal
keeps the right to ask for raw data even after
publication.
8.7. Image manipulation
BJB-ABS encourages authors to send their
original images. All digital images in manuscripts
accepted for publication will be checked for
inappropriate manipulation. No specific feature
within an image may be enhanced, obscured,
moved, removed, or introduced. Adjustments of
brightness, contrast, or color balance are acceptable
as long as they are applied to the entire image and
do not misrepresent any information present in the
original, including the background. The editors will
request the original data from the authors to
compare the manipulated figures in cases
suspected of inappropriate manipulation.

8.3. Conflict of interest
Authors should disclose in their manuscript
any financial or other substantive conflict of
interest that might have influenced the presented
results or their interpretation.
8.4.

8.8. Fundamental errors in published works

Copyright

When an author discovers a significant error
or inaccuracy in his/her own published work, it is
the author’s obligation to promptly notify the
journal editor or publisher and cooperate with the
editor to retract or correct the paper.
By submitting a manuscript, the authors
agree to abide by the BJ-BABS’s editorial policies.

The authors retain the copyright of their
manuscripts by submitting the works to this
journal, and all open access articles are distributed
under the terms of the Creative Commons
Attribution-NonCommercial License (AttributionNonCommercial 4.0 International (CC BY-NC
4.0)), which permits unrestricted use, distribution,
and reproduction in any medium, provided that the
original work is properly cited.

8.9. Language
Please write your text in good English
(American or British usage is accepted, but not a
mixture of these). Authors who feel their English
language manuscript may require editing to
eliminate possible grammatical or spelling errors
and to conform to correct scientific English may
wish to use the English Language Editing service
available from certified publishers.

8.5. Disclaimer
The views expressed in the published works
do not express the views of the editors and editorial
staff. The authors take legal and moral
responsibility for the ideas expressed in the articles.
Publisher shall have no liability in the event of
issuance of any claims for damages. The Publisher
will not be held legally responsible should there be
any claims for compensation. Our editorial policy is
consistent with the principles of editorial
independence presented by the World Association
of Medical Editors (WAME).

8.10. Open access
BJ-BABS is an Open Access Journal. All
articles can be downloaded free of charge under
the CC BY 4.0 License. The journal does not
charge any fees at submission, reviewing, and
production stages.

8.6. Data fabrication/falsification
Falsification is the practice of omitting or
altering research materials, data, or processes so
that the results of the research are no longer
accurately reflected. Fabrication is the practice of

8.11.Peer-review
The submitted manuscripts are subject to a
peer review process. The purpose of peer review is

V

to assists the editorial board in making editorial
decisions and through the editorial communication
with the author it may also assist the author in
improving the manuscript. This journal uses
double-blind review, which means that both the
reviewer and author identities are concealed from
the reviewers, and vice versa, throughout the review
process.
The choice of reviewers is at the editors’
discretion. The reviewers must be knowledgeable
about the subject area of the manuscript; they must
not be from the authors’ own institution and they
should not have recent joint publications with any
of the authors. All of the reviewers of a manuscript
act independently and they are not aware of each
other’s identities. If the decisions of the two
reviewers are not the same (accept/reject), the
editor may assign additional reviewers. During the
review process, the editor may require authors to
provide additional information (including raw
data) if they are necessary for the evaluation of the
scholarly merit of the manuscript. These materials
shall be kept confidential and must not be used for
personal gain.
The editorial team shall ensure reasonable
quality control for the reviews. With respect to
reviewers whose reviews are convincingly
questioned by authors, special attention will be
paid to ensure that the reviews are objective and
high in academic standard. When there is any doubt
with regard to the objectivity of the reviews or
quality of the review, additional reviewers will be
assigned.

8.13. Procedures for dealing with unethical behavior
Anyone may inform the editors and/or
editorial staff at any time of suspected unethical
behavior or any type of misconduct by giving the
necessary information/evidence to start an
investigation.
Investigation

Editor-in-Chief will consult with the editorial
board on decisions regarding the initiation of
an investigation.

During an investigation, any evidence should
be treated as strictly confidential and only
made available to those strictly involved in
investigation.

The accused will always be given the chance
to respond to any charges made against them.

If it is judged at the end of the investigation
that misconduct has occurred, then it will be
classified as either minor or serious.

8.12. Plagiarism

I.

Minor misconduct:
Minor misconduct will be dealt directly
with those involved without involving any other
parties, e.g.:

Communicating
to
authors/reviewers
whenever
a
minor
issue
involving
misunderstanding or misapplication of
academic standards has occurred.

A warning letter to an author or reviewer
regarding minor misconduct.

II.

Major misconduct
The Editor-in-Chief, in consultation
with the editorial board, and, when
appropriate, further consultation with a small
group of experts should make any decision
regarding the course of action to be taken
using the evidence available. The possible
outcomes are as follows (these can be used
separately or jointly):
Publication of a formal announcement or
editorial describing the misconduct.
Informing the author’s (or reviewer’s) head of
department or employer of any misconduct
by means of a formal letter.
The formal, announced retraction of
publications from the journal in accordance
with the Retraction Policy (see below).
A ban on submissions from an individual for
a defined period.
Referring a case to a professional
organization or legal authority for further
investigation and action.

Plagiarism, where someone assumes
another’s ideas, words, or other creative expression
as one’s own, is a clear violation of scientific ethics.
Plagiarism may also involve a violation of copyright
law, punishable by legal action.
Plagiarism includes the following:

Word for word, or almost word for word
copying, or purposely paraphrasing portions
of another author’s work without clearly
indicating the source or marking the copied
fragment (for example, using quotation
marks);

Copying equations, figures or tables from
someone else’s paper without properly citing
the source and/or without permission from
the original author or the copyright holder.







Please note that all submissions are
thoroughly checked for plagiarism by turnitin. And,
any manuscript that shows obvious signs of
plagiarism will be automatically rejected.
Acceptable similarity index is ≤20%, with no
similarities of >5% with single reference. In case
when plagiarism is discovered in a paper that has
already been published by the journal, it will be
retracted according to retraction policy.

When dealing with unethical behavior, the
editorial staff will rely on the guidelines and
recommendations provided by the COPE.
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8.14. Retraction
Legal limitations of the publisher, copyright
holder or author(s), infringements of professional
ethical codes, such as multiple submissions, bogus
claims of authorship, plagiarism, fraudulent use of
data or any major misconduct require retraction of
an article. Occasionally a retraction can be used to
correct errors in submission or publication. The
main reason for withdrawal or retraction is to
correct the mistake while preserving the integrity of
science; it is not to punish the author.
Standards for dealing with retractions have
been developed by a number of library and
scholarly bodies, and this practice has been adopted
for article retraction by BJ-BABS in the electronic
version of the retraction note, a link is made to the
original article. In the electronic version of the
original article, a link is made to the retraction note
where it is clearly stated that the article has been
retracted. The original article is retained
unchanged, save for a watermark on the PDF
indicating on each page that it is “retracted.”
8.15. Self-archiving
The BJ-BABS allows authors to deposit preprint in an institutional repository and noncommercial subject-based repositories or to
publish it on author’s personal website (including
social networking sites, such as ResearchGate,
Academia.edu, etc.) and/or departmental website,
at any time after acceptance for publication. Full
bibliographic information (authors, article title,
journal title, volume, issue, pages) about the
original publication must be provided and a link
must be made to the article’s DOI.
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Reports on the clinical importance of serum lipids appeared early in the 1970s. Both
hypercholesterolemia and hypertriglyceridemia (the main two components of serum lipids)
were implicated in the risk of coronary artery disease. 1 Blood cholesterol fractions carry different functions in different body tissues. However, the low and very-low-density lipoprotein cholesterols (LDL-C & VLDL-C) enhance the process of atherosclerosis. In contrast,
high-density lipoprotein (HDL-C) is beneficial to stand against atherosclerosis of the coronary arteries. 2,3
Cholesterol phenotyping is of importance in the evaluation of the risk of atherosclerosis,
especially when the value of cholesterol is on borderline. 4 The use of the atherogenic index
LDL-C/HDL-C ratio was found to be more informative than absolute cholesterol values. 5
Causes of the familial type of hypercholesterolemia have been referred to as a mutation
in the LDL receptor gene, apoprotein B, and the proprotein convertase subtilisin/Kexin type
9 gene (PCSK9). Such patients are at double risk for the development of cardiovascular disease and need early identification and treatment with the screening of all first-degree relatives. The use of inhibitors to the synthesis of apolipoprotein-100 has been recommended
in the treatment of familial hypercholesterolemia along with other lipid-lowering drugs. 2,4
In the other atherogenic familial type mixed (combined) hyperlipidemia, which occurs
at a frequency of 1-5/5000, there is a decrease in high-density lipoprotein (HDL) cholesterol
and an increase in non-HDL cholesterols (LDL and VLDL) showing hypercholesterolemia
and hypertriglyceridemia. It is also termed Type III- hyperlipidemia, dysbetalipoproteinemia, or broad beta disease. It is a genetic disorder characterized by accumulation, in the
plasma, of remnant chylomicrons from intestinal lipoproteins and VLDL remnants derived
from hepatic lipoproteins resulting in the development of premature atherosclerosis. 5,6 The
cause could be referred to as the expression of different isoforms of Apoprotein E (ApoE)
that do not bind to the receptor or ApoE deficiency. 6,7 The molecular cause of this type is
associated with the presence of ApoE2, which increases triglyceride and cholesterol levels
by delaying clearance of hepatic and intestinal remnant lipoproteins. 7
A recent review by Yao et al. (2020) 8 mentioned the mechanisms of the direct action of
hypercholesterolemia on the myocardium. One of those mechanisms was attributed to the
change of membrane lipid bilayer, another to the regulation of intracellular calcium ions, or
the isoform expression patterns of myosin heavy chain. Any or all of these will sensitize the
myocardium to exogenous damage caused by hemodynamic overload, ischemia, diabetes,
or probably other pathological stimuli. 9
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Changes in myocardial structure may, also, be caused by lipid peroxidation as a result
of increased levels of fatty acids induced by raised serum cholesterol 10 or by activation or
dysregulation of mast cells. 11,12 Another possibility is the aggravation of heart damage by
producing autoantibodies for G protein-coupled receptors by hypercholesterolemia. 13
Metabolism of dietary lipids starts in the intestines by the production of chylomicrons
and fatty acid — albumin complex, which is then transferred to the liver and muscles for
further metabolism and production of other lipoproteins. 14
All protocols for serum lipid study recommend 12-14 hour -fast, which was found essential to stabilize lipids, especially the triglycerides, 15 however; some reports considered the
postprandial surge of triglycerides a potent atherogenic factor and cause of CVD 16–18 , taking into account that people spend most of the day in a non-fasting state. They may get their
next meal while serum triglyceride has not returned to the fasting value; on the other hand,
reports claimed that the postprandial state is a dynamic, non-steady-state condition, with
the rapid remodeling of lipoproteins compared with the relatively stable fasting condition.
They recommended the inclusion of postprandial or non-fasting serum lipids in the study
of their atherogenic effects. 16,17,19–21
However, until serum lipids are considered blood glucose, time is needed to establish
reference values for postprandial lipids and develop standardized methods for assessing
postprandial dyslipidemia in routine clinical work and, probably, will achieve early detection of CVD risk.
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Background: Schiff base compounds derivative from1,2,4-triazole, and their
transition metal complexes play an essential role in coordination and bioinorganic
chemistry due to biological and industrial applications.
Objectives: This work aims to prepare and characterize 1,2,4-triazole Schiff base
and its complexes with a theoretical study, photophysical properties, and surface
morphology for these complexes.
Methods: 1,2,4-triazole Schiff base prepared by condensation reaction between
4-Amino-3-mercapto-5-phenyl-4H-1,2,4-triazole and 2-hydroxy-1-naphthaldehyde,
then Schiff base reacted with Co2+ , Ni2+ , and Cu2+ ions, the synthesized
1,2,4-triazole Schiff base, and its complexes were characterized by infrared spectra,
magnetic susceptibility, conductivity measurements, photophysical properties, and
surface morphology measured by atomic force microscopy. The practical results
were reinforced with a theoretical study, using PM3 calculation and HyperChem
program, for these Schiff base complexes.
Results: 1,2,4-triazole Schiff base act as a chelate ligand. The coordination has
occurred through the oxygen of the phenolic group O-H and the nitrogen of the
imine group N=C of Schiff base with divalent metal ions. Cobalt complex has a
tetrahedral geometry, while the nickel and copper complexes have square planar
geometries. The stability of all compounds was studied by calculating the energy gap
by diffuse reflectance spectroscopy and theoretical calculations. Copper Schiff base
is a more stable complex due to the lower value of the energy gap, and the copper
Schiff base complex is more semiconductivity than the other complexes. Surface
morphology, properties of chelating Schiff base ligand and its complexes measured
by atomic force microscopy, cobalt Schiff base complex is higher roughness. The
bond length of (-C=N-), (-C-O-),(M-O), and (M-N) are affected in the coordination
with metal ions, the bond length of the square planar geometry more affected than
tetrahedral geometry.
Conclusions: All compounds were prepared successfully, characterized, and
photophysical properties were studied.

Keywords energy gap, morphology, triazole metal (II) complexes, triazole Schiff base
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INTRODUCTION
Schiff bases are compounds prepared by Hugo Schiff via condensation of primary
amines and carbonyl compounds; the products have an imine group. 1 The literature has
many published types of research on Schiff base complexes containing 1,2,4-triazole moiety
which have antifungal, anticancer, antibacterial, and anti-inflammatory like non-steroidal
anti-inflammatory drugs so that it can use in the treatment of communicable diseases,
Candida infections, and Blastomyces dermatitidis. The biological activity of Schiff base
increases by the coordination with transition metal ions. 2–5 Besides, Schiff bases and
its metal complexes act as anti-ureas agents, catalyze urea hydrolysis by ureases. 6 The
industrial field of the Schiff base is used as corrosion inhibitors. 7,8
Recent studies focus on the preparation of new transition metal complexes of 1,2,4- triazole Schiff bases with their biological activity. Schiff bases complexes of triazole exhibit
better biological activity than the free triazole derivatives and the geometry of these complexes suggested by different spectral analysis. 9 The stable metal ions of the Schiff bases
were synthesized and characterized by mass analysis, 1 H NMR, ultraviolet, infrared, and
molar conductivity, the result of the antibacterial activity indicates that metal complexes
show increases in activity compared to a free Schiff base ligand. 10 Schiff base complexes
were synthesized and characterized by analytical spectroscopy, chelation of Schiff base with
metal ions occurs through the deprotonated phenolic group and azomethine group; therefore, octahedral geometry was suggested. The effect of these complexes on antibacterial was
studied and showed the activity increases with complexation. 11 Hexadentate Schiff base
derivative from salicylaldehyde was reacted with Cr III, Fe III, Co III ions, and characterized by 1 H NMR,13 CNMR spectra, infrared, electronic spectra, elemental analysis, thermal
analysis, conductivity, and magnetic susceptibility measurements, the metal ion was coordinated with Schiff base ligand through the oxygen of phenol, the nitrogen of imine group and
oxygen of ether atoms to suggest octahedral geometry. The biological activity of hexadentate Schiff base derivative with its complexes was measured. 12 The Schiff base derived from
1,2,4-triazole react with Cu 2+ and Zn 2+ ion using 1:2 (Metal: Ligand) mole ratio, These
complexes were characterized by different chemical and physical technics so that Cu 2+ and
Zn 2+ complexes have octahedral geometry, the antimicrobial activity of these complexes
was measured. 13 The presence of a Schiff base containing the 1,2,4-triazole in polystyrene
film showed enhancing photostability for polystyrene against irradiation by ultraviolet light
(14). Co2+ , Ni2+ , Cu2+, and Zn2+ complexes of 1,2,4-triazole Schiff bases were prepared
using molar ratio 1:1 (ligand: metal), the structure of the Schiff bases and its metal complexes were characterized by different spectrometry, the ligand act as negative tridentate.
From spectral studies and theoretical calculations the Co2+ , Ni2+ complexes have octahedral geometry, Cu2+ complex has a square planar geometry, and tetrahedral geometry for
Zn2+ complex. Also, these metal complexes have good anticancer activity against human
breast cancer cell line compared to the free ligand. 14
This work aims to prepare and characterize the Schiff base derivative from 1,2,4-triazole,
then the Schiff base reacted with divalent metal ions, as well as the work involves theoretical
Baghdad Journal of Biochemistry and Applied Biological Sciences, 1(01) | 2020 | https://doi.org/10.47419/bjbabs.v1i01.27
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study using PM3 calculation and HyperChem program, surface morphology, and photophysical properties of the prepared complexes.

MATERIALS AND METHODS
Chemicals and reagents
The chemicals used have high purity. Ethanol (98%), CoCl2 (99.9%), NiCl2 .6H2 O
(99.8%), and CuCl2 .2H2 O (99.9%) were purchased from Sigma-Aldrich. Sodium acetate
(98.9%) was used from Honeywell Fluka.

Instrumentation
All compounds were characterized by FTIR ALPHA spectrophotometer (Bruker Optics,
Model Alpha), magnetic susceptibility balance by Johnson Mattey, which can be used for
describing paramagnetic and diamagnetic materials. Molar conductivity measurements
were carried by corning conductivity meter 220. The photophysical properties were measured by diffuse reflectance spectroscopy (Avantes DH-S-BAL-2048 UV–Vis) in a wavelength range of 230-1100 nm. The Surface Morphology properties measured by Atomic
Force Microscopy (AFM), AFM analysis was used to scan, prop microscopy Angstrom
advanced AA 2000 and a model used was contact mode, under normal atmospheric conditions.

Selection of solvents
In the solubility, ethanol was selected as the solvent for dissolving 1,2,4-triazole Schiff
base, and its complexes.

Preparation of 1,2,4-triazole Schiff base (SHL)
Schiff base ligand (SHL) was prepared by condensation reaction of 4-Amino3-mercapto-5-phenyl-4H-1,2,4-triazole (1) (0.9g/ 0.01mol) with 2-hydroxy-1naphthaldehyde (2) (1.8g/ 0.01mol) in ethanolic solution (100ml) 4-5 drops of glacial
acetic acid was added in 250ml round bottom flask ,the mixture was refluxed for 8 hrs. The
resulting solution left to cool, then the precipitate was filtered, and washed with ethanol
and dried, yellowish powder (3) was identified by FTIR analysis, 15–17 the synthesis of SHL
was shown in Figure 1.
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Figure 1 Preparation of SHL

Preparation of divalent metal complexes
A hot ethanolic solution of the SHL (0.69 g/0.02 mol), was added to the ethanolic solution (0.13g/ 0.23g/ 0.17g; 0.01 mol) of CoCl2 ; NiCl2 .6H2 O; CuCl2 .2H2 O, respectively. Then
sodium acetate (0.5 g) was added to the mixture to adjust the pH of the solution, after that
reflux the reaction for 4 hrs. Then pouring the mixture into the 100 ml distilled water to
separate the product. Filter the suspended solid metal complex to collect it, washed with
distilled water several times, and crystallization with a hot ethanol solution and place in the
oven at 50◦ C. 13 The yield was 85%.

RESULTS AND DISCUSSION
Infrared spectra
The infrared frequencies of the SHL and its complexes are shown in Table 1. Schiff base
has bands appear at 2520.0 cm−1 and 788.0cm−1 due to υS-H and the υC=S, respectively, so
that the tautomerism expected, this phenomena also appear in the spectra of the complexes
that means thioamide group not involving in coordination with metal ions. The υC=N
imine band appears at 1618.33 cm−1 was shifted to a lower frequency in the SHL complexes; therefore, the coordination with metal ions through the nitrogen of the imine group
occurred. Schiff base ligand has a υO-H band at 3250.10 cm−1 due to the phenolic group,
disappearing this band in SHL complexes, indicates the oxygen coordinated with the metal
ion. Besides, υC-O stretching vibrations in the SHL complexes appear at 1076. 44cm−1
shifted to longer wave numbers due to coordination. New bands at (598.91-500.93)cm−1 for
υM-O and (511.09-417.20) cm−1 for υM-N appears in the lower wavenumber region. 4,5,18
The magnetic moment of Co d7 was 4.62 B.M.; therefore, the suggested geometry was
tetrahedral due to paramagnetic properties. Ni d8 has a magnetic moment zero due to
diamagnetic properties; therefore, the square planar geometry was suggested. Cu d9 has a
magnetic moment 1.67 B.M. so that square planar geometry was proposed, 19 the complexes
showed non-electrolytic properties through the conductivity measurements using the DMF
solvent, see Table 2.
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Table 1 Infrared bands of SHL and its metal complexes, cm −1 .
Compound
SHL
CoSHL
NiSHL
CuSHL

υO-H
3250.10
-

υC=N
1618.33
1574.50
1575.80
1573.44

υC-O
1076.44
1143.73
1144.43
1103.01

Table 2 Physical data of SHL and c omplexes.
Compound

Colour

SHL
CoSHL
NiSHL
CuSHL

Yellow
Greenish blue
Light green
Green

Conductivity DMF
solvent µs/cm
12
15
19

Suggested formula
C18 H14 N 4 SO
Co C36 H26 N8 S2 O2
Ni C36 H26 N8 S2 O2
Cu C36 H26 N8 S2 O2

Magnetic
moment, B.M.
4.620
Zero
1.68

Reflectance and band energy measurement
The photophysical properties of SHL and its complexes were measured by diffuse
reflectance spectroscopy DRS in the range 230–1100 nm, see Figure 2. The electrons
transition from the low spin (valence band) to the high spin (conductive band) to measure
the band energy of the prepared complexes. 20–22

Figure 2 Diffuse reflectance spectra of SHL and complexes

The conductive properties of the complexes measured the band gaps from diffuse
reflectance spectra using Kubelka–Munk theory. 23 The plots of [F (R∞ ) hυ]2 versus
photon energy (hν)were used, and the intercept determines the band gaps value. Where
R∞ = sample reflection coefficient, λ= absorption wavelength, F(R): function, and photon
energy: (he), see Figure 3
2

∞)
F = (1−R
..... (1)
2R∞
αhν = C1 (hν − Eg )1/2
α = F (R∞ ) ..... (2)
[F (R∞ ) hν]2 = C2 (hν − Eg ) ..... (3)
hν = 1240/λ
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Figure 3 Reflectance and band energy gap of SHL and complexes

The energy gap of SHL was 2.18 eV, the complexes with a square planar geometry the
energy gap was 1.6 eV for CuSHL and 2.32 eV for NiSHL, while in tetrahedral geometry the
energy gap was 2.34 eV for CoSHL, so it is a higher value compared with the other complexes; therefore the CoSHL complex will be less semiconductive. The CuSHL complex has
the best semiconductive properties due to the small bandgap indicates to the easy electronic
transitions from the HOMO to LUMO energy levels. 24

Surface morphology
The Surface morphology properties measured by atomic force microscopy AFM, the 3D
image of the surface morphology for SHL, and its complexes, see Figure 4. The 3D image of
the surface shows that the Schiff base was irregular particle distribution while the complexes
have a regular homogenous distribution appearance and the partial size scale. More regular
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homogenous distribution appearance in NiSHL complex and CoSHL particles form disklike and more diameters. Topography data are shown in Table 3. The surface roughness of
NiSHL becomes very smooth than SHL this leads to increase light scattering and reflectance,
then a high energy gap, while CoSHL, topography properties are high.

Figure 4 Surface morphology, 3D image of SHL and complexes.

Table 3 Topography properties of SHL and c mplexes.
Complex
SHL
CoSHL
NiSHL
CuSHL

RMS Surface
Roughness(nm)
3.29
8.85
0.835
2.34

Average
Diameter(nm)
18.58
60.67
12.10
23.40

Average
Height(nm)
17.81
35.72
7.08
14.50

Average Size
(nm2 )
271.08
2890.50
114.93
429.90

Theoretical studies
Hyper Chem 8.0.1 software and using semi-empirical calculations with the PM3 method
to estimate the optimized molecular structure of the SHL and complexes, see Figure 5. All
geometric structure is shown non-planar, and the coordination occurs between a metal with
nitrogen and oxygen atoms. 25

Figure 5 Optimized structure balls and cylinder shape of SHL and its c omplexes
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Semi-conductive properties and electronic transition of molecular
orbitals
The stability of the structures and electrical transport properties determined in the theoretical study as an energy gap, which is the difference between the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO), (i.e. Egap =
ELU M O – EHOM O ).
The stability of the SHL and the complexes were shown when the energy gap calculation
lower value that means the higher stability complex formed are shown in Figure 6, CoSHL
complex has the highest energy gap (∆E= 2.737 eV) that means the electron stay in a ground
state level (lower energy) more than transition to the excited state (high energy). CuSHL
complex was the energy gap (∆E=1.825 eV) and become more semi-conductive than other
complexes. 26

Figure 6 Frontier molecular orbitals of structures of SHL and its complexes
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The effect of the coordination on bond length
The theoretical study and the practical results from FTIR spectra show that the coordination occurs between metal ion and oxygen of phenolic group and nitrogen of imine
group (-C=N-) of the Schiff base ligand and the bond length effect as the metal used and
the structural form. Table 4 and Figure 7show that effected. The CuSL the bond length of
(-C=N-), (-C-O-)increases when compared with a free ligand.

Figure 7 Some bonds lengths of Schiff base and complexes

Table 4 Some bonds lengths of SHL and its complexes
Compound
SHL
NiSHL
CuSHL
CoSHL

Metal-O
2.0197
1.8597
2.0237
1.879
1.8760
1.8958

Metal -N
1.9108
1.9039
1.916
1.9093
1.9287
1.9027

C=N
1.3514
1.3841
1.3454
1.3936
1.3483
1.3567
1.3452

C-O
1.3447

1.2558
1.3094
1.2954
1.3011

CONCLUSION
The Schiff base SHL was prepared successfully by condensation reaction between 4Amino-3-mercapto-5-phenyl-4H-1,2,4-triazole and 2-hydroxy-1-naphthaldehyde, the triBaghdad Journal of Biochemistry and Applied Biological Sciences, 1(01) | 2020 | https://doi.org/10.47419/bjbabs.v1i01.27
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azole Schiff base acts as a bidentate ligand through donor groups of phenolic and an imine
and gave a good result compared with the theoretical calculation of bond length, especially
(-C=N-), (-C-O-) bonds, CuSHL complex has longer bond length. The geometry of the prepared complexes was proposed the CoSHL complex has a tetrahedral geometry, NiSHL, and
CuSHL complexes have a square planar geometry according to spectroscopy measurements.
The valence electrons of metal ion affect physical properties and gave the semiconductivity
behaviour to the free ligand. From the calculating energy gap using diffuse reflectance spectroscopy and theoretical study, CuSHL complex is more semiconductive, which indicates
the electronic transitions from the HOMO to LUMO energy levels were easy, the tetrahedral
CoSHL complex was less semi-conductive, due to difficult electronic transitions between
the energy levels. As well as, the surface morphology of SHL and its complexes appearance
more regular homogeneous distribution in NiSHL and CoSHL complexes.
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Background: Prostate cancer is one of the most common cancers in men,
worldwide. Many markers are suggested for prostate cancer with different specificity
and sensitivity.
Objectives : This study is aimed is to examine the possible utility of prostate-specific
antigen indices as markers of prostate cancer.
Methods: A case-control study was conducted in the Department of Chemistry and
Biochemistry, College of Medicine, Al-Nahrain University, Baghdad, Iraq from July
2018 till March 2019, includes 84 subjects divided into three groups: twenty-four
patients with prostate cancer (PCA), thirty patients with benign prostatic
hyperplasia (BPH) and thirty healthy subjects as a control group were examined in
this study. Blood samples from all participants were collected, and before obtaining
a prostatic biopsy from patients. Serum prostate-specific antigen (PSA) and free
prostate-specific antigen (fPSA) levels were quantified by the ELISA technique.
Results: PSA cut-off value was found to be more than 9.57 ng/ml for PCA patients,
values range between 3.17–9.57 ng/ml for BPH patients and cut-off value for control
was found to be less than 3.17 ng/ml, while serum (fPSA/PSA)% cut-off value was
less than 11.1% for PCA patients, values range between 11.1%—31 % for BPH
patients, and cut-off value was greater than 31% for the control group.
Conclusion: There is a highly significant difference in serum PSA levels and
(fPSA/PSA)% between the PCA and control groups. Body mass index showed an
inverse association with the risk of prostate cancer.

Keywords benign prostatic hyperplasia, body mass index, free prostatespecific antigen,
prostate cancer, prostatespecific antigen, receiver operating characteristic curve
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INTRODUCTION
Prostate cancer is the leading cancer death in men, it rates vary more than 25-fold worldwide, with the highest rates in North America, Western and Northern Europe, Australia,
and New Zealand. There are also relatively high rates in the Caribbean, South America, and
South Africa and lower rates across Asia and Eastern Europe. 1
According to the Annual Report of Iraqi Cancer Registry in 2016; the prostate cancer
incidence rate of cases in 2016 shows that the highest percentage and incidence for top ten
cancers in 2016 in both genders was among the breast cancer and the lowest was among the
prostate cancer with incidence rate accounts for 4.1 incidence rate (per 100,000 population)
of top ten cancer in the male in Iraq in 2016. 2 According to recent studies, PSA fails to consider as an accurate PCA predictive biomarker (limited by poor specificity). The main problem is the hurdles in differentiation between BPH and prostate cancer, it is Prostate tissuespecific and not prostate cancer-specific biomarker test so, a substantial interference in PSA
values between cancerous and non-cancerous individuals. 3 Considerable efforts have been
made to find new biomarkers for the accurate diagnosis of prostate cancer. 4
Results of numerous studies have been conducted on the relationship between BMI and
PCa was associated with the risk of prostate cancer have not been consistent. 5 According
to the World Health Organization, the BMI was divided into six categories. 6 This research
aims to measure the PSA indices in patients with Prostate Cancer and Benign Prostatic
Hyperplasia.

METHODS
Study design and participants
This case-control study was conducted from August 2018 till February 2019. patients
who were recruited to Al-Imamain AL-Kadhimain Medical City, Al- Shahid Ghazi AlHariri Specialized Surgery Hospital/ Urology Consultation Unit, Al-Amal National Hospital for Cancer Management in Baghdad city. The study includes 84 samples divided into
three groups:
• Twenty four patients with prostate cancer (PCA).
• Thirty patients with benign prostatic hyperplasia (BPH).
• Thirty healthy subjects (as control group).
The age was ranged between 50- 81 years old. The patients with prostate cancer and benign
prostatic hyperplasia were included in the current study; while patients with prostatitis, sexually transmitted infections, patients with chronic renal failure, Patients on finasteride or,
dutasteride therapy for the prostatic disease were excluded. A blood sample was aspirated
using disposable syringes in the sitting position. The blood is discharged slowly into plain
disposable test tubes without anticoagulant, until it clot for 15 minutes at room temperature, then centrifuged at 1000x g for 10 minutes. Serum PSA and free PSA were estimated
Baghdad Journal of Biochemistry and Applied Biological Sciences, 1(01) | 2020 | https://doi.org/10.47419/bjbabs.v1i01.28
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by using the ELISA technique. FPSA% levels were calculated according to the following
equation (fPSA / total PSA) X 100, 7 Body Mass Index (BMI) was calculated using the belowmentioned equation. According to the World Health Organization, the BMI was divided
into six categories. 6
eight in Kg)
BM I = (W
(Height in m)2

Statistical analysis
The results obtained in this study were expressed as mean±SEM, and statistical comparisons were conducted with the use of independent t-test for comparing two independent
groups (patients and controls). Analysis of variance (ANOVA) test for comparison among
more than 2 groups using Tukey HSD post-Hoc test to assess the significant differences
between studied subgroups; considered p<0.05 as statistically significant. The Pearson correlation test tested correlations among all studied parameters, and all statistical analyses
used in this study were carried out by using the IBM SPSS Statistics for Windows, Version
20.0 (Armonk, NY: IBM Corp). The normality of distribution was checked using ShapiroWilk and Kolmogorov- Smirnov tests.
Receiver operating characteristic (ROC) analyses were accomplished as a comprehensive way to determine the accuracy of the markers used in this study. In ROC analysis, the
area under the curve (AUC) can be considered as a powerful statistical tool for comparing
different biomarkers given the value of AUC that becomes closer to one indicates that the
parameter can be considered as an excellent diagnostic and predictive biomarker, a curve
obtained in this statistical analysis may indicate the significance of the marker. So, the curve
of a parameter that lies close to the diagonal (AUC=0.5) shows no diagnostic importance.
An AUC value that is closer to one is always coupled with sensitivity and specificity satisfactory values. 8

RESULTS
There was a significantly high difference (P <0.001) among all study groups regarding
serum PSA and (fPSA/PSA) % levels. Prostate-specific antigen shows a very highly significant increase (P1<0.001; P3<0.001) between Prostate Cancer group in comparison with the
both control group and Benign Prostatic Hyperplasia group respectively, while there was no
significant difference (P2=0.859) between Benign Prostatic Hyperplasia group versus the
control group as shown in Table 1. There was a very high significant decrease (P1<0.001)
(P3<0.001) in (fPSA/PSA) % values between Prostate Cancer group in comparison with the
control group and Benign Prostatic Hyperplasia groups respectively; in contrast, no significant decrease (P2= 0.416) was found between Benign Prostatic Hyperplasia group against
the control group (Table 1).
The mean±SEM of BMI in (kg/m2 ) for Prostate Cancer group was 25.49±0.62,
and 28.28±0.80 for Benign Prostatic Hyperplasia group, while for control group it was
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27.81±0.47 kg/m2 . A highly significant difference (P ≤ 0.01) was found between all study
groups. A high significant difference was found between the control group and patients
groups (BPH and PCA); a significant difference (P1=0.016) was found between Control
group versus Prostate Cancer group, as well as between Prostate Cancer group versus
Benign Prostatic Hyperplasia group (P3=0.004) while no significant difference (P2=0.599)
was found between Control group versus Benign Prostatic Hyperplasia group, as shown in
Table 1.
The mean±SEM of age in years for the control group was 53.40±0.68, and 64.77±1.56
for Benign Prostatic Hyperplasia group, while 70.17±1.38 for Prostate Cancer group respectively (Table 1).
Table 1 Anthropometric and biochemical characteristics of control and patients groups.
Characteristic
Age (years)
2

PCA
(n=24 )

BPH
(n=30 )

Control
(n=30 )

P

70.17±1.38 64.77±1.56 53.40±0.68 <0.001†HS
†HS

BMI (kg/m )

25.49±0.62 28.28±0.80 27.81±0.47 0.010

PSA (ng/ml)

124.12±21.195.12±0.50

(fPSA/PSA)%

11.00±1.39 26.71±2.42 24.45±1.90 <0.001†HS

2.57±0.11

<0.001†HS

P1

P2

P3

<0.001€HS <0.001€HS 0.004€HS
0.016€HS 0.599€N S 0.004€HS
<0.001€HS 0.859€N S <0.001€HS
<0.001€HS 0.416€N S <0.001€HS

n: number of cases; †: One way ANOVA; €: post hoc LSD test; HS: highly significant at P ≤0.01; NS: not
significant at P ≤0.05; S: significant at P ≤0.05; P1: P-value for control vs carcinoma; P2: P-value for control
vs BPH; P3: P-value for carcinoma vs BPH.

To compare the validity measurement among all the biomarkers and specify the most
suitable cut-off value for each biomarker, a receiver operating characteristic (ROC) curve
was established. This was applied to locate the most viable biomarkers as a panel of performed biomarkers tool for participating in the detection of Prostate Cancer.
The validity indicators such as sensitivity, specificity and area under curve (AUC) for the
present diagnostic biomarkers; serum PSA and (fPSA/PSA) %, based on receiver operating
characteristic (ROC) curve (Figure 1) were calculated and illustrated in Table 2.
Regarding PCA group versus non-cancerous subjects, including BPH group and healthy
men group as the selection of control subjects in this study were done by choosing healthy
men with normal serum PSA level. Thus, according to ROC curve of serum PSA level, the
cut-off value >9.57 ng/ml optimally identified the patients with Prostate Cancer from those
who are non-cancerous; at this cut-off value the sensitivity was 87.5%, specificity was 100%,
and the area under curve AUC was 0.983. A very highly significant increase (P <0.001)
was found between Prostate Cancer group versus non-cancerous group. Regarding serum
fPSA/PSA% level, the cut-off value ≤11.1 optimally identified the patients with Prostate
Cancer from those who are non-cancerous; at this cut-off value the sensitivity was 75%,
specificity was 98.33%, and the area under curve AUC was 0.888. A very high significant decrease (P <0.001) was found for Prostate Cancer group versus non-cancerous group
(Table 2).
As shown in table (3) and figure (2), regarding BPH group versus control group, based
on ROC curve of serum PSA level, the cut-off value >3.17 ng/ml optimally identified the
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Table 2 Cut off value, sensitivity, specificity and area under curve (AUC) of receiver operating characteristic (ROC) curve of prostate-specific antigen (PSA) and (fPSA/PSA)% in prostate cancer versus
non-cancerous groups.
Characteristic
Cut-off value
AUC
Sensitivity
Specificity
P-value

PSA (ng/ml)
>9.57
0.983
87.5
100
<0.001

fPSA/PSA (%)
≤11.1
0.888
75
98.33
<0.001

PSA: Prostate specific antigen; (fPSA/PSA)%: free prostate specific antigen/prostate specific antigen%; Pvalue: highly significant at P ≤0.001; significant at P ≤0.05.

Figure 1 Receiver operating characteristic curve of prostate-specific antigen (PSA), free prostatespecific antigen %(fPSA/PSA)% in cancer versus non-cancerous group

Figure 2 Receiver operating characteristic curve for total prostate-specific antigen (PSA), free prostatespecific antigen % (fPSA/PSA)% in benign prostatic hyperplasia group versus the control group.

patients with BPH from those who are healthy men; at this cut-off value the sensitivity was
77.78%, specificity was 88.1%, and the area under curve AUC was 0.789. A very highly
significant increase (P <0.001) was found between the BPH group versus the control group.
Regarding, serum (fPSA/PSA)% level, the cut-off value ≤ 31optimally identified the
patients with BPH from those who are healthy men; at this cut-off value the sensitivity
was 38.89 %, specificity was 88.1 %, and the area under curve AUC was 0.57. There was no
significant difference (P = 0.436) between the BPH group versus the control group (Table
(3) and figure (2)).
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The cut- off values of PSA based on the ROC curve results in the current study was 9.57
ng/ml for Prostate cancer patients, while its value range between 9.57-3.17 ng/ml for BPH
patients, and < 3.17 ng/ml for apparently healthy men respectively, and the cut-off value of
serum fPSA /PSA% level was 11.1% for Prostate cancer patients, range between 11.1% -31
% for BPH patients, and >31% for apparently healthy men respectively.
Table 3 Cut off value, sensitivity, specificity and area under curve (AUC) of receiver operating characteristic (ROC) curve of prostate-specific antigen (PSA) and (fPSA/PSA)% in BPH group versus the
control group
Characteristic
Cut-off
AUC
Sensitivity
Specificity
P-value

PSA (ng/ml)
>3.17
0.789
77.78
88.1
0.001

fPSA/PSA ( %)
<31
0.57
38.89
88.1
0.436

PSA: Prostate Specific Antigen; fPSA/PSA%: free Prostate Specific Antigen/Prostate Specific Antigen %; Pvalue: very higg significant at P ≤0.001; significant at P ≤0.05.

DISCUSSION
Prostate cancer incidence rates racially vary by more than 25 fold worldwide, explained
by lifestyle and genetic differences; it is highest in Australia/New Zealand, Northern America, Northern and Western Europe and some Caribbean nations and lowest in Asia. 9,10
According to Iraqi Cancer Registry in 2016; the highest percentage and incidence was
present among the breast cancer, and the lowest rate was found among the Prostate cancer.
The Incidence Rate (Per100, 000 Population) of top ten Cancer in males in Iraq in 2016 for
Prostate Cancer is 4.13. 2
Prostate Cancer is one of the most controversial health care issues because of the dilemmas related to diagnosis using Prostate Specific Antigen PSA. A high number of falsepositive biopsies and an elevated rate of over diagnosis are the main problems associated with PSA. New PCA biomarkers have been recently proposed to increase the predictive value of PSA. 11 In the European Randomized Study of Screening for Prostate Cancer
(ERSPC) including 162,387 men, PSA test showed 75.9% false-positive results. 12 Such false
prediction rate can be explained by several factors, for example, enlarged prostate gland
such as benign prostatic hyperplasia (BPH) may lead to the increase in PSA level, but no
cancer was detected. 13 Moreover, the PSA level is higher with older age; 14 besides, high BMI
decreases PSA level. 15 In 2018, the European Randomized Study of Prostate Cancer concluded a high incidence of over-diagnosis, the Prostate Cancer Prevention Trial suggested
that there is no a definite PSA threshold with high sensitivity and specificity. 16
The findings of the current study based on receiver operation characteristic (ROC) curve
in a sample of Iraqi patients show that the PSA cut-off value was 9.57 ng/ml for Prostate
Cancer patients. According to the American Cancer Society, PSA level above 4 ng/mL and
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below 10 ng/mL have ~25% chance of PCA occurrence and PSA level more than 10 ng/mL
increases chances of PCA occurrence over 50%. 13 Although PSA is considered as the best
biomarker for the diagnosis of PCA, it is still far from being the ideal biomarker due to
the fact that there is no accurate threshold that can be used with relative security for the
diagnosis of PCA.
On the other hand, the use of the (fPSA/tPSA)% ratio has been shown to improve specificity in the detection of prostate cancer. No definitive data are available indicating the
optimal (fPSA/tPSA)% that should be applied, 17 in the present study; The cut-off value of
free Prostate Specific Antigen percentage (fPSA%) based on the ROC curve results finding
was ≤11.1% for Prostate cancer patients.
Researchers have conducted cohort and case-control studies involving diverse populations to determine the relationship between prostate cancer and obesity, measured in terms
of body mass index (BMI). BMI show inverse correlation with risk of prostate cancer, the
results were in agreement with Shannon et al. 18 and disagree with others, 19,20 who concluded that (BMI) has been associated with increased prostate cancer risk, while Lee et al.
analysis showed no evidence that body weight was associated with prostate cancer. 21 Also,
Giovannucci et al. concluded that no relationship exists between BMI and prostate cancer
among older males (age > 60 years). 5 It can be concluded that although there is a highly significant difference of serum PSA levels among all the study groups, there is no definite value
that can be used for detection and discrimination between men with and without prostate
cancer. Also, the results of BMI showed an inverse correlation with risk of prostate cancer.
The present study demonstrated that the (fPSA/PSA) % ratio was a strong predictor of
future cancer detection and ominous cancerous signs in prostate biopsy in men with total
PSA levels of 2.1–10.0 ng/ml at population screening.
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Background: Laminins are high-molecular-weight proteins in the extracellular
matrix; it is a major component of the basal lamina, influencing cell differentiation,
migration, and adhesion. Laminin affects cell growth, besides effects in wound
healing and embryonic development.
Objectives: The present study aims to assess the histological changes taking place
during skeletal muscle healing.
Methods: The Extensor digitorum longus muscle of 45 male rabbits was set as a
skeletal muscle injury model and examined 3&6 weeks after initiation of injury.
These animals were divided into three groups control (A) group with no injury,
group (B) at 3rd post-injury week, group (C) at 6th post-injury week. The muscle
tissues were prepared and examined histologically using H&E and
immunohistochemically using Laminin antibodies. Aperio image scope software is
used to analyze immunohistochemical reactivity quantitatively. The degeneration
and regeneration process were overlapping with each other both in time and cellular
morphological changes. Early myoblast like cell appearance and new myotube
formation was recorded during the 3rd week. By the end of the 6th -week
postoperatively, the muscle histological maturation and muscle fascicles were
noticed.
Results: Immunohistochemical reactivity of Laminin antibody showed an intense
reactivity in the 3rd -week group while a less intense reactivity in the control and
6th -week groups’.A quantitative assessment of Laminin using Aperio soft wear
showed that the 3rd -week group has an intensity of 0.724 ± 0.03 pixel, while the 6th
week’s group was 0. 321 ± 0.02 pixel and the control groups was 0.293 ± 0.02 pixel.
The differences were statistically significant, P-value ≤ 0.0001.
Conclusion: The process of regeneration is a dynamic type where degeneration and
regeneration superimposed each other.

Keywords immunohistochemistry, laminin, muscle injury, muscle regeneration

How to cite this article: Ali TA, Zaki LH, Al-Habib MF. The impact of skeletal muscle injury on the expression of laminin and its
role in regeneration. Baghdad Journal of Biochemistry and Applied Biological Sciences, 2020;1(01):27-40. doi: bjbabs.v1i01.29

27

Taghreed A., Ali; et al.

Skeletal muscle injury and laminin

INTRODUCTION
Skeletal muscle has an excellent ability to regenerate; muscle regeneration recapitulates
many aspects of embryonic myogenesis and is an important homeostatic process of the
adult skeletal muscle. After development, it retains the capacity to regenerate in response
to appropriate stimuli. Loss of control over muscle precursor cell could lead to pathological
trans-differentiation leading to pathologic defect in the regenerative process. 1
Muscle tissue repair following damage can be considered as a process consisting of
two interdependent phases: degeneration and regeneration, where, apart from the role
of growth and differentiation factors, the degree of damage and the interactions between
muscle and the infiltrating inflammatory cells appear to affect the successful outcome
of the muscle repair process, muscle regeneration depends on a balance between proinflammatory and anti-inflammatory factors that determine whether the damage will be
resolved with muscle fiber replacement and reconstitution of a functional contractile apparatus, or with scar formation. 2
Skeletal muscle repair is a highly synchronized process involving the activation of various cellular and molecular responses, where the coordination between inflammation and
regeneration is crucial for the beneficial outcome of the repair process following muscle
damage. 3
Regulation of Laminin deposition in the matrix is by cell-surface receptors following
their secretion as intact heterotrimers; Laminins are deposited into the extracellular matrix,
some Laminin molecules are subsequently proteolytically processed, this processing event
might modulate binding of the Laminin to cell-surface receptors regardless of the processing; however, emerging data indicate cell-surface receptors, integrins and dystroglycan regulate that deposition and/or formation of Laminin matrices, and that other matrix components stabilize Laminin incorporation into the extracellular matrix. 4,5
The present study aimed to focus on the role of Laminin during the process of regeneration and to evaluate the expression of Laminin in skeletal muscle regeneration both quantitatively and histologically.

MATERIALS AND METHODS
Induction of muscle injury
The present study was performed on 40 mature male rabbits after the Institutional
Review Board (IRB) approval in Al-Nahrain Medical College. The experiment complied
with the national institute of health guidelines for the care and use of laboratory animals.
The injury was done under general anesthesia; each animal was anesthetized with a mix
of ketamine (35 mg/kg) and xylazine (5mg/kg), according to National Institute of Health
(NIH). The skin was incised after sterilization, the subcutaneous fascia and deep fascia were
dissected. The extensor digitorum longus muscle was cut and then immediately returned to
its position. The dissected muscle was sutured, and the half splint was applied for a week to
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limit the movement; then, the extensor digitorum longus muscle was taken after 3&6 weeks
of operation.

Sampling and histological tissue preparation
Three groups of animals was set in this study each with 15 animals: Group A: (Control group) not subjected to surgical injury. Group B and Group C (experimental groups)
each 15 animal in 3rd and 6th postoperatively week. Tissue samples were fixed in buffered
formaldehyde 10%, dehydrated in different concentrations of alcohol, clearing in xylene,
embedded in paraffin, serially sectioned at 4 um - 6 um, and stained with H&E.

Laminin antibodies immunohistochemistry (IHC)
Paraffin tissue sections placed on positively changed slide sections were deparaffinized
and processed with Laminin Ab procedure.

Morphometric analysis and statistical analysis
Different fields of the section selected for imaging using a microscope digital optic camera. Immunohistochemical study was performed using Aperio positive pixel count algorithms program V10 used to quantify the amount of positive reactivity in a tissue section;
this system had a set of default input parameters configured for brown color quantification
in three intensity degrees, weak positive, positive, and strong positive. Statistical analysis in
the present study was performed using SAS 2012. 6

RESULTS
Gross morphological events of skeletal muscle
EDL muscle was chosen as an experimental model because it’s easily approachable in
dissection. Skeletal muscle regeneration was followed postoperatively at 2 different times,
3rd -week postoperative period because it represents the peak of regeneration and 6th week
because it represents the final picture for regenerative.
Gross examination of the muscle at 6th -week post-injury revealed the presence of an
intact muscle at the site of healed injury, while the 3rd -week cross-examination showed that
the site of injury was still weak, uneven, and narrow; some of the injured muscle ended in
fibrous tissue formation and scar represents a failure of regeneration few cases of infection
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at the site of injury happened.

Histoarchitectural regenerative dynamics in skeletal muscle
regeneration
Early stages of regeneration showed the start of the degenerative process at the site of
injury, where infiltration of the inflammatory cell was observed at the site of injury and even
in between intact peripheral muscle fiber (Figure 1). Muscle cells at the site of injury start
to degenerate through the early stages after injury (seen in the preliminary study), and by
the start of the 3rd week, regenerative process noted young muscle fibers that start to appear
within the auto grafted muscle, still, there was an infiltration of mononuclear inflammatory
cells at this site injury with a large amount of connective tissue in between these new muscle
fibers (Figure 2).
By the 3rd postoperative week, synchronized balanced activity between degeneration
and regeneration happened. A degenerative process which was represented by infiltration
of different type of inflammatory cells occupy spaces between degeneration muscle cells
and ultimately entered perimysium, and endomysium was accompanied by the appearance
of new muscle fiber and high vascular infiltration of small blood vessels, the process of
degeneration and regeneration in skeletal muscle overlapped each other both in time and
morphological changes. By the time when revascularization started, inflammatory cells
started to abolish, and at the same time, new muscle cell fibers started to appear; the whole
process was very dynamic (Figure 1&2).
Early myoblast-like cells appear at the 3rd postoperative week seen as groups of small,
rounded cells with a small nucleus centrally located and eosinophilic cytoplasm. Myoblast
starts to arrange themselves in a row or longitudinal manner to form what is called the train
or early myotube (Figure 2)
As the process continues, the spaces occupied by connective tissue element start to
diminish and well- identified epimysium, but perimysium started to be formed, which
was highly vasculature and by the end of 6th week, fully matured muscle fibers were seen
although the number of nuclei per cell was more than normal, and connective tissue element
was still arranged in a non-uniform manner, (Figure 3).

General distribution of laminin antibodies in regenerating muscle
fibers
Laminin expression was found to be restricted to the basement membrane (endomysium) and was seen as thin brown to dark yellow line surrounding individual muscle
and separating muscle from each other (Figure 4). The sarcoplasm of these muscles was
devoided from any Laminin reactively, blood vessels found in the connective tissue between
muscle fibers showed well-identified reactivity (Figure 4 & 5). The third-week postoperative
Baghdad Journal of Biochemistry and Applied Biological Sciences, 1(01) | 2020 | https://doi.org/10.47419/bjbabs.v1i01.29
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Figure 1 Cross section in regenerating skeletal muscle showing heavy mononuclear cells infiltration(MN) at the site of the injury with few intact peripheral muscle cell fibers, H&E, 1st week, X20
cross section in regenerating muscle showing newly formed small muscle fibers, high vascularity and
disorganized connective tissue elements (H&E, 3rd week, X20).

group showed a different picture of that seen in control, foci of new muscle formation at the
site of injury was seen, where small tiny muscle appeared aggregated in a disorganized way
(Figure6). The new muscle fibers showed marked well-identified sarcoplasmic reactivity,
and in addition to that, these multiple foci at the site of injury showed different levels of
expression toward Laminin Abs (Figure 7).
By the end of the 6th week postoperatively showed mature muscle, well organized with
faint reactivity toward Laminin Ab, which was mainly confined to the endomysium and
perimysium surround blood vessels; theses mature cells showed negative reactivity in their
sarcoplasm. Still in between these, mature regenerated fibers. Small regenerating foci were
present, and at higher magnification, high positive reactivity toward Laminin Abs was seen
represented by yellow to brown color (Figure 8&9).In the 6th week, postoperative group
Laminin reaction was confined to the area surrounding each muscle fiber, with mild reaction at connective tissue separating muscle fibers where blood vessels are present. The reaction in endomysium and perimysium was the same (Figure 9).
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Figure 2 Cross section in regenerating muscle showing newly formed small muscle fibers, highvascularity and disorganized connective tissue elements (H&E, 3rd week, X20).

Figure 3 Cross section in regenerating skeletal muscle showing mature well organized regenerated muscle fibers. Notice the presence of mature cells with non-well organized myofilaments versus immature
disorganized myofilements cells (H&E, 6th week, X40).
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Figure 4 Cross section in normal skeletal muscle showing A: weak reactivity of laminin in sarcoplasm
( Red Arrow ).Intense reaction located at endomysium & perimysium of muscle fiber indicated by the
brown to yellow color in the connective tissue.
B: The same picture with aperio software, (control group , laminin Ab, X10).

Figure 5 Cross section innormal skeletal muscle showing A: distributionof laminin Ab localizes in cell
surrounding & connective tissue elementwith blood vessels (red arrow)
B: The same picture seen with aperiosoftware (Control group, laminin Ab, week, X20)
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Figure 6 Cross section in regenerating skeletal muscle showing A: regenerating foci at the site of injury
with different level of laminin reactivity
B: the same picture with aperio software notice laminin position reactivity difference in both foci (3rd
week group , laminin AB , X10).

Figure 7 Cross section in regenerating muscle showing A: newly formed cell in regenerating foci with
clear sarcoplasmic reactivity
B: same picture with aperio soft ware notice laminin positive reactivity in foci 3rd week, laminin Ab,
X20)

Quantitative morphometric assessment of laminin expression in
regeneration
Statistical analysis (SAS) was used to assess the difference in the expression of Laminin
reactivity, which was assessed using Aperio Alogrthem software. The degree of positivity
measured by this program ranged and expressed in different colors. Laminin reactivity in
muscles in the control group shoed 0.293 ± 0.02 (pixel/micron)2 and a value of 0.321 ±
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Figure 8 A: difference of laminin reactivity between regenerating area &peripheral intact muscle the
regenerative foci (RF) new cell showed marked sarcoplasmic reactivity B: The same picture seen with
Aperio software showing position foci & blue regenerative area represent mature peripheral muscle
fiber (laminin Ab, 6th week, X20).

Figure 9 Section of skeletal muscle regeneration showing A: complete muscle regeneration with laminin
Ab expression confined only to endomysium (two head arrow) and perimysium (one head arrow) with
the negative sarcoplasmic activity of laminin. B: The same picture in aperio software (laminin Ab, 6th
week, X10).
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0.02 (pixel/micron)2 in the 6th -week groups, while in the 3rd postoperative week group the
positive expression of Laminin recorded of 0.724 ± 0.03 (pixel/micron)2 .
These differences were statistically significant (P-value = 0.0373) no statistically significant difference was found between control and 6th postoperative weeks P-value ≤ 0.05
according to independent t-test application (Table 1).
Table 1 Laminin expression in different experimental groups
Groups
Mean ± SEM (Pixel/Micron)
P-value
Laminin expression in control 0.293 ± 0.02 B
group
0.0001
Laminin expression in 3rd -week 0.724 ± 0.03 A
group
Laminin expression in 6th week 0.321 ± 0.02 B
group
** (P<0.01). Means having with the different letters in the same column differed significantly.

DISCUSSION
The time schedule of the main events during muscle regeneration is essential and forms
an overlapping schedule and superimposed process; these stages included in the regeneration of injured muscles are revascularization reinnervation, and lastly, the establishment of
tendon connection the mention above process are crucial stages for muscle regeneration. 7
In this study, the stages mentioned above were well identified clearly during postoperative follow- up in different groups. Overlapping stages of both degenerations, where
muscle start to fragment and come what is called ghost cells and regeneration, was well
documented. On the other hand, revascularization was seen at the same time as the degenerative stage. Revascularization is the crucial regenerative event that happens early after
trauma; the pattern of revascularization in regenerating muscle is related to the number of
mononuclear inflammatory cells that invade the traumatic area in the early stages of degeneration. 8
Newly formed muscle fibers were seen at the beginning of the regenerative process at
the 3rd postoperative week cell; these were small rounded muscles with centrally located
nucleus usually mononucleotide and myofilaments were not settled yet they are named
some time as type 2C fibers.
These fibers are considered one of the most important key stages of regeneration. They
are the start point of the formation of new muscle fibers; eventually, they gain maturity with
the advancement of time and form mature skeletal fibers. 9
Muscle regeneration is a dynamic process due to the activation of multiple factors,
including satellite cell, fibronectin, laminin, and fibroblast growth factors in the initial proliferative phase called the regeneration. Components of muscle regeneration, both structurally and functionally, are under the effects of these factors plus other environmental fac-
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tors. 10
The regenerative process was thoroughly investigated after experimental trauma to
extensor digitorum longus muscle and showed a different profile of reactivity in different
post-traumatic times. Early myogenic cell differentiation and formation of new muscle
fibers and early myotube formation showed an intense reactivity for Laminin.
Laminin 211 and 111 are highly expressed through regenerative processes induced by
a crush injury expressed in the basement membrane of small diameter myofibers, which
exist and represent the newly regenerated muscle fibers suggesting their involvement in
early myogenic differentiation and are intensively present during the process of new muscle
fibers changing to myotube newly formed showed a highly express Laminin and alpha 6
integrin. 11
The significance of Laminins for muscle integrity through complex expression patterns
in making basement membrane is manifested in congenital muscular dystrophies with basement membrane through muscle development and constitute a growing family of proteins
muscle, also through characterization and communication events through muscle formation. Laminin enhances muscle regeneration and improves myoblast proliferation, and can
facilitate the regeneration process in the studies involved in muscle development. 12
Laminin plays an important role in cell migration after trauma and this, in turn, enhance
healing and even enhance early wound closure of the postoperative wound by enhancing
the migration of mononuclear cells and enhancement of division of myoblast and myotube
together with activation of surrounding fibroblast and lastly stimulation of endothelial cells
surrounding blood vessels all together played an important role that yielded good regenerative capacity of skeletal muscle to regenerate. 13
Revascularization and formation of different types of blood vessels were well-established
criteria in this study by H &E and by using Laminin, Abs. In a study done by Malinda et
al., 2008, they recorded the presence of high, multiple types of vascularity in the first 3rd
post-traumatic period. Laminin was expressed in the basement membrane of all blood vessels present surrounding the injury area. This same study indicated that wound healing was
well established; they investigate and found that migration of myoblast and matrix metalloproteinase was involved in the formation of new blood vessels, and Laminin seem to have
a direct effect or remolding of collagen fibers. 14
The statistical data of the quantitative study of the Laminin during the process of degeneration and regeneration showed rather a different manner of expression of this marker
between the two studied groups. Control and 6th postoperative groups showed less intense
reactivity towards Laminin (211 &111), while a heavy intense reactivity was detected and
was a significant difference in the 3rd -week group. Statistical analysis showed 0.293 ±
0.02pixel /(micron)2 , control 3rd post-operative week 0.724 ± 0.03 pixel /( micron)2 and
6th post-operative weeks0.321 ± 0.02 pixel /(micron)2 .
The sticking feature of the presence of Laminin in the sarcoplasm of newly formed muscle and surrounding connective tissue elements, including their blood vessels, was behind
the significant-high reactivity seen in the 3rd -week group. Laminin sarcoplasmic distribution during process of myogenesis after muscle trauma still unexplained criteria, the
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endomysium absence in the stage was recorded in a study which demonstrates the fact that
can explain the Laminin expression inside the sarcoplasm, the high bundling of Laminin
at the period of myogenesis may be due to it to the bundling of sarcoplasmic elements as
theses cell at this period lack endomysial present. 15
The importance of Laminin to the integrity of skeletal muscle has been demonstrated
through extensive analyses of both naturally occurring and targeted mutations in Laminin
genes. All adult skeletal muscle fibers are surrounded by an abasement membrane containing primarily Laminin; although Laminin also appears to be present, the absence of or alteration in the Laminin alpha 2 chain is thought to weaken the skeletal muscle contractions.
The muscle sarcoma basement membrane is unusual in that it processes a topographical
pattern of alternating densities that corresponds to an underlying receptor and cytoskeletal
array mediator of force transmission between muscle fibers. 16
During human skeletal muscle development, distribution and expression characteristics
of laminin alpha 2 in primary human skeletal muscle cells were assessed; expression levels of
all three protein increased with differentiation; the protein was relocated from sarcoplasm to
the sarcolemma both alpha and beta- dystroglycan was involved in forming a complex with
their respective partners . Laminin alpha2 during development cells may employ tightly
regulated post-translational species –species modification to produce different isoforms of
alpha-dystroglycan to participate in appropriate.
From this study, it was concluded that the process of regeneration is a dynamic type
where degeneration and regeneration superimposed each other. This study’s outcome was
integrated by using Laminin, which gives a rational perspective on the role of Laminin in
the process of regeneration.
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Background: Preeclampsia (PE) affects approximately 3% of all pregnancies, and it
is still a major cause of the adverse perinatal outcome. PE is a multisystem disease
characterized by the development of hypertension and proteinuria. Although PE
etiology is not fully known, the placenta seems to play a central role in the
development of the disease. The inadequate placentation process results in a change
in angiogenic factors levels, such as the soluble form of vascular endothelial growth
factor receptor type 1 (sFlt-1) and placental growth factor (PLGF).
Objectives: To investigate the correlation between serum PLGF with soluble sFLT-1
in preeclamptic women at their third trimester.
Methods: A case-control study was carried out from August 2018 till January 2019.
In this study, pregnant women were collected from the Al-Elweyia, Al-Hakeem, and
Al-Imamain Alkadhimain medical city. The practical part was conducted at the
College of Medicine, Al-Nahrain University. The patient group includes 50
preeclamptic women in the third trimester (25 mild and 25 severe). Fifty healthy
pregnant women (at their third trimester of gestation) were selected as control.
Patients and control were compared for age, serum PLGF, and Sflt-1.
Results: Serum PLGF levels were decreased significantly among women who
developed PE (2.14±0.029 pg/ml, 2.44±0.038 pg/ml vs. 2.68±0.017 pg/ml; p<0.05)
severe PE, Mild PE, and the control group respectively, while, serum sFlt1 levels
were increased significantly (p<0.05) between the groups of PE, (5.81±0.025,
5.51±0.024, 5.19±0.017 pg/ml) severe, mild and control, respectively.
Conclusions: Serum sFlt-1 and PLGF can be considered promising biomarkers for
the preeclampsia. sFlt-1 and PLGF the ROC cut-offs (5.67 ng/ml, 2.09 ng/ml,
respectively), the specificity and sensitivity of serum PLGF is more than that of
serum sFlt-1, for the diagnosis of preeclampsia during the third trimester of
pregnancy.
Keywords third trimester of pregnancy, preeclampsia, placental protein 13, sFLT-1,
soluble fms-like tyrosine kinase 1, PLGF, placental growth factor
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INTRODUCTION
Preeclampsia (PE), which affects 2–3% of pregnancies and is a major cause of maternal
and perinatal morbidity and mortality, is thought to be the consequence of an imbalance
in angiogenic and anti-angiogenic proteins. Several studies have reported that maternal
serum levels of placental growth factor (PLGF) are reduced and those of soluble fms-like
tyrosine kinase-1 (sFlt-1) are increased in women with PE. There is also evidence that the
level of these proteins is altered before the onset of the clinical signs of the disease. However,
a meta-analysis of such studies concluded that the test accuracies of serum PLGF and sFlt-1
before 30 weeks’ gestation are too poor for accurate prediction of PE in clinical practice. 1
Preeclampsia is associated with an altered maternal pattern of circulating placentally
derived proteins regulating angiogenesis such as sFlt-1 (soluble fms-like tyrosine kinase 1)
and PLGF (placental growth factor). 2
Placental Growth Factor (PLGF) is a member of the vascular endothelial growth factor
(VEGF) family and is predominantly expressed in the placenta, although it is also expressed
at low levels in many other tissues, including the heart, lung, thyroid, liver, skeletal muscle and bone. The human PLGF gene is located on chromosome 14q14 and encodes four
isoforms of PLGF. 3
Soluble fms-like tyrosine kinase-1 (sFlt-1) is a tyrosine kinase protein with antiangiogenic properties. A non-membrane associated splice variant of VEGF receptor 1
(Flt-1), sFlt-1 binds the angiogenic factors VEGF (vascular endothelial growth factor) and
PLGF (placental growth factor), reducing blood vessel growth through reduction of free
VEGF and PLGF concentrations. In humans, sFlt-1 is important in the regulation of blood
vessel formation in diverse tissues, including the kidneys, cornea, and uterus. Abnormally
high levels of sFlt-1 have been implicated in the pathogenesis of preeclampsia. 4
Serum PLGF is found to be decreased in women both at the time of diagnosis with
preeclampsia and well in advance of syndrome onset. The deficiency in PLGF is likely due
to a combination of decreased expression of PLGF and reduced free PLGF due to binding
with sFLT-1, which is elevated in affected women. In early pregnancy, PLGF concentrations are lower in women who subsequently develop preeclampsia than in normal pregnant
women, but sFLT-1 levels are no different, suggesting that PLGF expression in the placenta
is decreased. However, towards completion of pregnancy, there is a reciprocal relationship
between sFLT-1 and PLGF with rising levels of total (free and bound to VEGF or PLGF)
sFLT-1 and lower free PLGF levels. This suggests that in the latter half of pregnancy, low
PLGF concentrations occur predominantly due to the sequestering of PLGF by sFLT-1. 5

MATERIALS AND METHODS
Study design and participants
A case-control study was conducted. The patient groups include 50 preeclampsia women
in the third trimester (25 mild, 25 severe). Fifty healthy pregnant women (at their third
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trimester of gestational) of six months from August 2018 till January 2019. Pregnant women
included in this study were collected from the Al-Elweyia, Al-Hakeem, and Al- Imamain
Alkadhimain Medical City. The practical work was conducted at the Department of Chemistry and Biochemistry, College of Medicine, Al-Nahrain University, and at the Department
of Anatomy/ Histology and Embryology. This research was approved by the Institutional
Review Board (IRB) of College of Medicine, Al-Nahrain University; before participation,
all women were given an idea about the study, and their written informed consent was
taken. All pregnant women included in this study were in the third trimester. Chronic
hypertension, gestational hypertension, renal and liver diseases, diabetes mellitus, smokers, fetal structural anomalies, multiple pregnancies, intrauterine fetal growth restriction
from other causes, heart failure, inflammatory disorders, elderly pregnant, infectious disease, endocrine disease, HELLP syndrome, and collagen vascular disease were excluded
from this study.

Blood sampling and biochemical analyses
Samples collection blood samples were obtained from pregnant women in thirdtrimester pregnancy drawn. Five milliliters (ml) of venous blood were withdrawn from all
pregnant women using disposable syringes in the sitting position. The blood is discharged
slowly into plain disposable test tubes without anticoagulant. The blood was allowed to
clot at 37 °C for 10-15 minutes and then centrifuged at 1000x g for 15 minutes. The serum
stored in Eppendorf tubes at -80°C until analysis of sFlt-1, and PLGF concentrations.

Statistical analysis
Data were analyzed by statistical packages of SPSS 18.5 (statistical packages for social
sciences-version 18.5). All data were presented as a mean±SE. Statistical differences
between the data of patients and control groups were determined according to the student
t-test. P values of less than 0.05 were statistically significant.

RESULTS
Table 1 illustrates the age of preeclampsia patients and control groups analyzed by using
one way ANOVA test. The mean ± SE of maternal age for the pregnant control group and
patients groups (mild and severe preeclampsia) were 29.28±1.08 years, 29.84±1.70 years,
and 29.85±1.27, respectively. No significant difference (P<0.05) was found among all study
groups.
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Table 1 The comparison of age between the control pregnant group and patients (mild and severe
preeclampsia) groups at third trimester.
Type
Age (year)

Control
29.28±1.08

Mild PE
29.84 ±1.70

Severe PE
29.85±1.27

P -value
0.931

The mean ± standard error of the mean of serum PLGF for control pregnant group and
patients groups (mild and severe preeclampsia) at third trimester were 2.68±0.017 pg/ml,
2.44±0.038 pg/ml, and 2.14±0.029 pg/ml, respectively.
Regarding serum PLGF, there was a significant difference (p= 0.047) between patients
group (mild and severe) versus control group, (p=0.048) mild preeclamptic group versus control pregnant group, (p=0.006) severe preeclamptic group versus control pregnant
group and (p= 0.047) mild preeclamptic group versus severe preeclamptic group in the third
trimester at delivery respectively (Table2)
The mean ± standard error of the mean of serum SFLT-1 for control pregnant group and
patients groups (mild and severe preeclampsia) at third trimester following delivery were
5.19±0.017 pg/ml, 5.51±0.024 pg/ml, 5.81±0.025 pg/ml, respectively.
There were significant differences in the mean of SFLT-1 between patients groups (mild
and severe preeclampsia) against the control group, mild preeclamptic group against control
pregnant group, severe preeclamptic group against control group, severe preeclamptic group
against the mild group in the third trimester of pregnancy (p = 0.042, 0.032, 0.027, 0.043)
respectively (Table 2).
Table 2 Serum placental growth factor (PLGF) and serum SFLT-1 levels in control and preeclampsia
patients groups .
Mean± SEM

Serum PLGF
(pg/ml)

Serum sFlt-1
(pg/ml)

P value
(between
all groups)

Control
vs.
Mild

Control
vs.
Severe

Mild
vs.
Severe

Control

2.68±0.017

Mild
Severe
Control

2.44±0.038
2.14±0.029
5.19±0.017

0.047

0.048

0.006

0.047

Mild
Severe

5.51±0.024
5.81±0.025

0.042

0.032

0.027

0.043

Receiver operating characteristic curve (ROC) analyses of serum placental growth factor PLGF demonstrated the ability of this marker to differentiate preeclamptic from normal
pregnancies (Figure 1). In this figure, the cut-off value = 2 pg / ml optimally identified the
patients with preeclampsia; at this cut-off value, the sensitivity was 57%, and specificity was
65%, and the area under the curve (AUC) was 0.608. The ROC analyses of serum soluble
fms-like tyrosine kinase (SFLT-1) (Figure 2) demonstrated the ability of this marker to differentiate preeclamptic from normal pregnancies (Figure 2). In this figure, the cut-off value
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= 5.58 pg / ml optimally identified the patients with preeclampsia; at this cut-off value, the
sensitivity was 53 %, and specificity was 57.5 %, and the area under the curve (AUC) was
0.544.

Figure 1 Receiver operating characteristic curve (ROC) analysis of PLGF

DISCUSSION
The present study showed increases in the levels of serum soluble fms-like tyrosine
kinase-1 in preeclampsia (mild and severe) compared with the pregnant control group in
the third trimester. The sflt-1 concentration is higher in the severe preeclamptic group in
comparison with the mild preeclamptic group in the third trimester. Similar results were
reported by many studies like Tsiakkas et. al., study. 6
As the elevated serum levels of sFlt-1 modify the endothelial integrity of blood vessels, hence causing hepatic edema as well as hypertension and proteinuria encountered
in preeclamptic patients. Also, blood-brain–barrier damage may occur, leading to brain
edema. This aberrant angiogenesis and hypertension are the hallmarks of preeclampsia. 7
Rizos et. al., confirmed that increased serum sFlt-1 levels early in pregnancy are associated with a higher risk of preeclampsia. 8
The present study showed a decrease in the mean serum levels of PLGF in preeclamptic
women in the third trimester as compared to the control pregnant women group; many
studies like (Radulescu et al., 2016) reported similar results. 9
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Figure 2 Receiver operating characteristic curve (ROC) analysis of Sflt-1.

Rizos et. al., confirmed decreased serum PLGF levels early in pregnancy are associated
with a higher risk of preeclampsia. 8
The connection between circulating sFlt-1 and PLGF in preeclampsia was explored by
previous studies suggesting that up-regulation of the anti-angiogenic sFlt-1 in preeclampsia
leads to binding of the angiogenic factor PLGF, with a consequent decrease in circulating
free PLGF levels. 10 In this respect, sFlt-1 and PLGF seem to be important etiological factors
in preeclampsia’s pathogenesis. 7

CONCLUSION
Soluble fms-like tyrosine-1 and PLGF levels changes in the third trimester during pregnancy; stress period, which reflect an association with its role in the pathogenesis of PE. So,
the anti-angiogenic factors mentioned above could be used as biomarkers for disease progression & impact on the outcome of pregnancy. Serum sFLT-1 levels of these markers in
the third trimester were significantly correlated with the severity of preeclampsia in which
they increased in the severe preeclampsia group compared to the serum concentration of
both mild preeclampsia group and normal pregnant women group.
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Background: Preeclampsia (PE) is diagnosed after 20 weeks of gestation. This
multisystem disorder affects 2-7% of pregnant women. PE is a serious complication
of pregnancy and one of the main causes of maternal and neonatal mortality and
morbidity in the world. The inadequate placentation process results in a change in
anti-angiogenic factors levels, such as placental protein 13 (PP13) and soluble
fms-like tyrosine kinase 1 (sFlt-1).
Objectives: To investigate the correlation between urinary PP13 and sFlt-1 in
preeclamptic women in their third trimester of pregnancy.
Methods: A case-control study was carried out from August 2018 till January 2019.
Urine samples were collected from pregnant women at Al-Elweyia Hospital,
Al-Hakeem Hospital, and Al- Imamain Al-Kadhimain Medical City (in Baghdad,
Iraq). The patients’ group include fifty women with PE in the third trimester (25
mild and 25 severe). Fifty healthy pregnant women (at their third trimester of
pregnancy) were studied as a control group.
Results: The mean urinary PP13 levels were decreased in women with PE
significantly (p≤ 0.05) (mild and severe) compared with healthy women
(43.44±4.914 pg/ml, 33.34±1.863 pg/ml, and 51.84 ±2.60 pg/ml) respectively. Also,
urinary sFlt-1 concentrations were decreased non-significantly (p> 0.05) in women
with PE (mild and severe) compared with healthy women (5.71±0.414 ng/ml,
5.31±0.38 ng/ml and 6.01±0.282 ng/ml), respectively.
Conclusions: Urinary PP13 and sFlt-1 levels in the third trimester of pregnancy
were significantly correlated with the severity of PE, and urinary levels of PP13 were
found to be decreased significantly in patients with PE than in healthy pregnant
women in the 3rd trimester of pregnancy.
Keywords galectin 13, placental protein 13, PP13, preeclampsia, soluble fms-like tyrosine
kinase-1
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INTRODUCTION
Preeclampsia (PE) is a pregnancy-associated multisystem disorder that complicates 210% of pregnancies in the western world. It is accompanied by a neonatal and perinatal mortality rate of 10% worldwide. 1 Early-onset PE (i.e., PE requiring delivery before 34
weeks of gestation) is associated with an increased risk of both short- and long-term maternal complications and perinatal mortality and morbidity. 2 The diagnosis is mainly based on
elevated blood pressure (BP), especially new-onset hypertension (systolic blood pressure ≥
140 mmHg, or diastolic ≥ 90 mmHg), with proteinuria or other manifestations such as
renal impairment, thrombocytopenia, hepatic dysfunction, pulmonary edema, or cerebral/
visual disturbances. 3 The clinical features of PE are proteinuria and hypertension that occur
after 20 weeks of gestation in women who were not previously diagnosed to be hypertensive.
Other signs and symptoms of PE are edema and headache. 4
Placental protein 13 (PP13 or Galectin-13) is an exclusive protein expressed by the placenta. It plays a significant role in adhesion of the placenta to the uterus and expansion
of maternal arteries by remodeling. 5 In addition, PP13 is one of the 56 known placental
proteins identified so far; it is a 32-kDa homodimer protein and was purified from the placenta. 5 It binds to β-galactoside residues of several proteins on the cell surface, cytoskeleton,
and extracellular matrix, thereby generating various responses such as immune responses
and influencing other functions like apoptosis and molecular recognition. 6 The availability
of the purified native and recombinant PP13 have stimulated the generation of various polyand monoclonal antibodies, followed by the development of an ELISA immune-diagnostic
kit, with these tools in hands, a comparative analysis of PP13 levels in maternal blood was
conducted in many studies. 7
The soluble fms-like tyrosine kinase 1 (sFlt-1) is a splice variant of the receptor 1 for vascular endothelial growth factor A (VEGF-A) that lacks the cytoplasmic and transmembrane
domains. By binding to its circulating ligand with high affinity, sFlt-1 inhibits the VEGF-A
pathway and impairs endothelial cell homeostasis. 8 It is also known as a soluble receptor
for VEGFs, and a protein that binds and decreases the concentrations of circulating VEGF
and PlGF. 9
This study was aimed to evaluate the potential use of PP13 and soluble fms-like tyrosine
kinase-1 as biomarkers to predict the risk of developing PE and assess the severity.

METHODS
Study design and participants
This case-control study was conducted on 102 pregnant women in the period between
August 2018 and January 2019. Urine samples of pregnant women were collected at the
Al-Elweyia Hospital, Al-Hakeem Hospital, and Al- Imamain Al-Kadhimain Medical City.
The practical part was conducted at the Department of Chemistry and Biochemistry and
the Department of Anatomy, Histology and Embryology, College of Medicine, Al-Nahrain
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University, Baghdad, Iraq. Patients with chronic hypertension, gestational hypertension,
renal and liver diseases, diabetes mellitus, smokers, fetal structural anomalies, multiple
pregnancies, intrauterine fetal growth restriction from other causes, heart failure, inflammatory disorders, elderly pregnants, infectious disease, endocrine disease, HELLP syndrome, and collagen vascular disease were excluded from the study.
This research was approved by the Institutional Review Board (IRB) at the College of
Medicine, Al-Nahrain University; and before participation, each participant was given an
idea about the study and her written informed consent was taken. All pregnant women
included in this study were in the third trimester of pregnancy.

Biochemical analysis
A random urine sample was collected in a sterile urine collection cup. Pregnant women
were instructed to discard the first 20-25 mL of urine, and about sixty mL from the mid
urine stream were collected. The collected specimen was stored in Eppendorf tubes at 80°C until analysis of placental protein 13 (placental protein 13), soluble fms like tyrosine
kinase-1 (sFlt-1) concentrations. According to the manufacturer instructions, levels of sFlt1 and placental protein 13 were measured with a commercially available enzyme-linked
immunosorbent assay (ELISA) (Bioassay technology laboratory).

Statistical analysis
Data were analyzed by statistical packages of SPSS 18.5 (Statistical Packages for Social
Sciences-version 18.5). All data were presented as a mean±SEM. Statistical differences
between data of patients and control groups were determined according to the student’s
t-test or one-way analysis of variance (ANOVA) as aproperiate. Correlation between the
variables was performed by Spearman correlation coefficient. P values were significant if it
is ≤ 0.05.

RESULTS
Table 1 illustrates the age of the patients’ groups (mild and severe PE) and controls. The
mean±SEM of maternal age for the pregnant control group and patients groups (mild and
severe PE) were 29.28±1.08 years, 29.84±1.70 years, and 29.85±1.27 years, respectively.
No significant difference (p> 0.05) was found among all study groups.
The PP13 levels of control pregnant and patient groups (mild and severe PE) at the third
trimester of pregnancy were 51.84±2.60 pg/ml, 43.44±4.91 pg/ml, and 33.34 ± 1.86 pg/ml,
respectively. There was a significant difference increases (p=0.001) in the mean of urine
PP13 between the patient’s group (mild and severe) and control group; there were sigBaghdad Journal of Biochemistry and Applied Biological Sciences, 1(01) | 2020 | https://doi.org/10.47419/bjbabs.v1i01.31

51

Nesreen A., Nasser; et al.

The association between urinary placental protein 13 and soluble fms-like tyrosine kinase-1 in preeclamptic
women in the third trimester of pregnancy

Table 1 The a ge (mean±SEM) of participants among study groups
Control
29.28±1.08

Mild
29.84±1.70

Severe
29.85± 1.27

P -value
0.931N S

nificant differences increases (p =0.022) between the control pregnant group versus mild
preeclamptic group in the third trimester of pregnancy; also there were a highly significant difference increases (p=0.002) between the control pregnant versus severe preeclamptic group (Table 2). At the same time, there was no significant difference (p=0.062) between
the mild preeclamptic group versus the severe PE group in the third trimester of pregnancy.
The sFlt-1 levels for control pregnant and patient groups (mild and severe PE) at the
third trimester were 6.01 ±0.282 ng/ml, 5.71±0.414 ng/ml, and 5.31±0.38 ng/ml, respectively. There was no significant difference in mean of urine sFlt-1 for patients groups (mild
and severe PE) against the control group, mild preeclamptic group against control pregnant
group, severe preeclamptic against control pregnant, severe preeclamptic group against the
mild group in the third trimester (Table 2).
Table 2 Urinary placental protein 13, and soluble fms like tyrosine kinase-1(sFlt-1) for both control
pregnant group and patients groups (mild and severe PE) at the third trimester of pregnancy

PP13
(pg/ml)

sFlt-1
(ng/ml)

Control

Mean ± SE
51.84±2.60

P value∗
0.001S

P value∗∗
0.022S

P value∗∗∗
0.002S

P value∗∗∗∗
0.062N S

All PE
Mild PE
Severe PE
Control

38.39±2.717
43.44±4.914
33.34±1.863
6.01±0.282

0.498N S

0.396N S

0.717N S

0.299N S

All PE
Mild PE
Severe PE

5.50±0.658
5.71±0.414
5.31±0.38

*, comparison between controls and all PE patients (unpaired t-test); **, comparison between controls and
mild PE patients (unpaired t-test); ***, comparison between controls and severe PE patients (unpaired t-test);
****, comparison between mild and severe PE patients (unpaired t-test)

DISCUSSION
Galactin 13 (or PP13) is a small protein (32 kD) produced by the placenta, specifically the
syncytiotrophoblast. It binds to a protein on the extracellular matrix between the placenta
and the endometrium, is thought to be involved in placental implantation and maternal
vascular remodeling. Recently this protein has been attracted as a potential marker for
early PE diagnosis. 10 In this study, the maternal urine levels of the placental protein 13 were
highly significant decreases in preeclamptic patients groups (mild and severe PE) compared
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to controls pregnant.
Decreased levels of PP13 have been found in patients who developed PE. In a study by
Nicolaides et al. 11 in patients with severe PE who gave birth before 34 weeks, the placental
protein 13 serum levels were lower than in the normotensive individuals. They suggested
that effective screening for PE requiring delivery before 34 weeks can potentially be provided
by assessment of a combination of maternal serum PP13 and uterine artery Doppler in the
first trimester of pregnancy. 12
Regarding urinary placental protein 13 and to our knowledge, the present study is the
first one concerning the level of urinary placental protein 13 in preeclamptic women at their
3rd trimester. The present study found a decrease in urinary soluble fms like tyrosine kinase
-1 in PE (mild and severe) compared with the pregnant control group in the third trimester.
A similar result was reported by many studies. 13
In a study conducted by Tang et al. (2017), 13 serum and urinary sFlt-1 in severe PE
patients were higher than those in the mild PE group, and measurements from mild PE
patients were significantly higher than controls (p< 0.01), in that the elevated levels of sFlt1 can modify the endothelial integrity of blood vessels, causing hepatic edema and hypertension and proteinuria encountered in preeclamptic patients. Also, blood-brain–barrier
damage may occur, leading to brain edema. This aberrant angiogenesis and hypertension
are the hallmarks of PE. 14
Placental overexpression of sFlt1, specifically in the fetal derived trophoblast cells, was
implicated as the underlying cause of PE.

DECLARATIONS
Authors’ contributions
All authors have equally contributed to this work. They were all reviewed and approved this
paper before publication.

Conflict of interest
The authors declare that there is no conflict of interest.

Ethical approvals
This research was approved by the Institutional Review Board (IRB) at the College of
Medicine, Al-Nahrain University; and before participation, each participant was given an
idea about the study and her written informed consent was taken.

Data availability
The data associated with this work can be requested from the corresponding author.

Funding resources
This work was’t receive any fund.
Baghdad Journal of Biochemistry and Applied Biological Sciences, 1(01) | 2020 | https://doi.org/10.47419/bjbabs.v1i01.31

53

Nesreen A., Nasser; et al.

The association between urinary placental protein 13 and soluble fms-like tyrosine kinase-1 in preeclamptic
women in the third trimester of pregnancy

REFERENCES
1.

2.

3.
4.

5.

6.

7.

8.

9.

10.

11.

12.
13.

Hitti J, Sienas L, Walker S, Benedetti TJ, Easterling T. Contribution of hypertension to severe maternal morbidity. Am J Obstet Gynecol. 2018;219(4):405.e1–405.e7.
Available from: 10.1016/j.ajog.2018.07.002.
Stevens W, Shih T, Incerti D, Ton TGN, Lee HC, Peneva D, et al. Short-term costs
of preeclampsia to the United States health care system. Am J Obstet Gynecol.
2017;217(3):237–248.e16. Available from: 10.1016/j.ajog.2017.04.032.
Sones JL, Davisson RL. Preeclampsia, of mice and women. Physiol Genomics.
2016;48(8):565–572. Available from: 10.1152/physiolgenomics.00125.2015.
ACOG.
ACOG Practice Bulletin No. 202: Gestational Hypertension and
Preeclampsia. Obstet Gynecol. 2019;133(1):1. Available from: 10.1097/AOG.
0000000000003018.
Sammar M, Drobnjak T, Mandala M, Gizurarson S, Huppertz B, Meiri H. Galectin 13
(PP13) facilitates remodeling and structural stabilization of maternal vessels during
pregnancy. Int J Mol Sci. 2019;20. Available from: 10.3390/ijms20133192.
Hod T, Cerdeira AS, Karumanchi SA. Molecular mechanisms of preeclampsia. Cold
Spring Harb Perspect Med. 2015;5(10):a023473–a023473. Available from: 10.1101/
cshperspect.a023473.
Maymon R, Trahtenherts A, Svirsky R, Melcer Y, Madar-Shapiro L, Klog E, et al.
Developing a new algorithm for first and second trimester preeclampsia screening
in twin pregnancies. Hypertens Pregnancy. 2017;36(1):108–115. Available from:
10.1080/10641955.2016.1242605.
Dupont V, Kanagaratnam L, Goury A, Poitevin G, Bard M, Julien G, et al. Excess
soluble fms-like tyrosine kinase 1 correlates with endothelial dysfunction and organ
failure in critically ill coronavirus disease 2019 patients. Arch Clin Infect Dis. 2020;p.
1834–1837. Available from: 10.1093/cid/ciaa1007.
Phipps EA, Thadhani R, Benzing T, Karumanchi SA. Pre-eclampsia: pathogenesis,
novel diagnostics and therapies. Nat Rev Nephrol. 2019;15(5):275–289. Available
from: 10.1038/s41581-019-0119-6.
Gadde R, Dayanand CD, Sheela SR. Placental protein 13: An important biological
protein in preeclampsia. J Circ Biomark. 2018;7:1–16. Available from: 10.1177/
1849454418786159.
Nicolaides KH, Bindra R, Turan OM, Chefetz I, Sammar M, Meiri H, et al. A novel
approach to first-trimester screening for early pre-eclampsia combining serum PP-13
and Doppler ultrasound. Ultrasound Obstet Gynecol. 2006;27(1):13–17. Available
from: 10.1002/uog.2686.
Kane SC. First trimester screening for pre-eclampsia. Obstet Med. 2016;9(3):106–
112. Available from: 10.1177/1753495x16649074.
Tang P, Xu J, jun Xie B, mei Wang Q. Use of serum and urinary soluble sFlt-1 and
PLGF in the diagnosis of preeclampsia. Hypertens Pregnancy. 2017;36(1):48–52.
Available from: 10.1080/10641955.2016.1237642.

Baghdad Journal of Biochemistry and Applied Biological Sciences, 1(01) | 2020 | https://doi.org/10.47419/bjbabs.v1i01.31

54

Nesreen A., Nasser; et al.

The association between urinary placental protein 13 and soluble fms-like tyrosine kinase-1 in preeclamptic
women in the third trimester of pregnancy

14.

Gurnadi JI, Mose J, Handono B, Satari MH, Anwar AD, Fauziah PN, et al. Difference
of concentration of placental soluble fms-like tyrosine kinase-1 (sFlt-1), placental
growth factor (PlGF), and sFlt-1/PlGF ratio in severe preeclampsia and normal pregnancy. BMC Res Notes. 2015;8(1):534. Available from: 10.1186/s13104-015-1506-0.

Baghdad Journal of Biochemistry and Applied Biological Sciences, 1(01) | 2020 | https://doi.org/10.47419/bjbabs.v1i01.31

55

