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Instructions to Authors
Scopes

Study areas include cell biology, genomics, microbiology, immunology, molecular biology,
biochemistry, embryology, immunogenetics, cell and tissue culture, molecular ecology, genetic
engineering and biological engineering, bioremediation and biodegradation, bioinformatics,
biotechnology regulations, gene therapy, organismal biology, microbial and environmental
biotechnology, marine sciences. The JIBS welcomes the submission of manuscript that meets the
general criteria of significance and academic excellence. All articles published in JIBS are peer-
reviewed. Papers will be published approximately one to two months after acceptance.

Type of Papers

The journal publishes high-quality original scientific papers, short communications, correspondence
and case studies. Review articles are usually by invitation only. However, Review articles of current
interest and high standard will be considered.

Submission of Manuscript

Manuscript, or the essence of their content, must be previously unpublished and should not be under
simultaneous consideration by another journal. The authors should also declare if any similar work has
been submitted to or published by another journal. They should also declare that it has not been
submitted/ published elsewhere in the same form, in English or in any other language, without the
written consent of the Publisher. The authors should also declare that the paper is the original work of
the author(s) and not copied (in whole or in part) from any other work. All papers will be automatically
checked for duplicate publication and plagiarism. If detected, appropriate action will be taken in
accordance with International Ethical Guideline. By virtue of the submitted manuscript, the
corresponding author acknowledges that all the co-authors have seen and approved the final version of
the manuscript. The corresponding author should provide all co-authors with information regarding the
manuscript, and obtain their approval before submitting any revisions. Electronic submission of
manuscripts is strongly recommended, provided that the text, tables and figures are included in a single
Microsoft Word file. Submit manuscript as e-mail attachment to the Editorial Office at:
JIBS@hu.edu.jo. After submission, a manuscript number will be communicated to the corresponding
author within 48 hours.

Peer-review Process

It is requested to submit, with the manuscript, the names, addresses and e-mail addresses of at least 4
potential reviewers. It is the sole right of the editor to decide whether or not the suggested reviewers to
be used. The reviewers’ comments will be sent to authors within 6-8 weeks after submission.
Manuscripts and figures for review will not be returned to authors whether the editorial decision is to
accept, revise, or reject. All Case Reports and Short Communication must include at least one table
and/ or one figure.

Preparation of Manuscript

The manuscript should be written in English with simple lay out. The text should be prepared in single
column format. Bold face, italics, subscripts, superscripts etc. can be used. Pages should be numbered
consecutively, beginning with the title page and continuing through the last page of typewritten
material.

The text can be divided into numbered sections with brief headings. Starting from introduction with
section 1. Subsections should be numbered (for example 2.1 (then 2.1.1, 2.1.2, 2.2, etc.), up to three
levels. Manuscripts in general should be organized in the following manner:

Title Page

The title page should contain a brief title, correct first name, middle initial and family name of each
author and name and address of the department(s) and institution(s) from where the research was
carried out for each author. The title should be without any abbreviations and it should enlighten the
contents of the paper. All affiliations should be provided with a lower-case superscript number just
after the author's name and in front of the appropriate address.

The name of the corresponding author should be indicated along with telephone and fax numbers (with
country and area code) along with full postal address and e-mail address.



Abstract

The abstract should be concise and informative. It should not exceed 350 words in length for full
manuscript and Review article and 150 words in case of Case Report and/ or Short Communication. It
should briefly describe the purpose of the work, techniques and methods used, major findings with
important data and conclusions. No references should be cited in this part. Generally non-standard
abbreviations should not be used, if necessary they should be clearly defined in the abstract, at first use.

Keywords

Immediately after the abstract, about 4-8 keywords should be given. Use of abbreviations should be
avoided, only standard abbreviations, well known in the established area may be used, if appropriate.
These keywords will be used for indexing.

Abbreviations

Non-standard abbreviations should be listed and full form of each abbreviation should be given in
parentheses at first use in the text.

Introduction

Provide a factual background, clearly defined problem, proposed solution, a brief literature survey and
the scope and justification of the work done.

Materials and Methods

Give adequate information to allow the experiment to be reproduced. Already published methods
should be mentioned with references. Significant modifications of published methods and new methods
should be described in detail. Capitalize trade names and include the manufacturer’s name and address.
Subheading should be used.

Results

Results should be clearly described in a concise manner. Results for different parameters should be
described under subheadings or in separate paragraph. Results should be explained, but largely without
referring to the literature. Table or figure numbers should be mentioned in parentheses for better
understanding.

Discussion

The discussion should not repeat the results, but provide detailed interpretation of data. This should
interpret the significance of the findings of the work. Citations should be given in support of the
findings. The results and discussion part can also be described as separate, if appropriate. The Results
and Discussion sections can include subheadings, and when appropriate, both sections can be combined

Conclusions
This should briefly state the major findings of the study.
Acknowledgment

A brief acknowledgment section may be given after the conclusion section just before the references.
The acknowledgment of people who provided assistance in manuscript preparation, funding for
research, etc. should be listed in this section.

Tables and Figures

Tables and figures should be presented as per their appearance in the text. It is suggested that the
discussion about the tables and figures should appear in the text before the appearance of the respective
tables and figures. No tables or figures should be given without discussion or reference inside the text.

Tables should be explanatory enough to be understandable without any text reference. Double spacing
should be maintained throughout the table, including table headings and footnotes. Table headings
should be placed above the table. Footnotes should be placed below the table with superscript
lowercase letters. Each table should be on a separate page, numbered consecutively in Arabic numerals.

Each figure should have a caption. The caption should be concise and typed separately, not on the
figure area. Figures should be self-explanatory. Information presented in the figure should not be
repeated in the table. All symbols and abbreviations used in the illustrations should be defined clearly.
Figure legends should be given below the figures.
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To avoid any misunderstanding zero (0) and the letter O, and one (1) and the letter 1 should be clearly
differentiated. For simple fractions use of the solidus (/) instead gf a horizontal line is recommended.

Levels of statistical significance such as: P <0.05, P <0.01 and =~ P <0.001 do not require any further
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party.

Ethical Consent

All manuscripts reporting the results of experimental investigation involving human subjects should
include a statement confirming that each subject or subject's guardian obtains an informed consent,
after the approval of the experimental protocol by alocal human ethics committee or IRB. When
reporting experiments on animals, authors should indicate whether the institutional and national guide
for the care and use of laboratory animals was followed.

Plagiarism
The JIBS hold no responsibility for plagiarism. If a published paper is found later to be extensively

plagiarized and is found to be a duplicate or redundant publication, a note of retraction will be
published, and copies of the correspondence will be sent to the authors’ head of institute.

Galley Proofs

The Editorial Office will send proofs of the manuscript to the corresponding author as an e-mail
attachment for final proof reading and it will be the responsibility of the corresponding author to return
the galley proof materials appropriately corrected within the stipulated time. Authors will be asked to
check any typographical or minor clerical errors in the manuscript at this stage. No other major
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Editorial Preface

Jordan Journal of Biological Sciences (JJBS) is a refereed, quarterly international
journal financed by the Scientific Research and Innovation Support Fund, Ministry of
Higher Education and Scientific Research in cooperation with the Hashemite
University, Jordan. JJBS celebrated its 12" commencement this past January, 2020.
JJBS was founded in 2008 to create a peer-reviewed journal that publishes high-
quality research articles, reviews and short communications on novel and innovative
aspects of a wide variety of biological sciences such as cell biology, developmental
biology, structural biology, microbiology, entomology, molecular biology,
biochemistry, medical biotechnology, biodiversity, ecology, marine biology, plant and
animal biology, plant and animal physiology, genomics and bioinformatics.

We have watched the growth and success of JJBS over the years. JJBS has published
14 volumes, 60 issues and 800 articles. JJBS has been indexed by SCOPUS, CABI’s
Full-Text Repository, EBSCO, Clarivate Analytics- Zoological Record and recently
has been included in the UGC India approved journals. JJBS Cite Score has improved
from 0.7 in 2019 to 1.4 in 2021 (Last updated on 6 March, 2022) and with Scimago
Institution Ranking ( SJR) 0.22 (Q3) in 2021.

A group of highly valuable scholars have agreed to serve on the editorial board and
this places JJBS in a position of most authoritative on biological sciences. | am
honored to have six eminent associate editors from various countries. | am also
delighted with our group of international advisory board members coming from 15
countries worldwide for their continuous support of JJBS. With our editorial board's
cumulative experience in various fields of biological sciences, this journal brings a
substantial representation of biological sciences in different disciplines. Without the
service and dedication of our editorial; associate editorial and international advisory
board members, JJBS would have never existed.

In the coming year, we hope that JJBS will be indexed in Clarivate Analytics and
MEDLINE (the U.S. National Library of Medicine database) and others. As you read
throughout this volume of JJBS, | would like to remind you that the success of our
journal depends on the number of quality articles submitted for review. Accordingly, |
would like to request your participation and colleagues by submitting quality
manuscripts for review. One of the great benefits we can provide to our prospective
authors, regardless of acceptance of their manuscripts or not, is the feedback of our
review process. JJBS provides authors with high quality, helpful reviews to improve
their manuscripts.

Finally, JJBS would not have succeeded without the collaboration of authors and
referees. Their work is greatly appreciated. Furthermore, my thanks are also extended
to The Hashemite University and the Scientific Research and Innovation Support
Fund, Ministry of Higher Education and Scientific Research for their continuous
financial and administrative support to JJBS.

Professor Wedyan ,Mohammed A.
March, 2024
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The pigment isolate from PTLC was subjected to TLC
and compared with the standard fucoxanthin, as shown in
Figure 1d. The isolate from the preparative thin-layer
chromatography produced an orange spot with an Rf value
of 0.55, and the standard fucoxanthin comparison also
showed an orange spot with an Rf value of 0.55.

3.2. Purity Test with Three Different Mobile Phase and
Two-Dimensional Chromatography

Fucoxanthin isolate was tested for purity using
the TLC method with three different mobile phases:
mobile phase (a), a mixture of hexane:ether:acetone
(6:3:2), yielded an Rf value of 0.54 with one orange spot;
mobile phase (b), a mixture of hexane:acetone (6:4),
yielded an Rf value of 0.77 with one orange spot; and
mobile phase (c), a mixture of chloroform:ethanol (7:3),
yielded an Rf value of 0.98 with one orange spot (Figure
2).

Figure 2. Results of the Purity Test of Fucoxanthin Compound.
Stationary phase: Silica Gel GF254, mobile phase (a) hexane :
ether : acetone (6:3:2), (b) hexane : acetone (6:4), (c) chloroform :
ethanol (7:3).

Purity test results were conducted using two-
dimensional TLC with two different mobile phases. The
PTLC isolate was spotted on a 10x10 TLC plate and eluted
with a mobile phase of hexane:ether:acetone (6:3:2) until
the elution limit was reached, resulting in an Rf value of
0.66 with one orange spot (Figure 3).

(a) (b)

Figure 3. Results of Two-Dimensional TLC of Fucoxanthin
Isolate, First Elution (a) and Second Elution (b)

The second elution used a hexane:acetone (6:4) mobile
phase, performed by rotating the plate 90°
counterclockwise, resulting in an Rf value of 0.66 with a
single orange spot.

3.3. Identification of fucoxanthin using UV-Vis
Spectrophotometry.

The fucoxanthin compound from the preparative thin
layer  chromatography (PTLC) was identified using UV-
Vis spectrophotometry at a wavelength of 400-500 nm,
with minimal absorption in other regions or the presence
of two peaks. The fucoxanthin compound, when compared
with the standard fucoxanthin, showed a similar
spectrophotometric profile. The maximum wavelength for
the fucoxanthin isolate was 466.90 nm, while the standard
fucoxanthin was 466.70 as shown in Figure 4.

Figure 4. Spectrum of the fucoxanthin isolate and the fucoxanthin
standard.

3.4. ldentification of Fucoxanthin usingFTIR
Spectrophotometry

Spectrum identification was also performed using
FTIR spectroscopy to observe the absorption bands
characteristic of the functional groups of the fucoxanthin
compound (Figure 5). The functional groups of the
fucoxanthin isolate and the fucoxanthin standard are
shown in Table 1.
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Figure 5. Standard absorption spectrum of fucoxanthin with the
Sargassum polycystum fucoxanthin isolate.

Table 1. FTIR Results of Fucoxanthin standard (A) with
Sargassum polycystum Fucoxanthin Isolate (B).

No. Fuctional Vmax (cm!) Vmax (cm™) Vmax (cm™)

group (A) B) fucoxanthin
standard (Rajauria
etal., 2013)
1. OH 3346 3457 3441
2. CH 2918 2924 2918
3. Allene 1926 1930 1929
4.  C=O,ester 1726 1726 1732
5. C=C 1674 1674 1649
conjugated
6. CH: 1403 1403 1403
7. C-O,acetat 1369, 1249 1369, 1271 1362
8. C-0-C 1027 1111 1172
9. C=C,trans 956,715 951,733 958
disubtitution
80 _
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3.5. Lipase Inhibition Activity Test and IC50 of
fractions and fucoxanthin Isolate.

The inhibition test of the pancreatic lipase enzyme
was conducted in vitro using the p-NPB substrate. The
principle of this method is that the lipase enzyme
hydrolyzes the p-NPB substrate into p-nitrophenol and
butyrate. The produced p-nitrophenol exhibits a yellow
color, and its absorbance can be measured at a wavelength
of 405 nm. A higher absorbance indicates higher
pancreatic lipase activity in the sample. The test was
performed on the hexane fraction and fucoxanthin isolate,
along with the orlistat reference standard at various
concentrations.

The lipase enzyme inhibition activity exhibited varying
effects across five different concentration variants (9.375,
18.75, 37.5, 75, and 150 pg/mL) of the hexane fraction,
fucoxanthin isolate, and orlistat, which served as the
standard or positive control. This can be seen in Figure 6a,
which shows that the inhibitory activity increases with the
addition of concentration. The highest lipase inhibition
activity was observed at a concentration of 150 pg/mL in
the hexane fraction at 57.86 = 0.68% and in the
fucoxanthin isolate at 66.23% =+ 1.29%, while orlistat
exhibited an inhibition activity of 59.97 + 2.00% at a lower
concentration of 40 pg/mL in the hexane fraction and
fucoxanthin isolate, as shown in Figure 6b.

704

% Lipase inhibition

30 I I I I 1
0 10 20 30 40 50

Consentration pg/mL

(b)

Figure 6. Lipase inhibition hexane fraction and fucoxanthin isolate (a) and orlistat standard (b).
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The IC50 value represents the concentration of a
sample required to inhibit 50% of pancreatic lipase
enzyme activity. The smaller the IC50 value, the greater is
the inhibition activity against pancreatic lipase enzyme.
The IC50 values of the hexane fraction, fucoxanthin
isolate, and the reference standard orlistat as a positive
control can be seen in Figure 7.
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Figure 7. IC50 values of orlistat, fractions, and fucoxanthin
isolate.

The IC50 of the fucoxanthin isolate (105.72 + 1.36
pg/mL) demonstrates better pancreatic lipase inhibition
activity compared to the hexane fraction (123.27 + 1.35
pg/mL).

4. Discussion

The ultrasonic extraction method enhances mass
transfer, which damages the cell walls of the material,
leading to increased release of dissolved substances in the
liquid-liquid extraction process by generating cavitation
within the material. During sonication, numerous bubbles
form and eventually collapse. As the number of cavitation
bubbles increases, the release of dissolved substances also
rises (Oliyaei, 2021). The extract of Sargassum polycystum
was fractionated using hexane as the solvent. The purpose
of fractionation is to separate compounds based on the
polarity of the solvent used. Hexane solvent will attract
fucoxanthin compounds that have non-polar properties
(Britton, 1995). The hexane phase was concentrated using
N2 gas to prevent oxidation (Rodriguez-Amaya, 2004).

Identification of the hexane fraction by TLC showed
that the spots and Rf were the same as the standard.
Sulistiyani et al. (2021) showed that the fucoxanthin
compound has yellow spots and the same Rf value as the
standard. Fucoxanthin isolation was carried out using the
PTLC method which produced the same spots as the
standard. Based on the TLC results, the pigment isolate
from PTLC exhibited the same orange color and Rf value
as the standard fucoxanthin. Therefore, the isolate from the
preparative TLC indicates the presence of fucoxanthin.

The obtained fucoxanthin isolate was then tested for its
purity. Purity test with three mobile phase different and

two-dimensional chromatography. The TLC results using
three different mobile phases each yielded one orange
spot, so the TLC results with the three different mobile
phases can be considered pure. Based on the analysis
results using two-dimensional TLC, a single orange spot
was produced, indicating that the isolate can be
considered pure (Ningrum , 2018).

Pure fucoxanthin isolates were identified using UV-Vis
and FTIR spectrophotometers. Fucoxanthin is a group of
carotenoids that has absorption at a wavelength of 400-600
nm (Britton, 1995). The isolate obtained has the same
pattern and maximum wavelength as the standard. The
resulting spectrum pattern is consistent with the research
of Sulistiyani et al. (2021) and the literature by Jeffrey
(1997). The FTIR results of the fucoxanthin isolate from
Sargassum polycystum, when compared with the standard
fucoxanthin, exhibit the same wave number range as
reported in previous studies. The FTR analysis results are
in accordance with the findings of Rajauria et al, (2013)
which shows that fucoxanthin has OH, CH, allene, C=0,
C=C, CH2, C-O acetate, C-O-C, and C=C functional
groups.

After ensuring that the isolate obtained was
fucoxanthin, pancreatic lipase inhibition activity testing
was performed. According to Ado et al., (2013) and
Fernando et al., (2019), pancreatic lipase inhibition
activity is classified as weak (<40%), moderate (41%—
80%), or strong (>80%). Based on Figure 6, the hexane
fraction and fucoxanthin isolate fall into the moderate
category, while the reference standard orlistat, as a positive
control, falls into the strong category due to its lower test
concentration. Based on Figure 7, the fucoxanthin isolate
exhibits better lipase inhibition activity than the hexane
fraction. Natural inhibitors of pancreatic lipase for obesity
treatment include several classes of compounds that have
been proven to exert anti-obesity effects through the lipase
inhibition pathway, such as polyphenols, flavonoids, proan
thocyanidins, catechins, saponins, and triterpenoids.
Statistical analysis show that the activity of fucoxanthin is
different or significant. These results suggest that, in
addition  to  phenolic  compounds, flavonoids,
proanthocyanidins, catechins, saponins, and triterpenoids,
fucoxanthin isolate also possesses lipase inhibitory
activity (De La Garza et al., 2011).

Orlistat has a mechanism of action that reversibly
inhibits gastric and pancreatic lipase. This lipase plays an
important role in the digestion of dietary fats. Lipase
works by breaking down triglycerides into free fatty acids
and monoglycerides that can be absorbed by the body.
Orlistat covalently binds to the serine residue and active
site of lipase and inactivates it. Inactivation of lipase
prevents the hydrolysis of triglycerides, so free fatty acids
are not absorbed. The majority (more than 99%) of the
drug binds to plasma proteins (lipoproteins and albumin
being the main binding proteins (Bansal, 2020).

Additionally, orlistat has an ester group that contributes
to the chemical and physical properties of the drug, such as
solubility and distribution in the gastrointestinal tract. The
long aliphatic chain in orlistat helps it interact with lipid
components in food, allowing the drug to be close to the
lipase enzyme substrate and enhancing inhibition
efficiency. In comparison, fucoxanthin acts as an anti-
obesity agent by inhibiting the pancreatic lipase enzyme,
thereby preventing the breakdown of triglycerides into
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fatty acids and glycerol. Fucoxanthin has a key structural
feature, namely the carotenoid end of the polyene
chromophore, which contains an allenic bond and two
hydroxyl groups (Gammone, 2015).

5. Conclusion

Fucoxanthin isolate from Sargassum polycystum has
the same characteristics as standard fucoxanthin. The IC50
values for pancreatic lipase inhibition as an anti-obesity
agent of orlistat, hexane fraction, and fucoxanthin isolate
were 20.53+1.97; 123.27+1.35; 105.7+1.36 pg/mL,
respectively, showing significant differences. This study
only looked at the anti-obesity activity of fucoxanthin
through pancreatic lipase enzymes. It is necessary to
continue this study on the activity of fucoxanthin as an
anti-obesity agent through other mechanisms.
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Abstract

Liver and renal injury caused by alcohol consumption is a common complication in many parts of the world with many
deleterious effects to human health. Alium cepa (A. cepa) is a plant which is widely used in many parts of the world for its
culinary and medicinal properties. The availability and affordability of this plant makes it a promising alternative to the
medication used in the treatment of ethanol-induced renal and hepatic injury and complication. Thirty mice (30) were
allocated to five groups (n=5). Each group receiving distilled water, 10 ml/kg of 20% ethanol, (50 and 100) mg/kg ethanol
extract of A. cepa extract plus 10ml/kg of 20% ethanol, 100 mg/kg silymarin plus 20% ethanol orally, respectively for 18
days. The mice were euthanized a day after and blood was collected in a plain bottle for biochemical assay and
determination of oxidative stress biomarkers. A. cepa was found to significantly (p<0.05) reduce serum ALT and AST
concentration, increase serum albumin, reduce urea and increase creatinine levels, reduce MDA, elevate liver SOD, CAT
and GSH concentration. The results obtained from the present study suggests that the ethanolic extract of A. cepa had
hepato- and reno-protective properties, and effective in reducing the effects of ethanol-induced damage in a dose-dependent

manner; however, further studies are required to determine the mechanisms involved.

Keywords: Allium cepa, Oxidative Stress, Biochemical Assay, Hepatic, Renal, Parameter

1. Introduction

Alcohol is a psychoactive substance with addictive and
intoxicating properties. Its consumption is a public health
problem globally affecting people of different age groups,
sex, and race (Lai et al., 2019). The global alcohol use is
estimated at over 2 billion with about 1 billion binge
drinkers (Liu et al., 2021). In 2019, Europe was the leading
consumer of alcohol in the world with Czech Republic
leading having individuals consuming over 14 liters of
pure alcohol per day. Latvia, Maldova, and Germany
followed with a consumption rate of 13.19, 12.85, & 12.79
liters of pure alcohol respectively (WHO, 2021). In Asia,
about 17% of men and 4% of women had a history of
excessive alcohol use, while in Africa, Uganda is the
leading alcohol consumer with individuals consuming
more than 12 liters of pure alcohol (Bundy et al., 2018;
WHO, 2021). Alcohol use is a risk factor for liver, kidney,
pancreatitis, and cardiovascular diseases. In 2016, over 3
million global deaths (Park and Kim, 2020) and 130
million disability adjusted life years were attributed to
alcohol use (Park and Kim, 2020; WHO, 2021). Oxidative

stress is one of the main mechanisms of toxicity showing
genotoxicity, renotoxicity, hepatotoxicity, teratogenicity
and carcinogenicity (Al-Groom, 2022, Girgis et al. 2024).

Chronic kidney disease (CKD) is the loss of renal
function for over 3 months with irreversible kidney
damage. It is on the increase with about 120 million people
affected worldwide (Pan et al., 2018; Fan et al., 2019). The
role of alcoholism in kidney disease is contradictory.
While other studies suggest that binge drinking is
associated with CKD, others reported that it has to be in
combination with smoking (Shankar et al., 2006). While
alcohol consumption is a risk factor for liver disease, liver
disease is still considered as a multifactorial disease
process (Roerecke et al., 2019). About 35 % of binge
drinkers are reported to develop chronic liver disease,
while 24 million people are reported to have alcohol-
related liver disease (Prince et al., 2023).

Onion (Allium cepa/ A. cepa) is the second most
cultivated crop due to its uses in food, medicine, and
cosmetics (Shabir et al., 2022). A. cepa has numerous
nutritional and medicinal applications, used especially its
antioxidant and inflammatory properties which has been
used in the management and prevention of diseases like
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asthma, bronchitis and cough (Ishaya et al., 2024; William
et al.,, 2025). The increased production has led to the
generation of waste from its by-products (non-edible skin,
dried and damage bulbs) which causes environmental
pollution owing to the unpleasant odor after decomposition
(Das and Mandal, 2015). Previous studies reported the use
of onion waste to produce food ingredients/additives with
antioxidant properties (Sharma et al., 2016; Santiago et al.,
2020; Kumar et al., 2022). Onion waste has been attributed
to have high antioxidant content and was used in the
prevention of liver disease, various types of cancers,
cardiovascular and neurodegenerative diseases (Compaore
et al., 2017; Dagher et al., 2021; Dibal et al., 2022; Shabir
et al., 2022; Dibal et al., 2023). In the light of this, the
authors propose that onion waste can be channeled into
products that can be used in managing and treating
ethanol-induced liver and kidney disorders. The current
study evaluated the kidney and liver functions as well as
in-vivo antioxidant activity of ethanol extract of A. cepa
peel on ethanol-induced kidney and liver damage in mice.

2. Materials and Methods

2.1. Chemicals

The chemicals used are of analytical grade and were
either purchased from Sigma-Aldrich, USA, or Merck,
Germany. They include ethanol which was used to induce
kidney and renal damage, hematoxylin, Sodium chloride
as a reagent and standard solution, trichloroacetic acid to
remove contaminants, sodium carbonate, formic acid,
potassium phosphate in catalysis of enzymatic reactions,
hydrogen peroxide which was used as an antiseptic, acetic
acid which was used as a solvent in the extraction process,
and Ketamine injection which was used for anesthesia.

2.2. Onion Peel and Extraction

A. cepa peel was collected from a local market in
Maiduguri and authenticated at Faculty of Pharmacy by a
Botanist in Faculty of Biological Sciences, University of
Maiduguri, and a voucher was deposited in the Faculty of
Pharmacy with the voucher number
(UMM/FPH/AMA/001). The peel was pulverized and
onion powdered peel was diluted in 2.5 liters of ethanol
(Sigma-Aldrich, Missouri). It was covered and agitated
vigorously to mix, and allowed to steep for a period of 24
hours after which the resultant solution was filtered using
filter paper to obtain the filtrate which was evaporated at a
temperature of 47°C (Nafiu and Ogunsola, 2022).

2.3. Ethical Considerations

This study was conducted in strict accordance and
adherence with the recommendations of the National
Institutes of Health’s Guide for the Care and Use of
Laboratory Animals. The research protocol with animal
experimentation was approved by the Scientific Ethics
Committee of University of Maiduguri (Protocol Number:
UM/UGP/22-23/080). All surgery was performed under
ketamine hydrochloride, and great effort was made to
minimize suffering.

2.4. Experiment design

Thirty mice were allotted to five groups (n=5). The
groups received distilled water, 10 ml/kg of 20% ethanol,
(50 and 100) mg/kg ethanol extract of Allium cepa peel

plus 10ml/kg of 20% ethanol, 100 mg/kg silymarin plus
20% ethanol orally, respectively for 18 days. The mice
were euthanized a day after using ketamine hydrochloride
(Pfizer, Esentepe, Istanbul, Turkey) at a concentration of
100mg/kg was administered as an intramuscular injection
on the left thigh of each mouse. A median incision was
made on the abdominal wall of each mouse to expose the
heart where a syringe was used to collect blood which was
put in plain bottle for biochemical assay and for
determination of oxidative stress biomarkers. The twenty
percent ethanol intake for 18 days imitates two years of
continuous alcohol consumption in humans (Dutta and
Sengupta, 2016).

2.5. Biochemical analysis

The blood was centrifuged and serum levels of urea,
creatinine, albumin, ALT, and AST were evaluated
spectrophotometrically using their respective kits (Randox
Laboratories Ltd, US) according to the manufacturer’s
instructions.

2.6. Oxidative stress markers

Part of the liver was homogenized in normal saline.
The antioxidant and oxidant activities (catalase,
superoxide  dismutase, reduced glutathione, and
malondialdehyde) were evaluated from the supernatant as
described by Dibal et al. (2022), Attah et al. (2022).

2.7. Statistical analysis

One-way ANOVA followed by Tukey multiple
comparisons was conducted using GraphPad Prism 10.0
(San Diego, USA). Statistical significance was considered
at p< .05 and results were presented as mean + standard
error (SE).

3. Results

3.1. Effect of A. cepa Extract on Liver Enzymes

There was a significant (p<0.05) elevation in the serum
concentrations of alanine aminotransferase (ALT) in all
groups when compared to the control group, except in the
group that was administered with silymarin, and this could
be attributed to the alcohol that was ingested by the rats in
these groups and protective effect of silymarin.
Administration of ethanolic extract of A. cepa peel caused
a non-significant decrease in ALT concentration in the
groups that received the extract when compared to the
group that was treated only with 20% ethanol (negative
control). This decrease was more marked in the group that
received a higher concentration (100mg/kg) of the extract,
indicating that the higher dose was more effective in
elevating serum ALT concentration. The reduction in
serum ALT concentration in the silymarin group was also
non-significant when compared to the negative control
group. 100mg/kg of silymarin was more effective in
reducing serum ALT concentration (Figure 1).
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Figure 1. showing the effect of A. cepa peel extract on serum
alanine aminotransferase in all groups (* - Statistical significance
considered at p<.05. All value presented as mean + standard error
(SE), ns — not significant, U/L — units per liter).

Serum aspartate aminotransferase (AST) concentration
was significantly (p<0.05) elevated in the negative control,
demonstrating the deleterious effects of ethanol in
elevating serum AST concentration. In the group that
received 100mg/kg A. cepa peel extract, there was a
significant (p<0.05) reduction in serum AST compared to
the group treated with 50mg/kg A. cepa peel extract. In the
silymarin group, administration of the extract caused a
significant decrease (p<0.05) in serum AST compared to
the negative control group. When comparing the groups
that received 50mg/kg and 100mg/kg of extract to the
positive control group, serum AST was significantly
elevated. The negative control group that was administered
with ethanol showed consistently elevated AST
concentration when compared with all  groups.
Administration of 100mg/kg silymarin also caused a
significant (p<0.05) decrease in serum AST concentration

when compared to the positive control group (Figure 2).
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Figure 2 showing the effect of A. cepa peel extract on serum
aspartate aminotransferase in all groups (* - Statistical
significance considered at p< .05. All value presented as mean +
standard error (SE), ns — not significant, U/L — units per liter).

Albumin concentration was significantly (p<0.05)
decreased in the negative control group which was
administered with ethanol compared to all groups and was
non-significantly decreased in the groups that received
50mg/kg and 100mg/kg. There was also a non-significant
increase in the group administered silymarin when
compared with the control group. Ethanolic extract of A.
cepa peel caused a non-significant increase in the group
administered 50mg/kg of extract when compared to the
negative control. The increase was significant (p<0.05) in
the group that received 100mg/kg of the extract and
100mg/kg of silymarin (Figure 3) demonstrating that the
extract was effective in a dose-dependent manner.
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Figure 3. showing the effect of A. cepa peel extract on serum
albumin in all groups (* - Statistical significance considered at p<
.05. All value presented as mean + standard error (SE), ns — not
significant, mg/dl — milligram per deciliter).

3.2. Effect of A. cepa Peel Extract on Renal Biomarkers

There was a significant (p<0.05) increase in serum urea
concentration in the negative control and silymarin groups
when compared to the control group. Administration of A.
cepa peel extract at a concentration of 50mg/kg and
100mg/kg significantly (p<0.05) decreased the serum urea
concentration when compared to the control and negative
control groups (Figure 4). The extract decreased serum
urea concentration in the group administered a higher
dose; however, the decrease was not significant when
compared with the lower dose.
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Figure 4. showing the effect of A. cepa peel extract on serum urea
in all groups (* - Statistical significance considered at p< .05. All
value presented as mean * standard error (SE), ns — not
significant, mg/dl — milligram per deciliter).

Serum creatinine concentration was significantly
(p<0.05) increased in the negative control, 50mg/kg A.
cepa peel, 100mg/kg of A. cepa peel and silymarin groups.
Serum creatinine concentrations were also significantly
(p<0.05) increased in the treatment groups (50mg/kg A.
cepa peel extract, 100mg/kg A. cepa peel extract and
100mg/kg silymarin) when compared to the negative
control group (Figure 5). The group administered with a
higher dose showed a significant increase in serum
creatinine concentration when compared to the group
treated with a lower dose of the extract (Figure 5).
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Figure 5 showing the effect of A. cepa peel extract on serum
creatinine in all groups (* - Statistical significance considered at
p< .05. All value presented as mean + standard error (SE), ns —
not significant, mg/dl — milligram per deciliter).

3.3. Effect of A. cepa Peel Extract on Oxidative Stress
Biomarkers

Malondialdehyde (MDA) was significantly (p<0.05)
elevated in the negative control and low dose groups when
compared with the control group while in the high dose
group, there was a non-significant increase compared to
the control group. Silymarin administration reduced serum
malonaldehyde level. There was a significant (p<0.05)
decrease following the administration of the extract in both
low and high dose groups when compared to the negative
control group; however, the higher concentration non-
significantly elevated serum MDA compared to the lower
dose. Silymarin significantly reduced malonaldehyde
concentration when also compared to the negative control
group. The groups that were administered ethanol showed
elevated MDA levels when compared to all groups (Figure
6).
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Figure 6. showing the effect of A. cepa peel extract on
malondialdehyde concentration in all groups (* - Statistical
significance considered at p< .05. All value presented as mean +
standard error (SE), ns — not significant, mg/dl — milligram per
deciliter).

Catalase (CAT) was significantly (p<0.05) decreased in
the negative control group when compared to all groups
showing the deleterious effect of ethanol. There was a non-
significant increase in catalase concentration in the low
dose group and a non-significant decrease in catalase
levels in the high dose group when compared to the control
group. Catalase concentrations in the treatment groups
were significantly (p<0.05) increased in the treatment
groups (high and low dose) when compared to the negative
control groups. In the group that was administered
silymarin, there was a significant decrease when compared
to the negative control group while catalase concentration
appeared similar to the control group (Figure 7).
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Figure 7. showing the effect of A. cepa peel extract on liver
catalase concentration in all groups (* - Statistical significance
considered at p<.05. All value presented as mean + standard error
(SE), ns — not significant, U/mg — units per milligram of protein).

In all groups, there was a significant (p<0.05) decrease
in serum reduced glutathione (GSH) when compared to the
control group. There was an increase in the treated groups
when compared to the negative control group.
Administration of the A. cepa peel extract increased
reduced glutathione concentration in the low and high dose
groups with no significant difference in the dosage of
extract administered, yet there was a non-significant
increase in the silymarin group when compared to the
negative control group (Figure 8).
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Figure 8. showing the effect of A. cepa peel extract on reduced
glutathione concentration in all groups (* - Statistical significance
considered at p<.05. All value presented as mean + standard error
(SE), ns — not significant, U/mg — units per milligram of protein).

Superoxide dismutase (SOD) concentration was
significantly (p<0.05) reduced in the negative control
group when compared to the control group and treated
groups. Treatment with high and low doses of A. cepa non-
significantly decreased SOD activity when compared with
the positive control group and significantly increased SOD
activity when compared with the negative control group in
a dose-dependent manner. Silymarin administration caused
a non-significant increase in serum SOD activity when
compared to the positive control group. There was a
significant (p<0.05) increase in the SOD activity in a dose
dependent manner when compared to the negative control
group with the group administered a higher dose having a
significant increase in SOD level when compared to the
low dose (Figure 9).
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Figure 9. showing the effect of A. cepa peel extract on superoxide
dismutase concentration in all groups (* - Statistical significance
considered at p<.05. All value presented as mean + standard error
(SE), ns — not significant, U/mg — units per milligram of protein).

4. Discussion

Alcohol consumption has long been associated with a
majority of liver diseases and has been found to influence
both fetal and adult liver functions (Tian et al., 2016). In
humans, alcohol intake can be acute (single occasion over
several hours), short-term (for several days), or long-
term/chronic (for years/decades). Binge drinking is the
most common occurring alcohol intake and is a costly and
deadly pattern of excessive alcohol use in the United
States and many parts of the world (Arumugam et al.,
2022). There are several detrimental consequences of
binge drinking that affect the individual and society
(Arumugam et al.,, 2022). There are immediate risks,
including personal injury, driving accidents, unwanted
pregnancies, and death due to alcohol overdose. The
damage to the body mainly affects the liver, causing
varying stages of fatty liver, liver fibrosis, liver cirrhosis,
and hepatocellular carcinoma (Tian et al, 2016).
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Many experimental studies have used the ethanol-
induced model to simulate liver damage (Wang et al.,
2020, Manu et al., 2022, Mahdi et al, 2023, Samia et al.,
2023). Also, Silymarin which is a commercial drug was
used for hepatoprotection and was administered as the
positive control in the current study. Onion peel (Allium
cepa L.) is a herb used for its culinary and medicinal
properties. This plant belongs to the family of
Amaryllidaceae and is found to contain the phytochemical
flavonoids (quercetin and kaempferol), alk(en)yl cysteine
sulfoxides (S-methyl cysteine sulfoxide and S-propyl
cysteine sulfoxide, cycloalliin, thiosulfinates, and sulfides)
as the main compounds (Galavi et al., 2021). The plant is
used for its wide variety of activities including anti-
oxidant, anti-inflammatory, lipid-modifying, anti-obesity,
antihypertensive, and antidiabetic effects, and (in the
present study) its effect on serum renal and hepatic
biomarkers as well as oxidative stress parameters in
ethanol induced hepatic and renal damage.

Administration of the ethanolic extract of A. cepa in the
present research significantly elevated hepatic enzymes
ALT, AST and there was a non-significant decrease in
serum albumin concentration when compared with the
normal control group. However, when compared with the
negative control, A. cepa significantly decreased ALT in
the higher dosage. AST concentration was also
significantly reduced when compared with the normal
control group and also, administration of the extract
caused a significant increase in albumin concentration
when compared to the negative control group. Sikder et al,
2016 and Emmamat et al., 2018 reported that A. cepa
significantly reversed an elevation in plasma ALT, ALP
and AST levels following the ingestion of a high fat,
showing mechanistic role of quercetin and beta-sitosterol
over dyslipidemia and subsequent hepatotoxicity. While
Thomas et al. (2013) in an anti-diabetic study reported that
AST and ALT concentration, Nishimura et al., (2019)
reported that A. cepa had no significant effect on AST and
ALP but decreased ALT in an antidiabetic study carried
out.

Urea, commonly referred to as blood urea nitrogen
(BUN) when measured in the blood, is a product of protein
metabolism. BUN is considered a non-protein nitrogenous
(NPN) waste product (Salazar, 2014). The concentration of
urea is dependent on protein intake: the body’s capacity to
catabolize protein and adequate excretion of urea by the
renal system. Creatinine, also a NPN waste product, is
produced from the breakdown of creatine and
phosphocreatine and can also serve as an indicator of renal
function (Price and Finney, 2000). Creatine is synthesized
in the liver, pancreas, and kidneys from the transamination
of amino acids (arginine, glycine, and methionine) and
then circulates throughout the body and is converted to
phosphocreatine by the process of phosphorylation in the
skeletal muscle and brain (Salazar, 2014). In the current
study, A. cepa significantly reduced serum urea
concentrations when compared to the normal, negative and
positive control groups. The extract significantly increased
serum creatinine concentration when compared with the
normal, negative and positive control groups. In agreement
to the current research, Babu and Srinivasan (1997)
reported that A. cepa decreased urea and creatinine
concentrations. Gomes et al. (2014) suggested that the
nephroprotective effect of A. cepa was due to its

antioxidant properties after reporting that the extract
reduced uric acid, urea and creatinine concentrations in
mice with in streptozotocin induced nephropathy. The
elevation of serum creatinine in the present study could be
attributed to initial prolonged renal damage in the
treatment and silymarin groups.

Studies carried out to determine the antioxidant activity
of different plant species contribute to revealing the value
of these species as a source of new antioxidant compounds
(Chaves et al., 2020). These include the use of wheat germ
oil supplements to ameliorate cadmium chloride-induced
oxidative stress in pregnant rats and fetuses (Abdou et al.,
2017). Whole seed of durum wheat and barley is shown to
have antioxidant activity (Hamil et al. 2017), as well as
Coix lacryma-jobi (Diningrat et al. 2021), Auricularia
polytricha (Agbor and Anyawu, 2021), Leptadenia hastata
(Attah et al., 2022), Hibiscus sabdariffa (Al-Groom et al,
2022), Grape Seed Extract (Girgis et al., 2024), Alium
cepa (Ishaya et al., 2024), Aloe vera (Abubakar et al.,
2022, Manye et al., 2023, Ishaya et al., 2024)

In the present study, ethanolic extract of A. cepa
revealed several antioxidant qualities as the extract
elevated catalase (CAT), reduced glutathione (GSH) and
superoxide dismutase (SOD) concentrations and reduced
serum malondialdehyde (MDA) when compared with the
negative control group. This result tallies with the result
obtained by Henegan et al., 2015, who reported that A.
cepa extract increased serum SOD, CAT and GSH in a
hypolipidemic study. Vasquez-Prieto et al., 2011, E1 Soud
and Khalil, 2010 reported that A. cepa reduced
Thiobarbituric acid reactive substances (TBARS) in
hypotensive rats. Gonzalez-Pera et al., 2014, Jung et al.,
2011, Ogunmodede et al., 2012, Wu and Xu, 2014 stated
that aqueous extract of A. cepa increased SOD, GSH, GPx,
MDA concentration while reducing serum MDA
concentration. A. cepa powder was reported to enhance the
activity and levels of CAT, SOD, GSH, GPx and thiol,
reducing MDA and effectively protecting against oxidative
damage (Colina-Coca et al., 2017, Marefati et al., 2018,
Omer et al., 2020, Nwonuma et al., 2021).

In vitro and in vivo studies undertaken have explored
the protective effect of A. cepabulb against ethanol-
induced hepatotoxicity and attributed its effect to the
flavonoid content which quenched reactive oxygen species
and regenerated membrane-bound antioxidants at both
preventive and curative doses. as it displayed antioxidant
potential against DPPH, hydroxyl and superoxide radicals
(Kumar et al., 2013). In other studies, the antioxidant and
anti-inflammatory effects of A. cepa were investigated and
were shown to possess a high amount of polyphenol which
displayed high DPPH and ABTS radical scavenging
activities, and increased SOD, and CAT activities. It was
shown to decrease the secretions of NO and inflammatory
cytokines (IL-1B, IL-6, and TNF-a), and mRNA
expressions of IL-1f and IL-12 (Kim et al., 2022, Williams
et al., 2025). The effects were comparable to quercetin,
another component of A. cepa which is well known for its
antioxidant and anti-inflammatory activities. Therefore, A.
cepa is proposed for use as an antioxidant and anti-
inflammatory material to prevent related diseases, such as
cardiovascular disease, asthma, atopic dermatitis, and
arthritis as it has been shown to be as effective as
silymarin at a concentration of 600mg/kg (Kumar et al.,
2013).
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5. Limitations of the Research and Recommendations
for Further Studies

The current study was limited to investigating the
protective effect of A. cepa on oxidative and biochemical
parameters that measure liver and kidney function. The
histology of these organs was not investigated. Further
studies are recommended to determine the enzymatic
pathways that A. cepa employs to exert its antioxidant and
hepatoprotective effect and determine the effect of the
extract on these organs at cellular level via
histopathological investigations, consider the reason for
elevated creatinine levels despite the protective effect of
the extract, determine if a larger sample size would affect
the outcomes, and explore the long-term effect of
administration of A. cepa.

6. Conclusion

In the present study, the ethanolic extract of A. cepa
was administered to rats to determine its effect on ethanol-
induced renal and hepatic injury and to determine the
antioxidant effect of the extract. Administration of A. cepa
significantly reduced the serum concentration of hepatic
and renal biomarkers of ethanol-induced damage and was
found to have an antioxidant effect by reducing MDA
concentration, increasing concentrations oxidative stress
biomarkers. The extract was effective in a dose-dependent
manner, with the 200mg/kg dose having a better effect
compared to the 100mg/kg dose. Ethanolic extract of A.
cepa can be considered an effective and affordable
alternative to the treatment of ethanol-induced renal and
hepatic damage.
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Abstract

Fusarium crown rot (FCR), primarily caused by various Fusarium pathogens, especially Fusarium graminearum, is a serious
soilborne disease that significantly affects wheat production in arid and semi-arid regions worldwide. This study evaluated
eight wheat genotypes for their resistance to FCR Disease incidence and severity were assessed, revealing that the varieties
Arz (0.03 £ 0.57) and Hiddab (0.13 + 0.11) showed the highest levels of resistance. In contrast, there was a highly significant
difference (p < 0.0001) between these resistant varieties and the susceptible genotypes Waha (2.26 + 0.30) and Vitron (2.1
0.1). Additionally, the influence of temperature on disease progression was analyzed. While mycelial growth itself did not
differ significantly (p = 0.783), it was significantly affected by temperature (p < 0.0001), suggesting that Fusarium spp. are
capable of adapting to climatic variations. This research also highlights recent findings on two candidate genes conferring
broad-spectrum resistance: Sb1l and Sb4. PCR amplification produced amplicons of 880 bp and 750 bp, respectively. The
nucleotide sequence similarity between these genes was 79.13% and 85.94%. Chromosomes 7D, 7DL, 4B, and 4BL were
significantly associated with FCR resistance. The genetic map results indicated that the Sb1 gene is linked to 6 markers and
flanked by the marker TraesCS7D01G221000, while Sb4 is located on chromosome arm 4BL, between markers Xgwm?251
and RAC8758rep ¢72961 977. These findings offer valuable insights into plant-pathogen interaction mechanisms and

provide a theoretical foundation for developing sustainable genetically-based resistance in wheat.

Key words: Wheat; Resistance; Fusarium crown rot; Genes.

1. Introduction

Durum wheat (Triticum durum) and bread wheat
(Triticum aestivum) are important sources of cereal food
for humans (Enghiad et al., 2017) and the main staple crop
in Algeria (Kara et al., 2020). Throughout its growth
cycle, wheat faces various biotic stresses that significantly
reduce grain yield and quality, particularly in bread wheat
cultivars (Bakala et al., 2022). Phytopathogenic fungi that
cause plant diseases are common and represent a major
constraint to wheat production (Covarelli et al., 2015;
Singh et al., 2016). Soil-borne diseases are also a major
problem for global agricultural production, causing
considerable economic losses in the productivity and
quality of various key crops (Katan, 2017). Several species
of Fusarium are pathogenic to cereals (Mielniczuk and
Skwarylobednarz, 2020) and occur worldwide in dry and
semi-arid wheat-growing regions (Kazan and Gardiner,
2018).

Fusarium Crown rot (FCR), caused by Fusarium
graminearum, is a destructive fungal disease that
significantly impacts major cereal crops such as wheat,
barley, and sorghum at various stages of plant
development (Zhou et al., 2020; Liu et al., 2021; Feng et
al., 2023). Common symptoms of FCR include browning
and necrosis at the stem base or lower leaf sheath, often

* Corresponding author. e-mail: chahinez.djebaili@univ-annaba.dz.

accompanied by the formation of premature whiteheads
(Chen et al., 2022). Yield losses due to FCR can be severe,
with reductions of up to 35% in the Pacific Northwest
region of the USA (Poole et al., 2012), 45% in Iran
(Saremi et al., 2007), 16,29% in China (Zhang et al., 2022)
and 43% in Turkey (Tunali et al., 2008). Long-term
environmental changes have had a significant impact on
crop diseases (Cohen and Leach, 2020), mainly high
temperatures, which limit yield and affect the different
growth stages of the plant (Jagadish, 2020), regulate fungal
growth, and also affect the pathogenicity of plant
pathogenic fungi (Ezrari et al., 2021). Infected grains
secrete toxic metabolites that damage the grain directly
and can accumulate in stored grain (Leslie et al., 2021).
Trichothecenes are an important group of mycotoxins
produced by fungi belonging to the genus Fusarium,
including deoxynivalenol (DON) (Moretti et al., 2019). On
average, DON can be found in 57% of wheat samples
worldwide (Mielniczuk and Skwarylobednarz, 2020).
These substances exhibit neurotoxic and teratogenic
properties and can cause acute and chronic immune
disorders in humans and animals (Piacentini et al., 2019).
Polymerase chain reaction (PCR) has become a
practical tool for the identification of Fusarium species,
offering a faster alternative to morphological methods.
DNA sequencing, especially targeting the ITS region,
remains a reliable approach for species identification.
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Given the evolving nature of pathogens, identifying novel
resistance (R) genes is crucial for improving disease
resistance in wheat (Ren et al., 2017). However, this is
complex for traditional breeding approaches (Zhang et al.,
2020). Resistance mechanisms have been linked to
transcription factors, transport and detoxification genes,
and metabolic pathways such as phenylpropanoid and
glutathione biosynthesis (Powell et al., 2017; Qiao et al.,
2021). Genome-wide association studies (GWAS) have
proven effective in identifying novel genes/Quantitative
Trait Loci (QTLs) linked to Fusarium resistance. Recent
studies have mapped resistance loci across multiple wheat
chromosomes including 1A, 1B, 2A, 2B, 2D, 3B, 4B, 5D,
6A, 6B and 6D (Bainsla et al., 2020; Su et al., 2021; Yang
et al., 2021). GWAS using the wheat 660K SNP array in
435 introgression lines uncovered 12 SNPs within a 0.5-
Mb genomic region (Yang et al., 2021). These findings
underscore the value of GWAS in guiding the
development of resistant wheat cultivars adapted to future

agricultural demands. The objective of this study was to
determine the degree of resistance of different genotypes
of wheat to FCR and to contribute to the search for new
potentially resistant genes to reduce the loss of wheat
quality and productivity. The aim was also to see how
different temperatures affect the mycelial growth of
different fungal isolates.

2. Materials and methods

2.1. Plant material.

Eight wheat genotypes with different levels of
resistance to FCR were used. They were supplied by the
National Center for Control and Certification of Seeds and
Plants of Algiers (CNCC). The characteristics of these
genotypes are shown in Table 01.

Table 01: Characteristics of the different wheat varieties involved in the study (Abdelguerfi and Laouar, 2000; Ykhlef and Djekoun, 2000).

Variety Origin Pedigree Grain Agronomic Productivity Adaptation zone
species characteristics

Core Italy Platani/Gianni Durum Medium straw High Mountain areas
wheat productivity

Vitron Mexico Turchia-77/3/JORI-69(SIB)/ Durum Medium red grain Medium Mountain areas
wheat productivity And Saharan areas

Chen’s CIMMYT- Ichwa’S’/Bit ‘S’CD 26406 Durum short straw, early High Arid, semi-arid and

ICARDA wheat growth cycle productivity Saharan areas

Anforeta  Italy EG-83/BEL-118 Bread Light grain, strong High Mountain areas
wheat tillering, long red ears productivity

Waha Syria Plc/Ruff//Gta’s/3/Rolette CM 17904 Durum Light amber to High Mountain areas and
wheat red, medium productivity inland plains. Semi-

dwarf
Gta dur Mexico Crane/4/PolonicumPliss300//T.glutin Durum Large and red grain Medium Semi-arid climates
en/2* Tc60/3/Gll wheat productivity Moderate drought

Hiddab Mexico HD1220/3*Kal/Nac CM40454 Bread early variety with High Melanized brown

wheat medium straw and productivity soil with vertic
long spikes character

Arz Mexico MayoS4E/Lr//Tac/3/ Bread An upright plant witha  High Alluvial red brown

wheat long stem. Pyramid- productivity soil with weak vertic

shaped spike, colourful
and loose with reddish
grain

character

2.2. Fungal strains.

A series of strains were isolated from durum wheat
spikes and crowns collected at the INPV in El Tarf (North-
Eastern Algeria). The selected plant parts were
superficially disinfected in a 2% sodium hypochlorite
solution for 5 minutes, rinsed three times with sterile
distilled water for 5 minutes each time, and then dried with
sterile paper. The disinfected fragments were transplanted
onto PDA (Potato-Dextrose-Agar) medium at a rate of four
pieces per Petri dish and incubated at 25°C for 7 days
(Leslie and Summerell, 2006). Only typical colonies with
Fusarium characteristics were selected. Colonies of F.
graminearum were characterized by rapid growth and
variable mycelial coloration, ranging from salmon pink to
dark red. The macroconidia are falcate (crescent-shaped)
and contain 3 to 7 transverse septa. Microconidia and
chlamydospores were absent.

2.3. Molecular identification of the fungal species.

DNA was extracted from a single spore culture using
the commercial NucleoSpin Plant II kit (Macherey-Nagel,
Germany). The protocol was followed as described in the
user manual. PCR was performed using two universal
primer combinations described by Gardes and Bruns
(1993) ITS1/1TS4
(CTTGGTCATTTAGAGGAAGTAA/TTCCTCCGCTTA
TTGATGC) and Carbone and Kohn (1999) EF-728F/EF-2
(CATYGAGAAGTTCGAGAAGG/GGGARGTACCAGT
SATCATGTT). The reaction mixture, consisting of 25 ul,
contained 5 pl of distilled water, 2 pl of genomic DNA
(25ng/ ul), 5 pl of Promega Taq buffer (1X), 0.2 pl of
Promega Taq Polymerase (1U), 0.2 pl of ANTP (0.2mM),
1.5 ul of MgCIl2 (1.5mM), and 1 pl of each primer
(0.5mM). The amplification program started with
denaturation at 95°C for 5 minutes, followed by 35 cycles
of denaturation at 95°C for 30 seconds, annealing at 55°C
for ITS primers and 52°C for EF primers for 30 seconds,
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extension at 72°C for 45 seconds, and a final elongation
step at 72°C for 7 minutes. The amplification products
were visualized by adding 10 pl of PCR products to a
1.5% agarose electrophoresis gel. Migration of DNA
fragments was monitored through ethidium staining (0.5
pg/ml). The DNA was then visualized and captured under
UV light using the Gel Doc system from Biorad (USA).
PCR products were purified using the PCR Clean-up and
Gel Kit NucleoSpin® from Macherey-Nagel (Germany),
following the manufacturer’s guidelines. The purified
products were sequenced using the Sanger technique
(Sanger et al., 1977), with the PCR primers used to
amplify the fragments of interest and the BigDye v3.1 kit
from Applied Biosystems. The resulting sequences were
cleaned and corrected using Chromas software, then
compared with reference sequences published in the NCBI
genome banks to determine the species of the sequenced

isolate.

2.4. Conducting the experiment.

Single-spore isolates of the species F. graminearum
were used to prepare the inoculum. The technique used for
inoculation is that described by Hajieghrari (2009), which
consists of inoculating the soil directly with mycelial
explants. The wheat seeds were disinfected for 5 minutes
in 2% sodium hypochlorite, rinsed in three successive
baths of sterile distilled water, and dried on sterile Joseph
paper. The seedlings were sown at a rate of 5 seeds per pot
(three pots experiments were conducted), to a depth of 3
cm, in a substrate containing two-thirds soil and one-third
sterilized compost. The pots were placed randomly in a
greenhouse. The temperatures recorded from inoculation
to the appearance of symptoms are shown in Figure 01
using the GraphPad Prism v10 program. The observed
data were obtained from
https://power.larc.nasa.gov/.
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Figure 01. Histogram representing the variation of temperature in the region of Algiers
during the month of April 2019.

2.5. Disease incidence.

Symptoms were assessed at the three-leaf stage, and the
percentage of crown browning was used according to the
Grey and Mathre (1984) 4-point scale as follows:

0 = No symptoms.

1 = Browning of 1 to 25% of the crown surface.

2 = Browning of 26 to 50% of the crown surface.

3 = Browning of more than 50% of the crown surface.
The disease index (DI) was calculated using the
following formula:

DI=(0xFO+1xFl1+2xF2+3xF3)/N

DI is the disease index, F represents the number of plants for each
grade of the rating scale ranging from 0 to 3, and N is the total
number of plants used.

2.6. Estimation of the in vitro mycelial growth rate of F.
graminearum.

The effect of temperature range (15°C, 20°C, 25°C and
30°C) on mycelial growth of F. graminearum was
determined following the protocol established by Ward et
al. (2008) based on measuring fungal colony diameter. F.
graminearum isolates were first grown on potato dextrose
agar (PDA) medium for 7 days at 20-22°C in a culture
chamber under continuous white light. Mycelial explants
of 6 mm diameter were removed from these cultures using
a cutter, and then cut into small pieces. Each isolate of F.
graminearum was cultured in a Petri dish (8.6 cm in
diameter) containing PDA medium. Petri plates were
incubated in the dark for 24 hours at various temperatures
(15°C, 20°C, 25°C and 30°C) and then radial growth was
measured. The experiments were performed in three
replicates. (Table 02).
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Table 02. F. graminearum isolate used during this test.

Fusarium Species Isolation  Variety Year
code Organ
F1 F. Crowns Durum wheat 2018
F2 graminearum Spikes (Siméto) 2017
F3 Fo Crowns ~ Durumwheat — 55¢
graminearum (Vitron)
F4 Spikes 2019
F. Durum wheat
F5 graminearum  Crowns  (Siméto) 2018
F6 F. Crowns  Bread wheat 2017
F7 graminearum  Crowns  (Anza) 2019
F8 F. Crowns ~ Durumwheat 2017
graminearum . (Siméto)
F9 Spikes 2019
Fl F. Durum wheat 201
0 graminearum  CTVDS  (Viron) 018
F11 E Spikes Durum wheat 2017
Fi12 graminearum  Crowns  (Ammar6) 2018
F13 F. Crowns Durum wheat 2017
Fl4 graminearum o (Vitron) 2017
F15 F. . Crowns Bread wheat 2019
graminearum (Anza)
F16 Spikes 2019
F. ) Durum wheat
F17 graminearum ~ Spikes  (Siméto) 2019
F18 F. Crowns  Bread wheat 2017
F19 graminearum  Crowns  (Maouna) 2018
F20 F. Spikes ~ Durumwheat 5919
graminearum (Siméto)
F. Durum wheat
graminearum (Vitron)
F. Bread wheat
graminearum (Maouna)
F. Bread wheat
graminearum (Anza)
F. Durum wheat
graminearum (Ammar6)
F. Bread wheat
graminearum (Anza)
F. Bread wheat
graminearum (Maouna)
F. Durum wheat
graminearum (Siméto)
F. Durum wheat
graminearum (Ammar6)

2.7. DNA extraction from wheat plants and PCR
amplification of potential resistance genes.

DNA was extracted from fresh and mature greenhouse-
grown wheat leaves using a GF-a Plant DNA Extraction
Kit. PCR was performed in a thermal cycler, the iCycler™
(BIO-RAD, USA). Using two universal primer
combinations described by Rivkin et al. (1999): the Shl
gene (F-CCACAGTATGTGACTACTTC/R-
AGCCAAATCCATTTGCAATG) and the Sh4 gene (F-

ACAATTTCTTTCCCAATCTC/R-
CTTCAAAGACCAACACTG). The reaction mixture had
a total volume of 25 pl and consisted of 5 pl of distilled
water, 2 pl of genomic DNA (25ng/ ul), 5 ul of Promega
Taq buffer (1X), 0.2 pl of Promega Taq polymerase (1U),
0.2 pl of ANTP (0.2 mM Promega), 1.5 ul of MgCI2
(1.5mM Solis BioDyne), and 1 pl of each primer (0.5mM
Eurogentec). The amplification program began with
denaturation at 95°C for 3 min, then continued with 40
cycles of denaturation at 95°C for 30 s, and annealing at
72°C for 30 s for the primers for the Sbl and Sb4 genes
after the 40 amplification cycles, and finally the elongation
step at 72°C for 5 min.

The amplification products were revealed after
electrophoresis on a 1.5% agarose gel in 50 ml TAE (40
mM Tris-HCL, 20 mM acetic acid, | mM EDTA, PH 8).
Migration was preceded by coloration in an ethidium
bromide bath (0.5 pg/ml). Genomic DNA was then
visualized and photographed using a gel documentation
system (Biorad Laboratories, Inc., CA, USA). The size of
each fragment was estimated using a 100-bp DNA ladder
size marker (Solis BioDyne, Tartu, Estonia). Purification
of PCR products was carried out using the NucleoSpin®
Gel and PCR Clean-up Kit from Macherey-Nagel
(Germany), according to the manufacturer's instructions,
which contained 40 pg of template DNA, 2 ul of the
appropriate PCR primer, 10 pl of water, and 2 pl of
BigDye Terminator v3.1 Ready Reaction Mix (Applied
Biosystems). Two forward and two reverse sequences for
each sample were aligned using DNASTAR Lasergene
software (ver. 17.3.0.61) in order to obtain a composite
sequence. The sequences were compared with the
sequences of the closest accessions.

2.8. Statistical analysis.

The data were analyzed using SPSS wver. 20.0
(Chicago, IL, USA). An analysis of variance (ANOVA)
incorporating Tukey's post-hoc test, and Pearson's
correlation coefficients was used to determine the
correlation between the different variables.

2.9. Map construction.

MG2C v2.1 (Jiangtao et al., 2021) was used to
assemble the genetic linkage map of the reported
resistance genes. GWAS has been widely used to identify
QTLs using 832 polymorphic Diversity Arrays
Technology (DArT) markers, and high-throughput SNP
toolkits are now available for GWAS on various traits of
wheat (Sun et al., 2020). Molecular markers, SNPs and
QTLs controlling resistance, as well as wheat genotypes
with variable resistance, were collected from previous
publications and grouped in Table 03. Stable QTLs with
large effect or linked with designated genes were labeled
with asterisks and highlighted.
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Table 03. Genetic loci controlling wheat resistance.

QTL Associated markers/ SNPs Resistant wheat germplasms References

name

Sb1* 7DS: Xgwm?295, csLV34 Saar Lilemo et al.,

2013
Qsb 7DS: wPt-7654, gdm88 Saar Lilemo et al.,
2013

Qsb.bhu- 7DS: Xgwmll1l1, Ning 8201 Kumar et al.,

7D Xgwml168 2010

Qsb.bhu- 7DS: Xgwml11, Xswm008  Chirya 3 Kumar et al.,

7D 2010

Qsb 7D: Xgwm437 19HRWSNG6, 30SAWSNS Tembo et al.,

2017
Qsb 7D: wPt-664459 (P1477878), Soprimo (PI Adhikari et al.,
479890), CI 10112 (P1 78814), Florentino (PI 565255), AW 6635A/86 2012
(P1572693), IWA8611737 (PI 625572), NW56A (P1 429667)

Qsb 7D: TraesCS7D01G067000, N. A. Tomar et al.,
TraesCS7D01G081100, 2020
TraesCS7D01G221000

Sb4* 4B: TraesCSB01G295400.1  Zhongyul211, GY17 Zhang et al., 2020

Qsb.sdsu-  4B: OKO05122, OK05723W, Venango Ayana et al., 2018

4B.1 Excalibur_rep_c79414 306

Qsb.sdu- 4B: S4B 554842477 THTWSN-4513, Aust-8, SB12-6703 Jamil et al., 2018

7B.1

Qcr/Rhtl*  4BL: Xgwml65, Xgwm251

Qcr 4BL:
RAC875 rep ¢72961 977

Kukri, 2-49 (Gluyas Early/Gala), Janz

Wallwork et al.,
2004 ; Collard et
al., 2005,2006

TX69A509.2//BBY/FOX/3/GRK//NO64/PEX/4/CER/5/KAUZ//ALTAR  Pariyar et al.,
84/A0S, ID800994.W/MOS88

2020

3. Results

3.1. Molecular characterization of fungal pathogen.

The strain was first identified on the basis of the
morphological characteristics of the mycelium. After
observing the conidia under the microscope and comparing
them with the characteristics described by Leslie and
Summerell (2006), the strain was found to be consistent
with the description. However, the preliminary
identification based on colony morphology was not
sufficient to determine the species precisely. Molecular
analysis was based on sequencing of the ITS region of the
ribosomal DNA gene and the elongation factor 1 alpha
(EF1) gene. The Fusarium sequences obtained from
amplification of the conserved ITS region of the ribosome
were compared with data from the National Center for
Biotechnology Information (NCBI) wusing BLAST
(http://www.ncbi.nlm.nih.gov/BLAST). The molecular
results showed that the strain identified was represented by
F. graminearum, with a percentage of 99.81% for the
partial sequence of the ITS and 99.60% for the partial
sequence of TEF1. The fragment sizes were 636 bp for
ITS and 490 bp for TEF1 (Figure 02).

Figure 02. Electrophoretic profile of PCR amplicons targeting the
TEFa and ITS regions from Fusarium spp. isolates resolved on
1.5% agarose gel. ITS: 636 bp; EF: 490 bp.
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3.2. Pathogenicity and aggressiveness of F.
graminearum on wheat.

Disease symptoms started to appear one week after
inoculation, with one or two leaves dying, depending on
the resistance/susceptibility of the wheat cultivars.
Analysis of variance from this experiment showed
significant variability in aggressiveness (p <0.05) (Table
04) depending on the wheat genotype. Different levels of
resistance and symptom severity were observed during the
Fusarium infection. Disease indices showed that the
varieties Waha (2.26 +0.30) and Vitron (2.1 +0.1)
exhibited symptoms of high susceptibility (reduced
growth, yellowing of leaves, wilting, and death of plants
within ten days of inoculation). The Chen's and Core
varieties, on the other hand, showed moderate
susceptibility with infection rates of (1.53 +£0.30) and (1.40

+0.72), respectively, with a slight delay in growth causing
wilting and yellowing of plants around 25 days after
inoculation. Conversely, the cultivar Arz was the most
resistant with an average index of (0.03 +0.57), followed
by Hiddab (0.13 +0.11), then Anforeta (0.86 +0.50), and
finally Gta dur with an average of (0.80 +0.72). The
Levene statistic was used to determine the variance
homogeneity. The ratio test indicated that the variances
were homogeneous at 3.20. In this experiment, the un-
inoculated control plants showed no symptoms. Tukey's
post-hoc analysis (multiple comparisons test) was used to
determine the differences between the eight wheat
genotypes according to disease index. The analysis showed
highly significant differences between the variety Waha
and the two varieties Hiddab and Arz (p <0.0001). This
confirms previous results showing that Arz and Hiddab are
the most resistant to the aggressiveness of the fungus.

Table 04. Analysis of the variance of the disease index according to wheat varieties

. Average of  Standard Standard Confidence interval 95 % for the average )

Cultivar the IM deviation error Lower bound Upper bound Min Max
Core 1.400 0.7211 0.4163 -.391 3.191 0.8 22
Vitron 2.100 0.1000 0.0577 1.852 2.348 2.0 22
Chen’s 1.533 0.3055 0.1764 0.774 2.292 1.2 1.8
Anforeta 0.867 0.5033 0.2906 -.384 2.117 0.4 1.4
Waha 2.267 0.3055 0.1764 1.508 3.026 2.0 2.6
Gta dur 0.800 0.7211 0.4163 -0.991 2.591 0.2 1.6
Hiddab 0.133 0.1155 0.0667 -0.154 0.420 0.0 0.2
Arz 0.033 0.0577 0.0333 -0.110 0.177 0.0 0.1

3.3. Effect of temperature on mycelial growth.

The impact of temperature on mycelial growth was
examined over a range of temperatures. F4, F9, and F17
had the highest mycelial growth (0.7cm each), while
isolates F3, F10, and F19 had the lowest growth (0.lcm
each). At a temperature of 20°C, strains F8 and F9 had the
most significant growth (1.6 and 1.7 cm, respectively),
whereas isolate F19 (0.5cm) showed low growth at this
temperature (as shown in Figure 03). At a moderately high
temperature of 25°C, strain F9 still had the highest
mycelial growth (2 cm), while strains F6, F18, F19, and
F11 had smaller diameters (1.1, 1.2, and 1.3 for the last
two). The data also showed that some isolates appeared to

be better adapted to warmer temperatures, while others
were better adapted to lower temperatures. For example, at
30°C, strains F9 and F17 produced the largest mycelial
growth (2.5cm), while strains F18 and F19 produced the
lowest mycelial growth (1.8cm). This suggests that strain
F9 could grow easily at a wide range of temperatures. All
isolates used in the study were grown on PDA medium at
the optimum temperature of 30°C. Two-factor analysis of
variance (ANOVA) revealed that mycelial growth did not
differ significantly between isolates (p = 0.783) but was
significantly influenced by temperature (p <0.0001) (Table
05).
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Figure 03. Diameter histograms based on the evolution of radial mycelial growth at different temperatures in a group of Fusarium isolates.
(a): 15°C; (b): 20°C; (c): 25°C; (d): 30°C.

Table 05. Analysis of variance of mycelial growth rate of isolates as a function of temperature

Source of Variation ddl Medium Squares F Value P Value
Temperature 2 6.056 89.847 0.000
Isolate 19 0.049 0.0577 0.783
Temperature* Isolate 0 - - -

Error 57 0.067 - -

Total 80 - - -

ddl: data definition language; F: fisher value

Tukey's post-hoc analysis (multiple comparisons test) general, mycelial change was more variable as temperature
was used to determine significant differences between varied. The results of the final measurements are listed in
growth means by temperature. Mycelial growth showed a Table 06.

significant difference between temperatures (p<0.0001). In
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Table 06. Post-hoc analysis of variance in mycelial growth rate of isolates between temperatures.

0y} ) Average Standard P value Confidence interval 95 % for the average
Temperature ~ Temperature difference (I-J)  error Lower bound Upper bound
T20°C -0.6800* 0.0792 0.000 -0.888 -0.472
T15°C T25°C -1.2600* 0.0792 0.000 -1.468 -1.052
T30°C -1.7800* 0.0792 0.000 -1.988 -1.572
T15°C 0.6800* 0.0792 0.000 0.472 0.888
T20 °C T25°C -0.5800* 0.0792 0.000 -0.788 -0.372
T30°C -1.1000* 0.0792 0.000 -1.308 -0.892
T15°C 1.2600* 0.0792 0.000 1.052 1.468
T25°C T20°C 0.5800* 0.0792 0.000 0.372 0.788
T30°C -0.5200* 0.0792 0.000 -0.728 -0.312
T15°C 1.7800* 0.0792 0.000 1.572 1.988
T30 °C T20°C 1.1000* 0.0792 0.000 0.892 1.308
T25°C 0.5200* 0.0792 0.000 0.312 0.728

3.4. PCR amplification of resistant genes.

PCR amplification of the genes of resistant varieties
(Hiddab, Arz, Anforeta, and Gta dur) and susceptible
varieties (Vitron, Waha, Chen's, and Core) produced
fragments of the expected size of 880 bp and 750 bp

(R

representing the Sbl and Sh4 genes, respectively, using
two specific primers (Figure 04). The Sb4 gene is visible
in almost all susceptible and resistant varieties, while the
Sbl gene was detected only in one variety (Arz).

Figure 04: PCR-amplified products of the Sb1 and Sh4 genes from the eight wheat genotypes

using two designed primers. Migration

profile on 1.5% agarose gel, M = 100 bp molecular weight marker. 1: Core; 2: Vitron; 3: Chen's; 4: Waha; 5: Gta dur; 6: Anforeta; 7:

Hiddab; 8: Arz.

The partial nucleotide sequences of the Sh1l gene (880
bp) and the Sb4 gene (732 bp) in the eight wheat
genotypes tested were aligned and compared. BLAST
sequence analysis showed that the Sb1 gene studied had an
identity of 79.13%. For the Sb4 gene, the BLAST of

Sbr
Sb4

partial nucleotides corresponded to 85.94%. Therefore,
multiple alignments of the two genes revealed positional
differences in the nucleotide sequences, as shown in
Figure 05.

-
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Figure 05. Nucleotide sequence alignment of Sb1 and Sh4 genes using DNASTAR Lasergene software. The alignment highlights positional
differences in the nucleotide sequences providing a comparative analysis of variations between the two genes.

The nucleotide percentages of the two fragments are
shown in Table 06. The average molecular weight of the
dsDNA (497.989 kDa) was twice that of the ssDNA

(248.640 kDa). In addition, the percentage frequencies of
the four nucleotides, A, T, C, and G, were observed and
presented in Table 07.
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Table 7. Nucleotide percentages for the two R genes (Sbl and Sb4).

Genes Molecular weight A C G T GC
ssDNA  dsDNA freq % freq % freq % freq % freq %
Shl 271.296  543.743 225 25.6 230 26.1 201 22.8 224 255 431 49.0
Sh4 225.984 452.235 196 268 147 20.1 150 20.5 239 327 297 40.6
Average  248.640 497.989 421 26.1 377 234 351 21.8 463 28.7 728 452

3.5. Genetic mapping of the candidate genes Sh1 and
Sh4 conferring tolerance to FCR.

Analysis of the chromosome map based on
chromosomal location and marker (table 03) showed that
the Sh1 gene is located on chromosome 7D associated with
6 markers; it is delimited in the genetic region of 0.536
Mbp and is flanked by the TraesCS7D01G221000 markers

Chr7D
CI[?E'EQ TDS
135~ b bln- TD-3 111
0.32%— :h- B3 g
0378 sh- TraesCS TDO1GOET000
0478 sh-TraesCS TDO1GOR1100
0536 l-zorml 95
1818 Qsb-TraesCETDOLG221000
4_105 Qsb-Hgamd37
6_3E7 TDL

at an interval of 1.818 Mbp and TraesCS7D01G081100 at
an interval of 0.478 Mbp. The Sb4 gene is located on the
long arm of chromosome 4B, which contains 4 markers. It
is delimited in the 5.81Mbp genetic region on arm 4BL
between markers Xgwm251 and
RAC8758rep ¢72961 977 at a genetic interval of 5.686
Mbp and 6.170 Mbp, respectively (Figure 06).

Chr4B

0. 000 —4B5
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Figure 06. Genetic and physical maps of the predicted genes Sb1 and Sb4. Molecular markers were collected from previous publications.
(https://wheat-urgi. versailles.inra.fr/) were used to find the homologous sequences in the Chinese Spring genome assembly. The genetic

distance (physical position) is mentioned on the left-hand

4. Discussion

This research presents data on FCR infection,
comparing the responses of eight of the most resistant and
susceptible wheat genotypes. The results showed
significant variability in aggressiveness (p =0.05) and a
difference in disease severity between varieties, which is
similar to the findings of Schaafsma and Hooker (2007).
The authors reported that varietal factors significantly
determine the presence or absence of disease in wheat. The
Waha (2.267) showed high infection rates for FCR, which
is consistent with the findings of Bencheikh et al. (2020),
who found that the Waha variety was more susceptible to
infection by the Fusarium pathogen. Vitron (2.100)
exhibited a high infection rate, indicating significant
susceptibility to F. graminearum. Nevertheless, the variety
demonstrated remarkable agronomic  performance,
confirming the results reported by Haddad et al. (2021).
Classified within cluster C1, Vitron belongs to the group
of the most productive varieties under rainfed conditions in
the eastern high plateaus of Algeria. This suggests a
certain physiological compensation capacity in response to
Fusarium attacks. However, Chen’s (1.533) and Core
(1.400) varieties showed moderate susceptibility. Previous

side of each chromosome (in units of 100,000,000 bp).

authors Bencheikh et al. (2020) reported that Chen’s has
gained in popularity in recent years, reaching an
occupancy rate of 7%. According to Haile et al. (2019),
bread wheat is naturally more resistant than durum wheat
due to its hexaploidy nature. Nevertheless, for our work,
Arz (0.033) and Hiddab (0.133) showed low infection
rates, while the genotypes Anforeta (0.867) and Gta Dur
(0.800) showed moderate resistance. Some wheat varieties
in Algeria do not have sufficient data on their level of
tolerance to FCR, which is the case for Anforeta and
Hiddab. Although, there are no wheat varieties that are
completely resistant to FCR, the use of varieties with some
degree of resistance is the most reliable and cost-effective
method for controlling this disease (Francesconi et al.
2019; Gebremariam et al. 2020).

The increase in temperature levels would imply a
significant rise in plant disease pressure, and consequently,
a decrease in grain yield (Romero et al. 2022). The effect
of temperature on mycelial growth of Algerian isolates of
F. graminearum revealed a significant difference in
thermal optima of development between isolates (p
<0.0001) and in temperature x isolate interactions. The
isolates used in this study were able to grow on PDA
medium at an optimum temperature of 30°C. These results
are consistent with those obtained by Manstretta and Rossi
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(2016), who found that the optimal mycelial growth of F.
graminearum occurs between 28 and 30°C. No
relationship was observed between the optimal
temperatures for mycelial growth of the isolates and their
geographical origins, suggesting that thermal adaptation
may not be strongly influenced by the origin of the
isolates. The development indices of F. graminearum were
higher at 25°C and 30°C, highlighting that the isolates
used in this study may be better adapted to elevated
temperatures. This could indicate a potential shift in the
thermal tolerance of certain strains. Similar findings were
reported by Magan et al. (2003), who demonstrated that F.
graminearum exhibits faster growth and greater
competitiveness compared to other Fusarium species at
similar temperatures. Interestingly, mycelial growth was
also observed at a low temperature of 15°C, indicating that
this species retains a degree of adaptability to cooler
conditions. This observation aligns with results from Hope
et al. (2005), who reported active growth of F.
graminearum within a temperature range of 15-25°C.
Furthermore, Manstretta and Rossi (2016) noted that while
the fungus can grow across a broader temperature
spectrum 5-30°C, its capacity to reach full maturity is
generally limited to 20-25°C range. These variations in
thermal behavior suggest that different Fusarium isolates
may exhibit growth optima possibly influenced by
environmental adaptation (Nazari et al. 2014). They also
noted that each Fusarium species has a specific
temperature range at which disease expression is
maximized. Under controlled conditions, Hay et al. (2021)
found that warm nights at high levels can increase the
aggressiveness of F. graminearum in wheat, further
emphasizing the influence of thermal conditions on
pathogenicity.

The present study aimed to identify potential R genes
conferring FCR resistance in eight wheat genotypes,
encompassing both newly introduced and older varieties,
through molecular characterization. Targeted amplification
and sequencing of the Sbl and Sbh4 genes revealed
positional differences and base substitutions among the
studied genotypes, suggesting genetic variation that may
contribute to disease resistance.

The findings showed that Sb4 gene was present in
nearly all genotypes, except for two moderately resistant
cultivars, ‘Chen’s’ and ‘Gta dur’. This observation aligns
with Liu et al. (2021), who identified Sb4 gene in highly
resistant lines ‘Zhongyul211’ and ‘GY17’, locating the
gene within a 1.19cM interval on chromosome 4BL. The
widespread presence of Sb4 gene supports its role in broad
and durable resistance, making it a valuable target for
resistance breeding programs. The Sb1l gene was detected
in the highly resistant variety ‘Arz’, which corresponds to
the findings of Lillemo et al. (2013), who identified Sh1
gene in wheat line ‘Saar’ on chromosome 7DS. This gene
is located near the Lr34 locus, which is also associated
with resistance to yellow leaf tip necrosis (Ltnt+). This
proximity suggests that Sbl gene may be part of a broader
defense system in wheat.

Sequencing results showed a nucleotide identity of
79.13% for Sh1l and 85.94% for Sh4. Multiple sequence
alignment revealed several base substitutions (transitions
and transversions), along with insertions and deletions
ranging from 1 to 57 amino acids. These results are
partially consistent with those of Ma et al. (2012), who

reported base substitutions in the Sb4 gene in maize.
However, the sequence differences observed in this study
were smaller than those reported by Enyew et al. (2022)
for the Sbl gene in the genetic background of the
genotypes.

Comparative analysis with previous QTLs and GWAS
studies supports the significance of Sbl and Sb4 genes.
Several QTLs linked to resistance against Spot Blotch and
FCR have been identified on chromosome 4B and 7D
(Gurung et al., 2014; Zhu et al., 2014; Singh et al., 2018;
Su et al., 2021). The findings are consistent with Tomar et
al. (2020), who reported major QTLs on chromosome 7D
between SNP markers TraesCS7D01G221000 and
TraesCS7D01G081100. Similarly, Yang et al. (2021)
identified a QTL on chromosome 4B derived from the
‘Lang’ genotype, associated with FCR resistance in
recombinant inbred lines. Although these studies have
identified significant resistance loci, more stable and
broadly effective genes are still needed. The simultaneous
detection of Sh1 and Sh4 genes in variety ‘Arz’ highlights
the potential for gene pyramiding to improve long-lasting
resistance. As suggested by Wang et al. (2018), efficient
gene integration strategies can accelerate resistance
improvement. Future research should focus on cloning
these genes and understanding their functional roles, which
is crucial for developing wheat cultivars with improved
resistance to FCR and minimizing yield and quality losses
caused by this devastating disease.

5. Conclusion

This research provides information on the impact of
FCR on wheat. Few cultivars show relatively high
resistance to infection. Therefore, the selection of resistant
wheat cultivars may be an effective control measure to
manage this devastating fungal disease. This work has
shown that F. graminearum can grow over a wide range of
temperatures, enabling it to survive in a variety of seasonal
and extreme temperature conditions. Genetic improvement
of wheat resistance to this disease requires further research
into the genes that control resistance. Efforts should also
be made to explore resistance- related QTLs.
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Abstract

Urinary tract infections (UTIs) are among the most common, serious health issues mainly caused by bacteria, which are
increasingly developing resistance. Therefore, researchers are focused to find novel plant derived antimicrobials amid raised
treatment concerns among healthcare facilities. The purpose of this study is to evaluate the antibacterial properties of plants
Coriandrum sativum, Murraya koenigii and Piper nigrum individually and in combinations (1:1 and 1:1:1) along with their
total phenolic (TPC) and total flavonoid content (TFC). It is an experimental study where n-hexane, ethyl acetate,
methanolic and distilled water (dH20) extract’s minimum inhibitory concentrations (MICs), and minimum bactericidal
concentrations (MBCs) were determined against Acinetobacter baumannii ATCC 45269, Escherichia coli ATCC 8739,
Staphylococcus aureus ATCC 25923, Streptococcus agalactiae ATCC 9528 strains. Microsoft excel pro365, was utilized to
calculate mean and standard error mean (SEM) with P<0.05 considered significant. Largest inhibition zones (7-10.33 mm
1Zs) were observed against A. baumannii, for individual extracts, whereas MICs for combinations were (12.5pg/mL-100
pug/mL) against test strains, with lowest MIC (12.5 pg/mL) for water pepper-curry extract (WPCu) against E. coli.
Significant TPC and TFC values were observed for methanolic (29.36 and 32.32 mg GAE/g and 15.048 and 17.563 mg
QE/g) and water (31.16 and 28.72 mg GAE/g, and 18.922 and 14.736 mg QE/g) extracts of P. nigrum and M. koenigii
respective. The results suggested that these plants have potential attributes against uro-bacteria in combinations and hence

could be used as alternative for formulations for UTI.

Keywords: Antibiotic resistance, Combination activities, Plant antimicrobials, UTIs, Uro-pathogenic bacteria

1. Introduction

Urinary tract infections (UTIs) represent the second
most common type of infection worldwide, which can
occur among 10% people in a lifetime (Farajnia, 2009),
with prominent mortality and morbidity at 1-2 years of age
(Singh and Madhup, 2013). Gram-negative and Gram-
positive bacterial species which include Proteus mirabilis,
Klebsiella  pneumoniae, Pseudomonas aeruginosa,
Streptococcus agalactiae, Staphylococcus saprophyticus,
Enterococcus faecalis and significantly Escherichia coli,
are responsible for 95% UTIs (Farajnia, 2009). Rapid
accurate diagnosis followed by empirical treatment is a
key for reduction in disease manifestation which is
generally decided by causative pathogen’s resistance to
antibiotics (Mirsoleymani et al., 2014). However, concerns
are arising in Pakistan and globally due to emerging
antibiotic resistance among these species (Ahmad et al.,
2020) particularly due to irrationally selected and
administered antibiotics for treatment (Kowalska-
Krochmal and Dudek-Wicher, 2021). Enterobacteriaceae
family is of most concern regarding antibiotic resistance,
especially cephalosporin resistance (Chen et al., 2013;
Paterson, 2006). Uropathogens are also becoming
multidrug resistant (MDR) which is a stimulant for
developing substitutive therapeutics and control measures
(Gupta and Bhadelia, 2014).

Since ancient times, plants have been utilized as
harmless medicinal substances, treating certain infections

in both developed and underdeveloped countries (Batool et
al., 2018; Sharma et al., 2009). Various herbs were used as
preventative and curative traditional medicines against
broad range of parasitic species (Al-Snafi, 2024).
Secondary metabolites of plants are therefore frequently
evaluated as alternative antibacterial agents. They are
either directly used in form of precursors or as main
compound in pharmaceuticals (Batool et al., 2018; Sharma
et al., 2009). A variety of studies have reported activities
of plant extracts for MDR strains (Batool et al., 2018).
Some studies revealed that the combination of some
plant extracts exhibited great inhibition properties in
comparison to standard antibiotics. Combined effect of
Thymus vulgaris and Pimpinella anisum has been observed
against pathogenic bacteria (Al-Bayati, 2008). Combined
antibacterial effects of ethanolic extracts from six
medicinal plants were evaluated against gram positive and
negative bacterial species, namely Staphylococcus aureus,
Staphylococcus  epidermidis, Escherichia coli and
Pseudomonas aeruginosa (Karuncharoenpanich, 2025).
Coriandrum sativum (Coriander), Murraya koenigii
(curry leave), and Piper nigrum (Black pepper) belong to
aromatic herbs/ spices which are commonly used as
flavouring food agents, have traditional medicinal aspects,
and being frequently exploited for diabetes, inflammation,
dentistry, as antipyretic agents, and other pharmacological
attributes (Chaudhry and Tariq, 2006; Rautela et al., 2018;
Beegum et al., 2019). In addition to that, their ethanolic,
water and other extracts have reported antibacterial
properties against, S. aureus, S. typhi, K. pneumoniae
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(Beegum et al., 2019; Matasyoh et al., 2009). They also
have reported antibacterial action against many MDR
strains including E. coli, M. luteus, S. aureus, P.
aeruginosa and B. subtitles (Vats et al., 2011).
Antibacterial characteristics of Coriandrum sativum,
Murraya koenigii and Piper nigrum have been reported in
many studies, but their combination effects against
uropathogenic bacteria have not been reported. In this
study, coriander leaves, black pepper fruit, and curry
leaves were extracted successively in n-hexane, ethyl
acetate, methanol, distilled water. Their individual and
combined inhibition actions were determined for selected
uro-pathogenic ATCC bacterial strains along with MIC
and MBC. Lastly, their TPC and TFC values were
determined to get an idea about what compounds might be
responsible for antibacterial effects of their extracts.

2. Materials and Methods

2.1.  Plants Collection, Processing and Extraction

Spices/plants including C. sativum, M. koenigii, and P.
nigrum were collected from local market, rinsed with
normal water then distilled water, dried under shade, and
grounded into fine powder. They were then subjected to
successive solvent extraction (Jakhar et al., 2015) with
slight modifications (not utilizing Soxhlet apparatus) using
solvents of different polarity namely n-hexane, ethyl
acetate, methanol, and water as shown in Figure 1.
Resultant extracts were filtered through muslin cloth and
Whatman filter paper, rotary evaporated, and the extract
efficiency was calculated.

2.2. Test Bacterial Strains

Four selected uropathogenic ATCC bacterial strains
including Eschreshia coli ATCC 8739, Staphylococcus
aureus ATCC 25923, Acinetobacter baumannii ATCC
45269, and Streptococcus agalactiae ATCC 9528 were
collected National Veterinary Laboratory, and sub-
cultured. Their antibiotic profile was evaluated by Kirby-
Bauer’s method (Bauer, 1966) and stored at 4°C in
Nutrient broth (NB) for later use in extract antimicrobial
evaluation.

2.3.  Antibacterial Screening of Extracts

The method was adopted with slight modifications
from Dash and co-workers (Dash et al., 2017). Fifty uL
inoculum (approx. 1-2x10% CFU/mL) (Ali et al., 2017) was
spread on solid Mueller Hinton agar (MHA) plates. Then,
5 uL of stock solution (20 mg/mL DMSO) containing
paper discs (6 mm in diameter) were placed along with
ceftriaxone/gentamycin as positive (20 pg/standard disc)
and DMSO (5 pL soaked and dried on blank disc) as
negative control. Plates were incubated for 24 hrs at 37°C,
and the process was repeated for each of test strains in
triplicates.

2.4.  Combination Assay

Disk diffusion assay was used in triplicates for
combination antibacterial assay as stated earlier (Dash et
al., 2017). Combinations were made in two different ways
which were mixing equal ratio (1:1:1) i.e., 350 pL from
three extracts for same solvent (20 mg/mL) stock solution
together in Eppendorf tubes, whereas second combinations
were made by mixing equal ratio (1:1) i.e., 500 pL of same
solvent extracts together in Eppendorf tubes.
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Figure 1: Schematic diagram of successive solvent extraction.
2.5.  Minimum Inhibitory Concentration (MIC)

MICs determination method was adopted with slight
modifications from Julianti and co-workers (Julianti et al.,
2017). Five pL of NB was added in each well leaving 1%
row of microtiter plate vacant, where later 7.5 pL from
sample wells were pipetted out and diluted 3-fold along
length of the plate. The wells were inoculated with 195 pL
strain culture and incubated for 24 hrs at 37°C. The
process was repeated for all four test strains and positive
control Ceftriaxone and Gentamycin. To determine MBCs,
20 pL from wells with no visible growth were streaked on
MHA plates and incubated for 24 hrs at 37°C (Jeya et al.,
2019). The minimum concentrations that did not allow any
growth were recorded as the minimum bactericidal
concentration (MBC).

2.6. Total Phenolic and Flavonoid Content

The experiments were performed in Food Science
Research Institute (FSRI) at National Agriculture Research
Centre (NARC) Islamabad. Folin-Ciocalteu (FC) method
(Do et al., 2014) slightly modified was used for assessing
Total Phenolic Content (TPC) with 2.5 mL of 7.5%
sodium carbonate (Na2COs) and 10% FC reagent, in which
0.5 mL of sample or diluted gallic acid standard was
added. Absorbance was measured at 765 nm, calibration
curve was constructed, and results were expressed as
milligram gallic acid equivalent per gram (mgGAE/g) of
extract. For Total Flavonoid Content (TFC) analysis,
aluminium chloride colorimetric method described by
Kamtekar and coworkers (Kamtekar et al., 2014) was used
with slight changes. One mL sample extract or quercetin
standard was mixed with 4 mL dH20 in which 0.3 mL of
5% sodium nitrite (NaNO2) and 10% aluminum chloride
(AICI;) was added. Volume was made up to 10 mL by 1M
sodium hydroxide (NaOH). Absorbance was measured at
415 nm, calibration curve was prepared, and results
displayed as milligram quercetin equivalent per gram (mg
QCE/g) of extract.
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2.7.  Statistical Analysis

Microsoft excel pro 365 software was utilized to
calculate mean and SEM. Every experiment was
performed in triplicates in this study. To find difference
among means for all extracts, One-way Analysis of
Variance (ANOVA) was used. Results that have shown
P<0.05 were considered significant.

3. Results

Twelve extracts were obtained in semi solid forms
except P. nigrum n-hexane (NP) which is obtained in oily
form. Table 1 shows that maximum percentage
yield/extract efficiencies (4.28%), was obtained for P.
nigrum ethyl acetate (EP) extract among others, whereas
C. sativum and M. koenigii have significant yields
calculated for water extracts (WCO, 3.67%) and (WCU,
3.34%).

3.1. Antibacterial Activities

The results of antibacterial assays performed against all
four test strains have revealed varying activities (P<0.05).
Figure 2 shows that overall, A. baumannii ATCC 45269
was the most effectively inhibited strain, with maximum
inhibition zone (IZ) 10.33£0.33 mm for WCo (water-
coriander) extract.

Table 1. Percentage extract efficiency, total phenolic and total
flavonoid content analysis + standard error mean of crude extracts.

S.  Extract % Extract TPC mg TFC mg

No codes * Yield GAE/g extract QE/g extract
1. NCO 0.396 % 0.442+0.005 0.217+0.01
2. ECO 1.35% 1.41+0.0 0.86+0.0

3. MCO 2.068 % 21.65+0.66 9.994+0.0
4. WCO 3.67% 3.55+0.09 2.22+0.0

5. NP 1.47 % 540.0 2.38+0.03

6. EP 428 % 7.292+0.06 4.397+0.0
7. MP 1.34 % 29.36+0.09 15.048+0.0s
8. WP 1.43 % 31.16+0.03 18.922+0.03
9. NCU 1.47 % 4.138+0.01 1.933+0.0
10. ECU 2.01 % 6.278+0.07 3.799+0.02
11. MCU 2.03 % 32.32+0.06 17.563+0.04
12. WCU 3.34% 28.72+0.01 14.736+0.05

*(NCo) n-hexane coriander, (ECo) ethyl acetate coriander,
(MCo) methanol coriander, (WCo) distilled water coriander, (NP)
n-hexane black pepper, (EP) ethyl acetate black pepper, (MP)
methanol black pepper, (WP) water black pepper, (NCu) n-
hexane curry leaves, (ECu) ethyl acetate curry, (MCu) methanol
curry, (WCu) distilled water curry.

Inhibition activities of WCo against S. aureus and E.
coli were measured to be 8.33+0.33 mm and 8.00+0.0 mm
(P<0.05), respectively. Likewise, M. koenigii extracts’
most significant response was against A. baumannii with
greatest 1Z of 10.33£0.0 mm for WCu (water-curry)
extract, followed by E. coli (9.33+£0.33 mm), S. aureus
(9.00+0.0 mm) and S. agalactiae (9.00+0.57 mm) IZs
(P<0.05), respectively (Table 2). In this study, P. nigrum
antibacterial activity was greatly observed against S.
aureus with IZ (10.33+0.33 mm) for ethyl acetate (EP)
extract (P<0.05), followed by methanol (MP) extract
against A. baumannii with 1Z (10.00+0.57 mm).

Figure 2: Individual inhibition action of extracts against A.
baumannii ATCC 45269 strain.

3.2 Combination Activities

Table 3 summarizes the effective response exhibited
individually by eight extracts made from combining them
in (1:1) and (1:1:1) ratio against test strains. When P.
nigrum and M. koenigii extracts evaluated in combinations
(1:1), largest 1Z was measured against E. coli (15+0.57
mm) for WPCu (water-pepper-curry), followed by A.
baumannii for EPCu (Ethyl acetate-pepper-curry), S.
aureus for MPCu (methanol-pepper-curry) and S.
agalactiae for NPCu (n-hexane-pepper-curry),
respectively as shown in Figure 3. For other four combined
extracts (1:1:1), S. agalactiae (12.66+0.57 mm) and E. coli
(12.33+0.33 mm) showed significant 1Z for ECoPCu
(ethyl-acetate-coriander-pepper-curry), followed by S.
aureus and A. baumannii (Figure 4).

3.3.  Minimum Inhibitory Concentrations (MICs)

MIC and MBC values were determined for combined
(1:1/1:1:1) extracts with 1Zs (>10mm) against test ATCC
strains (Table 3). For (1:1) M. koenigii and P. nigrum
combined extracts (WPCu), smallest MIC value of
12.5pg/mL was recorded against E. coli with MBC of
25pg/mL (P<0.05).
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Table 2. Growth inhibition activities in mm + standard error mean
exhibited by crude extracts against test bacterial strains.

Extracts *  Test Bacterial Strains

S.No  (20pg/mL) S.aureus E. coli A S.
baumannii agalactiae

Table 3. Inhibition activities + standard error means combination
extracts with their minimum inhibitory concentration and
minimum bactericidal concentrations against test strains. All MIC
and MBC values were taken in triplicate.

1. NCO 7.00£0.57 6.00+0.0  7.66+0.33 6.00+0.0
2. ECO 7.00£0.0  6.33+0.33 10.00+0.57 6.33+0.33
3. MCO 6.33+0.33  7.00+0.0  8.00+0.57 6.00+0.0
4. WCO 8.33£0.33 8.00+0.0  10.33+0.33 7.00+0.57
5. NP 8.00£0.0  6.33+0.33 9.33+0.33 6.33+0.33
6. EP 10.33+0.33 6.66+0.33  7.00+0.57 6.00+0.57
7. MP 9.00+0.0  9+0.57 10.00+0.57 7.00+0.0
8. WP 8.67+0.33 8.33+0.33 7.66+0.33 9.00+0.57
9. NCU 8.00£0.57 6.66+0.33 9.00+0.57 10.00+0.0
10. ECU 8.00£0.00 8.33+0.33 9.00+0.57 7.00+0.57
1. MCU 8.00+0.57 8.00+0.0  8.00+0.0  7.66+0.33
12. WCU 9.00+0.0  9.33+0.33 10.33+0.0 9.00+0.57
Positive Gentamicin 16.33+0.66 ¥ o 19.66+0.33
control

Ceftriaxone ___ 15.33+0.33 8.33+0.33
Negative t DMSO ~ § NIZ NIZ NIZ NIZ

control

*(NCo) n-hexane coriander, (ECo) ethyl acetate coriander,
(MCo) methanol coriander, (WCo) distilled water coriander, (NP)
n-hexane black pepper, (EP) ethyl acetate black pepper, (MP)
methanol black pepper, (WP) water black pepper, (NCu) n-
hexane curry leaves, (ECu) ethyl acetate curry, (MCu) methanol
curry, (WCu) distilled water curry.  (— ) - Not determined, }
(DMSO) - Dimethyl sulphoxide, § (NIZ) - No inhibition zone.

S. Test Extracts * 1Z MIC MBC
No  Strains (mm= SEM) (ug/mL) (pg/mL)
ECuPCo 10.66+£0.33 25 50
1. A. 11.66+0.33 25 100
baumannii  WCuPCo 10£0.57 50 100
ATCC NPCu
45269 25 100
EPCu 13.33+0.33 25 50
Mpcu 10+0.57 50 100
WPCu . 25
Control 12+0.57
8.33+0.33
ECuPCo 12.33+0.33 50 100
2. E. coli MCuPCo 11.33+0.66 50 100
ATCC
+0.
3739 NPCu 12+0.57 50 100
WPCu 15+0.57 12.5 25
Control 15.33+0.33 125

NCuPCo 11.33+0.33 100 100
3. S.aureus  ECuPCo 11.33£0.33 100 100
ATCC
25923 EPCu 12+0.57 100 100
MPCu 12.33£0.66 50 50
WPCu 13+0.57 50 50
Control 16.33£0.66  6.25
NCuPCo 11£0.57 50 50
4. S. ECuPCo  12.66+0.33 25 50
agalactiae 4
ATCC WCuPCo 11£0.57 50 100
9528 NPCu 12.3340.33 50 100
MPCu 12+0.57 50 100
Control 19.66+0.33  6.25

*(NCoPCu) n-hexane coriander-pepper-curry, (ECoPCu) ethyl
acetate coriander-pepper-curry, (MCoPCu) methanol coriander-
pepper-curry, (WCoPCu) distilled water coriander-pepper-curry,
(NP-Cu) n-hexane black pepper-curry, (EP-Cu) ethyl acetate
pepper-curry, (MP-Cu) methanol pepper-curry, (WP-Cu)
distilled water pepper-curry.
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Whereas MIC for (1:1:1) combination extracts of C.
sativum, M. koenigii and P. nigrum was determined 25
pg/mL and 50 pg/mL (P<0.05) against A. baumannii and
S. agalactae, for both WCuPCo (water-curry-pepper-
coriander) and ECuPCo extracts, MCuPCo (metabolic-
curry-pepper-coriander) extract has shown 50 pg/mL MIC
for E. coli. MBCs were recorded by inoculating broth from
least turbid wells of microtiter plate on agar media.

3.4. Total Phenolic and Flavonoid Content

From the values of TPC and TFC for obtained extract
(Table 1), it follows that among all extracts, largest
TPC/TFC values were observed for methanolic and dH20
extracts, i.e. MCo, MP, MCu, WCo, WP and WCu of C.
sativum, M. koenigii and P. nigrum, as shown in Figure 5.
P. nigrum (MP and WP) extracts had TPCs of 29.36 and
31.16 mg GAE/g extracts.
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On the other hand, their observed TFCs were recorded
to be 15.048 and 18.922 mg/g of dry weight and expressed
as quercetin equivalent (P<0.05) respectively in this study.
The observed TPCs of C. sativum (MCo) were 21.65 mg
GAE /g extract, whereas its TFC was measured to be 9.994
mg QE/ g of extract (P<0.05) (Figure 5).

4. Discussion

The values for extract yield calculated (WCO, 3.67%
and WCU, 3.34%) were in accordance to that stated by
Jeya et al (2019) and Hussain et al (2009), where reported
yield for C. sativum seed EOs ranged from 0.03%-2.6%.
Caleja et al (2016) reported that water extracts have more
yield than ethanol extracts as observed in this study for C.
sativum and M. koenigii. The reason for this might be high
H20 polarity (Dhanani et al., 2017) or use of leaves or
fruiting parts of C. sativum, M. koenigii, and P. nigrum
respectively, for extract preparation.

Rezaei et al (2016) reported antibacterial action of C.
sativum leaves EO with 1Zs of about 12.5 mm and 8.5 mm
against S. aureus and E. coli. Water extracts of M. koenigii
had observed 1Zs of 8.33 + 0.33 mm and 8.00 = 0.00 mm
against E. coli and S. aureus respectively (Razak, 2020) as
reported in this study. Nagy et al. reported a 10.5 mm 1Z,
whereas Khan et al. observed no inhibition for the
methanolic P. nigrum extract against S. aureus (Khan et
al., 2013; Nagy et al., 2015). These values contrasted
either greatly or a little with IZs observed in the current
study.

There was no literature available on combined effects
of P. nigrum, M. koenigii and C. sativum, yet their
combinations were tested with standard antimicrobials or
other plant’s EOs, where M. koenigii aqueous extract (1:1)
combination with Telfairia occidentalis (fluted pumpkin)
have exhibited 31. 25mg/mL MIC and 250mg/mL MBC
values for both E. coli and S. aureus respectively
(Akinnibosun and Ogu, 2017). Antibacterial activities of
methanolic extracts of P. nigrum in combination with
standard  antibiotics  (ampicillin, gentamicin  and
erythromycin among others) against different strains of E.
coli were observed with MICs (2-16 pg/mL) (El-Tawab et
al., 2018).

In this study, the MIC and MBC values of 1:1
combined extracts of M. koenigii and P. nigrum with IZs
(> 10mm) against test ATCC strains of E. coli and S.
aureus were determined. The smallest MIC value
measured to be was 12.5pg/mL for aqueous extract
(WPCu) against E. coli with MBC of 25ug/mL. MIC and
MBC values for S. aureus of aqueous and methanolic
extracts (WPCu, MPCu) were 50pg/mL. In contrast to
these, MIC values of 40pg/mL, 80 ng/mL and 100 pg/mL
were observed for co-trimoxazole against various isolates
of UTI, primarily E. coli, Klebsiella and Pseudomonas
respectively (Qadir et al., 2024).

As reported in this study, the potential of synergistic
effects of medicinal plant Calotropis procera extract was
also observed with amoxicillin, ampicillin and
azithromycin antibiotics against S. aureus, E. coli and
Shigella spp. with 1Z of (16.8 mm, 21.33 mm and 16.4
mm) respectively (Gideon and Lada, 2023). In another
study, Khunbutsri et al (2022) reported that leaf extract of
Solanum torvum exhibited MIC and MBC of about
16mg/mL and 18mg/mL respectively against methicillin
resistant Staphylococci. When the said extract is evaluated
in combination with oxacillin antibiotic, it has shown
synergistic, partial synergistic as well additive effects
against S. epidermidis and S. intermedius (Khunbutsri et
al., 2022).

As reported by Ahmed et al, observed TPC of
methanolic P. nigrum extract was 1.7281 mg/g dry weight
and expressed as GAE, whereas TFC value was measured
to be 1.087 pg/g quercetin equivalent (Ahmad et al.,
2015). TPC of 17.04 mg GAE/ 100 g dry weight was
observed, with TFC of 11.10 mg/ 100 g dry weight and
expressed as catechin equivalent for methanolic extract of
C. sativum (Christova-Bagdassaria et al., 2013). TPC and
TFC for methanolic curry leaves extracts were 13.68 mg
GAE /g fresh weight and 0.81 mg CE/g fresh weight
respectively (Hijaz et al., 2020). Lastly, TPC values for
(MCu and WCu) M. koenigii were observed about 32.32
and 19.57 mg GAE/ g of extracts with their TFCs of 17.56
and 11.73 mg QE/g extract respectively. The results
suggested that said plants possess potential attributes when
used in combinations and could be useful for future
medicinal formulations for resistant uro-pathogens.

5. Conclusion

Present study reveals effectiveness of three
antimicrobial plant sources, i.e. Coriandrum sativum,
Murraya koenigii and Piper nigrum. In combination, they
show marked inhibition of uropathogenic bacterial strains.
Hence, they could be useful for future medicinal
formulations for resistant uro-pathogens. Moreover, this
study paves ways for research on natural antimicrobials to
be used in combinations for effective response against
pathogenic bacteria which are speedily becoming resistant.



599

© 2025 Jordan Journal of Biological Sciences. All rights reserved - Volume 18, Number 4

Acknowledgements

We are grateful to Food Science Research Institute
National Agriculture Research Centre Islamabad for their
assistance in phenolic and flavonoid phytochemical
analysis.

References

Ahmad A, Husain A, Mujeeb M, Khan SA, Alhadrami HAA, and
Bhandari A. 2015. Quantification of total phenol, flavonoid
content and pharmacognostical evaluation including HPTLC
fingerprinting for the standardization of Piper nigrum Linn
fruits. Asian Pac. J. Trop. Biomed, 5(2): 101-107.

Ahmad S, Hussain A, Khan MSA, Shakireen N, and Ali 1. 2020.
Diabetes mellitus and urinary tract infection: Causative
uropathogens, their antibiotic susceptibility pattern and the effects
of glycemic status. Pak J Med Sci, 36(7): 1550.

Akinnibosun F, and Ogu GI. 2017. Antibacterial Activity of
Aqueous and Ethanolic Leaf Extracts of Murraya koenigii and
Telfairia occidentalis Synergy. NJAFE, 13(1): 234-239.

Al-Bayati FA. 2008. Synergistic antibacterial activity between
Thymus vulgaris and Pimpinella anisum essential oils and
methanol extracts. J. Ethnopharmacol,%lﬁ(?;): 403-406.

Ali ST, Ayub A, and Ali SN. 2017. Antibacterial activity of
methanolic  extracts  from  some  selected  medicinal
plants. FUUAST j. biol, 7(1): 123-125.

Al-Snafi AE. 2024. Antiparasitic activities of medicinal plants:
An overview. GSC biol. pharm. sci, 27(2): 167-223.

Batool K, Sultana S, Akhtar N, Asif HM, Akhtar N, Ahmad K,
and Owais A. 2018. Medicinal plants combating against human
pathogens: A review. J. Int. J. Biotechnol. Food Sci, 6(3): 42-51.

Bauer AW. 1966. Antibiotic susceptibility testing by a
standardized single disc method. Am J clin pathol, 45: 149-158.

Beegum N, Reshmi R, Nandan N, and Vishwanathan S. 2019.
Spices-An imperative melange-back to the roots.J Ayurveda
Integr Med, 4(6): 93-103.

Caleja C, Barros L, Antonio AL, Carocho M, Oliveira MBP, and
Ferreira IC. 2016. Fortification of yogurts with different
antioxidant preservatives: A comparative study between natural
and synthetic additives. Food Chem, 210: 262-268.

Chen YH, Ko WC, and Hsueh PR. 2013. Emerging resistance
problems and future perspectives in pharmacotherapy for
complicated urinary tract infections. Expert Opin
Pharmacother, 14(5): 587-596.

Chaudhry NMA, and Tariq P. 2006. Bactericidal activity of black
pepper, bay leaf, aniseed and coriander against oral isolates. Pak.
J. Pharm. Sci, 19(3): 214-8.

Christova-Bagdassarian VL, Bagdassarian KS, and Atanassova
MS. 2013. Phenolic profile, antioxidant and antimicrobial
activities from the Apiaceae family (dry seeds). MIPMS, 2(4): 26-
31.

Dash GK, Sekar M, Adiba SSP, and Mahmad A. 2017.
Antibacterial activity of Murraya koenigii against few
Staphylococcus spp. and development of a topical cream. Indo
Am. j. pharm. sci, 4(9): 2976-2980.

Dhanani T, Shah S, Gajbhiye NA, and Kumar S. 2017. Effect of
extraction methods on yield, phytochemical constituents, and
antioxidant activity of Withania somnifera. Arab. J. Chem, 10:
S1193-S1199.

Do QD, Angkawijaya AE, Tran-Nguyen PL, Huynh LH,
Soetaredjo FE, Ismadji S, and Ju YH. 2014. Effect of extraction
solvent on total phenol content, total flavonoid content, and
antioxidant activity of Limnophila aromatica.J. Food Drug
Anal, 22(3): 296-302.

El-Tawab A, Selim AO, and Soliman AM. 2018. Phenotypic and
Genotypic  Characterization of Some Bacterial Isolates
(Escherichia Coli, Klebsiella Oxytoca) From Chickens. Benha
Vet. Med. J, 35(2): 284-302.

Farajnia S, Alikhani MY, Ghotaslou R, Naghili B, and Nakhlband
A. 2009. Causative agents and antimicrobial susceptibilities of
urinary tract infections in the northwest of Iran. Int. J. Infect. Dis,
13(2): 140-144.

Gideon M, and Lada Z. 2023. Synergistic combinatorial strategy
for combating Antimicrobial Resistance (AMR) in clinical
bacteria by combining antibiotics with plant extracts. FCE, 1-12.

Gupta K, and Bhadelia N. 2014. Management of urinary tract
infections from multidrug-resistant organisms. Infect Dis Clin
North Am, 28(1): 49-59.

Hijaz F, Al-Rimawi F, Manthey JA, and Killiny N. 2020.
Phenolics, flavonoids and antioxidant capacities in Citrus species
with different degree of tolerance to Huanglongbing. Plant Signal
Behav, %15(5): 1752447.

Hussain J, Khan AL, Rehman N, Zainullah KF, Hussain ST, and
Shinwari ZK. 2009. Proximate and nutrient investigations of
selected medicinal plants species of Pakistan. Pak J Nutr, 8(5):
620-624.

Jakhar S, Gahlawat DK, Dahiya S, Swami U, Verma M, and
Dahiya P. 2015. Antibacterial and Antioxidant Potential of Leaf
and Seed Extracts of Murraya koenigii (Linn.) Spreng. Microbiol.
Res. J. Int, 1-7.

Jeya KR, Veerapagu M, and Sangeetha V. 2019. Antimicrobial
and antioxidant properties of Coriandrum sativum L. seed
essential oil. Am. J. Essent. Oil. Nat. Prod, 7(2): 06-10.

Julianti E, Rajah KK, and Fidrianny I. 2017. Antibacterial activity
of ethanolic extract of cinnamon bark, honey, and their
combination  effects against acne-causing bacteria. SCi.
Pharm, 85(2): 19.

Kamtekar S, Keer V, and Patil V. 2014. Estimation of phenolic
content, flavonoid content, antioxidant and alpha amylase
inhibitory activity of marketed polyherbal formulation. J. Appl.
Pharm. Sci, 4(9): 61.

Karuncharoenpanich T, Phetmanee T, Pradubyat N, Songsak T,
Jongrungruangchok S, Madaka F, and Lakkana N. 2025. In Vitro
Assessment of Antimicrobial Activity and Synergistic Effects of
Ethanolic Extracts from Six Medicinal Plants.J. Curr. Sci.

Technol 115(1): 85-85.

Kowalska-Krochmal B, and Dudek-Wicher R. 2021. The
minimum inhibitory concentration of antibiotics: Methods,
interpretation, clinical relevance. Pathogens, 10(2): 165.

Khan AU, Ali S, Rehman AU, Ali H, Ahmad T, Waqar M, and
Niaz Z. 2013. Antibacterial Activity of Nigella sativa and Piper
nigrum. AJSC, 2(4): 173-9.

Khunbutsri D, Naimon N, Satchasataporn K, Inthong N,
Kaewmongkol S, Sutjarit S, and Meekhanon, N. 2022.
Antibacterial activity of Solanum torvum leaf extract and its
synergistic effect with oxacillin against methicillin-resistant
Staphylococci isolated from dogs. Antibiotics, 11(3): 302.

Matasyoh JC, Maiyo ZC, Ngure RM, and Chepkorir R. 2009.
Chemical composition and antimicrobial activity of the essential
oil of Coriandrum sativum. Food Chem, 113(2): 526-529.

Mirsoleymani SR, Salimi M, Shareghi Brojeni M, Ranjbar M, and
Mehtarpoor M. 2014. Bacterial pathogens and antimicrobial
resistance patterns in paediatric urinary tract infections: a four-
year surveillance study (2009-2012). Int. J. pediatr, 2014.

Nagy M, Socaci SA, Tofana M, Pop C, Muresan C, Pop AV, and
Rotar A. 2015. Determination of total phenolics, antioxidant
capacity and antimicrobial activity of selected aromatic
spices. Bulletin UASVM Food Science and Technology, 72(1): 82-
85.



600

© 2025 Jordan Journal of Biological Sciences. All rights reserved - Volume 18, Number 4

Paterson DL. 2006. Resistance in gram-negative bacteria:
Enterobacteriacea. Am J Infect Control, 34(5): S20-S28.

Qadir H, Rehman MA, Nasir S, Alam MA, Ibrar M, and Shuaib
SL. 2024. Evaluation of Antibiotics by Disk Diffusion and
Minimum Inhibitory Concentration Breakpoints in Urinary Tract
Infections: Evaluation of Antibiotics for Urinary Tract Infections.
PJHSL, 183-186.

Rautela R, Das GK, Khan FA, Prasad S, Kumar A, Prasad JK, and
Srivastava SK. 2018. Antibacterial, anti-inflammatory and
antioxidant effects of Aegle marmelos and Murraya koenigii in
dairy cows with endometritis. Livest. Sci, 214: 142-148.

Razak WRWA. 2020. Antimicrobial activity of curry leaves
(Murayya koenigii) on selected foodborne pathogens. Sci. Lett,
14(1): 7-13.

Rezaei M, Karimi F, Shariatifar N, Mohammadpourfard I, and
Malekabad ES. 2016. Antimicrobial Activity of the Essential Oil
from the Leaves and Seeds of Coriandrum sativum toward Food-
borne Pathogens. West Indian Med. J, 65(1).

Sharma A, Verma R, and Ramteke, P. 2009. Antibacterial
Activity of Some Medicinal Plants Used by Tribals Against UTI
Causing Pathogens. World Appl. Sci. J. 7(3): 332-339.

Singh SD, and Madhup SK. 2013. Clinical profile and antibiotics
sensitivity in childhood urinary tract infection at Dhulikhel
Hospital. Kathmandu Univ Med J, 11(4): 319-324.

Vats M, Singh H, and Sardana S. 2011. Phytochemical screening
and antimicrobial activity of roots of Murraya koenigii (Linn.)
Spreng. (Rutaceae). Braz J Microbiol, 42(4):  1569-1573.



Volume 18, Number 4,December 2025
ISSN 1995-6673

Pages 601 — 605
https://doi.org/10.54319/jjbs/180405

JJIBS

Jordan Journal of Biological Sciences

FTO rs9939609 Polymorphism is Associated with Type 2
Diabetes among Jordanians

Manar F Atoum”

Department of Medical Laboratory Sciences, Faculty of Applied Health Sciences, The Hashemite University, Zarga 13133, Jordan
Received: March 11, 2025; Revised: May 18, 2025; Accepted: May 29, 2025

Abstract

Introduction: Obesity plays a critical role in the development of type 2 diabetes (T2D). FTO (fat mass and obesity-
associated) gene has been associated with energy balance. MC4R (melanocortin 4 receptor) gene was the first loci in which
mutations were associated with morbid obesity in humans.

This case control study investigated the associated of FTO rs9939609 and MC4R rs117782313 and obesity among T2D.
Methods: This study includes 420 subjects diagnosed with T2D diabetes and 200 healthy controls. Blood samples were All
samples analyzed for Glycosylated hemoglobin, Triglycerides, total cholesterol, high-density lipoprotein cholesterol, low-
density lipoprotein cholesterol. 25-OH-vitamin D and B12 were determined using the Alinity ¢ analyzer. Genetic analysis
was carried out by PCR-RFLP method and restriction digestion. Results: The results of this study showed that FTO
rs9939609 TT, TA, AA variants were significantly associated with T2D (p=0.001), Odd ratio (95% CI) 3.71 (1.71to 8.05).
However, there is no significant association between rs17782313 MC4R and T2D. Obesity is significantly associated with

FTO rs9939609 AA genotype with frequency (71%).

Conclusion: There is a significant association between rs9939609 FTO AA genotype with diabetes among Jordanians.

Keywords: FTO rs9939609, MC4R rs17782313, Polymorphism, Type 2 Diabetes

1. Introduction

Obesity is a complex disease defined by excessive fat
deposits that treat health. It is developed from excessive
accumulation of body fat, due to greater intake of calories
than consumption. Type 2 diabetes (T2D) risk factors
include: dysregulation of the leptin hormone, abnormal
glucose metabolism, genetic factors, environmental
factors, poor exercise, and excessive alcohol consumption.
Advanced food manufacturing technology and excessive
glucose consumption enhance fat tissue. Obesity results
from increased adipose tissue caused by excessive glucose
consumption and sophisticated food production methods.
Obesity plays a crucial role in the development of
metabolic ~ syndrome,  T2D,  hypertension  and
cardiovascular disease (Sharig & McKenzie, 2020). In
Jordan, Total Diabetes prevalence is 20.5% in adults
(https://idf.org/our-network/regions-and-members/middle-
east-and-north-africa/members/jordan/ accessed
16/May/2025).

SNP genotyping technologies have made genome-wide
association studies easier and have identified many SNPs
correlated with obesity in people with T2D like FTO
rs9939609 and MC4R rs117782313. These SNPS never
studied in Jordan. FTO and MC4R genes played a critical
part in appetite, energy regulation and obesity(Khan et al.,
2020). FTO and MC4R genes are located on chromosomes
16qg12.2 (Fig 2) and 18qg21.3 (Fig 3), respectively. FTO
rs9939609 and MC4R rs117782313 were obesity-

“ Corresponding author. e-mail: manar@hu.edu.jo.

associated risk alleles among different ethnic groups(Nagy
et al., 2017). These SNPs were associated with obesity risk
among T2D, in Italy (Sentinelli et al., 2012), Japan
(Kamura et al., 2016), and Caucasian and Asian children
(Dastgheib et al., 2021).
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Figure 1. FTO rs9939609 are location on chromosomes 16912.2
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Figure 2. MC4R rs117782313 located on chromosomes 18¢21.3

FTO rs9939609 and MC4R rs117782313 variants are
critical for understanding the etiology of obesity among
T2D. To date, several epidemiological studies reported
that FTO rs9939609 and MC4R rs117782313
polymorphisms were associated with obesity; however, the
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results were conflicting (Amine lkhanjal et al., 2023). To
our knowledge, FTO rs9939609 and MC4R rs117782313
variants were never studied among diabetics in Jordan.
This case-control study aimed to determine the association
between the FTO rs9939609A and MC4R rs117782313
with obesity among T2D within Jordanians.

2. Material and Methods

This cross-sectional study was conducted at the
Diabetes Center in Amman, Jordan (between January and
December 2023). It enrolled 420 Type 2 diabetic patients
and 200 healthy controls. This study was approved by The
Hashemite University Institutional Review Board (IRB)
Committee (Reference Number: 12/01/2021/2023). All
patients signed an informed consent form to participate in
the study following the Helsinki Declaration. Patients and
healthy control were interviewed to obtain demographic
information and Body mass index (BMI). BMI was
calculated as weight (kg) divided by height squared m*
normal BMI 18.5-24.99 kg/m? overweight BMI 25-29.9
kg/m?, and obese BMI 30 kg/m? Waist circumference
(WC) was measured and waist-to-height ratio (WHtR) was
calculated; a WHtR >0.5 is a common cutoff value for
obesity.

Cases were aged 33-66 who were diagnosed with T2D
according to the American Diabetes Association (ADA)
diagnostic guidelines. This study included confirmed
diabetes patients with previous records of FBG >126
mg/dL and HbAlc > 6.5. All controls were Jordanians
aged 33 to 66 years with no history of diabetes (type 1 or
type 2), confirmed by having HbA1c<5.7% and FBS<100
mg/dL. All participants under 33 years old or with
autoimmune diseases or other chronic illnesses were
excluded.

Glycosylated hemoglobin  (HbALc), Triglycerides
(TG), total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), 25-OH-vitamin D and B12 were carried out
using the Alinity c analyzer (Abbott, USA).

Genomic DNA was extracted from whole blood by
DNA extraction kit (Qiagen, USA). DNA concentration
was determined at 260nm by a Nano drop, then stored at
-80°C for genotyping. PCR amplification was carried out
in a volume of 25 pL reaction the mixture containing 9 pL
Master Mix (QIAGEN, USA), 2 uL of the genomic DNA,
1 pL for each 10 pmol/ul primer. MC4R gene was
amplified with following primers: MC4R; Forward primer:
5-AAGTTCTACCTACCATGTTCTTGG-3’ Reverse
primer:  5-TTCCCCCTGAAGCTTTTCTTGTCATT-3’
(Amplicon size: 137 bp). PCR cycle included an initial
DNA denaturation for MC4R at 95 °C for 5 min, followed
DNA denaturation by 30 cycles at 95 °C for 30 s,
annealing 52°C temperature for 30 s, extension at 72 °C
for 10 min, and a final extension period of 5 min at 70 °C.
PCR products were visualized on 2% agarose gel
electrophoresis using Trans illuminator.

To determine rs17782313 MC4R polymorphism,
restriction endonuclease digestion was carried out in a 10
ML reaction mixture containing: 4 pL of PCR products, 2.5
pL of nuclease free water, 1 pL of the 10X Buffer, and 2.5
pL of Bcll restriction enzyme (New England Biolabs,
USA). The product was incubated at 57 °C for 3h. CC, CT,
and TT genotypes produced fragments 137 bp, (137,107
bp), and 107 bp; respectively.

PCR amplification for FTO rs9939699 T/A SNP
determination  carried out by  forward: 5'-
GGCTCTTGAATGAAATAGGA-3’ and reverse:
5S’AGAGACTATCCAAGTGCAGTAC-3" primers then
digested by Scal restriction enzyme. PCR reaction
involves denaturation at 94°C for 10 min, followed
denaturation at 94°C for 30s for 30 cycles, annealing at
61°C for 30s and elongation at 72°C for 30s for 30 cycles.
PCR product was then digested at room temperature with
Scal (New England Biolabs, USA). The A allele produces
150 bp and 20bp fragments, and the T allele produces
70bp fragment. Fragments then electrophoresed on agarose
gel.

The IBM SPSS Statistics program was used to analyze
the data. (IBM SPSS Statistics for Windows, Version 21.0.
Armonk, NY: IBM Corp). Genotype frequencies between
cases and control were estimated using the chi-square test.
Analysis of variance (ANOVA) were used to compare
Means + standard deviation (SD) and percentage. The
body weight distribution of patients with FTO rs9939609
and MCA4R rs17782313 genotypes were calculated using
the chi-square test.

3. Results

Table 1. Clinical parameters comparison between T2D cases and
control

Clinical parameter Diabetic control p-value
Mean+SD Mean+SD
(n=420) (n=200)
HbAlc (%) 84+18 56+1.6 <0.0001
Triglycerides 224 £97.3 132.7+8.7 < 0.0001
(mg/dL)
Total cholesterol 207.7+32.1 157.4+32.2 <0.0001
(mg/dL)
LDL-cholesterol 106.1 +43.8 111.0 £ 30.7 0.09
(mg/dL)
HDL-cholesterol 419+131 41.7+1438 0.38
(mg/dL)
25-OH-vitamin D 127+81 119+6.6 0.28
(ng/mL)
Vitamin B12 257.3+112.7 2998+ 0.04
(pg/mL) 105.2

Data presented as mean + SD for biochemical
parameters. Significant differences were found in HbAlc,
Triglycerides, Total cholesterol, and vitamin B12 among
diabetic compared to control (p< 0.05).
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Table 2. Genotype distribution for FTO rs9939609 and MC4R rs17782313 gene polymorphism among T2D cases and control

FTO TT (%) TA (%) AA(%) Odd ratio (95% CI) chi square p-value
Diabetic 135(32%) 64(15%) 221(53%) 3.71(1.71t08.05  14.14 0.001
control 54(27%) 94(47%) 52(26%)

MRA4C GG (%) GA (%) AA(%)

Diabetic 179(43%) 59(14%) 182(44%) 1.82(0.76 to 4.31) 5.46

control 54((27%) 33(16%) 113(57%) 0.17

The association between rs17782313 MC4R and
rs9939609 FTO genotypes with diabetes are shown in
Table 2. This study showed that FTO TT, TA, AA variants

were significantly associated with type 2 diabetes (p=
0.001).

Table 3. Genotype association for FTO rs9939609 and MCA4R rs17782313 gene polymorphisms among T2D cases with biochemical tests

parameter FTO(n=420) MC4R(n=420)
Genotype Mean £SD p-value Genotype Mean £SD p-value

HbAlc (%) TT 8.12+1.73 0.148 GG 8.39+1.78 0.422
TAIAA 8.39+1.81 GA/AA 8.42+1.83

Triglycerides (mg/dL) TT 231.20 £93.29 0.351 GG 219.41 £96.7 0.0734
TAJAA 221.91 +96.29 GA/AA 231.44 £97.29

Total cholesterol (mg/dL) TT 203.7 £30.23 0.128 GG 212.82 £57.33 0.092
TAIAA 208.67 +31.13 GA/AA 207.89 +41.23

LDL-cholesterol (mg/dL) TT 10543 +40.81 0.725 GG 106.1 +43.8 0.233
TAIAA 106.73 +41.83 GA/AA 103.11 +23.89

HDL-cholesterol (mg/dL) TT 40.78 £ 14.1 0.441 GG 4290+ 1413 0.040
TAJAA 39.78 £ 12.17 GA/AA 40.92 +14.12

25-OH-vitamin D (ng/mL) TT 11.75+6.54 0.0002 GG 12.9+9.12 0.0001
TAIAA 1356 +7.19 GA/AA 15.91+7.90

Vitamin B12 (pg/mL) 265.23+102.98 0.038 250.32+ 122.07 0.158
TAIAA 249.32 + 122.67 261.31 +102.34

rs17782313 was significantly associated with HDL-
cholesterol (p= 0.040) and OH-vitamin D (p= 0.0001).

AA
27(12%)
37(17%)
157(71%)

chi-square
26.12

p-value
.00003

AA
55(30%)
54(30%)

9.28 .054

The results of this study showed a significant
association between FTO rs9939609 and 25-OH-vitamin D
(p= 0.0002) and vitamin B12 (p=0.038). MC4R
Table 4. Association between body weight and genotypes for FTO rs9939609and MC4R rs17782313 among diabetics
FTO
Body weight / genotype T TA
Normal 36(27%) 9(14%)
Overweight 48(36%) 23(36%)
Obese 51(38%) 32(50%)
MC4R
Body weight / genotype GG GA
Normal 47(26%) 8(14%)
Overweight 69(39%) 26(44%)
Obese 63(35%) 25(42%)

73(40%)

The result of this study showed a significant association
between body weight and FTO rs9939609 genotypes (p=
.00003), while no significant association was found
between MC4R rs17782313 genotypes and body weight.

4. Discussion

Polymorphism studies about the association between
FTO and MCA4R genotypes among T2D and obesity were
controversial, according to differences in lifestyle and
genetic backgrounds. Previous studies showed that FTO
gene affects insulin resistance and T2D development
(Masoud Abd El Gayed et al., 2021) (Nasser et al., 2019).
This study showed a significant association between FTO
rs9939609 TT, TA, AA genotypes among diabetic

patients. Similar results were reported in population-based
prospective study that showed FTO rs9939609
polymorphism A allele was associated with 1.35-fold
increased risk for T2D (Binh et al., 2022). Another meta-
analysis reveals that FTO rs9939609 SNP increase the risk
of both obesity and T2D within the Asian population
(Yanasegaran et al., 2024). A significant association
between FTO rs9939609 polymorphism and T2DM risk
was also reported among Kuwaitis (Chaudhary et al.,
2024)(Chaudhary et al., 2024), Egyptians (Barseem et al.,
2019), Vietnamese (Binh et al., 2022), Indians (Irgam et
al., 2021), and Pakistanis(Shaikh et al., 2021).

This study showed a significant association between
FTO rs9939609 variants, 25-OH-vitamin D and vitamin
B12 levels. In a previous study by Mehrdad et al.
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(Mehrdad et al., 2022), FTO rs9939609 A allele was
associated with bad eating behaviors and higher risk of
eating disorders among people with insufficient vitamin D
intake.

This study showed a significant association between
body weight and FTO rs9939609 genotypes, but no
significant association was found between MC4R
rs17782313 genotypes and body weight. In this study,71%
of rs9939609 FTO AA diabetic genotypes were obese.
rs9939609 FTO is associated with obesity development
through appetite regulation mechanisms in the
hypothalamus (da Fonseca et al., 2019). FTO rs9939609
variant is a genetic risk factor in the etiology of obesity
among females, rs9939609 FTO A allele increase
abdominal fat mass (Park & Choi, 2023). rs9939609 FTO
T/A SNP is also associated with obesity among children,
and adults (Jiang et al., 2019) (Eghbali et al., 2024).
rs9939609 FTO A allele is linked to higher appetite and
energy intake (Ponce-Gonzalez et al., 2023). People with
AA genotype at higher risk to have T2D than TT genotype
patients at different genetic models (Amine Ikhanjal et al.,
2023). Genetic correlation between FTO and obesity acts
through the disturbance of AT-Rich Interaction Domain
5B repressor by FTO alleles Fig 3. This is due to
disturbance in  Homeobox 3 during adipocyte
differentiation (Claussnitzer et al., 2015). Like our results,
a systematic study showed that the FTO gene
polymorphism is common in older age (Trevisano et al.,
2022). A parallel study also demonstrated that FTO
rs9939609 AA risk genotype is associated with risk for
class I obesity (BMI >40 kg/m?) (Martinez-Lépez et al.,
2024). Similar results also demonstrated that FTO
rs99399609  polymorphism  increases body  fat
percentage(Gholamalizadeh et al., 2022). FTO rs9939609
was strongly associated with obesity risk factors like
increased BMI, cholesterol, triglycerides, and low-density
lipoprotein. This association with overweight and obesity
was previously reported in codominant AA versus TT
among Bangladeshi population (Shill & Alam, 2023) and
Kuwaitis (Jamali et al., 2025).

FTO rs9939609 Mutation

|

Disturbance in Homeobox 3

|

Higher appetite and energy intake

|

Obesity and fat storage

|

Insulin resistance and T2D development

Figure 3. rs9939609 FTO is associated with Type 2 diabetes
development through appetite regulation mechanisms in the
hypothalamus and insulin resistance

This study had some limitations. First, as the study was
carried out among Jordanians, the result must be applied
for another ethnic groups. Second, we studied gene FTO
rs9939609 polymorphism and MC4R rs17782313, so it is
necessary to build genetic models involving many other
polymorphisms among different populations. Lastly,
obesity is a multifactorial disease involving variable
socioeconomic, dietary variables and their interactions that
are associated with obesity etiology. This complex
relationship may involve interactions between genetic
predisposition, lifestyle factors, and other environmental
influences.

In summary, polymorphisms in the FTO rs9939609
polymorphisms were associated with increased risk for
obesity, which is a major risk factor for T2D. This
polymorphism should be used to develop predictive
models for future diabetes among populations. Conversely,
there is no significant association between rs17782313
MC4R and T2D.
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Abstract

Scopellaria marginata is a plant that produces fruit with various shapes. The diversity of fruit shapes can be influenced by
genetic factors. One approach that can be used to analyze genetic variation is Random Amplified Polymorphic DNA
(RAPD). The objective of this study was to analyze the genetic diversity of S. marginata with various fruit shapes based on
RAPD markers. This study used S. marginata grown from seeds originating from round and ellipsoid fruit shapes. The
RAPD primers used included OPA-1, OPA-2, OPA-3, OPA-4, OPA-5, OPA-7, OPA-8, OPA-10, OPA-11, OPA-16, OPA-
17, OPA-18, OPA-19, OPA-20, OPB-1 and OPB-5. The data obtained were analyzed using GenALEx 6.51b2, NTSYSpc
2.10e, and STRUCTURE v2.3.4. Based on RAPD markers, S. marginata had high genetic diversity with a polymorphism
level of 76.80 + 2.29%. The genetic diversity of S. marginata in round fruit (79.08%) was higher than ellipsoid fruit
(74.51%). The genetic structure of S. marginata with varying fruit shapes was divided into 5 groups with 8 sub-groups,
namely A, Bl, B2, B3, B4, C, D, and E. Groups A, B3, B4 and E consisted of round fruit individuals, groups B2, C and D
consisted of ellipsoid fruit individuals and group B1 consisted of round and ellipsoid fruit individuals. This study indicated
that the fruit shape of S. marginata had a high level of genetic diversity. It found that genetic variation in the fruit shape of S.

marginata could be valuable for breeding programs, especially in horticultural plants.

Keywords: ellipsoid, fruit shape, RAPD, round, S. marginata

1. Introduction

Scopellaria marginata is a wild species of the
Cucurbitaceae that is spread throughout East Myanmar,
China, Thailand, Laos, Cambodia, Vietnam dan Malesia
(Sumatera, Malaysia Penninsula, Borneo, West Java, East
Java, Central Sulawesi, and Philippines) (de Wilde and
Duyfjes, 2010; Arumingtyas et al., 2023). S. marginata
has various fruit shapes, such as round, ellipsoid, and
fusiform (de Wilde and Duyfjes, 2006a; de Wilde and
Duyfjes, 2006b). Typically, an individual plant produces
fruit of only one shape. However, it was reported that there
were three variations in fruit shape in one individual S.
marginata (Arumingtyas et al., 2023). This species was
first reported from East Java, Indonesia and confirmed by
molecular identification based on the trnL-UAA and trnL-
trnF intergenic spacer regions (Turhadi et al., 2024).
However, no studies have reported whether genetic
diversity contributes to the observed variation in fruit
shape in S. marginata.

Random Amplified Polymorphic DNA (RAPD) is one
of the common and widely molecular markers used to
identify genetic diversity in plants (Arif et al., 2010a).
RAPD serves as an effective molecular marker for
assessing genetic diversity in fruit shape variation

* Corresponding author. e-mail: turhadibiologi@ub.ac.id.

(Tordachescu et al., 2022; Zahid et al., 2022). RAPD is
widely used because it is simple, easy and does not require
target DNA sequence information (Rawashdeh et al.,
2011; Amiteye 2021; Slameto et al., 2023; Anwar et al.,
2024). RAPD is often used in plant breeding and genetic
studies to identify cultivars and map genomes (Arif et al.,
2010b). Especially in Cucurbitaceae family, RAPD has
been used to genetically analyze several species, including
various accessions of Cucurbita pepo with different agro-
ecological origins (Ntuli et al., 2015), melon (Cucumis
melo) cv. Gama Melon Basket (GMB) (Huda and Daryono
2013) and watermelon (Citrullus lunatus) (Ebadi et al.,
2022).

Several studies are reported on fruit shape variation
based on RAPD markers, including eggplant (Solanum
melongena) (Nunome et al., 2001), chili (Capsicum
annum) (Cvikic et al., 2009; Niklas and Olszewska 2021),
date palm (Phoenix dactylifera) (Al Khalifah et al., 2012),
guava (Psidium guajava) (LI et al., 2016; Usman et al.,
2020), mango (Mangifera indica) (Thakur et al., 2017),
and tomato (Solanum lycopersicum) (Badulescu et al.,
2020). The study of fruit shape can also provide
knowledge that can help improve plant breeding and
cultivation (Costa et al., 2011; Monforte et al., 2014; van
der Knaap and @stergaard 2018). Moreover, the fruit shape
is a complex trait determined by many genetic factors and
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regulatory networks (Li et al., 2023). As a preliminary
study on the genetics of fruit shape in S. marginata, this
research is considered as basic information for further
bioprospection.

As a newly recorded species in East Java with reported
variations in fruit shape, S. marginata requires molecular
analysis using RAPD markers. The objective of this
research was to assess the genetic diversity of S. marginata
with variable fruit shapes using RAPD markers. This
approach will assess its genetic diversity related to rapid
fruit shape variation, even without prior knowledge of the
target DNA sequence. These molecular findings can offer
a more complete understanding of the fruit shape
characteristics previously described in S. marginata.

2. Material and Methods

2.1. Plant materials

All plant materials used in this study were obtained by
planting seeds from round (Figure 1A1-A2) and ellipsoid
(Figure 2B1-2) fruits of S. marginata from Malang, East
Java, Indonesia (7°57'7.01420" S; 112°36'41.29880" E),
nine of each fruit shape. The seeds are soaked in warm
water (+50 °C) for 60 minutes and then planted in a
germination tray containing a mixture of garden soil:
fertilizer: sand (2:1:1; v/v/v). Planting was carried out at
the green house of the Department of Biology, Faculty of
Mathematics and Natural Sciences, Universitas Brawijaya,
Malang, East Java, Indonesia.

2.2. DNA extraction

The genomic DNA was extracted from fresh leaf of
round and ellipsoid fruit plants using 2%
Cetyltrimethylammonium  Bromide (CTAB) buffer
(Orozco-Castillo et al., 1994). The extracted DNA was
checked for quality on gel electrophoresis with 0.8%
agarose and run at 50 V for 50 minutes. Subsequently, the
extracted DNA was also checked for its concentration and
purity level using a NanoPhotometer® NPOS 6.6¢ (Implen,

Figure 1. Fruit types of S. marginata with round (A1-A2) and
ellipsoid (B1-B2) (Scale = 1 cm)

2.3. RAPD-PCR

The volume of PCR-RAPD was 10 pL consisting of:
2.5 uL DNA template (10 ng/uL), 0.5 uL of RAPD primer
(10 pmol), 5 pL of Go Taq® Green PCR mix (Promega,

USA) and 2 pL of nuclease free water (Promega, USA).
The amplification process was carried out in 45 cycles
with the following PCR program: pre-denaturation at 94°C
for 4 minutes, denaturation at 94°C for 30 seconds,
annealing at different temperatures for each primer (Table
1) for 1 minute, extension at 72°C for 30 seconds and post-
extension at 72°C for 5 minutes. PCR-RAPD products
were visualized in 1.5% agarose gel electrophoresis in
0.5X TBE buffer (Promega, USA) and SYBR DNA Stain
(Jena Bioscience, Germany) at 50 V for 60 minutes. The
result was documented using a Gel Documentation, UV
Transilluminator (Major ScienceCo., Ltd., USA).

Table 1. RAPD primers used in this study

Primer code Sequence Ta (°C) Reference

OPA-1 CAGGCCCTTC 41
OPA-2 TGCCGAGCTG 45
OPA-3 AGTCAGCCAC 39
OPA-4 AATCGGGCTG 40

Probojati et al. 2019)
Probojati et al. 2019)
Probojati et al. 2019)
Probojati et al. 2019)

OPA-5 GAAACGGGTG 37
OPA-7 GAAACGGGTG 35
OPA-8 GTGACGTAGG 36

Probojati et al. 2019)
Lletal. (2016)
Probojati et al. 2019)

OPA-10 GTGATCGCAG 35 Lletal. (2016)

OPA-11 CAATCGCCGT 41 Probojati et al. 2019)
OPA-16 AGCCAGCGAA 43 Probojati et al. 2019)
OPA-17 GACCGCTTGT 40 Probojati et al. 2019)
OPA-18 AGGTGACCGT 41 Probojati et al. 2019)
OPA-19 CAAACGTCGG 39 Probojati et al. 2019)
OPA-20 GTTGCGATCC 38 Probojati et al. 2019)

OPB-1 GTTTCGCTCC 35
OPB-5 TGCGCCTTC 35

Lletal. (2016)
Cvikic et al. (2009)

Note: Ta = annealing temperature

2.4, Data analysis

The amplified DNA band products appearing on the gel
were assessed using a binary score to determine the
polymorphism, present (1) or absent (0). From these data,
the polymorphic information content (PIC) was calculated
following Saldaiia et al. (2021) (Equation 1) to determine
the most informative RAPD primers in this study.

PIC = 1-[ fi2 +(1 —fi )] 1

Where, fi is the frequency of present bands (1) and (1-fi) is
frequency of absence bands (0).

The obtained data were analyzed into GenAlEx
v.6.51b2 (Peakall and Smouse, 2012) to estimate genetic
diversity. Other genetic parameters, including the
percentage of polymorphic loci (P), Shannon’s index (I),
expected heterozygosity (He), and expected heterozygosity
without bias (uHe) were calculated.

Population structure and clustering analysis were
determined using STRUCTURE v2.3.4 (Pritchard et al.,
2000) and NTSYSpc2.10e (Rohlf, 2000) software,
respectively. Population structure analysis was run with
the test model following Naznin et al. (2024). The most
reasonable number of clusters was determined using the
Structure Selector (https://lmme.ac.cn/StructureSelector/)
by plotting the LnP(K) value against the AK value (Li and
Liu, 2018). The best K value was selected according to the
Evanno test (Pandian et al, 2020). Meanwhile,
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dendrogram was reconstructed using the Unweighted Pair- bands were polymorphic and the percentage of
Group Method Arithmetic Average (UPGMA) clustering polymorphic bands was 100% (Table 2). In addition, PIC
algorithm (Huda and Daryono, 2013). analysis of 16 RAPD markers identified OPA-2, OPA-3,

OPA-4, and OPA-5 as the most informative markers
3. Results (Table 2).

3.1. Polymorphism level of S. marginata with varied fruit
shapes

RAPD amplification showed that all sixteen primers
used produced 153 bands in all eighteen samples, and all

Table 2. Genetic profile of 16 RAPD markers in 18 individuals of S. marginata with round and ellipsoid fruit shapes

Primer code Total number of bands Number of polymorphic bands Polymorphic band percentage (%) PIC
OPA-1 11 11 100 0,270
OPA-2 10 10 100 0,362
OPA-3 7 7 100 0,358
OPA-4 7 7 100 0,384
OPA-5 1 1 100 0,346
OPA-7 1 1 100 0,198
OPA-8 5 5 100 0,242
OPA-10 9 9 100 0,233
OPA-11 4 4 100 0,105
OPA-16 10 10 100 0,278
OPA-17 20 20 100 0,272
OPA-18 9 9 100 0,224
OPA-19 7 7 100 0,272
OPA-20 20 20 100 0,298
OPB-1 18 18 100 0,202
OPB-5 14 14 100 0,238
Total 153 153 - -
Average 9,6 9,6 100 0,268
Standard deviation 59 5,9 0 0,070

Note: PIC = polymorphic information content

3.2. Genetic diversity of S. marginata with varied fruit

shapes based on RAPD markers Table 3. Genetic diversity of S. marginata with varied fruit shapes
. based on RAPD markers
The genetic diversity of S. marginata with varying fruit e

shapes based on RAPD markers showed the results as in Parameters - 2 Pe

Table 3. It is also known that genetic diversity in round All shape Round Ellipsoid

fruit was higher than in ellipsoid fruit. Based on the N 18 9 9

percentage of genetl.c d?verS}ty and PhlPT values, 1t. was Na 1,539 + 0,048 1,582 + 0,066 1,497 +0,070

known that the genetic diversity of S. marginata was higher

within the group (Table 4). This indicated that genetic Ne 1,274 £ 0,017 1,279 £0,023 1,268 £0,024

diversity with the same fruit shape was higher than I 0,0294 £ 0,013 0,303 £0,017 0,286 +0,018

diversity in different fruit shapes. He 0,180 + 0,009 0,185+ 0,012 0.176 £ 0,013
uHe 0,191 + 0,009 0,196 £ 0,013 0,186+ 0,014
P (%) 76,80 + 2,29 79,08 74,51

Notes: N = number of samples, Na = number of different alleles,
Ne = number of effective alleles, I = Shannon's information index,
He = expected heterozygosity, uHe = unbiased expected
heterozygosity, P (%) = percentage of polymorphic loci
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Table 4. Analysis of genetic diversity within and between S.
marginata fruit groups using AMOVA

Source df SS Ms vanance o pripr p
estimation

Among

group 1 37,661 37,611 1,870 8

Within 0,083 0,003

group 16 332,444 20,778 20,778 92

Total 17 370,056 22,648 100

Notes: df = degrees of freedom, SS = sum of squares, MS = mean
of squares, % = percentage of genetic diversity, PhiPT = pairwise
population differentiation, P: probability

3.3. Genetic population structure of S. marginata with
varied fruit shapes based on RAPD markers

The genetic population structure of S. marginata
classified 18 S. marginata samples with round and ellipsoid
fruit shapes into 5 groups consisting of 8 sub-groups
assessed based on the value of K = 5 and K = 8§ as the
optimum value. These results were also in line with the
construction of the dendrogram at a similarity coefficient of
69% obtained 5 main groups of S. marginata with round
and ellipsoid fruit shapes (Figure 2).

Frultshapes
s @
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3 @

Figure 2. Population structure of S. marginata with round and
ellipsoid fruit shapes based on 16 RAPD markers.
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4. Discussion

4.1. Polymorphism level of S. marginata with varied fruit
shapes

Eighteen samples of S. marginata with round and
ellipsoid fruit shapes had high genetic diversity as seen
from the high polymorphic bands that appeared (Table 2).
The high level of polymorphism also indicated that the
RAPD markers and 16 primers used in this study could be
used as suitable markers and primers for similar studies to
study genetic diversity and concluded the S. marginata
genome (Paul and Saha, 2019; Probojati et al., 2019). In
addition, it was known that the PIC value of the 16 RAPD
primers used in this study was classified as slightly
informative to quite informative, ranging from 0.105-0.384
(Table 2). The OPA-2, OPA-3, OPA-4 and OPA-5 primers
were the most informative primers compared to other
primers used in this study, so they are recommended for

similar studies. A higher PIC value indicated that the
primer was better when used to analyze genetic variation
in a sample group (Probojati et al., 2019).

4.2. Genetic diversity of S. marginata with varied fruit
shapes based on RAPD markers

Analysis of 18 S. marginata individuals using RAPD
markers demonstrated substantial genetic diversity in fruit
shapes, showing 76.80 + 2.29% polymorphism. The
number of alleles (Na) and the number of effective alleles
(Ne) in this study were 1.539+0.048 and 1.274+0.017,
respectively (Table 3). Na indicated the number of alleles
observed in a population, meanwhile Ne indicated the
estimated number of alleles with the same frequency to
obtain heterozygosity. The higher the Na and Ne values
indicated higher genetic diversity in a population (Wang
et al., 2016). The Na and Ne values of S. marginata were
lower than the Na and Ne values in cucumber, which
ranged from 6.78 to 10.3 and 1.79 to 2.37 (Lv et al., 2012).
The Shannon’s index (I), expected heterozygosity (He) and
unbiased expected heterozygosity (uHe) values in this
study were relatively low, namely 0.0294 + 0.013, 0.180 =
0.009 and 0.191 + 0.009 (Table 3). The low Shannon’s
index value with a high percentage of polymorphic loci is
thought to be due to uneven distribution of alleles and a
low number of effective alleles (Nie et al., 2022).

The percentage of polymorphism was higher in S.
marginata with a round fruit shape (79.08%) compared to
the ellipsoid fruit shape (74.51%). This percentage of
polymorphism is in line with other parameters, namely the
number of alleles (Na), the number of effective alleles
(Ne), Shannon’s index (I), expected heterozygosity, and
unbiased expected heterozygosity (Table 3). All of these
parameters had higher values in S. marginata with a round
fruit shape than ellipsoid. This is because the fruit shape is
regulated by many genes (polygenic) so that it has higher
genetic diversity. Fruit shape in Cucurbitaceae is controlled
by many genes (polygenic), including ethylene regulates
transcription factors (E2F-DP), OVATE, and TRM5 which
determine round and ellipsoid fruit shapes (Boualem et al.,
2022; Goldman et al., 2023).

Analysis of S. marginata populations showed greater
genetic diversity within groups than between groups (Table
4). This pattern was consistent with polygenic control of
fruit shape, where allelic variation at multiple loci
maintains high diversity within populations (Monforte et
al., 2014; Goldman et al., 2023). The genetic diversity
within groups was found to be higher than among groups,
also reported by Sari et al. (2018) in sapodilla (Manilkara
zapota), Warburton et al. (2002) in corn (Zea mays),
Maksylewicz and Baranski (2013) in carrots (Daucus
carota), Biabani et al. (2013) in Jatropha curcas, Lorello et
al. (2018) in Citrullus lanatus and C. pepo. The high
genetic diversity within the group indicated the occurrence
of gene flow in S. marginata. Gene flow enhances genetic
variation within populations while simultaneously reducing
differentiation among them. Continuous gene flow
promotes allele sharing between populations, leading to
increased genetic homogeneity across groups (Andrews,
2010; Smith et al., 2020).

4.3. Genetic population structure of S. marginata with
varied fruit shapes based on RAPD markers

The genetic population structure of S. marginata
grouped 18 samples into 5 groups (K=5) with 8 subgroups
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(K=8) (Figure 2). At K=5, 18 S. marginata samples were
categorized into five groups, namely A, B, C, D, and E.
Group I (A) with alleles dominated by blue color consisted
of individuals from round fruit. Group II (B) with alleles
dominated by red and dark blue colors consisted of
individuals from round and ellipsoid fruit. Group III (C)
with alleles dominated by red and yellow colors consisted
of individuals from ellipsoid fruit. Group IV (D) with
alleles dominated by yellow color consisted of individuals
from ellipsoid fruit. Group V(E) with alleles dominated by
green color consisted of individuals from round fruit.

Grouping based on the value of K=8 categorized 18 S.
marginata samples into eight subgroups with group B
divided into 4 subgroups, namely Bl, B2, B3 and B4
(Figure 2). Subgroup Bl with alleles dominated by light
blue color consists of individuals from round and ellipsoid
fruits. Subgroup B2 with alleles dominated by grayish
purple color consists of individuals from ellipsoid fruits.
Subgroup B3 with alleles dominated by red color consists
of individuals from round fruits. Subgroup B4 with alleles
dominated by yellow color consists of individuals from
round fruits. Groups A and E with alleles dominated by red
and green color consist of individuals from round fruits.
Our results highlight the value of RAPD markers in
evaluating genetic variation within S. marginata, and it
could be useful for breeding program in economically
horticulture plants, especially Cucurbitaceae.

5. Conclusion

Scopellaria marginata displayed substantial genetic
diversity, showing 76.80 + 2.29% polymorphism.
Interestingly, round fruits (79.08%) had greater genetic
diversity than ellipsoid fruits (74.51%). Analysis of genetic
variation showed significantly higher diversity within
groups (92%) than between groups (8%). The population
structure of S. marginata accessions with diverse fruit
shapes was organized into five main clusters (k=5) and
eight subclusters (k=8). Grouping into 5 groups divided 18
S. marginata samples into group A (round shape), B
(round- and ellipsoid shape), C (ellipsoid shape), D
(ellipsoid shape), and E (round shape). Grouping into 8
groups divided 18 S. marginata samples into groups A, B1,
B2, B3, B4, C, D, and E. Groups A, B3, B4 and E consisted
of individuals from round fruit; and groups B2, C and D
consisted of individuals from ellipsoid fruit and group Bl
consisted of individuals from round and ellipsoid fruit.
Such important findings could support breeding programs,
especially those targeting fruit shape traits.
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Abstract:

Magnetic nanoparticles (MNPs) have become a crucial nanomedicine (NM) component for administering traditional
chemotherapeutics. However, the NM delivery system restricts therapeutic efficacy, necessitating alternative strategies. This
study designed nanoparticles with proper physicochemical structure characteristics to determine their application. The study
synthesized ternary copper ferrite and spinel nanoparticles (CuFeO2 and CuFe204) using Boswellia carteri resin extract.
Powder-XRD, Z-potential, and SEM studies characterized the CuFeO: and CuFe204 nanoparticles with sizes ranging from
19.7-23.5 nm and zeta potentials of -18.3 to -16.5 mV. Furthermore, we compared the biological activity of copper ferrite
nanoparticle types against various cancer cell lines and normal fibroblast cells to evaluate their potential as anticancer
agents. Our findings demonstrate that CuFe204 nanoparticles exhibit significant cytotoxicity against K562 leukaemia cells,
with ICso values of 6.18 pg/ml and 5.87 pg/ml for CuFeO2 and CuFe204 nanoparticles. However, MCF-7 and MDA-MB-
231 breast cancer cells showed reduced sensitivity to CuFeOz nanoparticles, with higher ICso values than leukaemia cells.
Interestingly, CuFe204 nanoparticles displayed a promising safety profile towards normal fibroblast cells, indicating a
favorable margin of safety. The results show differential sensitivity towards different cancer cell types based on the
crystalline structure and the metallic ratio content. Understanding the correlation between the biological reactivity and the
crystalline forms of copper ferrite nanoparticles and the Metal ratios could pave the way for designing novel, more potent
selective anticancer agents with improved safety profiles.

Keywords: magnetic ferrites, copper, cytotoxicity evaluation, green chemistry, plant extracts, ABO2, AB2O4, Spinel, ternary.

significant limitation for their use in therapeutic settings.

1. Introduction

Nanoparticles (NPs) have become transformative tools
in cancer therapy due to their unique physicochemical
properties at the nanometer scale. Their key attributes,
such as high surface area-to-volume ratios, tunable surface
chemistries, and controlled drug delivery capabilities,
make NPs effective for overcoming challenges like
multidrug resistance (MDR) and tumor heterogeneity [1].
Additionally, engineered nanoparticles are increasingly
being explored as direct therapeutic agents. They can
leverage their reactivity, magnetic, or redox properties to
target cancer cells while minimizing systemic side effects
specifically [2-3].

Copper oxide nanoparticles (CuO-NPs) and their
derivatives are widely recognized for their versatile
applications in industrial and biomedical fields. In the
biomedical domain, their uses include wound healing,
antimicrobial coatings, and anticancer therapies, primarily
due to their ability to release cytotoxic copper ions and
generate reactive oxygen species (ROS) [4-6]. However,
the inherent toxicity of isolated CuO-NPs poses a

* Corresponding author. e-mail: a.imraish@ju.edu.jo.

Recent research has focused on integrating copper with
other metals, such as iron, to address this challenge of
reducing toxicity while enhancing therapeutic efficacy
[7,8]. These hybrid systems take advantage of the
complementary properties of their constituent metals,
striking a balance between therapeutic potential and
biocompatibility. Copper-iron oxide nanoparticles exhibit
remarkable synergistic effects, stemming from copper’s
ability to promote oxidative stress and iron’s capacity for
redox cycling [9]. These interactions enhance ROS
production through the Fenton and Haber-Weiss reactions,
selectively inducing apoptosis in cancer cells [10]. While
iron oxide nanoparticles (FeO-NPs) possess inherent
anticancer properties, their elevated cytotoxicity toward
mammalian cells and associated systemic risks necessitate
careful application [11-14]. Consequently, copper-iron
bimetallic nanoparticles, including spinel-structured
CuFe:04 and delafossite ternary-structured CuFeO:, have
emerged as promising alternatives due to their
multifunctional nature and tailored biological activities
[15-18].
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The unique structural characteristics of copper-based
ternary compounds significantly influence their chemical
properties and potential biological uses. For instance, the
crystal architecture of CuFeS has been associated with its
effectiveness in drug delivery applications, highlighting
the role of structure in biological interactions [19].
Furthermore, CuFe204, possessing a spinel structure with a
sturdy three-dimensional lattice, demonstrates consistent
magnetic behaviour, rendering it suitable for applications
in targeted magnetic drug delivery, hyperthermia
treatments, and as a contrast medium in medical imaging
[20-222]. On the other hand, the layered configuration of
ternary delafossite-type CuFeO. imparts distinctive redox
properties, enhancing its utility in therapies that leverage
reactive oxygen species (ROS) for therapeutic effects.

In a broader context, ternary nanomaterials such as
CuFeS display notable plasmonic attributes that affect
their bandgap energy and surface plasmon resonance.
These properties are crucial for applications in
photodynamic and photothermal therapies. Exposure to
near-infrared (NIR) light triggers localized surface
plasmon resonance in these ternary systems, facilitating
ROS production through energy transfer to nearby oxygen
molecules, thus generating singlet oxygen or other reactive
intermediates [23-25]. The effectiveness of ROS
generation is heavily dependent on the creation and
interaction of electron-hole pairs with their surroundings, a
factor that could significantly influence therapeutic
outcomes.

It is hypothesized that the application of CuFeO:
nanoparticles in biological systems may strongly correlate
with increased ROS production, potentially enhancing
their ability to induce apoptosis and address intricate
cancer resistance mechanisms. This promising avenue
merits deeper exploration [26]. Moreover, the combined
therapeutic and diagnostic capabilities of compounds like
CuFe:Os and CuFeO: highlight their potential in
theragnostic platforms. Beyond their role in cancer
treatment, these nanoparticles also exhibit antimicrobial
and antioxidant effects, broadening their scope for various
biomedical applications [27].

In line with the growing emphasis on sustainability,
recent advancements have enabled the green synthesis of
CuFe204 NPs using biogenic methods. One such approach
involves employing plant extract as a reducing agent [28].
This eco-friendly synthesis eliminates the need for harsh
and hazardous chemical precursors, aligning with global
efforts toward low-toxicity nanomaterial production. In
this regard, Boswellia Carteri resin extract has a high
content of polyphenolics, flavonoids, boswellic acid, and
waxy materials that provide not only reducing agents but
also stabilizing properties, facilitating controlled NP
synthesis, thus resulting in enhanced morphology and
biocompatibility [28]. This strategy presents a compelling
and sustainable alternative to conventional methods,
contributing to a broader movement toward
environmentally conscious nanotechnology development.

This study investigated the preparation of both CuFeO:
and CuFe:0s nanoparticles using the Boswellia carteri
plant. It explored further the crystal structure correlation to
their anticancer potential against critical cancer models,
including K562 leukemia cells and MCF-7 and MDA-MB-
231 breast cancer cells. The results demonstrate significant
anticancer activity, likely driven by elevated ROS

production and specific interactions with tumor cell
membranes. By addressing research gaps—particularly the
sparse literature on Cu(I)-Fe(Ill)-based nanoparticles like
CuFeO.—this study aims to contribute valuable insights to
the field.

2. Experimental

2.1. Materials and Methods

All solvents and anhydrous iron (III) acetate were
bought from Aldrich and utilized exactly as supplied.
Powder X-ray diffraction (P-XRD) and scanning electron
microscopy were used to analyze the structure and
composition of CuFe2O4 nano-ferrites. PANalytical's
X'Pert PRO X-ray diffraction system was used to obtain
the P-XRD at 40 kV and 30 mA with a step of 0.020 over
the range of 4-60° using Cu/Ka radiation with nickel filter.
Using JEOL 6400 and FEI QUANTA 200, scanning
electron microscopy micrographs of the samples' cracked
surfaces were captured. DLS was used to measure the size
and zeta potential of various NPs. A 0.45 m filter was used
to filter the NPs suspensions, and three analyses were
performed on each batch.

2.2. Preparation of the CuFeOy4 and CuFe>04:

The preparation was done according to Al-hunaiti et al.
[28]. After being bought from India, the Boswellia Carteri
resin was extensively cleaned with distilled water. They
were broken into little pieces, and roughly 100 g was
poured into 1000 ml of water and heated at 65°C for
around 300 min. After passing the extract through filter
paper, the filtrate was mixed with a solution of
Fe30(OAC)6.(H20) in 0.1 M copper acetate, and the plant
extract was added dropwise to the mixture. At room
temperature, 5 mL of a 0.2 M NaOH solution was stirred
for an hour. After centrifuging the resultant solution for 10
min at 14000 rpm, three milliliters of ethanol were added
for washing. After that, it was calcinated for four hours at
800°C, yielding 90.0% CuFe20s-NPs. We followed a
procedure similar to the above mentioned one to
synthesize a CuFeO2 compound with a different metal
ratio. We mixed 0.25 M of copper acetate with a 1.8 M
iron acetate solution at room temperature and allowed it to
stir for 1 hour. Powder-XRD, and SEM characterized the
synthesized nanoparticles. Smaller NP particle sizes can be
isolated with this preparation technique. Compared to
other documented methods, it has the benefit of being
smaller and requiring less temperature (Table 1). The sol-
gel-prepared CuFe2Os and the novel nanoparticles were
also compared (Table 1).

Table 1. A comparison between biogenic and other methods for
CuFe 0s-NP preparation:

Type Temperature [ °C]  Np Size [nm] Reference
Sol-gel 90 40 69
Co-precipitation 90 30 70
CuFex204 Room temperature ~ 19.7+0.35 This work
CuFeO2 Room temperature ~ 23.5+0.2 This work

2.3. MTT Assay

The MTT cytotoxicity assay was conducted to assess
the anticancer potential of biosynthetic bimetallic
nanoparticles against various cancer cell lines. The half-



© 2025 Jordan Journal of Biological Sciences. All rights reserved - Volume 18, Number 4 615

maximal inhibitory concentration (IC50) of the
nanoparticles was ascertained over the human triple
negative MDA-MB-231 breast cancer cell line, MCF-7
breast cancer cells, the leukemic K562 cell line, and
fibroblast cells (normal human epithelium). In a 96 well
plate, the amount of 10X10° were plated and incubated in
a humidified incubator at 37°C with 5% COz overnight to
firmly attach to the bottom surface. Starting from the
concentration of 200 pg/ml down to the concentration of
0.195 pg/ml, cells received treatments of the nanoparticles.
The stock solution consisted of 20 mM of Boswellia
carteri resin aqueous extract, resin-capped-CuFeOz, and
resin-capped-CuFe204 nanoparticles. The resin aqueous
extract was prepared in dimethyl sulfoxide (DMSO). The
percentage of DMSO remained below 2% for all
treatments considered. Ultrasonication was utilized to
dissolve the tested nanoparticles and the aqueous extract
thoroughly. After a 72-hour treatment period, an MTT
cytotoxicity assay was performed.

2.4. Statistical analysis

The IC50s of each tested NP were determined using the
logarithmic  trend line of cytotoxicity  graphs
(log(concentration versus inhibition)) in GraphPad Prism 8
program (GraphPad program, Inc.). The data, which are
shown as mean = SEM, were from three separate trials,
each of which having three triplicates. The Student's t test
was used to compare the differences. Statistical
significance was defined as a p value of less than 0.05.

3. Results and Discussion

3.1. Characterization of the NP

Figure 1 illustrates the room temperature powder XRD
diffractograms for CuFe:O4 (Fig. 1a) and CuFeO> NPs
(Fig. 1 b). The P-XRD pattern is consistent with
previously published reports, and the presence of sharp
diffraction peaks indicates the existence of spinel-type
CuFe204 nanoparticles [22]. The diffraction peaks
observed at 28.5, 35.6, 38, 42, and 63 correspond to the
(220), (311), (200), (400), and (440) crystallographic
planes, respectively (JCPDF-card n0.96-6901-2439). The
diffractogram's absence of peaks corresponding to
common contaminants such as CuO, Cu0, Fe;Os, and
CuFe204 confirms the NPs' purity. Subsequently, the
particle size of the CuFe204 NPs was determined using the
Debye-Scherrer equation based on P-XRD data, revealing
an average particle size of 19.7 nm. Meanwhile, the
ternary CuFeO2-NP adopts a delafossite structure (R3m),
where FeOs octahedra form layers and Cu+ ions linearly
bond to oxygen ions, creating a second layer. This
structure was confirmed by distinct P-XRD peaks (15.40°,
31.19°, 34.46°) corresponding to specific crystallographic
planes in XRD analysis, showing characteristic peaks
corresponding to the (012), (104), (110), and (113) planes.
The highest point corresponded to the standard
information for bulk CuFe2Os, which possesses a
rhombohedral structure, and has an average particle size of
23.5 nm. The morphology of the crystalline particles was
confirmed via SEM images (Figure 2a, b). According to
the SEM results, the synthesized CuFe2Os NPs are
uniformly distributed and almost spherical, while CuFeO2
shows orthorhombic cubic morphology.
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Figure 1. P-XRD pattern of the synthesized a) CuFe204-NPs, b)
CuFeO,-NPs.

Figure 2. (a) SEM images of the pure spherical spinel CuFeOs-
NP and b) CuFeO>-NP

3.2. DIs and {-potential

The fate and use of magnetic nanoparticles in
biomedicine are considerably defined by their size and
surface  electric  charge, among other relevant
characteristics. The mean size (and PdI) of CuFe:O4 and
CuFeO: are 20.8+3.5 nm and 26.0+4.2, respectively (Table
2). The zeta potential of the prepared NPs (zeta potential,
in mV) of the two nanoparticle formulations: spinel
CuFe;0s with moderate negative charge and size (-
18.3+0.15 mV), and the ternary nanoparticles are slightly
less negatively charged with a (-potential of -16.5+0.8
mV; the negative (-potential values indicate moderate
colloidal stability for both nanoparticles, with sufficient
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electrostatic repulsion, which is consistent with the
presence of surface hydroxyl groups that deprotonate in
aqueous environments, leading to electrostatic repulsion
and preventing aggregation. The smaller size of CuFe204
suggests a higher surface-to-volume ratio, potentially
enhancing reactivity in catalysis or drug delivery
applications. In contrast, the slightly larger size of CuFeO2
may be advantageous for size-dependent magnetic or
optical properties. Both nanoparticles are suitable for
applications requiring stable dispersions. However, further
optimization of {-potential and size control could improve
their performance in specific use cases, such as
environmental remediation or biomedical applications

[26].
Table 2. Size and z-potential of the prepared particle.

NP type Size (nm) PDI (nm) z-potential
Spinel 20.8+3.5 0.304+0.007 -18.3+0.15
CuFex04

Ternary 26.0+4.2 0.223+0.023 -16.5+0.8
CuFeO2

3.3. The biological activity

With ICso values of 6.18 pg/ml and 5.87 pg/ml,
respectively, the present study shows the intense activity
of CuFeO2 and CuFe204 NPs capped with Boswellia
carteri extract against K562 leukemia cell lines (Table 3).
Furthermore, the same nanoparticles had higher 1C50
values (50.6 and 20.19 pg/ml, respectively) and decreased
sensitivity in MCF-7 cancer cells. Another breast cancer
cell line (MDA-MB-231) similarly shows this reduced
sensitivity, with high ICso values of 66.78 and 29.28
pg/ml, respectively. Remarkably, resin-capped CuFe204
nanoparticles are more specific and selective for a
particular type of cancer because of the varying
sensitivities of the evaluated cell lines. In our previous
study, we synthesized a novel bimetallic Zinc-iron NPs
using Boswellia carteri extract, where it exhibited a
powerful anticancer against K562 and MDA-MB-231 cell
lines with ICso values 4.53 pM and 4.19 pM, respectively
[16]. According to a study, CuFe204 nanoparticles target a
specific area that the breast cancer MCF-7 cell line lacks.
On the other hand, additional research is required to
determine their targets and illustrate the molecular
processes underlying the cytotoxicity of CuFe204
nanoparticles with resin caps. Interestingly, all our
examined cells were safe and unaffected by the 1%
DMSO, and our control cells treated with this
concentration were healthy. Accordingly, the nanoparticles
themselves, not their solvent (DMSO), were responsible
for any anticancer action that the studied particles may
have had (Table 3). Remarkably, the promising finding of
our novel resin-capped CuFeO2 and CuFe20O4 NPs is their
safety toward normal fibroblast cell line, where the ICso
values are 21.5 and 26.52 pg/ml (Table 3), which is a good
indication for a margin of safety. In other words, in
comparison with K562 leukemia cells, resin-capped
CuFeO: and CuFe204 nanoparticles need three and five
times, respectively, more to inhibit the proliferation of the
normal fibroblast cells, which is indeed a good indication
of the safety of this compound. The potent and selective
effect of the prepared nanoparticles, which is more
pronounced in K562 cells and less evident in breast cancer
cells while remaining safe for normal cells, is the strength

point of the prepared system. This suggests their potential
as a powerful anti-cancer therapy that selectively targets
specific cancer types without harming normal tissues,
addressing a significant challenge associated with
conventional chemotherapy approaches. This selectivity of
the biological reactivity of the NPs is related directly to the
crystalline structure. Such a finding opens a new potential
for metallic NPs to minimize off-target effects and adverse
reactions in cancer therapy. The discovery of these
effective biosynthesized NPs presents a promising
approach to combating cancer. They offer cost-
effectiveness and safety with reduced side effects on
normal cells, potentially improving disease prognosis and
overall patient health. Surprisingly, the results show that
CuFe204 NPs capped with Boswellia carteri extract
reduced the issue of multidrug resistance and showed
anticancer efficacy against K562 leukemia cells. Thus, for
enhanced therapeutic efficacy against cancer cells, the
produced NPs may be a useful agent in a combination
treatment with chemotherapy. Our findings have clinical
significance since these synthetic NPs may help combat
cancer cell resistance while lowering the issue of toxicity
to healthy cells.

Table 3. ICs values of the synthesized NPs and Boswellia carteri
resin aqueous extract on different cancer cell lines

Fibroblast K562 MCEF-7 MDA 231

1C50 1C50 1C50 1C50
(UM#SEM) (uM+SEM) (uM+SEM) (uM+SEM)

Compound

Resin-capped 21.5£0.43  6.18+0.01 50.60+£7.47 66.78+5.91

CuFeO2NPs

resin aqueous 134.57+0.01 53.4+0.04 2245.7+0.03 93.74+0.02
extract

Resin-capped 26.52+0.24 5.87+0.09 20.19+2.44 29.28+1.87
CuFe>O4 NPs

1% DMSO  No toxicity No toxicity No toxicity No

Toxicity

SEM: Standard error of the mean

In conclusion, we have successfully produced biogenic
CuFeO: and CuFe204-NPs using Boswellia carteri resin
extract. The XRD and SEM results confirm the production
of nanocrystalline spinel CuFe2O4 and ternary CuFeO:
NPs. According to the SEM results, the synthesized
CuFe204 NPs are uniformly distributed and almost
spherical, while CuFeOz shows orthorhombic cubic. The
biological study demonstrates the potent anticancer
activity of the prepared nanoparticles CuFeO2 and
CuFe204, particularly against K562 leukemia cells. In
contrast, MCF-7 and MDA-MB-231 breast cancer cells
exhibited reduced sensitivity. The nanoparticles showed
remarkable selectivity, suggesting a specific molecular
target in leukemia cells. Notably, the NPs demonstrated
safety toward normal fibroblast cells, requiring three to
five times higher concentrations to inhibit their
proliferation than leukemia cells, indicating a favorable
therapeutic window. The crystalline structure of the NPs
appears to play a critical role in their biological reactivity,
offering a promising avenue for minimizing off-target
effects in cancer therapy. These findings highlight the
potential of biosynthesized CuFeO: and CuFe204 NPs as
cost-effective, safe, and selective anticancer agents, paving
the way for further research into their molecular
mechanisms and therapeutic applications.
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ABSTRACT

Pseudomonas aeruginosa is a critical pathogen that harbors plasmids-mediated resistant genes that are easily transferable
amongst its population and to other bacteria. It is important to study the patterns of resistance to antibiotics in the case of
infection with P. aeruginosa, as this will determine the most effective course of treatment. This study aimed to characterise
the plasmids-mediated quinolone resistance genes from P. aeruginosa isolated from household stored water in Karu
metropolis, Nasarawa State, Nigeria. 180 water samples were collected from Karu environs, and P. aeruginosa was isolated
using standard microbiological techniques. Antimicrobial susceptibility testing was done using the disc diffusion method,
and the quinolones-resistant genes were amplified by polymerase chain reaction. The percentage occurrence of P.
aeruginosa in household stored water around Karu Metropolis was 23.3%, with highest occurrence in New Karu at 26.6%.
These isolates were highly resistant to common antibiotics used in the treatment of P. aeruginosa infection such as
cefuroxime and cefexime (100%), cefutaxone and Amoxicillin Clavulanate (97.6%), ceftriaxine/Sulbactam (95.2%),
nitrofurantoin (92.9%) but with low resistance to levofloxacin (9.5%) and Ofloxacin (4.8%). The plasmids quinolones
resistant genes detected were qnrS (66.7%) and gepA (33.3%); however, gnrA, gnrB and ogqxA were not detected. The
presence of plasmid-mediated quinolones resistance genes (PMQR) in P. aeruginosa is of public health concern, as this will
limit the number of antibiotics available for bacterial infection treatment. Further investigations of PMQR genes in other
bacteria species should be done which will help in giving insight on proper antibiotics prescription.

Keywords: Water, Pseudomonas aeruginosa, Plasmids, Quinolone resistance genes.

strains of these bacteria. P. aeruginosa water pollution is

1. Introduction

Pseudomonas aeruginosa is a gram-negative rod-
shaped opportunistic pathogen bacterium, commonly
found in the environment (Qin et al., 2022). The existence
of P. aeruginosa in drinking water is related to its ability
to colonize surfaces; it can also survive in deionized water.
This microbe is widely known as a serious pathogen in
hospital environments causing infections such as
endocarditis, osteomyelitis, pneumonia, urinary tract
infections,  gastrointestinal  infections, = meningitis,
folliculitis and keratitis. It is also a leading cause of
septicemia and a major pathogen in burns and patients
with cystic fibrosis (CF) (Mena & Gerba, 2020).

Pseudomonas aeruginosa causes acute and chronic
infections, with a high rate of mortality of up to 40%
recorded (Bassetti, 2018). Most infections are caused by
gram-negative rods, with P. aeruginosa playing the
leading role in ill and immunocompromised patients (EI
Zowalaty et al., 2015). The major challenges leading to
high mortality lie in the appearance of drug-resistant

* Corresponding author. e-mail: mj.fenu@shestco.gov.ng.

related to water stored in tanks, pipeline waters, and
household filters. Drinking such water can result in
diarrhoea, vomiting with severe dehydration, which are
some of the symptoms associated with P. aeruginosa
(Alatraktchi, 2022). P. aeruginosa has shown resistance to
disinfectants used in treating water such as chlorine,
chloramines, ozone, or iodine. In hospitals, tap water is
also considered a means of transmission (Mena & Gerba,
2020). P. aeruginosa can cause diarrhoea in patients with
prolonged use of antibiotics, as they have developed
resistance to quinolones (Alatraktchi, 2022).

Quinolones are broad-spectrum antimicrobial agents
with bactericidal effects and good oral bioavailability; they
are used to treat bacterial infections caused by P.
aeruginosa (Pham et al., 2019). Their mechanism of action
is by inhibiting nucleic acid synthesis through the
disruption of topoisomerase IV and DNA gyrase, causing
tension during the unwinding of DNA (Deoxyribonucleic
acid) and breakage of bacterial chromosomes (Pham et al.,
2019). Bacteria have acquired resistance to quinolones due
to frequent mutation. The resistance mechanism is
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mediated by chromosomal mutations and plasmid gene
uptake that can alter the target site, reduce drug intake,
modify the quinolones, or even reduce drug accumulation
by either decreased uptake or increased efflux (Pham et
al., 2019). The use of quinolones in the treatment of gram-
negative bacilli has led to the development of resistance
due to the non-adherence of patients to drug prescriptions
and also self-medication (Bassetti, 2018). Plasmid-
mediated quinolone resistance (PMQR) is a common
mechanism of resistance (Adwan & Omar, 2021).
Plasmid-mediated genes are easily transferable to other
bacteria, which makes them confer resistance to these
antibiotics. The PMQR genes responsible for resistance
include gnrA, grnB, ogxAB, gnrS, and gepA (Taha &
Omar, 2019).

2. Materials and Methods

2.1. Study Area

This study was conducted in Karu Metropolis, Karu
Local Government Area Council, Nasarawa State, Nigeria.
It is located at Latitude and longitude coordinates
7.6005786, 9.03368 with an area of 2,640 km?.

2.2. Study Design

A cross/sectional study design with a systematic
random sampling technique was utilized. The sample size
was determined as described by Jung (2014).

w25 FA-Fy

Where: n= Sample size

Z=Normal deviation at the desired confidence interval. In this
case, it will be taken at 95%; Z value at 95% is 1.96.

P= Expected proportion from the previous studies.

d= degree of precision. Since the proportion of the population
with the characteristic is not known, then 50% will be used, i.e.
0.05
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P=13.5% (0.14) from Darija et al., 2021
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2.3. Sample Collection

One hundred and eighty water samples were collected
from household storage water tanks in sterile containers in
Karu Metropolis.

2.4, Isolation of Pseudomonas aeruginosa

Isolation of P. aeruginosa was carried out as described
by Kalu et al. (2022). Exactly 1 ml of the water sample
was dispensed into 10 ml of tryptic soy broth and
incubated for 24h at 37°C. After 24h of incubation, the
broth cultures were inoculated onto Cetrimide Agar plates
aseptically; all plates were incubated for 24h at 37°C.

2.5. Summarized culture identification of Pseudomonas
aeruginosa

The Pseudomonas aeruginosa culture showed greenish
slimy growth with a characteristic grape like odour. Gram

staining revealed Gram-negative rods. Biochemical tests
confirmed it was catalase-positive, oxidase-positive,
citrate-positive, and negative for indole, Methyl Red (MR),
and Voges-Proskauer (VP) tests. Pseudomonas aeruginosa
is a glucose non fermenter and is thus negative for MR and
VP.

2.6. Antimicrobial Susceptibility Testing

The standard disc diffusion method was used. Two
pure colonies of the isolates were inoculated into 5 ml of
sterile 0.85% (w/v) NaCl. The turbidity of the bacteria
suspension was adjusted to 0.5 McFarland Standard to get
1 x10% CFU/ml. A sterile swab stick was used to streak the
standardized bacterial suspension on Muller Hinton agar
plates and the antibiotics discs were aseptically placed.
The plates were allowed to stand for 1 hour and then
incubated at 37°C for 24 h. The zone of inhibition was
measured in millimetres and was interpreted as per the
susceptibility break point of the Clinical and Laboratory
Standard Institute (CLSI, 2020).

2.7. Determination of Multiple Antibiotic Resistance
(MAR) Index

The MAR index was determined as described by
Ngwai et al. (2014).

MAR Index = Number of antibiotics isolates
resistance/Number of antibiotics tested.

2.8. Molecular Detection of Quinolone Resistance Gene

The isolates resistant to quinolone antibiotics were used
in the molecular detection of plasmid-mediated quinolone-
resistant genes.

2.9. Primers:
The primers used in this study are as shown in Table 1.

Table 1. Primer sequences of Plasmid-mediated quinolones
resistance genes.

Target Primer Oligonucleotide sequence (5~  Amplicon size in

Gene 3 base pairs (bp)

gnrA QnrA-F  5'- CAGCAAGAGGATTTCTCACG-3' 630 bp
QnrA-R  3'- AATCCGGCAGCACTATTACTC-5'

gnrB - QnrB-F 5’- GGCTGTCAGTTCTATGATCG -3’ 488 bp
QnrB-R 3’- GAGCAACGATGCCTGGTAG -5°

gnrS - gnrS-F 5’- GCAAGTTCATTGAACAGGGT -3’ 128 bp
qnrs -R 3’- TCTAAAC CGTCGAGTTCGGCG -5’

gepA  QepA-F  5’- GCAGGTCCAGCAGCGGGTAG -3’ 218
QepA -R  3’- CTTCCTGCCCGAGTATCGTG -5’

ogxA  OgxA -F  5’- CTCGGCGCGATGATGC -3’ 392

OgxA -R  3’- CCACTCTTCACGGGAGACGA -5’

F= Forward; R= Reverse; bp = Base pair; Source: Morteza et al.
(2022).

2.10. DNA Extraction from Pseudomonas aeruginosa
Isolates

All the quinolone-resistant isolates were cultured into
Luria Betani broth for 18-24h at 37°C. The plasmid
isolation was by the phenol-chloroform method
(Shahcheraghi et al., 2009). The extracted DNA was
quantified using the Nanodrop 1000 spectrophotometer.
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2.11. DNA Amplification by multiplex Polymerase Chain
Reaction (PCR) for Plasmid Mediated Quinolones
Resistant Genes (QnrA, gnrB, gnrS, gepA, OgxA)

Multiplex polymerase chain reaction (mPCR) was
performed using the ABI 9700 Applied Biosystems
thermal cycler. A 25 pl reaction was set up containing 2.5
ul MgCI2 (50 mM), 2.5 pl 10 x buffer, 0.9 pl of each
primer (2.7 uM), 1 pl of 8 mM dNTPs per reaction, 0.5 ul
DNA polymerase and 5 pl of DNA template. The PCR
amplification was carried out at the following conditions;
pre-denaturation at 95°C for 15 min, denaturation at 95°C
for 45 sec., annealing at 63°C for all genes except for
ogxA and ogxB (both at 59°C) for 60 sec., elongation at
72°C for 90 sec (33 cycles), and final elongation at 72°C
for 10 min. Primer oligonucleotide sequences and
amplicon sizes utilised for the amplification of genes are
as presented in Table 1. One percent (1%) agarose gel was
used in resolving the DNA fragments stained with
ethidium bromide and visualized under UV light in a gel-
doc system (Hero-Lab with CCD camera attached to it).

3. Results

3.1. Occurrence of Pseudomonas aeruginosa

The occurrence of P. aeruginosa from stored water
around Karu Metropolis, Nigeria is shown in Table 2. The
overall occurrence of the isolates out of 180 water samples
collected was 42 (23.3%), New Nyanya had the highest
occurrence at 26.6% but lowest in Masaka at 20.0% as
shown in Table 2.

Table 2: Occurrence of Pseudomonas aeruginosa in stored
household water in Karu Metropolis, Nasarawa State, Nigeria.

Areas No. of Samples  No. of Occurrence in Area (%)
Ado 60 14(23.3%)
Masaka 60 12(20.0%)
New Karu 60 16(26.6%)
Total 180 42(23.3%)

% = Percentage, No = Number

3.2. Resistance of Pseudomonas aeruginosa

The resistance of P. aeruginosa to the tested antibiotics
from stored water in Karu Metropolis is represented in
Table 3. The isolates were highly resistant to cefuroxime
(100%), ceftriaxone (100%), cefotaxine (97.6), amoxicillin
clavelanate (97.6%), ceftriaxone Sulbactam (95.2%),
Nitrofurantoin (92.9%) but showed low resistance to
Ofloxacin (4.8%) and Levofloxacin (9.5%).

Table 3: Antimicrobial Resistance of Pseudomonas aeruginosa
isolated from stored household water in Karu Metropolis,
Nasarawa State, Nigeria.

Antimicrobial Disc No. (%) Resistance
Content (n=42)

Cefuroxime 30 ug 42(100%)
Cefotaxime 25 ug 41(97.6)
Imipenem/Cilastatin 10/ 10 31(73.8%)
Ofloxacin Sug 2(4.8%)
Gentamicin 10 png 22(52%)
Levofloxacin 5pug 4(9.5)
Ceftriaxone Sulbactam 45 pg 40(95.2)

Amoxicillin 30 pg 41(97.6%)
Clavulanate

Cefexime Sug 42(100%)
Nitrofurantoin 30pg 39(92.9%)

% = Percentage, n= Number of sample, No. = Number

3.3. Antimicrobial Resistance Phenotypes

The antimicrobial resistance phenotypes of the resistant
isolates from stored water are as shown in Table 3.4.
Antimicrobial-resistant isolates were distributed into
different categories as antimicrobial resistance phenotypes
and the most common phenotypes were CXM-CTX-IMP-
GN-CRO-AUG-ZEM-NF (Cefuroxime (CXM),
Cefotaxime (CTX), Imipene/Cilastatin (IMP), Gentamycin
(GN), Amoxicillin Clavulanate (AUG), Ceftriaxone
Sulbactam (CRO), Cefexime (ZEM), Nitrofurantoin (NF)
(38.1%) and CXM-CTX-IMP-CRO-AUG-ZEM-NF
(Cefuroxime (CXM), Cefotaxime (CTX),
Imipene/Cilastatin (IMP), Ceftriaxone Sulbactam (CRO),
Amoxicillin  Clavulanate (AUG), Cefexime (ZEM),
Nitrofurantoin (NF) (19.0%).
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Table 4. Antimicrobial Resistance Phenotypes of Resistant P.
aeruginosa from stored household water in Karu Metropolis,
Nasarawa State, Nigeria.

Table 6: Multiple Antimicrobial Resistance (MAR) Index of
antibiotic resistant Pseudomonas aeruginosa isolated from stored
household water in Karu Metropolis, Nasarawa State, Nigeria.

Antimicrobial Resistance Profile Phenotypes Frequency
(%) (n=42)
CXM, CRO, AUG, ZEM, NF 1(2.4)
CXM, CTX, AUG, ZEM, NF 1(2.4)
CXM, CTX, CRO, ZEM, NF 1(2.4)
CXM, CTX, CRO, AUG, ZEM 12.4)
CXM, CTX, IMP, CRO, AUG, ZEM 12.4)
CXM, CTX, IMP, AUG, ZEM, NF 1(2.4)
CXM, CTX, CRO, AUG, ZEM, NF 4(9.5)
CXM, CTX, LBC, CRO, AUG, ZEM, NF 1(2.4)
CXM, CTX, GN, CRO, AUG, ZEM, NF 1(2.4)
CXM, CTX, IMP, CRO, AUG, ZEM, NF 8(19.0)
CXM, CTX, IMP, LBC, CRO, AUG, ZEM, NF 1(2.4)
CXM, CTX, IMP, GN, CRO, AUG, ZEM, NF 16(38.1)
CXM, CTX, GN, LBC, CRO, AUG, ZEM, NF 12.4)

CXM, CTX, IMP, GN, LBC, CRO, AUG, ZEM, 12.4)
NF

CXM, CTX, IMP, OFX, GN, CRO, AUG, ZEM, 1(2.4)
NF

CXM, CTX, IMP, OFX, GN, LBC, CRO, AUG, 2(4.8)
ZEM, NF

No. of No. MAR Frequency (%)
Antimicrobial Antimicrobial Index (a/b) (n=42)
Resistance (a) Tested (b)

10 10 1.0 2(4.7)

9 10 0.9 2(4.7)

8 10 0.8 18(42.9)
7 10 0.7 10(23.8)
6 10 0.6 6(14.3)
5 10 0.5 4(9.5)

4 10 0.4 0

3 10 0.3 0

2 10 0.2 0

1 10 0.1 0

Nitrofurantoin (NF), Cefuroxime (CXM), Ceftriaxone Sulbactam
(CRO), Cefexime (ZEM), Levofloxacin (LBC), Amoxicillin
Clavulanate (AUG), Cefotaxime (CTX), Imipene/Cilastatin
(IMP), Ofloxacin (OFX), Gentamycin (GN), % = Percentage, n=
number of samples % = Percentage, n= number of sample

3.4. Multiple Antimicrobial Resistance (MAR) Index

The MAR index of antimicrobial resistance isolates
from stored water is shown in Table 5. All the isolates
were MAR isolates with MAR index of >0.5 and the most
common MAR Index in the isolates was 0.8(42.9%) and
the-lest common were 1.0(4.7%) and 0.9(4.7%).

Table 5. Categories of Antimicrobial Resistance in Antimicrobial

Resistant Pseudomonas aeruginosa from stored household water
in Karu Metropolis, Nasarawa State, Nigeria.

3.6. Expression of Plasmid Mediated Quinolones
Resistance (PMQR) Genes in the Isolates

There was amplification of gnrS and gepA PMQR
genes (Figure 1) from P. aeruginosa in this study and the
prevalence of was 66.7% for qnrS and 23.3% for gepA but
gnrA, gnrB, ogxA were not amplified (Table 7). The
agarose gel elecphoresis is shown in Figure 1 below which
shows the presence of gnrS (128bp) gene at lane 1 and
lane 2, gqepA gene which is the lane 3 at 218bp and the
molecular ladder at Lane M (1500bp). The results reveal
the presence of plasmids mediated quinolone resistant
genes in some Pseudomonas aeruginosa at Karu
Metropolis.

Table 7. Occurrence of Plasmids Mediated Genes in Quinolone
resistant Pseudomonas aeruginosa isolated from stored household
water in Karu Metropolis, Nasarawa State, Nigeria.

Target Gene Percentage of Occurrence

Categories of Antimicrobial No. (%) P. aeruginosa isolates

QnrA 0%
QnrB 0%
QnrS 66.7%
QepA 23.3%
OgxA 0%

Resistance =42
MDR 40(95.3)
XDR 0(0.0)
PDR 2(4.7)

MDR= Multi-drug resistance, XDR= Extended drug resistance,
PDR: Pan drug resistance, % = Percentage, No. = Number, n=
Number of samples

3.5. Categories of Antimicrobial Resistance

The resistances of antimicrobial-resistant isolates from
stored water were classified into different categories of
antimicrobial resistance where 95.3% of isolates were
Multiple Drug Resistance which was the highest, none was
Extended Drug Resistance and 4.7% was Pan Drug
Resistance. (Table 6)

1500bp

2186p

128bp

Figure 1. Amplified plasmid-mediated quinolones resistance
genes with band sizes of 218bp (QnrS) and 128bp (gepA). Lane
M: DNA ladder (1500bp), Lane 1: (qepA), Lane 2: (gepA), and
Lane 3: (QnrS).
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4. Discussion

Water is essential for man's daily activities and in
developing countries where water has to be stored in tanks
to mitigate the effect of water shortages. There are high
chances of this water being contaminated with bacteria
such as P. aeruginosa. The presence of P. aeruginosa can
easily cause a wide range of infections, especially in
immunocompromised individuals.

The isolation of P. aeruginosa from stored water in
tanks at Karu Metropolis is consistent with the findings
of Chegini (2020), Collins et al. (2022), Schiavano et al.
(2017), Wei et al. (2020), Stanley (2017), Nrior et al.
(2020) and Morteza et al. (2022) which were found to be
reoccurring microbes, from different water sources. This is
also a confirmation that P. aeruginosa can survive in a
nutrient-deficient ~environment. The percentage of
occurrence of P. aeruginosa in this study was 23.3%; this
is similar as well to earlier research conducted by Lei et al.
(2020) and Stanley et al. (2017), both of whom reported
an occurrence of 22.5%. Aromolaran and Amodu (2021)
also reported an occurrence of 21.43%, significantly lower
than 85.11% reported by Collins et al. (2022).

The high resistance of the isolates to cefuroxime
(100%), cefexime (100%), cefotaxime (97.6%),
amoxicillin/Cluvalanate  (97.6), ceftriaxone/Sulbactam
(95.2%), imipenem/celastatin (73.8%), and nitrofurantoin
(92.9%) in this study may be due to their inappropriate use
for treatment of infection caused by P. aeruginosa.

The high resistance of isolates to imipenem/cilastatin in
our study was slightly higher than 69.2% as reported by
Schiavano et al. (2017). The resistance of the isolates to -
lactams  antimicrobial  agent such  cefuroxime,
ceftriaxone/Sulbactam and imipenem may be due to
production of B —lactamase. The percentage of resistance
to amoxicillin (97.6 %) and cefexime (95.2%) in our study
was higher than 75% resistant to amoxicillin and cefexime
in the study conducted by Nrior et al. (2020).

Our findings also showed that the occurrence of
multidrug-resistant isolates was higher than Pan-drug
resistance isolates and the percentage of occurrence of
MDR (Multiple Drug Resistance) isolates was 95.3%; this
is higher than 1.88% and 28.8% in the studies reported by
Schiavano et al. (2017) and Nikola et al. (2022),
respectively. The occurrence of MDR isolates in our study
may have public health implications like prolonged
hospital stay, high cost of treatment, less available drugs
for treatment and also an increase in morbidity by diseases
caused as a result of bacterial infection.

The low resistance and high susceptibility of isolates to
levofloxacin and ofloxacin in this study is an indication
that such antimicrobial agents may not have been misused
or abused in the study area. The low resistance of the
isolates to quinolones mentioned is also an indication that
the agent may be effective for the treatment of P.
aeruginosa infection. The low percentage of resistance of
the isolates (4.8%) to ofloxacin in this study contradicts
with the findings of Morteza et al. (2022), Nrior et al.
(2020) who reported 45.9% and 50%, respectively.

The detection of gqnrS and gepA genes in levofloxacin
and ofloxacin resistant isolates in our study is an indication
that they may be responsible for the resistance. The
percentage of occurrence of gnrS in our studies was

66.6%; this is higher than 20.8% and 10.5% reported by
Morteza et al. (2022) and Venkataramana et al. (2022).
Similarly, the occurrence of gepA gene in this study was in
agreement with the study conducted by Venkataramana et
al. (2022). Qnr genes protect the target of quinolone
antibiotics called DNA gyrase and thus make bacteria
confer resistance, thus the expression of this gene in the
isolates used in this study could be the reason why
quinolones antibiotic is not effective in the treatment of
bacterial infection.

The presence of gepA in the isolates is an indication
that the mechanisms of resistance might be due to increase
in efflux pumping of the quinolones antimicrobial agents.
The following genes gnrA, gnrB, ogqxA were not detected
in the isolates. In a study by Wei et al. (2020), they
observed no resistance to quinolones antibiotics in contrast
to the observation from our study. The presence of these
genes in the study area is of great concern, as these isolates
can serve as a reservoir for resistance genes, and these
genes can be passed on to other organisms which will
result in multidrug resistance.

5. Conclusion

P. aeruginosa was isolated from stored water, and most
of the isolates are resistant to the common antibiotics used
in the treatment of bacterial infection in Nigeria. These
isolates harbor plasmids mediated quinolones resistance
genes (Qnr and qepA) which can be spread within the area.
The finding from this study is of great concern to public
health as these resistant genes can be transferred to other
bacteria of same or closely related species. The high
multidrug resistance pattern of the isolates might be due to
overuse, self-medication and also non-adherence to
prescription. Antimicrobial resistance has reduced the
number of antimicrobial agents available in the market for
treatment of bacterial infection.
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Abstract

Multiple sclerosis (MS) is an autoimmune disorder that is characterized by the destruction of myelin in the central nervous
system and mainly affects young adults. Genetic and environmental factors play an important role in the MS etiology. This
study is the first to investigate the genetic aspects of MS in Jordan. Therefore, the possible association of the individual and
combined C677T and A1298C polymorphisms of the methylenetetrahydrofolate reductase (MTHFR) gene with MS
susceptibility in Jordan was investigated in 100 (18 males and 82 females) patients and 100 age- and gender-matched healthy
controls. The Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) technique revealed
significant differences in the genotype and allele frequencies of A1298C polymorphisms between MS patients and controls
(p =0.012218 and p =0.0275, respectively). The heterozygous AC [OR= 2.02 (95% CI: 1.119-3.6981, p = 0.0211)] and the
homozygous recessive CC [OR= 3.52 (95% CI: 1.294-9.6028, p= 0.0137)] genotypes showed 2 and 3.5-fold increase in MS
risk, respectively. No significant difference was observed in the C677T polymorphism between MS patients and controls (p
=0.13466 and p=0.2321, respectively). Combined genotypes with 1-3 mutated alleles were detected in 89% of MS patients
and 76% of controls. The prevalence of the combined heterozygous CT/AC genotypes was the highest (32%) in patients.
None of the patients or controls exhibited the combined homozygous TT/CC genotypes. Polymorphisms were not associated
with MS clinical and demographic characteristics.

In conclusion, the C677T polymorphism was not significantly associated with the risk of developing MS in our cohort of
Jordanian patients. Conversely, a significant association was observed for the A1298C polymorphism, as the CC genotype
correlated with elevated MS risk and may lead to a higher incidence of the disease. These findings provide additional
support to the genetic basis of MS susceptibility and the potential role of the MTHFR gene in the physiopathology of MS.
Thus, this gene could be a potential therapeutic target to halt neurodegeneration in MS patients.

Keywords: Multiple sclerosis; MTHFR gene; MTHFR C677T; MTHFR A1298C; MTHFR polymorphism; Jordan.

Goodin et al., 2021; Horjus et al., 2022; Jia et al., 2023).

1. Introduction

Multiple sclerosis (MS) is a chronic neurodegenerative
autoimmune disease in which the oligodendrocytes and the
myelin sheets surrounding the axons in the central nervous
system (CNS) are destroyed (Brownell and Hughes 1962;
Mahad et al., 2015). Demyelination slows down and
disrupts the message transmitted from and to the brain,
causing motor and sensory impairment (Bitsch et al., 2000;
Kutzelnigg et al., 2005). The disability in MS patients can
be measured using Kurtzke’s Expanded Disability Status
Scale (EDSS), where 10 is the worst on a score of 0-10
(Kurtzke, 1983). MS is classified into four types: clinically
isolated syndrome (CIS), relapsing remitting MS (RRMS),
secondary progressive MS (SPMS), and primary
progressive MS (PPMS) (Buck et al., 2013; Lublin et al.,
2014). The exact etiology of this disease remains elusive
and includes a complex interaction between environmental
and genetic factors (Olsson et al., 2017; Ferré et al., 2020;

“ Corresponding author. e-mail: bsalwa@ju.edu.jo.

Most genetic studies have focused on identifying common
and rare genetic variants in different genes contributing to
MS susceptibility (Dashti et al., 2020; Zrzavy et al., 2020;
Horjus et al., 2022; Esposito et al., 2022; Jia et al., 2023).
Although several promising genes were nominated, some
stood out due to their biological function, including the
methylenetetrahydrofolate reductase (MTHFR) gene,
which is significantly up-regulated in the brain of MS
cases (Jia et al, 2023). This gene produces
methylenetetrahydrofolate  reductase (MTHFR), an
enzyme essential for homocysteine metabolism, S-
adenosylmethionine (SAM) synthesis, and nucleic acid
synthesis. This enzyme converts 5,10-
methylenetetrahydrofolate (5,10-MTHF) to 5-
methyltetrahydrofolate (5-MTHF), essential for
remethylating the neurotoxic intermediate homocysteine to
methionine. In one-carbon metabolism, methionine is
subsequently converted to SAM, essential for CNS
myelination (Bagley et al., 1998). Moreover, the substrate
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(5,10-MTHF) of MTHFR is crucial for nucleic acid
synthesis. Genetic variants that influence MTHFR activity
and cause a disorder in the one-carbon metabolic pathway
may be closely associated with the pathogenesis of MS
(Jia et al., 2023). The association of two MTHFR C677T
(rs1801133) and MTHFR A1298C  (rs1801131)
polymorphisms with MS has been validated in individuals
of various descent (Klotz et al., 2010; Zhu et al., 201,
Mrissa et al., 2013; Cevik et al., 2014; Naghibalhossaini et
al., 2015; Erkan-Asci and Karahalil, 2017; Cakina et al.,
2019). The MTHFR C677T point mutation includes a C to
T transition at nucleotide 677 (677C>T), resulting in
alanine to valine substitution in MTHFR and reduced
enzymatic activity (Weisberg et al.,1998). Individuals with
the homozygous genotype (TT) have higher serum
homocysteine (hcy) levels than healthy controls (Van der
Put et al., 1998; Hiraoka and Kagawa, 2017). The MTHFR
A1298C polymorphism includes A to C transition at
nucleotide 1298 (1298A>C), resulting in glutamate to
alanine substitution in MTHFR and decreased enzymatic
activity, causing mild hyperhomocysteinemia (Weisberg et
al.,, 1998; Yamada et al., 2001). Also, the decreased
activity  affects the  regeneration of  oxidized
tetrahydrobiopterin from 5-MTHF, which is involved in
monoamine neurotransmitter synthesis (Miller 2008).

Previous research on MS in Jordan was limited and
focused on characterizing the clinical, demographic, and
epidemiological features of multiple sclerosis (Al-Din et
al., 1995; El-Salem et al., 2006). Therefore, the current
study represents the first molecular neuroepidemiological
investigation conducted in Jordan that provides valuable
insight into the genetics of MS susceptibility. It aimed to
investigate a possible association of the individual and
combined MTHFR C677T and A1298C polymorphisms
with susceptibility to MS in a group of Jordanians. This
study contributes to the global efforts in understanding the
genetics of MS that may help identify potential molecular
targets for future therapeutic strategies.

2. Materials and Methods

2.1. Subjects

A total of 100 unrelated MS patients (18 males and 82
females) who attended the neurology clinics at Al-Bashir
Hospital in Amman, the capital of Jordan, were recruited
to participate in this study. The patients were diagnosed by
the neurologists according to McDonald's MS criteria for
classification (Polman et al., 2005). Physical disability was
assessed using the EDSS score. Also, a total of 100 age,
gender, and ethnicity-matched unrelated healthy control
subjects without signs or history of immunological,
neurological, or genetic diseases were recruited from the
Jordan University Hospital in Amman to participate in this
study. Those subjects attended the hospital for regular
checkups. The study was conducted according to the
Declaration of Helsinki. The protocol and the consent
forms were approved by the institutional Ethics Committee
of Jordan University Hospital (10/ 2018/ 2916) and Al-
Bashir Hospital (8590). All subjects were provided with
information on this study and gave their informed consent
for inclusion before they participated in the study.

2.2. MTHFR gene polymorphism

Human genomic DNA was extracted from whole blood
samples using the Wizard DNA genomic purification kit
(Promega, USA) and according to the manufacturer’s
instructions. The presence and integrity of the extracted
DNA were detected in a 1% agarose gel. The quantity and
purity of DNA were determined using the
spectrophotometer at ODos and OD,g (Sambrook and
Russel., 2001). The MTHFR C677T (rs1801133) and
A1298C (rs1801131) polymorphisms were analyzed by the
Polymerase Chain Reaction-Restriction Fragment Length
Polymorphism (PCR-RFLP) technique (Skibola et al.,
1999). The PCR products were detected in a 2% agarose
gel and then digested by a restriction enzyme. The PCR
products (198 bp) of the MTHFR C677T polymorphism
were digested separately in a 25ul reaction mixture by the
restriction enzyme Hinfl (New England Bio Lab, USA)
because the C—T base pair substitution generates a Hinfl
restriction site (Skibola et al., 1999). In the MTHFR
A1298C polymorphism, the A—C substitution abolishes a
Mboll restriction site. Therefore, the PCR products (163
bp) of MTHFR A1298C were separately digested in a 22pl
reaction mixture by Mbo Il (Thermo Fisher, USA)
according to the manufacturer's instructions. The genotype
of individuals was determined based on the DNA profile in
a 3% agarose gel as reported by Skibola et al (1999).

2.3. Statistical analysis

The distribution and the genotypic and allelic
frequencies of the MTHFR gene polymorphisms in MS
patients were compared with those of controls using
Fisher’s exact test (Rodriguez et al., 2009). Statistical
difference was considered significant for p-values less than
0.05. The relationships between the two types of
polymorphisms and the clinical and demographical
characteristics of patients were analyzed using Pearson’s
Chi-square test (Rodriguez et al., 2009). The association
between these genotypes and the risk of MS was estimated
by calculating the odds ratios (ORs) and their 95%
confidence intervals (Cls) using the binary logistic
regression analysis.  p-values less than 0.05 were
considered  statistically  significant.  Hard-Weinberg
equilibrium was corroborated for the allelic frequencies in
the control group (Smith and Baldwin, 2015).

3. Results

3.1. Demographic characteristics of participants.

The demographic and clinical characteristics of MS
patients and healthy control subjects are presented in Table
1. Each group included 82 females and 18 males aged 16-
66 years. There was no statistically significant difference
(p= 0.7602) between the mean age of MS patients and that
of the control subjects. The mean age of onset in MS
patients is 29.63+9.205 years. Most patients (93%) have
RRMS clinical MS type. The mean EDSS score for MS
patients is 1.74+1.36, indicating that these patients can
walk without any aid.
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Table 1. Demographic and clinical characteristics of MS patients
and healthy controls.

Demographic and Clinical MS Patients Healthy

Characteristics (n=100) (n=100)

Gender, male/female, n (%) 18/ 82 (18/82) 18/ 82
(18/82)

Age (mean + SD), y 37.04 +11.95 36.55
+11.84

Age of onset (mean + SD), y 29.63 +9.205

CIS, n (%) 0(0)

RRMS, n (%) 93 (93)

SPMS, n (%) 2(2)

PPMS, n (%) 5(5)

EDSS score (mean + SD) 1.74 +1.37

MS: Multiple Sclerosis; n: Number; SD: Standard deviation; y:
Year; CIS: Clinically isolated syndrome; RRMS: Relapsing-
remitting MS, SPMS: Secondary progressive MS, PPMS: Primary
progressive MS; EDSS: Expanded disability status scale.

3.2. MTHFR gene polymorphism

The C677T polymorphism-specific PCR products (198
bp) and A1298C polymorphism-specific PCR products
(163 bp) were detected in a 2 % agarose gel (Figures 1 and
2).

M 1

2 345 6 7

200 bp 198 bp

50bp —

Figure 1. A representative ethidium bromide-stained 2% agarose
gel for the target sequence of MTHFR C677T. M: 50 bp marker
(GenedireX, Taiwan); Lanes 1-4, 6-10: the PCR product (198 bp);
Lane 5: PCR blank.

M 1 2 3 4 5 6 7 8

150 bp 163 bp

50 bp

Figure 2. A representative ethidium bromide-stained 2% agarose
gel for the target sequence of MTHFR A1298C (rs1801131). M:
50 bp marker (GenedireX, Taiwan); lanes 1-5, 7-8: the PCR
product (163 bp); Lane 6: PCR blanks.

To determine the C677T polymorphism, the specific
PCR products (198 bp) were separately digested by Hinf I,
and the genotypes of the participants were identified based
on the DNA profile in agarose gel (Figure 3). The normal
wild genotype (CC) of individuals was identified by
detection of the undigested 198 bp PCR products, while
the heterozygote genotype (CT) was identified by
detection of both the 175 bp and 198 bp Hinfl DNA
fragments. The generated small 23 bp Hinfl fragment
reported by Skibola et al (1999) was not detected in the
gel. The homozygote genotype (TT) was identified by
detection of the 175 bp DNA fragment without the small
23 bp Hinfl fragment reported by Skibola et al (1999).

198 bp

200 bp 175 bp

100 bp

Figure 3. A representative ethidium bromide-stained 3% agarose
gel for polymorphism analysis of MTHFR C677T PCR products
digested by Hinfl. M: 100 bp marker (GenedireX, Taiwan); Lanes
1, 2: Heterozygous MTHFR 677CT genotypes generating 198 bp
and 175 bp DNA fragments; Lane 3: normal wild MTHFR 677CC
genotypes generating 198 bp DNA fragment; Lane 4:
Homozygous MTHFR 677TT genotype generating 175 bp DNA
fragment.

The wild type (1298AA) genotype was identified by
detection of 18-, 31-, 28-, 56-, 30-bp DNA fragments, the
homozygous variant (1298CC) genotype was identified by
detection of 18-, 31-, 84-, 30-bp DNA fragments, and the
heterozygous (1298AC) genotype by detection of 84-,56-,
31-, 30-, 28-,18-bp DNA fragments in the gel (Figure 4).

1 2 3 4 5 6 7T M

56 bp

Figure 4. A representative ethidium bromide-stained 3% agarose
gel for polymorphism analysis of MTHFR A1298C PCR products
digested by Mboll. M: 50 bp marker (GenedireX, Taiwan); Lane
1: the homozygous MTHFR 1298 CC generating 84 and 30/31 bp
DNA fragments; Lane 2,4,6 and 7: the normal wild MTHFR 1298
AA genotype generating 56, and 30/31 bp DNA fragments; Lanes
3 and 5: the heterozygous MTHFR 1298 AC genotypes generating
84, 56, and 30/31 bp DNA fragments.

3.3. Genotypic and allelic frequencies of the MTHFR gene
polymorphisms.

The genotypic and allelic frequencies of the MTHFR
gene polymorphisms in both MS patients and healthy
controls are shown in Table 2. The distribution of C677T
genotypes was in accordance with Hardy-Weinberg
equilibrium (HWE) in controls (p = 0.058). No significant
difference was observed in the C677T genotypic (p =
0.1346) and allelic (p = 0.2321) frequencies between MS
patients and controls, except for the CT genotype, which
was significantly (p = 0.0169) higher in patients. The
frequency of the heterozygous CT genotype (53%) and
allele C (66.5%) was the highest in the MS patients (Table
2). The distribution of A1298C genotypes was in
accordance with HWE in controls (p = 0.322). A
significant difference was observed in the A1298C
genotypic (p = 0.012218) and allelic (p = 0.0275)
frequencies between MS patients and controls. The
frequency of the AA, AC, and CC genotypes in MS
patients was significantly (p = 0.0066, 0.0211, and 0.0137,
respectively) higher than that of the controls. Moreover,
the frequency of the mutant C allele in patients (40.5%)
was significantly (p = 0.0275) higher than that in controls
(29.5%) (Table 2).
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Table 2. Genotypic and allelic frequencies of the MTHFR gene
polymorphisms in the study population.

MTHFR gene Genotype and Frequency (%)

polymorphisms  alleles Patients ~ Control Total

(N*=100) (N=100) (N=200)

statistically significant positive association (OR=1.8360,
95% CI: 1.2104-2.7849, p=0.004) was found in the C
allele of the A1298C polymorphism (Table 3).

Table 3. Association analysis of C677T and A1298C
polymorphisms with MS.

Ce77T Genotypes

(rs1801133) cc 40 53 93
CT 53 39 92
TT 7 8 15
p-value® =0.13466
Alleles
C 66.5 725 69.5
T 335 275 305
p-value® = 0.2321
HWE p-value®
=0.058

A1298C Genotypes

(rs1801131) AA 31 50 82
AC 54 43 96
CcC 15 7 22

p-value® = 0.012218

Alleles

A 59.5 705 65
C 405 295 35
p-value®= 0.0275

HWE P-value®

=0.322

Polymorphisms ~ Control/ Case OR (95% CI) p-value

(n=100/100)

*N= number; ® Fisher's exact test p-value; ® Hardy-Weinberg
equilibrium p-value assessed in control; Statistically significant
results are shown in boldface.

3.4. Association analysis of C677T and A1298C
polymorphisms with MS

In the C677T polymorphism, only the CT genotype
was significantly (OR= 1.8, 95% CI:1.005-3.22, p
=0.0169) associated with MS (Table 3). No statistically
significant association (OR=1.7, 95% CI: 0.9656 -2.9631,
p= 0.061) was observed when comparing patients to
controls according to CC genotype versus the combined
heterozygous and homozygous variant genotypes
(CT+TT). Also, there was no significant association with
MS in the recessive (TT) inheritance models of this
polymorphism (OR= 1.15, 95% CI: 0.3881-3.4600, p=
0.791). For the A1298C polymorphism, both the
heterozygous AC (OR= 2.02, 95% CI: 1.119-3.6981, p =
0.0211) and the homozygous CC (OR= 3.52, 95% CI:
1.294-9.6028, p= 0.0137) genotypes were significantly
associated with MS (Table 3). Moreover, a significant
association with MS risk (OR =2.2371, 95% CI: 1.2569-
3.9829, p=0.0062) was observed when the dominant
inheritance model for the heterozygous and homozygous
genotypes (AC+CC) was evaluated (Table 3).
Additionally, a significant association (OR=3.52, 95% ClI:
1.2942-9.6028, p=0.0137) with MS was observed in the
recessive (CC) inheritance models of this polymorphism.
When assessing the association with MS by alleles, a

ce77T

cc 53/40 (ref) 1.0

cT 39/53 1.8 (1.005-3.22)*  0.0169

TT 8/7 1.15 (0.3881- 0.7911
3.4600)

Inheritance

models

CT+TT 47/60 1.7 (0.9656 - 0.061
2.9631)

T 8/7 1.15 (0.3881- 0.7911
3.4600)

Alleles

c 145/133 1.00

T 55/67 1.3 (0.8611- 0.1931
2.0361)

A1298C

AA 51/31(ref.) 1.00

AC 43/53 2.02 (1.1119- 0.0211
3.6981)

cc 7115 3.52 (1.2942- 0.0137
9.6028)

Inheritance

models

AC+CC 145/115 22371 (1.2569-  0.0062
3.9829)

cc 57/83 3.52 (1.2942- 0.0137
9.6028)

Alleles

A 145/115 1.00

c 57/83 1.8360 (1.2104-  0.004

2.7849)

The statistically significant results are shown in boldface; *
Significant p-value for trend (p<0.05). 'Recessive inheritance
model; ref: controls with the wild-type CC and AA genotypes
were used as a reference category.

3.5. The prevalence of combined genotypes

The combined genotypes of both C677T and A1298C
polymorphisms with 1-3 mutated alleles in the MTHFR
gene were detected in 89% of MS patients and 76% of
controls (Table 4). The CC/AA wild-genotype
combination was the highest (24%) in controls, and its
prevalence was significantly (p=0.0158) higher than that in
MS patients. The prevalence of the combined
heterozygous CT/AC genotypes was the highest (32%) in
patients, but there was no significant difference (p=0.1121)
in its prevalence between patients and controls.
Importantly, none of the patients and controls exhibited the
combined homozygous TT/CC genotypes. The prevalence
of the other combined genotypes of the two
polymorphisms did not exhibit a significant difference
(p=0.0817- 0.7073) between patients and controls (Table
4).
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Table 4. The frequency of the combined MTHFR C677T/
A1298C genotypes in MS patients and controls.

Table 6. Clinical and demographical characteristics of patients
stratified according to MTHFR gene A1298C polymorphism.

Polymorphisms  Number of Patients  Controls P value

——————— mutated alleles
C677T A1298C ! (N=100) (N=100)

Characteristic ~ Total AA AC+CC p-
(N=100) (N=31) (N=68) value

in combined
genotypes
CcC AA 0 11(11) 24(24) 0.0158
AC 1 18 (18) 23(23) 0.3823
cc 2 11 7(7) 0.3242
CT AA 1 18 (18) 16(16) 0.7073
AC 2 32(32) 22(22) o0.1121
ccC 3 3(3) 1(1) 0.3136
TT AA 2 4 (4) 7(7) 0.3533
AC 3 3(3) 0(0) 0.0817
ccC 4 0 0 0
Total 100 100

(100)  (100)

3.6. Clinical and demographical characteristics of patients
stratified according to C677T and A1298C polymorphism.

The clinical and demographical characteristics of MS
patients stratified according to C677T and A1298C gene
polymorphisms are summarized in Tables 5 and 6.
Parameters including gender, age, age of onset, disease
duration, EDSS score, and family history of MS patients
were analyzed. Notably, no statistically significant
associations were observed between C677T and A1298C
polymorphisms and any of the studied clinical and
demographic characteristics of the MS patients.

Table 5. Clinical and demographical characteristics of patients
stratified according to MTHFR gene C677T polymorphism.

Gender,
male/female,  ;g/05 5/26

N (%) (18/82)  (15.15/84.84)
Age, 37.04  3693+1293 37.35+1135  0.7050
mean (SD),y +11.95
Ageofonset, 29.63  29.12+1.25  20.88+8.71 0.6200
mean (SD), y +9.205
Disease 8.06 7094536  853+11.19 0.4859
duration, +9.660
mean (SD), y
EDSSscore,  1.74 2074161 1574122 0.0869
mean (SD) +1.37
MS types, N
(%)
RRMS + 95(95) 31(9393) 64 (955) 0.664
SPMS
55 2 (6.06 3 (4.47
PPMS ) (6.06) (4.47)
Family
(t:/'s;to’y' N 18(18) 4 (12.12) 14(20.89) 0.2855
0

Characteristic Total cC CT+TT p-
(N=100)  (N=40) (N=60)  value

Gender,

male/female, N 18/82 9/31 9/51 0.4274

(%) (18/82)  (22.5/775) (15/85)

Age, 37.04 38 +11.53  36.04 0.4168

mean + SD , y +11.95 +12.05

Age of onset, 29.63 30.15 29.28 0.6457

mean (SD), y +9.205 +8.43 +9.74

Disease duration,  8.06 7.72+6.5 8.28 0.7779

mean (SD), y +9.660 +11.33

EDSS score 1.74 174133 175 0.8581

(mean + SD) +1.37 +1.39

MS types, N (%):

RRMS +SPMS ~ 95(95)  37(925) 58 0.3864
(96.6)

PPMS 5 (5) 3(7.5) 2(333)

Family History,

N (%) 18 (18) 4 (10) 14(23.3)  0.0914

N: Number; y: year; SD: standard deviation.

N: Number; y: year; SD: standard deviation.

4. Discussion

Elucidating the pathogenesis of MS is a key goal of
human genetics research. Genetic susceptibility to MS is
thought to be an important factor in MS pathogenesis,
which remains obscure. Studies on genetic polymorphisms
provide insights into the role of individual susceptibility in
MS development. Therefore, the possible association of
the MTHFR gene polymorphism with MS susceptibility in
a Jordanian population was investigated for the first time
in the present study. A total of 100 MS patients from the
middle of Jordan and 100 age, gender- and ethnicity-
matched controls were analyzed for the presence of the
MTHFR C677T and A1298C polymorphisms. The mean
age of MS onset was found to be 29.6 £9.2 years, which is
consistent with those of previous findings in Jordan: 29.6
+8.1 years (Al-Din et al., 1995), 29.3 +£9.6 years (El-Salem
et al., 2006), 28.6 years (Al-Shimmery and Bzaini, 2008),
and 29 years (Ahram et al., 2014). The mean age of MS
onset varies globally and ranges from 25 to 35 years in
European and North American MS patients (Khan and
Hashim, 2015; Gbaguidi et al., 2022). Recently, MS onset
shifted towards older age in some European countries,
including Italy (Prosperini et al., 2022), Spain (Romero-
Pinel et al., 2022), and Norway (Habbestad et al., 2024).
Notably, 93% of the MS patients in our study were
diagnosed with RRMS, indicating an early stage of the
disease and not advanced disability. This prevalence is
consistent with the findings of El-Salem et al. (2006), who
reported that nearly 90% of MS patients have RRMS. The
predominance of RRMS in our cohort aligns with the
global pattern, as RRMS represents about 69-90% of MS
cases (Bayas et al., 2022; Gracia et al., 2017). Also, the

13/55(19.4/80.6) 0.7834
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mean EDSS score for the MS patients in the current study
was 1.74, which is within that (1-8.5) reported for the
European, Australian, Canadian, and American MS
patients (Manouchehrinia et al., 2017; Braune et al., 2021;
Fuh-Ngwa et al., 2023; Romeo et al., 2021).

The findings of this study suggest no association
between the MTHFR C677T polymorphism and MS.
There was no significant difference in the genotypic and
allelic frequencies between MS patients and controls,
except for the heterozygous CT genotype, where the p-
value was 0.047 (Table 2). On the other hand, an
association between the A1298C polymorphism and MS
was observed in the studied population (Table 2). The
frequency of the wild homozygous AA genotype in
healthy controls was higher than in the MS patients,
indicating a potential protective role of homozygosity for
the A allele against MS development. This result was
similar to that reported in Germany (Klotz et al., 2010). In
our study, the heterozygous AC and the homozygous CC
genotypes were 2 times and 3.5 times, respectively
associated with increased risk of MS. These associations
were observed when patients were compared with the
controls according to the AA genotype versus the AC +
CC genotypes. Additionally, the C allele was significantly
1.8 times more prevalent in the patient group (Table 3).
The significant association of MS susceptibility in our
patients with MTHFR A1298C polymorphism and the lack
of association with MTHFR C677T are in agreement with
other studies in German (Klotz et al., 2010) and Tunisian
(Mrissa et al., 2013) MS patients. Also, there was no
association between MTHFR C677T polymorphism and
MS development in Swedish (Huang and Hillert, 1997),
Australian (Tajouri et al., 2006), and Polish (Chorazy et
al., 2019) patients. In contrast, the MTHFR C677T
genotype was associated with MS susceptibility in Turkish
MS patients, with statistically significant differences in
genotype and allele frequencies between patients and
controls (Cevik et al., 2014). In Iran, the association of MS
and the MTHFR C677T polymorphism was observed in
194 MS patients, and the T allele was 1.7 times more
prevalent in the patient group than in the healthy controls.
Patients with the T allele developed MS almost 4 years
earlier than those with other genotypes, indicating that
carrying the T allele of the C677T polymorphism might
predispose to an earlier onset of MS (Alatab et al., 2011).
Other Iranian (Naghibalhossaini et al., 2015) and recent
Turkish (Cakina et al., 2019) studies reported a significant
association between genotypes of both C677T and
A1298C and MS development. In Iran, the CT and TT
genotypes increased the risk for MS development by 2.9
and 6.23-fold, respectively (Naghibalhossaini et al., 2015).
In contrast, there was no significant association between
A1298C polymorphisms and MS susceptibility in
Australia (Szvetko et al., 2007) and Poland (Chorazy et al.,
2019). These discrepancies highlight the ethnic and
geographic variability in genetic susceptibility to MS,
possibly due to lifestyle differences, environmental factors,
or gene-environment interactions (Olsson et al., 2017).
Despite all these diverse data from published reports, the
positive  association of the MTHFR A1298C
polymorphism with MS in the present study and other
studies highlights the crucial role of the MTHFR gene in
MS physiopathology. It was reported that the A1298C
polymorphism is associated with reduced MTHFR

activity, particularly in the homozygous (CC) genotype
compared to the heterozygous (AC) genotype (Van der Put
et al., 1998). The reduced enzymatic activity affects the
regeneration of oxidized tetrahydrobiopterin from 5-
MTHEF, which is involved in monoamine neurotransmitter
synthesis (Miller 2008).

The combined effect of MTHFR 677 and 1298
polymorphisms on MS risk was investigated in the present
study. It was found that the combined genotypes were
detected in 89% of MS patients and 76% of controls
(Table 4). In some combined genotypes, e.g. CT/AC,
CCJ/CC, and TT/AC, a slight but not significant increase in
the number of MS patients compared to the controls was
observed, which could be due to the small number of the
studied population. The prevalence of the combined
CT/AC heterozygous genotypes was the highest (32%) in
MS patients (Table 4). In Southern Iran, there was no
significant difference in the prevalence of the combined
genotypes between MS patients and controls except for the
CT/AC, TT/AC, and TT/AA combinations that increase
the risk of MS development by 5.3, 13.9, and 4.9-folds,
respectively (Naghibalhossain et al., 2015). It was reported
that this combined heterozygosity of both MTHFR
mutations (CT/AC) is associated with reduced MTHFR-
specific activity, higher Hcy, and decreased plasma folate
levels, resulting in an outcome similar to that observed in
TT homozygous individuals (van der Put et al., 1998).

Our study did not reveal a relationship between C677T
and A1298C polymorphisms and any studied clinical and
demographical characteristics of MS patients (Tables 5, 6).
Similarly, no statistically significant association was
observed between the clinical and demographical
characteristics of MS patients from the North of Turkey
and MTHFR gene C677T polymorphism (Cevik et al.,
2014), and in MS patients from the West of Turkey and the
two MTHFR polymorphisms (Cakina et al., 2019). Also,
no statistically significant differences in frequencies of the
MTHFR A1298C genotypes were found in Iranian MS
patients stratified by age, sex, and disease type
(Naghibalhossain et al., 2015). In Poland, there was no
statistically significant association between MTHFR gene
C677T and A1298C polymorphisms and the clinical
characteristic features of MS patients (except for duration
of disease and EDSS scale score) (Chorazy et al., 2019).

In conclusion, our study contributes to the growing
knowledge of the complex interplay between genetic
factors and MS. The significant association of A1298C
polymorphism with the risk of MS development was
observed in our cohort of Jordanian patients, providing
additional support for the genetic basis of MS
susceptibility and indicating a potentially significant role
for the MTHFR gene in the physiopathology of MS. This
gene could be a potential therapeutic target to halt
neurodegeneration in MS. If this association is validated
through further research on higher number of patients, this
polymorphism could serve as a possible genetic marker for
assessing MS risk in the Jordanian population. Despite the
absence of statistically significant differences in genotypic
and allelic frequencies between patients and controls,
except for the heterozygous CT genotype, this finding does
not entirely rule out the potential involvement of the
MTHFR C677T gene polymorphism in predisposition to
the risk of MS development in Jordan. The lack of
statistical significance may be attributed to the modest
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sample size, limiting our ability to detect a significant
association if it exists. Thus, we recommend conducting a
more extensive study on a larger sample set to validate
these results and to highlight the possible contribution of
the C677T polymorphism in MS susceptibility in Jordan.
Expanding our investigation to include variants in other
genes encoding key enzymes in the one-carbon
metabolism pathway, such as the MTR gene coding for
methionine synthase and the MTRR gene coding for
methionine synthase reductase, could provide further
insights. Future studies should also consider integrating
these genetic data with environmental and lifestyle factors
to better understand their combined effects on MS risk.
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Abstract

Mercuric chloride (HgClz)-induced hepatotoxicity involves oxidative stress and apoptosis, posing a significant public health
concern. Secoisolariciresinol Diglucoside (SDG), a bioactive lignan derived from flaxseed, exhibits potent antioxidant and
anti-inflammatory properties. This study investigated the hepatoprotective potential of SDG in female Wistar rats exposed to
HgCl.. Twenty-four rats were allocated into four groups: control, HgCl: (2 mg/kg, intraperitoneal), SDG (5 mg/kg,
subcutaneous), and HgCl> + SDG (co-administered one hour apart). Biochemical analyses included oxidative stress markers
(malondialdehyde, total oxidant status, oxidative stress index), antioxidant enzymes (superoxide dismutase, catalase,
glutathione peroxidase), liver function tests (ALT, AST, ALP, bilirubin), and histopathological examination. Exposure to
HgCl. significantly increased oxidative markers and liver enzymes while reducing antioxidant enzyme activities, indicating
severe hepatic damage. Treatment with SDG significantly ameliorated these changes, restoring redox balance and preserving
hepatic tissue architecture. These findings demonstrate that SDG confers hepatoprotection against HgCl-induced liver
injury, likely through its antioxidant capacity and modulation of oxidative stress pathways, supporting its potential as a

therapeutic agent for heavy metal-induced hepatotoxicity.

Keywords: Secoisolariciresinol Diglucoside (SDG), Mercuric Chloride, Hepatotoxicity, Oxidative stress, Antioxidant enzymes.

1. Introduction

Liver diseases represent a prominent global health
challenge, with hepatotoxicity induced by heavy metals
such as mercuric chloride (HgCl,) standing as a substantial
concern (Oriquat et al., 2012;Singh et al., 2024). Exposure
to heavy metals precipitates a cascade of deleterious
effects within hepatic tissues, primarily characterized by
oxidative stress, inflammatory responses, and programmed
cell death. Collectively, these mechanisms contribute to
hepatic injury (Jomova, et al., 2024).

Mercury (Hg) is a shiny, silvery heavy metal known for
its hazardous and toxic characteristics. It is widely used in
cosmetics formulation and is prevalent in both industrial
and environmental settings (Yang et al., 2020,0lomukoro
et al., 2009). Originating mainly from industrial processes,
mining, and natural sources, mercury is recognized as an
environmental pollutant and neurotoxin (de Paula Arrifano
et al., 2023). It contaminates various human food sources,
including fish, seafood, grains, and vegetables (Uddin,
Khanom, & Islam, 2023). Mercury exposure adversely
affects multiple organs, notably the central nervous
system, liver, and kidneys (Yang et al., 2020).

“ Corresponding author. e-mail: : t.alramadneh@ammanu.edu.jo.

Acute liver injury, characterized by sudden impairment
in liver function, results in the accumulation of metabolic
waste products. Both acute and chronic liver pathologies
involve degenerative changes in hepatic tissues, leading to
liver failure (Sarin et al., 2019). The significant role of
antioxidants in counteracting mercury toxicity, reducing its
symptoms, and minimizing its accumulation in biological
tissues (AlRamadneh et al., 2022; Unsal, Dalkiran, Cigek,
& Kolikgel, 2020).

Secoisolariciresinol Diglucoside (SDG), a bioactive
lignan naturally present in flaxseed, has gained
considerable  scientific  interest for its potent
hepatoprotective effects (Noreen, Rehman, Tufail, Badar
Ul Ain, & Awuchi, 2023). These protective properties are
primarily attributed to its strong antioxidant capacity and
anti-inflammatory mechanisms, which play a crucial role
in  mitigating  hepatic  oxidative = damage and
inflammation(Tse et al., 2023). Excessive production of
reactive oxygen species (ROS) is a key contributor to the
pathophysiology of various clinical disorders, driving
oxidative stress and apoptosis-mediated  cellular
dysfunction. SDG, recognized for its potent antioxidant
properties, exerts its protective effects by inhibiting
NADPH oxidase (NOX), thereby limiting ROS generation
(AlRamadneh et al.,, 2023; Osmakov, Kalinovskii,
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Belozerova, Andreev, & Kozlov, 2022). Through this
mechanism, SDG is proposed to suppress neutrophil
oxidative burst and chemotaxis, ultimately mitigating
neutrophil-induced tissue injury and inflammatory damage
(Mecocci et al., 2022).

This study aims to evaluate the hepatoprotective
potential of SDG against chemically induced liver toxicity
using a well-established rat model. By elucidating the
biochemical, and histological, underlying SDG’s
protective effects, this research seeks to provide a
comprehensive understanding of its therapeutic potential in
mitigating heavy metal-induced hepatic damage and
oxidative stress.

2. Materials and Methods

2.1. Chemicals and kits

Secoisolariciresinol Diglucoside (SDG) obtained from
Dr.Sayed Mujahed Hashimi, (Griffith  University,
Awustralia)., Mercuric Chloride was purchased from Sigma.

TAC was purchased from Labor Diagnostika Nord Co.,
Germany. TOS values using a novel automated
measurement method developed by Erel using colorimetric
kits (Rel Assay, Turkiye). Serum liver function tests were
purchased from Diagnostic Medical International,
Diamond Jordan. GSH, GPX, CAT and SOD were
purchased from Diagnostic Medical International,
Diamond Jordan. The MDA Kkits were purchased from
Nanjing Jiancheng Bioengineering Co. Ltd, China.

2.2. Animals

Animal experiments adhered to institutional guidelines
(Approval No. ZU-2024/2/2). A total of 24 female Wistar
Albino rats (4 months old, weighing 140-160 g) were
selected for this study. The choice of female rats was made
arbitrarily and did not influence the experimental
outcomes. The rats were acquired from Yarmouk
University. Throughout the study, each rat was fed a
standard diet of rat pellets and tap water. The rats were
housed under controlled environmental conditions,
maintaining a temperature of 24 + 5°C, 60% relative
humidity, and a 12-hour light-dark cycle. Animals were
randomly assigned to experimental groups to ensure
unbiased distribution.

The rats were randomly assigned to four experimental
groups (n = 6 per group). Group | (control) received an
intraperitoneal (i.p.) saline injection. Group Il was
administered Mercuric Chloride (HgClz) at a dose of 2
mg/kg via i.p. injection. Group Il  received
Secoisolariciresinol Diglucoside (SDG) at 5 mg/kg
subcutaneously (S.Q.) once daily for seven days. Group IV
was administered HgCl> (2 mg/kg, i.p.) daily for seven
days, followed by an S.Q. injection of SDG (5 mg/kg) one
hour after each HgCl- dose. (Figure 1)

Throughout the experiment, toxicity signs, body
weight, and food intake were systematically monitored.
All animals received their respective treatments at the
same time each day. On day 8, the final body weights were
recorded, and the animals were euthanized. Blood samples
were collected via cardiac puncture, and liver tissues were
promptly excised for biochemical and histological
analyses.

Liver homogenates were prepared to assess oxidative
stress biomarkers, including malondialdehyde (MDA) as a

lipid peroxidation indicator, and key antioxidant enzymes:
superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), and reduced glutathione (GSH).
Additionally, total antioxidant capacity (TAC), total
oxidant status (TOS), and oxidative stress index (OSI)
were quantified to evaluate the overall redox balance.
Histological examination of the remaining formaldehyde-
preserved liver tissue was conducted using conventional
light microscopy procedures.

2.3. Liver Function Tests

Serum levels of alkaline phosphatase (ALP), alanine
aminotransferase  (ALT), aspartate aminotransferase
(AST), and bilirubin were quantified as markers of liver
function using commercially available diagnostic kits
(Randox Laboratory, Crumlin, UK).

2.4. Determination of antioxidant enzyme activities

Liver tissues were homogenized in 0.05 mol/L
phosphate buffer and centrifuged at 3,500 rpm for 30 min
at 4°C. The supernatant was collected for biochemical
analyses, including lipid peroxidation and antioxidant
enzyme activity assessments, using commercially available
assay kits (Nanjing Jiancheng Bioengineering Co. Ltd,
China).

Malondialdehyde (MDA) levels were quantified as an
indicator of lipid peroxidation by measuring thiobarbituric
acid-reactive substances (TBARS) at 532 nm, with results
expressed as nmol/g protein. Superoxide dismutase (SOD)
activity was determined based on the reduction of
nitroblue tetrazolium (NBT) by superoxide anions
generated through the xanthine/xanthine oxidase system.
One unit of SOD activity was defined as the enzyme
concentration required to inhibit NBT reduction by 50%,
expressed as U/mg protein.

Catalase (CAT) activity was assessed by measuring the
formation of a yellow complex between molybdate and
H20: at 405 nm. Enzymatic activity was defined as the
degradation of 1 pmol H20: per second per mg of tissue
protein, with results expressed as kcal/g protein.
Glutathione peroxidase (GPx) activity was evaluated by
monitoring absorbance changes at 340 nm following the
addition of H.O. to a reaction mixture containing
glutathione reductase, reduced glutathione, sodium azide,
and NADPH. GPx activity was expressed as U/g protein.

All assays were performed according to the
manufacturer’s protocol. Total protein content was
determined using the Lowry method, with bovine serum
albumin as the standard.

2.5. Determination of total antioxidant capacity (TAC) in
Rats Serum

Total antioxidant capacity (TAC) was measured
according to the method of (Koracevic, Koracevic,
Djordjevic, Andrejevic, & Cosic, 2001), using EIA kit that
was purchased from Labor Diagnostika Nord Co.,
Germany.

2.6. Determination of Total Oxidant Status (TOS) in Rats
Serum

Total oxidant status (TOS) was measured in serum
using a novel automated colorimetric method developed
by Erel, employing commercial assay kits (Rel Assay,
Turkiye). This method is based on the oxidation of ferrous
iron-O-dianisidine complexes to ferric ions by sample
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oxidants. The oxidation process is facilitated by glycerol
molecules, which may be abundant in the reaction
medium.

In an acidic environment, the generated ferric ions react
with xylenol orange, forming a highly colored complex.
The intensity of this color change was quantified
spectrophotometrically, providing a measure of the total
oxidant molecules in the sample. TOS levels were
expressed as millimoles per liter (mmol) of H:0:
equivalent, with hydrogen peroxide serving as the
reference standard.

2.7. Determination of Oxidative Stress Index (OSlI) in
Rats Serum

Oxidative stress was quantified using the Oxidative
Stress Index (OSI), which represents the balance between
total oxidant status (TOS) and total antioxidant capacity
(TAC). OSI was calculated using the formula: OSI
(arbitrary units) = TOS / TAC. The same method was
applied to determine OSI values in liver tissue samples,
providing a comprehensive assessment of oxidative stress
levels.

2.8. Histopathological Methods

Liver tissue samples were fixed in 10% neutral-
buffered formalin for 48 hours to preserve structural
integrity. The samples were then dehydrated through a
graded series of ethanol concentrations to ensure optimal
tissue processing for histological analysis. Subsequently,
the samples were embedded in paraffin for further
processing. Using a microtome, 4 mm thick sections were
cut from the paraffin blocks.

Histopathological examination was conducted using
hematoxylin and eosin (H&E) staining to visualize tissue
architecture and cellular morphology. Specifically, H&E
staining allows for the differentiation of cell nuclei
(stained blue by hematoxylin) and cytoplasmic structures
(stained pink by eosin).

A pathologist, blinded to the treatment groups,
examined the stained tissue sections under a light
microscope (Nikon Eclipse, E600 W. Tokyo, Japan) to
assess for any histological change’s indicative of liver
damage or pathology. Images of the tissue sections were
captured using a digital camera (Nikon Microscope Digital

Camera DP70, Tokyo, Japan) for documentation and
analysis.

This meticulous histopathological analysis enabled the
identification and characterization of any structural
alterations or abnormalities in the liver tissue, providing
valuable insights into the effects of the experimental
treatments on liver health and function.

2.9. Statistical Analysis

The data were expressed as mean + standard error mean
(SEM). Statistical differences among the groups were
analyzed using one-way ANOVA. Tukey's post hoc test (p
< 0.05) was employed to determine the significance of the
differences. GraphPad Prism 6 (GraphPad Software, Inc.,
La Jolla, CA, USA) was used for all statistical analyses in
this study.

3. Results

3.1. Body Weight

Animal body weights were recorded daily throughout
the experimental period. Notably, the group exposed to
HgCl> exhibited a significant reduction in body weight
compared to the other groups, suggesting an adverse effect
of HgClz on metabolic homeostasis, indicating a decline in
body weight over the course of the experiment. This
decrease in body weight gain suggests that exposure to
HgCl: resulted in either growth inhibition or weight loss in
the rats (Table 1).

However, intriguingly, the group treated with both
HgCl, and SDG demonstrated a partial restoration of body
weight gain compared to the HgCl. group. This
observation suggests a potential protective effect of SDG
against the adverse effects of HgClz on body weight.

These findings underscore the potential of SDG as a
hepatoprotective in mitigating the detrimental effects of
heavy metal exposure on physiological parameters such as
body weight. Further investigation is warranted to
elucidate the underlying mechanisms responsible for the
observed protective effects of SDG and its potential
implications for human health.

Table 1. Effect of Secoisolariciresinol Diglucoside (SDG) on body weight of rats that received Mercuric Chloride.

Parameters* Control SDG Mercuric Chloride Mercuric Chloride + SDG
Initial body weight (g) 155.27+7.28 153.17£6.73 159.48+6.89 148.87+7.44

Final body weight (g) 167.16+8.89 162.18+8.96 152.76+10.37° 153.44+9.48°

Body weight gain (g) 11.09+6.15 9.01+6.22 -6.72+4.13° 457+2.19°

Data are presented as mean + SEM. ? Indicates a statistically significant difference compared to the control group (p < 0.05). ° Indicates a
statistically significant difference compared to the Mercuric Chloride-treated group (p < 0.05).

3.2. Liver Function Tests

The results revealed a significant increase in ALP,
AST, and ALT levels in the group treated solely with
HgCl. compared to the control group. This elevation
suggests hepatocellular damage induced by HgCl..
However, intriguingly, the group receiving both HgCl» and
SDG exhibited significantly lower levels of ALP, AST,
and ALT compared to the HgCl. -only group (Table 2).

Additionally, there was a significant difference in
bilirubin  levels between the control group, the
Secoisolariciresinol Diglucoside (SDG)-treated group, and

the group treated with both HgCl> and SDG. A noticeable
increase in bilirubin levels was observed in the group
treated solely with HgCl. compared to the control group.

These findings suggest a potential protective effect of
SDG against HgCl> -induced hepatocellular damage, as
evidenced by the significant reduction in ALP, AST, and
ALT levels in the co-treated group. However, further
investigation is required to elucidate the underlying
mechanisms responsible for these observed effects and
their potential clinical implications.
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Table2. Effects of Secoisolariciresinol Diglucoside (SDG) on serum parameters in rats treated with Mercuric Chloride.

Parameters* Control SDG Mercuric Chloride  Mercuric Chloride + SDG
ALP (1U/L) 36.76+7.13 34.72+7.94 65.03+13.56° 41.34+14.10°

AST(IU/L) 85.47+9.18 84.71+10.34 148.64+13.13* 95.85+11.93"

ALT (IU/L) 71.18+6.09 70.49+8.34 129.30+14.49° 82.76+14.08°

Bilirubin (Um/I) 1.62+0.24 1.41+0.24 3.07+0.9° 1.9+0.55°

Data are presented as mean + SEM. ? Indicates a statistically significant difference compared to the control group (p < 0.05). ° Indicates a
statistically significant difference compared to the Mercuric Chloride-treated group (p < 0.05).

3.3. Oxidant — Antioxidant Status.

The effects of SDG on Oxidant and Antioxidant Status
in liver homogenate rats were investigated to evaluate its
hepatoprotective properties. The Antioxidant enzyme
included SOD, GPX, CAT levels, MDA, TOS, TAC, GSH
levels, and OSI.

According to Table 3, the results show a significant
decrease in SOD, GPX, and CAT activity in the liver
homogenate of rats treated with HgCl. alone compared to
the control group, indicating a depletion of antioxidant
defenses. However, the group treated with both HgCl. and
SDG exhibited significantly higher SOD activity compared
to the HgCl. -only group.

Additionally, the results reveal a significant increase in
MDA levels in the group treated with HgCl. alone
compared to the control group, indicating enhanced lipid
peroxidation. However, supplementation with SDG
significantly reduced MDA levels compared to the
mercuric chloride-only group (Figure 2).

According to Figure 3-a, the results demonstrated a
significant increase in TOS levels in rats treated with
HgCl> alone compared to the control group. This elevation
indicates an augmentation of oxidative stress due to HgCl

exposure. However, when SDG was administered
concurrently with mercuric chloride, there was a notable
decrease in TOS levels compared to the mercuric chloride-
only group. Interestingly, according to Figure 3-b there
were no significant differences observed in TAC levels
among the experimental groups. This indicates that neither
mercuric chloride nor SDG treatment significantly altered
the overall antioxidant capacity of the liver tissue in this
study.

Furthermore, according to Figure 3-c, the results also
showed a significant increase in OSI in rats treated with
mercuric chloride alone, indicating a shift towards
oxidative stress. Conversely, administration of SDG
alongside mercuric chloride resulted in a significant
reduction in OSI compared to the mercuric chloride-only
group.

Finally, according to Figure 4, the results revealed a
significant depletion of GSH levels in rats treated with
HgCl> alone compared to the control group, suggesting
impaired antioxidant defense mechanisms. However,
supplementation with SDG led to a significant restoration
of GSH levels compared to the HgCl. -only group.

Table 3. Impact of Secoisolariciresinol Diglucoside (SDG) on theAntioxidants in Mercuric Chloride—Treated Liver Homogenate

Parameters* Control SDG Mercuric Chloride Mercuric Chloride + SDG
SOD(U/mg protein) 1.77+0.21 1.79+0.31 0.84+0.23* 1.23+0.27°

GPx (U/mg protein) 173.25+£12.76 170.02+16.19 117.64+17.46° 157.86+17.23"

CAT (k/g protein) 31.47+6.23 29.15+7.13 17.3245.90° 24,956.17"

Data are presented as mean + SEM. ? Indicates a statistically significant difference compared to the control group (p < 0.05). ° Indicates a
statistically significant difference compared to the Mercuric Chloride-treated group (p < 0.05).
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Figure 2. Impact of Secoisolariciresinol Diglucoside (SDG) on
MDA in Mercuric Chloride -treated liver homogenate. Data are
presented as mean + SEM. ? Indicates a statistically significant
difference compared to the control group (p < 0.05). ® Indicates a
statistically significant difference compared to the Mercuric

Chloride-treated group (p < 0.05).
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Figure 3. Effects of Secoisolariciresinol Diglucoside (SDG) on
the Serum parameters TOS, TAC and OSI for rats received
Mercuric Chloride. Data are presented as mean + SEM. ? Indicates
a statistically significant difference compared to the control group
(p < 0.05). ° Indicates a statistically significant difference
compared to the Mercuric Chloride-treated group (p < 0.05).
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Figure 4 . Effects of Secoisolariciresinol Diglucoside (SDG) on
the Serum GST for rats received Mercuric Chloride. Data are
presented as mean + SEM. a Indicates a statistically significant
difference compared to the control group (p < 0.05). b Indicates a
statistically significant difference compared to the Mercuric
Chloride-treated group (p < 0.05).

3.4. Histopathological Examination

The histopathological examination of liver tissues
showed clear group-specific differences. The control group
exhibited normal hepatic architecture, with radially
arranged hepatocytes around a central vein and intact
sinusoidal spaces (Figure 5-A). Similarly, the SDG-treated
group maintained a preserved lobular structure with no
signs of inflammation or vascular damage, indicating the
absence of hepatic injury (Figure5-B). In contrast, the
group exposed to HgCl alone displayed pronounced
pathological alterations, including congested central veins,
dilated  sinusoids, cytoplasmic  vacuolization in
hepatocytes, and scattered inflammatory infiltration—
hallmarks of oxidative stress-induced hepatotoxicity
(Figure 5-C). Notably, co-treatment with SDG and HgCl»
resulted in substantial histological improvement. The
hepatic parenchyma appeared mostly intact, with near-
normal cellular organization and reduced signs of
congestion or vacuolation (Figure 5-D), suggesting that
SDG exerts a protective effect against HgCl.-induced liver
damage by preserving histological architecture and
mitigating tissue injury.

¢ Chloride (HgCl2)
and Secoisolariciresinol Diglucoside (SDG) treatment for five
days.

a) Control group, showing normal morphology.

b) Secoisolariciresinol Diglucoside (SDG) group, showing
normal morphology.

¢) Mercuric Chloride (HgCI2) group, The liver section
reveals vascular congestion with evidence of
hepatocellular degeneration, including cytoplasmic
vacuolation and pyknotic nuclei. Loss of classical
hepatic cord arrangement and dilated sinusoids .

d) Mercuric Chloride (HgCI2) + Secoisolariciresinol
Diglucoside (SDG) group. Near normal histology of
liver cells compared to the control group.

4. Discussion

Despite extensive research on the systemic toxicity of
HgCl. at high doses, its precise impact on hepatic health
remains insufficiently  characterised.  Accumulating
evidence suggests that oxidative stress plays a central role
in HgCl-induced hepatotoxicity by triggering apoptotic
pathways and disrupting cellular homeostasis. The
generation of reactive oxygen species (ROS), primarily
mediated by NADPH oxidase (NOX), has been identified
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as a key contributor to oxidative damage and
hepatocellular apoptosis.

ROS overproduction leads to oxidative modifications
of lipids, proteins, and DNA, resulting in mitochondrial
dysfunction, endoplasmic reticulum stress, and activation
of pro-apoptotic signalling cascades (Bhatti, Bhatti, &
Reddy, 2017; Juan, Pérez de la Lastra, Plou, & Pérez-
Lebefia, 2021). This oxidative imbalance compromises
antioxidant defence mechanisms, thereby exacerbating
liver injury (Videla & Valenzuela, 2022). Understanding
the molecular interplay between HgCl. exposure, NOX
activation, and apoptotic pathways is critical for
developing targeted hepatoprotective strategies.

This study evaluated the hepatoprotective potential of
Secoisolariciresinol Diglucoside (SDG) against HgCl.-
induced liver toxicity. Recognized for its potent
antioxidant  capacity and free radical-scavenging
properties, SDG was investigated for its ability to
counteract oxidative stress and apoptotic mechanisms
associated with HgCl. exposure. Notably, our findings
indicate that the administration of HgCl. at a dosage of 2
milligrams per kilogram resulted in hepatotoxicity, as
evidenced by histopathological alterations, elevated liver
oxidative stress markers, and serum ALT, AST, ALP and
Bilirubin levels. Importantly, these alterations were
validated through experimental studies.

Biochemical analyses revealed a significant increase in
MDA formation in liver tissue extracts from individuals
treated with HgCl: compared to the control group.
Conversely, the HgCl> + SDG group exhibited lower signs
of oxidative stress. These findings suggest that HgCl»
induces oxidative stress, leading to heightened MDA
production, a lipid peroxidation product. Consequently,
this process contributes to the development of
hepatotoxicity.

The significant reduction in the activities of superoxide
dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx) induced by HgCl. underscores its impact
on the antioxidant defense mechanisms. In contrast, the
group receiving SDG exhibited a pronounced increase in
these enzyme activities compared to the control group.

Hepatocytes possess both enzymatic and non-
enzymatic antioxidant systems to maintain cellular
membrane stability under oxidative stress conditions
(Mironiczuk-Chodakowska, Witkowska, & Zujko, 2018;
Santovito et al., 2021). Dysregulation of these systems can
lead to various diseases. These hepatocytes' endogenous
enzymatic antioxidants, including SOD, CAT, and GPx,
play crucial roles in neutralizing free oxygen radicals (He
et al., 2017). SOD functions by converting superoxide
radicals into hydrogen peroxide, while CAT and GPx
further decompose hydrogen peroxide into water and
oxygen (Rai, Sonne, & Kim, 2023).

Moreover, GPx operates via the glutathione (GSH)
reduction pathway, with GSH being regenerated by
glutathione reductase (Flohé, Toppo, & Orian, 2022).
Elevated enzyme levels serve as a protective response to
oxidative stress, shielding tissues from damage (Blount,
Vitikainen, Stott, & Cant, 2016). SDG, acting as a potent
NADPH oxidase (NOX) inhibitor, mitigates oxidative
stress, potentially through increased enzyme levels
(AlRamadneh et al., 2023).

It is important to note that superoxide generation is not
solely mediated by NADPH oxidase (NOX); alternative

enzymatic pathways, including xanthine oxidase,
glutathione S-transferase, and cytochrome P450, also
contribute to ROS production (L. Zhang et al., 2019). SDG
appears to exert a broader regulatory effect on oxidative
stress pathways, modulating catalase (CAT) activity and
initiating a compensatory antioxidant response (Ageel,
Gurumallu, Bhaskar, & Javaraiah, 2020; Newsholme,
Keane, Carlessi, & Cruzat, 2019). This includes the
upregulation of glutathione peroxidase (GPx) synthesis,
particularly under conditions where superoxide dismutase
(SOD) and CAT activity are compromised. These findings
suggest that SDG may play a multifaceted role in
maintaining redox homeostasis by influencing multiple
antioxidant defense mechanisms (Rai, Sonne, & Kim,
2023).

Our findings support the established concept that
excessive ROS generation disrupts antioxidant defence
mechanisms,  thereby driving hepatotoxicity. The
imbalance between oxidative stress and antioxidant
capacity contributes to lipid peroxidation, protein
oxidation, and mitochondrial dysfunction, ultimately
exacerbating liver injury. These results further emphasize
the critical role of oxidative stress in mediating HgCl.-
induced hepatocellular damage and highlight the
importance of antioxidant interventions in mitigating
hepatic toxicity (AlIRamadneh et al., 2022). Consistent
with prior studies, HgCl.-induced hepatotoxicity is marked
by a significant elevation in liver enzyme levels, indicative
of hepatocellular injury, alongside a dysregulated
antioxidant defense system. This disruption is primarily
driven by excessive lipid peroxidation and protein
oxidation, which contribute to oxidative stress,
mitochondrial dysfunction, and inflammatory responses.
These findings further reinforce the role of oxidative
damage in the pathophysiology of HgCl-induced liver
toxicity  (Karuppanan, Krishnan,  Padarthi, &
Namasivayam, 2014; Oriabure & Innih, 2024; Raeeszadeh,
Moradi, Ayar, & Akbari, 2021)

The glutathione (GSH) cycle represents a fundamental
intracellular antioxidant defense system, playing a critical
role in maintaining redox balance and mitigating oxidative
stress (Liu, Sun, Zhang, Wang, & Zheng, 2022). This
cycle is central to cellular detoxification processes,
facilitating the neutralization of reactive oxygen species
(ROS) and lipid peroxides through the coordinated activity
of glutathione peroxidase (GPx) and glutathione reductase
(Sciré et al., 2019). Numerous antioxidant enzymes rely on
GSH as a substrate for their function, with GPx being a
key enzyme that is directly dependent on intracellular
glutathione levels (Vaskova, Kocan, Vasko, & Perjési,
2023). Adequate GSH availability is essential for GPx-
mediated detoxification of hydrogen peroxide (H:0:),
catalyzing its conversion into water and molecular oxygen,
thereby preventing oxidative damage and preserving
hepatocellular integrity (Torquato, Principato, Galli, &
Armeni, 2018). This process leads to the formation of
glutathione disulfide (GSSG) when reduced glutathione
(GSH) is oxidized by glutathione reductase (Baba &
Bhatnagar, 2018). Reduced GPx activity results in the
accumulation  of  toxins, exacerbating oxidative
stress(Ribeiro et al., 2023). Our research findings indicate
that HgCl: significantly reduces both GPx and GSH levels,
consistent with previous studies.
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Furthermore, our study demonstrated a significant
increase in total oxidant status (TOS) and oxidative stress
index (OSI), accompanied by a reduction in total
antioxidant capacity (TAC) in the HgCl: treated group
compared to the HgCl. + SDG co-treatment group.
Notably, while SDG supplementation effectively reduced
TOS and OSI levels, no significant alterations were
observed in TAC. These findings indicate that HgCl»
exposure induces a pronounced oxidative stress response,
which is partially attenuated by SDG, likely through its
antioxidative and free radical-scavenging properties. Liver
function tests serve as a straightforward method to assess
hepatotoxicity (Soldatow, LeCluyse, Griffith, & Rusyn,
2013). Elevated serum alanine aminotransferase (ALT)
levels are indicative of hepatotoxicity and cell damage
(McGill, 2016). Consistent with this, the HgCl. group
exhibited increased ALT levels, whereas the SDG group
showed decreased ALT levels. This further supports the
antioxidant properties of SDG, as evidenced by its ability
to reduce oxidative stress.

Light microscopy was performed to examine the
morphological alterations in the liver. Histopathology
studies revealed that the HgCl> group had vasoconstriction
and thrombosis in the central veins, pericentre and
periportal sinusoidal dilatation, parenchymal
inflammation, vacuole alterations in hepatocytes, and
biliary channel growth. The inclusion of SDG into the
HgCl: regimen resulted in a reduction of these alterations.
According to previous studies, SDG resulted in a dramatic
reduction in ROS and apoptosis via blocking NOX
(AIRamadneh et al., 2023; Z. Zhang et al., 2023). Similar
to these findings, ours confirms the anti-apoptotic action of
SDG. MDA, TOS, OSI, and serum ALT levels, together
with decreased SOD, CAT, and GPx contents, were seen
in the HgClz group, but the same parameters were reduced
in the HgCl> + SDG group, indicating that the histological
alterations were consistent with the biochemical findings.

Histopathological analysis using light microscopy
revealed significant morphological alterations in the livers
of rats exposed to HgCl.. These changes included
vasoconstriction and thrombosis in central veins,
sinusoidal dilation in both pericentral and periportal
regions, parenchymal inflammation, hepatocyte
vacuolization, and biliary channel proliferation.

Notably, co-administration of SDG with HgCl
markedly attenuated these histopathological changes,
suggesting a protective effect. Previous studies have
demonstrated that SDG exerts its hepatoprotective
properties by mitigating oxidative stress and apoptosis,
primarily through the inhibition of NADPH oxidase
(NOX), a key enzymatic source of reactive oxygen species
(ROS) (AIRamadneh et al., 2023; Osmakov et al., 2022;
Zhu et al., 2022). Our findings align with previous studies,
further confirming the anti-apoptotic properties of
Secoisolariciresinol Diglucoside (SDG). Notably, rats
exposed to HgCl> (HgCl2) exhibited elevated levels of
malondialdehyde (MDA), total oxidant status (TOS),
oxidative stress index (OSI), and serum alanine
aminotransferase (ALT), alongside significant reductions
in the enzymatic activities of superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GPXx).

However, co-administration of SDG with HgCl:
significantly attenuated these oxidative and biochemical
alterations, restoring antioxidant enzyme activity while

reducing oxidative damage markers. These biochemical
improvements were consistent with the observed
histological findings, reinforcing the hepatoprotective role
of SDG.

Nephrotoxicity, neurotoxicity, and ototoxicity are well-
documented side effects associated with exposure to HgCl»
(Ageel et al., 2019). Previous studies have linked the
elevation of reactive oxygen species (ROS) to the
development of Mercuric Chloride-induced ototoxicity and
nephrotoxicity (Caglayan, Kandemir, Yildirim, Kucukler,
& Eser, 2019; Kandemir, Yildirim, Caglayan, Kucukler, &
Eser, 2019; Kang, Wang, Guo, & Yang, 2024).
Specifically, NADPH oxidase, a crucial component in
HgCl> toxicity, has been implicated in ROS production
(Ahmad & Mahmood, 2019; AlIRamadneh et al., 2023). It
is widely recognized that HgCl. disrupts the body's
enzymatic and non-enzymatic antioxidant systems,
including glutathione (GSH), superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GPx), and
glutathione reductase, while concurrently increasing
oxidant systems such as malondialdehyde (MDA) and
toxic lipid peroxides (Tyagi, Kalia, Chundawat, & Sood,
2018).

Numerous therapeutic agents, including SDG, have
been investigated for their potential to alleviate hearing
loss and kidney damage induced by HgCl> (AlRamadneh
et al., 2022; Cappelletti et al., 2019). These properties
suggest that SDG may hold promise as a protective agent
against the adverse effects of HgCl: on hearing and kidney
function (AlRamadneh et al., 2023).

Across the studies reviewed, researchers consistently
concluded that the positive effects of SDG may be
attributed to its antioxidant properties. By suppressing
NADPH oxidase, SDG functions as a free radical
scavenger, thereby mitigating oxidative stress. Despite
limitations in resources, our study aimed to assess the most
critical oxidative and antioxidant parameters. However,
this restricted our ability to evaluate other oxidative stress
markers such as conjugated dienes, lipid hydroperoxides,
protein carbonylation, and total sulfhydryl concentration in
the liver. Further research incorporating these additional
markers could provide a more comprehensive
understanding of the effects of SDG on oxidative stress
and liver function.

In conclusion, free radicals and oxidative stress are
pivotal  factors in  Mercuric  Chloride-induced
hepatotoxicity, with intricate underlying processes. Given
their adverse impact on biological systems, it is imperative
to effectively regulate and manipulate the production and
activity of reactive oxygen species. Our current research
has shown that SDG may alleviate the histopathological
and biochemical manifestations of Mercuric Chloride-
induced hepatotoxicity through its antioxidant and free
radical scavenging properties.

We hypothesize that SDG could prevent Mercuric
Chloride-induced liver damage. However, further clinical
studies are warranted to explore the role of SDG in
protecting the liver from the detrimental effects of
Mercuric Chloride. Additional research in this area would
enhance our understanding and provide valuable insights
into the therapeutic potential of SDG in combating
Mercuric Chloride-induced hepatotoxicity.
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5. Conclusion

In  conclusion, this study highlights the
hepatoprotective  properties  of  Secoisolariciresinol
Diglucoside (SDG) against Mercuric Chloride-induced
oxidative stress and apoptosis. Both biochemical and
histological assessments validate the protective effects of
SDG against hepatotoxicity by modulating antioxidant
enzyme activity and decreasing oxidative stress indicators.
These findings suggest that SDG holds great promise as a
potential therapeutic agent for liver protection against
toxic insults. Future research should explore its molecular
mechanisms and potential clinical applications to reinforce
its efficacy in preventing chemically induced hepatic
damage.
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Abstract

Cancer, a cellular malignancy that results in the breakdown of normal cell-cycle regulation, such as uncontrolled growth and
a lack of differentiation, can arise in any tissue of any organ at any time. Therapeutic effectiveness of existing medications is
low, and they do not inhibit the development of cancer. Ehrlich solid tumour (EST) is a mimicked breast cancer and a
spontaneous mouse mammary adenocarcinoma; therefore, the current work aims to define the ameliorating and therapeutic
role of star anise extract (SAE) against EST- induced renal oxidative stress, toxicity, and inflammation in mice. Sixty mice
were randomly and similarly separated into six groups (Gp1, control; Gp2, SAE (orally at doses 50 mg/kg for two weeks);
Gp3, EST (2.5-3><1O6 EAC cells); Gp4, SAE+EST; Gp5, EST+SAE; Gp6, Self t. EST). Current results showed: EST
induced significant elevation in urea, creatinine, chloride, potassium, tissue damage, renal MDA, and conversely, a
significant reduction in sodium, calcium, renal SOD, GSH, and catalase as associated to control. The treatments of EST with
star anise extract (EST+SAE) enhanced kidney functions, electrolytes, oxidative stress, renal tissue and protected against
EST with best improvement for post treatment than co-treatments. This indicates the potential benefits of star anise extract

(SAE) as a natural chemotherapy and cure of kidney toxicity may inhibit cancer cells through apoptosis.

Keywords: Star anise; Ehrlich solid tumor; mice; nephrotoxicity; oxidative stress; DNA damage.

1. Introduction

Both rich and developing nations are threatened by the
shared public health issue of cancer because of both
external and internal reasons (Arbyn et al., 2020).
Estimates indicate that the number of new cases of cancer
would increase from 11.8 million in 2008 - 15.9 million in
2030, partly as a result of the world's population aging and
expanding (Siegel et al., 2021). DNA changes in the
damaged cells cause cancer, which creates a tumor an
extra mass of tissue from the damaged cells (Zeeneldin et
al., 2013; Tousson et al., 2014; Nofal et al., 2023).
Numerous cancer treatments degrade DNA chemically or
physically, which indirectly triggers apoptosis (DeSantis et
al., 2015; Tousson et al., 2016; Tousson et al., 2018).

The Ehrlich tumor is one of several in-vivo
experimental models that are derived from experimental
animals (Oshiba et al., 2021). Ehrlich tumor (EST & EAC)
has been employed as a model for transplantable tumors to
facilitate easy investigation into the anti-cancer
characteristics of several chemical substances (Tousson et
al., 2020; Abd Eldaim et al., 2021; Alotaibi et al., 2021).
Ehrlich solid tumour is a mimicked breast cancer and a
spontaneous mouse mammary adenocarcinoma (EI-Masry
et al., 2020; El-Masry et al., 2019; Abd Eldaim et al.,
2019; Abd Eldaim et al., 2021).

“ Corresponding author. e-mail: Dr_youssefhussein@mutah.edu.jo.

Numerous studies have looked at finding
complimentary medicines to address a variety of human
conditions (Moustafa et al., 2014; Oyouni et al., 2018). It
has been demonstrated that several phytochemicals are
safe and may have therapeutic benefits (Essawy et al.,
2022; Radwan et al., 2023).

Star anise (lllicium verum) is traditionally used to cure
nausea, vomiting, inflammation, and rheumatic pain, and it
is a sweet-smelling evergreen tree that thrives in China and
Vietnam (Al-Ameri et al.,, 2017; Shahrajabian et al.,
2019). The crude of star anise is regarded being the
primary foundation of shikimic acid, that is a key
component of the Tamiflu medication (Wang et al., 2011).
These features include antioxidants that prevent the
formation of free radicals and lipid peroxidation as well as
antibacterial capabilities (Elmasry et al., 2018; Singh et
al., 2020). Hence, the goal of this investigation was to
define the ameliorating and therapeutic role of star anise
extract against EST- induced renal oxidative stress,
toxicity and inflammation, in mice.

2. Materials and Methods

2.1. Plant Material

Star anise was bought at a neighbourhood store and
mechanically dried at 65°C. After Elmasry et al. (2018),
and the dried materials were first heated to between (21
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and 27°C), kept in the dark in airtight plastic bags, and
then transformed into a fine powder.

2.2. Induction of EST

The mice that had EAC were donated by the Egyptian
National Cancer Institute. According to Elgharabawy et al.
(2021), viable cells (2.5-31% cells/mouse) each recipient
mouse's left thigh with hypodermically injections to
maintain the tumour line and evaluate EST.

2.3. Experimental Animals

2.4. Experimental Design and mice groups

Mice were similarly separated into 6 Gps.

Gpl: Control, mice in the control group did not obtain
any therapy.

Gp2: SAE in which mice obtain SAE orally at doses 50
mg/kg for two weeks (Elmasry et al., 2018).

Gp3: EST, counting mice, each inoculated
hypodermically with 2.5-3x10° EAC cells (Elgharabawy et
al., 2021).

Gp4: SAE+EST in which mice obtain SAE and
inoculated hypodermically with EAC cells for 14 days.

Gp5: EST+SAE including mice, each first inoculated
hypodermically with EAC cells for 14 days before orally
treated with SAE for another 2 weeks.

Gp6: Self t. EST in which mice were inoculated with
EAC. The study involved 60 Swiss albino mice from the
Egypt Vaccine Company's animal house colony in Egypt.
The mice were housed under ambient conditions, with a
commercial diet and water supply, following the animal
ethics committee under ID: IACUC-SCI-TU-0223.

cells for 14 days and kept for another 14 days without
treatments.

2.5. Blood Sampling

Mice were slaughtered at the conclusion of the
experiment by administering sodium pentobarbital
intraperitoneally, and they underwent a full necropsy.
Blood sample was collected from each mouse in plain
vacutainers tubes to investigate the electrolytes and renal
function levels.

2.6. Kidney functions and Electrolyte estimation

Creatinine and urea were assessed after Patton and
Crouch (1977). After El-Masry et al. (2020) conducted
their study, a technique was developed to evaluate the
concentrations of electrolytes using Sensa-core Kits.

2.7. Enzymatic and non-enzymatic antioxidant assays

Malondialdehyde (MDA)

According to Meshah et al. (2004), malondialdehyde
(MDA) concentration in kidney tissue homogenate were
measured.

Reduced glutathione (GSH)

After receiving therapy with 5.5~ dithiobis-(2-
nitrobenzoic acid), the Tipple and Rogers technique was

used to measure the GSH content in kidney homogenates
(Beutler, 1963).

Catalase (CAT)

By observing the breakdown of a 19 mM hydrogen
peroxide solution made in potassium phosphate buffer,
CAT activity was determined at 20°C. Over the course of
five minutes, the loss of H202 was observed at 240 nm per
minute. Saggu et al. (2014) mentioned the enzyme's
specific activity was measured in micromoles per
milligramme of protein.

Superoxide Dismutase (SOD)

After Misra and Fridovich (1972), SOD activity was
measured. The primary tactic is to prevent the auto-
oxidation of adrenaline to adrenochrome in an alkaline
media, that significantly impeded by the presence of
SOD.

2.8. . Histological processing

Following Tousson (2016), kidney specimens from
different groups were extracted, fixed in 10% neutral
buffered formalin, and stained with hematoxylin and eosin,
and the results were seen under a light microscope.

2.9. Immunohistochemical detection for tumor necrosis factor
alpha (TNF-o)

Altwaijry et al. (2020) used the Avidin Biotin
Peroxidase immunohistochemistry approach (Elite-ABC,
Vector Laboratories, CA, USA) to assess the expression of
TNF- in deparaffinized sections of the mouse kidney (5
m).

2.10. Statistical Analysis

Data were reported as the one-way ANOVA was used
to examine the significance of difference. Values are
shown as means SE. * and # signify a significant departure
from the control group and, correspondingly, the EST
group at p 0.05.

3. Results

3.1. EST induced kidney toxicity

When comparing EST and self-treated EST to control,
there was a notable decrease in electrolytes (calcium and
sodium) and a notable increase in blood levels of renal
functions (urea and creatinine) and electrolytes (potassium
and chloride) (Table 1). However, treatments of mice with
SAE in Co-treated (SAE+EST) and in post-treated
(EST+SAE) showed a significant depletion in urea,
creatinine, chloride and potassium while a significant
elevation in calcium and sodium when compared to EST
and self-treated EST group, the ameliorated group was
more marked in the post-treated (Table 1).
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Table 1: Variation in kidney functions and electrolytes levels

Control SAE EST SAE+EST EST+SAE Self. T EST
Creatinine (mg/dl) 0.82°+0.10  0.78°£0.12 1.66*+ 0.05, 1.36**+0.09 0.96°+0.10 1.44*+0.08
Urea (mg/dl) 28.0°+2.07 26.1%+2.55 47.9%+1.18 41.1%"+0.86 26.8"+1.59 39.6*"+0.69
Na* (mmol/l) 135.7+0.58  136.3°+0.36 121*+0.91 134.5+1.90 136.7%£0.31 126.5*+1.45
K* (mmol/l) 5.3'+0.08 5.4*+0.09 7.12*£0.18 6.49%*+0.19 5.98*"+0.05 6.68*+0.06
CI" (mmol/l) 102.2+0.64  101.6"+0.65 113.2*+1.42 108.7*"+0.63 104.6"+0.62 109.8*"+0.66
Ca'™ (mmol/l) 0.95+0.011  0.95%+0.013 0.68*+0.018 0.88*+0.024 0.95"+0.012 0.81**+0.013

Values are articulated as means SE. * and # signify a significant departure from the control group and from the EST group, respectively, at p

0.05.

3.2. Antioxidant enzyme activities

A significant elevation in MDA while a significant
reduction in the activities of GSH, SOD and CAT in was
observed in kidney homogenate of EST and self-treated
EST as compared with control mice (Table 2). However,
treated mice with SAE in Co-treated (SAE+EST) and in

post-treated (EST+SAE) groups showed a significant
reduction in MDA while a significant elevation in GSH,
SOD, and CAT when compared to EST and self-treated
EST group, the ameliorated group was more pronounced
in the post-treated group (Table 2).

Table 2: Effect of star anise extract upon markers of oxidative stress in kidney

Control SAE EST SAE+EST EST+SAE Self. T EST
MDA (nmole/g tissue) 0.36°40.02 0.32°#0.04 1.92*#0.12  0.86*°+0.043  0.41°+0.022 1.70*+0.06
SOD(U/g tissue) 273020 277015 1.13*:0.12 2.13*+0.18  2.23*#0.12 1.28*+0.12
CAT (umole/min/g tissue) 2.97"40.15 3.15+0.15 0.77*+0.18  2.27*'+0.09 2.50"+0.12 1.03*+0.13
GSH (mmole/g tissue) 1.81%£0.05 1.88°+0.08 0.39*+0.07  1.19**+0.11 1.65"+0.04 0.52*+0.11

Values are articulated as means SE. * and # signify a significant departure from the control group and from the EST group, respectively, at p

0.05.

3.3. Kidney histopathology

Kidney histological evaluation of cortical and
medullary part in control and SAE gps of mice show
typical glomeruli and renal tubules structures (Figure 1A
and 1B). Conversely, kidney in EST and self-treated EST
exposed severe atrophy in glomeruli and, necrotic tubular
cells with mild inflammatory cellular infiltration (Figure
1C and 1F). Kidney sections co-treated of EST mice with
SAE (EST+SAE) revealed moderate atrophy in glomeruli
and renal tubular cells (Figure 1D), while mild atrophy in
glomeruli were observed in kidney sections in SAE+EST
(Figure 1E).

1LY

Figure 1. Photomicrographs of H&E -stained kidney sections. A
and B: Control and SAE groups; the structure of glomeruli (G)
and renal tubules (RT) appear normal. C and F: EST-bearing mice
and self-treated EST with SAE revealed severe atrophy in
glomeruli (arrows) and, necrotic tubular cells (arrowheads). D and
E: Moderate and mild atrophy in glomeruli and renal tubular cells
in kidney sections in EST+SAE and SAE+EST respectively.
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3.4. Changes of TNFa expression in kidney

Regarding TNFa expressions in the sections of control
and SAE kidney, fine positive reactions (Figure 2A and
2B), while, our results showed that; TNF-o level was
significantly enlarged in EST and self t. EST when
compared with the control and SAE (Figure 2C and 2F).
Levels of TNFa were significantly decreased in treated
EST+SAE and slightly decreased in SAE+EST as
compared to their increased in EST (Figure 2D and 2E).
These results indicate that star anise extract acts to reduce
EST induced nephrotoxicity through its anti-inflammatory
effects.

g
b
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Figure 2. Photomicrographs of TNFa stained in kidney sections
(arrows). Stained glomeruli and renal tubules show faint
expression of TNFa in (A) the control and (B) the SAE groups.
Expression was strong in mice with EST and self-treated EST
with SAE (C and F), while moderate and mild TNFa in SAE+EST
and EST+SAE respectively (D and E).

4. Discussion

One of the main causes of death in the globe is cancer
(Tousson et al., 2014). Investigating the potential of star
anise extract as a therapy for renal damage caused by EST
was the aim of the current investigation. As demonstrated
by increased blood levels of creatinine, urea, potassium,
and chloride and lower levels of sodium, our results
suggest that EST induction changed renal function. Renal
tissue damage caused by EST may be linked to this
alteration in kidney function. Abd Eldaim et al. (2019) and
Aldubayan et al. (2019) found that EST caused renal
damage in female mice, and these findings supported their
findings. These findings also supported those of Mutar et
al. (2020) and Abd Eldaim et al. (2021), who discovered
that; EAC increased renal functioning. According to
recent findings, renal functions were enhanced when EST
was treated with star anise extract. This outcome is
consistent with the findings of Al-Ameri et al. (2017), who
found that treatments with SAE decreased renal toxicity,
electrolyte imbalance, and damage caused by etoposide.

The development of cancer is linked to ROS damaging
DNA, which leads to mutations and abnormal
chromosomes; these manifest as disruption of tissue
structure and tumours. According to research by Jones and
Thompson (2009), cancer cells benefit from enhanced
antioxidant defense mechanisms that help them adjust to
the redox imbalances caused by fast growth. Due to the
imbalance between pro oxidants and antioxidants, ROS
and oxidative stress are hypothesised to have an
influence on the growth and progression of breast cancer
(Calaf et al., 2018). According to the current findings,
kidney homogenates showed a considerable increase in
MDA content in response to EST, whereas GSH, catalase,
and SOD levels decreased. These effects were modulated
by treating EST with star anise extract.

Therefore, these antioxidant enzymes can reduce the
harmful effects of ROS (Mansour and Mossa, 2009). By
reducing the amount of MDA and raising the levels of
catalase, SOD, and GSH, the current study showed that
star anise extract was efficient in regulating antioxidant
enzyme activities, indicating that star anise had free-
radical scavenging and antioxidant characteristics. These
results concurred with those of Hemdan and Abdulmaguid
(2020) who reported that EAC induced oxidative stress
and the mixture of kiwifruit juice and star anise enhanced
these changes. Star anise contains a variety of bioactive
substances, including phenolic compounds known as
flavonoids, which have been shown to have the ability to
control the proliferation and cell death pathways that lead
to cancer through a variety of mechanisms, including the
inhibition of cell growth and the induction of apoptosis.

Our findings show that the suppression of TNF-
dependent intracellular signalling caused the expression of
TNF to enhance in kidney sections treated with star anise.
According to the aforementioned findings, star anise
treatment of the EST enhances renal function, serious
destruction to improve TNF- expression, and promotes
antioxidant parameters to diminish oxidative stress. El-
Masry et al. (2020) found that EST caused DNA breakage
and an increase in TNF-a, which this data supported.

5. Conclusion

Our investigation has demonstrated that star anise
administration in EST-bearing mice boosted kidney
function and may inhibit cancer cells through apoptosis,
hence controlling cancer cell proliferation and preventing
the spread of cancer to other organs. Thus, star anise has
the potential to perform as a natural chemotherapy and
may be applied as a therapeutic that has been modified to
support human metabolic homeostasis.
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Abstract

Diabetes is a metabolic disorder associated with hyperglycemia. Among the various complications of diabetes,
cardiovascular disease remains the leading cause of mortality in diabetic patients. This study aimed to investigate the
expression of p53 and caspase-3 in the cardiac tissue of diabetic rats and to assess their association with the progression of
diabetes. A single intraperitoneal injection of alloxan induced diabetes at a dose of 120 mg/kg. Rats with blood glucose
levels exceeding 250 mg/dL were classified as diabetic. After the experiment, all animals were euthanized, and blood
samples and cardiac tissue specimens were collected for further experiments. Biochemical assessments revealed significant
increases in blood glucose, cholesterol, and triglyceride levels in the diabetic group compared to the controls.
Immunohistochemical analysis showed elevated expression of both p53 and caspase-3 in the hearts of diabetic rats. Notably,
the increase in caspase-3 expression was statistically significant (p = 0.001), whereas the increase in p53 expression did not
reach statistical significance (p = 0.077). These findings suggest that diabetes induces cardiac stress and may activate

apoptotic pathways, potentially contributing to the development of cardiovascular complications.

Keywords: Diabetes, p53, Caspase 3, Apoptosis, Heart

1. Introduction to Diabetes and Cardiovascular
Complications

Diabetes mellitus has emerged as a global health crisis
(Molehin et al., 2020). It is estimated that 463 million
adults worldwide are affected by diabetes mellitus, with
approximately 90% of cases attributed to type 2 diabetes
(Srinivas et al., 2021). There is a growing recognition
among healthcare professionals that diabetes is closely
linked to cardiovascular diseases, which significantly
contribute to the increased morbidity and mortality
observed in diabetic patients (Setia Santoso et al., 2024).
Cardiovascular complications arise from a combination of
metabolic disturbances, including insulin resistance,
hyperglycemia, hyperlipidemia, hypertension, and chronic
inflammation, that collectively exert harmful effects on
cardiac function (Nabrdalik et al., 2023). Among these,
ischemic heart disease represents the most severe
myocardial complication, which may progress to heart
failure, depending on the extent of cardiac damage (Chen
etal., 2022).

“ Corresponding author. e-mail: kamawi@zu.edu.jo.

2. The Molecular Mechanisms of p53 and Caspase 3 in
Cell Apoptosis

The tumor suppressor protein p53 plays a central role
in regulating a wide range of cellular processes, including
apoptosis, thereby contributing to the maintenance of
cellular homeostasis (Mijit et al., 2020). Its activation is
typically triggered in response to cellular stress signals
such as genomic instability, DNA damage, and hypoxia,
leading to the initiation of apoptotic pathways in
compromised cells (Feroz & Sheikh, 2020). Once
activated, p53 transcriptionally modulates a variety of
target genes involved in critical cellular functions,
including cell cycle arrest, senescence, apoptosis, and
DNA repair (Lacroix et al., 2020). Emerging evidence
suggests that both intrinsic (mitochondrial) and extrinsic
(death receptor-mediated) apoptotic pathways may be
involved in p53-mediated apoptosis (Capuozzo et al.,
2022). In addition to its role in orchestrating apoptosis,
recent findings indicate that caspases—key effector
proteins in the apoptotic cascade—may also regulate the
activation and function of p53, suggesting a bidirectional
relationship between p53 signaling and caspase activity
(Wang et al., 2023).
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Caspase-3 is recognized as one of the principal
executioner enzymes in the apoptotic pathway, playing a
pivotal role in the final stages of programmed cell death
(Avagimyan et al., 2022). It exerts its effects by cleaving
key intracellular substrates, including structural proteins
and non-caspase proteases, thereby inducing nuclear
condensation, DNA fragmentation, and the formation of
apoptotic bodies—hallmarks of apoptotic cell death (Chien
et al., 2020). Accumulating evidence suggests a strong
association between p53 activation and the induction of
caspase-3 activity (Peng et al., 2022). Specifically, p53
upregulates caspase-3 mRNA expression and facilitates its
translocation into the nucleus. Conversely, inhibition of
p53 via antisense expression vectors has been shown to
suppress both the transcriptional and catalytic activity of
caspase-3, indicating that p53 may function as an upstream
regulator of caspase-3 expression (M. Wang et al., 2022).
These findings support the notion that caspase-3 activation
is at least partially mediated through p53 signaling
pathways (De Geest & Mishra, 2022).

Importantly, dysregulation of apoptosis has been
increasingly implicated in the development and
progression of diabetic cardiomyopathy. Understanding
the molecular interplay between p53 and caspase-3 in the
diabetic heart is crucial, as it may reveal novel therapeutic
targets. Targeting these apoptotic mediators could offer
promising strategies for modulating cardiomyocyte death
and mitigating cardiac dysfunction associated with
diabetes (Tan et al., 2020).

Recent studies have highlighted the critical role of
apoptotic markers, particularly p53 and caspase-3, in the
progression of diabetic cardiomyopathy. Tang et al. (2024)
demonstrated that irisin ameliorates cardiac injury in
diabetic rats by reducing p53 activation and subsequent
caspase-3 expression, indicating the central role of p53-
mediated apoptosis in diabetic heart damage. Similarly,
Khaledi et al. (2023) reported that aerobic exercise reduces
cardiac apoptosis by lowering p53 and caspase-3 levels,
suggesting physical activity as a protective intervention
against diabetes-induced cardiac dysfunction.

Phytochemicals have also been investigated; luteolin
was shown to suppress p53 and caspase-3 expression,
mitigating metabolic syndrome-related cardiac injury.
Mechanistically, Zeng et al. (2021) revealed that SIRT3
reduces p53 acetylation, improving cardiomyocyte
metabolism and decreasing apoptosis, highlighting a
regulatory  pathway involving p53 in diabetic
cardiomyopathy.  Furthermore, Gu et al. (2018)
demonstrated that pharmacological inhibition of p53
reduces early apoptosis and cell senescence in diabetic
hearts, underscoring p53 as a potential therapeutic target.

Collectively, these findings emphasize the pivotal
involvement of p53 and caspase-3 in diabetic cardiac
apoptosis and suggest that targeting these pathways may
provide effective strategies to prevent or treat diabetic
cardiomyopathy.

3. Study objectives
This study examined the expression of p53 and caspase

3 in the hearts of diabetic rats and their potential
correlation with the development of type 1 diabetes.

4. Study methodology

4.1. Induction of Type 1 Diabetes

Following a one-week acclimatization period, the rats
were randomly assigned to either the control group (n =
10) or the diabetic group (n = 10). To induce type 1
diabetes (T1D), rats in the diabetic group received a single
intraperitoneal injection of alloxan monohydrate (120
mg/kg; Sigma-Aldrich) following a 12-hour fasting period,
whereas the control group received an equivalent volume
of physiological saline. Blood glucose levels were
monitored every day using a Glucocheck glucometer
(Homemed Pty Ltd., South Africa). Rats with blood
glucose levels >200 mg/dL were considered diabetic and
were subsequently euthanized. Following established
protocols, cardiac tissue was immediately harvested post-
mortem for histological and immunohistochemical
analysis. The methodological procedures employed in this
study were adapted from previously published protocols
(Alsarhan et al., 2020; Amawi et al., 2019).

4.2. Histopathological and immunohistochemical
analysis

The harvested cardiac tissue specimens were fixed in
10% neutral-buffered formalin for 24 hours. Following
fixation, the tissues were processed using an automated
tissue processor, embedded in paraffin, and sectioned at a
thickness of 5 um. The sections were deparaffinized in a
65°C incubator for 60 minutes and subsequently
rehydrated through a graded series of alcohols.
Endogenous peroxidase activity was blocked by incubating
the sections in 1% hydrogen peroxide prepared in absolute
methanol for 20 minutes. After rinsing with phosphate-
buffered saline (PBS, pH 7.2-7.4) for 5 minutes, the
sections were incubated with 1% bovine serum albumin
(BSA) for 30 minutes to minimize non-specific binding.
During this incubation period, primary antibodies and
associated reagents were brought to room temperature.
Monoclonal antibodies against p53 and caspase-3 (Santa
Cruz Biotechnology) were diluted at a ratio of 1:100 and
applied to the sections, which were then incubated in a
humidified chamber for one hour. Following primary
antibody incubation, the slides were washed with PBS for
5 minutes and subsequently incubated with biotinylated
secondary antibodies for 20 minutes. After another 5-
minute PBS wash, the sections were treated with
streptavidin—horseradish peroxidase conjugate for 20
minutes. Diaminobenzidine (DAB) was used as the
chromogen, and color development was monitored until a
brown precipitate became visible, indicating positive
staining. The reaction was terminated by rinsing the slides
with tap water. The slides were then counterstained with
hematoxylin for 30 seconds, rinsed with water, dehydrated
through graded alcohols, cleared in xylene, and mounted
using a suitable mounting medium. All procedures were
performed under established protocols previously
described by Alsarhan et al. (2020) and Alawneh et al.
(2021).

4.3. Results Interpretation

Levels of expression of p53 and caspase-3 proteins
were quantified using Adobe Photoshop Software version
7.2, following established protocols (Alsarhan et al., 2020;
Amawi et al, 2019). Immunohistochemically stained
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tissue sections were photographed at high resolution, and
the images were analyzed by pixel segmentation. The
number of brown pixels, which represent positive protein
expression, was calculated and compared to the total
number of pixels within each image. Protein expression
was then expressed as the ratio of brown pixels to total
pixels, providing a quantitative  measure  of
immunoreactivity.

4.4. Data Analysis

Statistical analyses were conducted utilizing SPSS
software (version 21.0, SPSS Inc., Chicago, IL, USA),
with statistical significance established at a p-value of less
than 0.05.

5. 5. Results

5.1. Biochemical findings

Table 1 presents a comparative analysis of glucose,
cholesterol, and triglyceride levels between the control and
diabetic groups. The diabetic cohort exhibited a mean
glucose concentration of 250 + 24.3 mg/dL, whereas the
control group had a mean glucose level of 97.5 + 8.4
mg/dL. This difference in glucose levels was statistically

significant (p < 0.001). Additionally, the diabetic group
showed significantly elevated mean concentrations of both
cholesterol and triglycerides compared to the control
group, with both differences reaching statistical
significance (p < 0.001).

Table 1. Biochemical profiles of glucose and lipid levels in study
groups

Variable (M+SD)  Control Diabetic
group(M+£SD) group(M+SD)

Significance

Glucose (mg/dl) 97.5+8.4 250+24.3 <0.001
Cholesterol 72.4+7.6 130+15.6 <0.001
(mgy/dl)
Triglyceride 84.8+8.5 120.4+18.8 <0.001
(mgy/dl)

5.2. Histological studies of the heart

Figure 1 illustrates the histological features of cardiac
tissue in the control group. The cardiac muscle fibers are
arranged in close apposition, exhibiting a regular and
organized structure. The nuclei of the cardiomyocytes are
predominantly centrally located, as indicated by the arrow.

Figure 1. The histological features of heart tissue in the control group, Hematoxylin and Eosin stain, 40X

The histological features of cardiac tissue in the
diabetic group are depicted in Figure (2). Three
characteristics were exhibited. The eosinophilic cytoplasm
of cardiac cells in the diabetic cohort was noted,

accompanied by an enlargement of the cardiac cells. The
position of the nucleus appears to have been displaced
from the center of the cell to its periphery (indicated by
arrows).
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Figure 2. Histological characteristics of the cardiac tissue in the rats with diabetes, Hematoxylin and Eosin stain, 40X

Moderate expression of caspase-3 is observed in various
regions of the myocardium, indicating a baseline level of

Figure 3 shows the expression of caspase-3 in the apoptotic activity under normal physiological conditions.
cardiac tissue of the non-diabetic (control) group.

-

5.3. Expression of Caspase-3

Figure 3. Expression of caspase-3 in the cardiac tissue of the control group. Indirect immunohistochemical staining for caspase-3 at 40x
magnification. Moderate expression is evident in myocardial fibers, with localized intense staining indicated by the arrow.
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Figure 4. Expression of caspase-3 in the cardiac tissue of diabetic rats. Indirect immunohistochemical staining for caspase-3 at 40x
magnification. A noticeable reduction in staining intensity is observed compared to the control group, indicating decreased caspase-3
expression.

5.4. The expression of p53 in the heart tissue

Figure 5. The expression of p53 in the heart tissue of non-diabetic rats, as shown by indirect immunohistochemical staining of p53 at 40X,
reveals low levels of p53 expression, with minimal staining observed in myocardial cells.
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Figure 6. The expression of p53 in the heart tissue of the diabetic rats, indirect immunohistochemical staining of p53, 40X.

5.5. Expression Levels of Caspase-3 and p53

As presented in Table 2, the mean expression levels of
caspase-3 and p53 were quantified and compared between
the control and diabetic groups. The mean p53 expression
in the control group was 10,495.59 +12,150.47 pixels,
which increased to 15,909.37+21,382.77 pixels in the
diabetic group. However, this difference was not
statistically significant (p = 0.077). In contrast, caspase-3
expression in the control group  averaged
14,703.03 £ 14,619.24 pixels and was significantly
reduced in the diabetic group, with a mean of
5,533.15 + 8,253.87 pixels (p = 0.001).

Table 2. Expression levels of Caspase 3 and p53

Biomarkers Groups N Mean Std. P
Deviation value

p53 Control 32 104955938 12150.47345 0.077
Diabetes 32 15909.3750 21382.77069

Caspase3 Control 32  14703.0313 14619.24565 0.001
Diabetes 32  5533.1563 8253.87784

6. Discussion

6.1. Biochemical findings

Biochemical analysis revealed a marked elevation in
blood glucose levels in diabetic rats, primarily attributable
to impaired glucose utilization, which leads to the
disruption of glycemic homeostasis (Sharma et al., 2022).
These significant and varied findings underscore the
importance of understanding how diabetes alters metabolic
processes.

Diabetes alters lipid metabolism, often leading to
hypercholesterolemia.  Increased cholesterol  levels,
especially low-density lipoprotein (LDL), are closely
linked to a higher risk of cardiovascular disease in
individuals with diabetes (Manrique-Acevedo et al., 2024).
Notably, higher cholesterol levels are observed in the
diabetic group compared to the control group.

Additionally, triglycerides play a critical role in lipid
distribution. Previous studies showed that dyslipidemia,
characterized by high cholesterol and excessive lipids in
the blood, is prevalent among diabetic patients and
contributes substantially to the heightened incidence of
cardiovascular complications in this population (Bakillah
et al., 2023)(Zheng & Lind, 2024).

6.2. Histological studies of the heart

Histological analysis of cardiac tissues from both
normoglycemic and diabetic groups reveals pronounced
structural alterations associated with diabetes. These
observations suggest that diabetes induces significant
morphological and functional changes in the myocardium
(Ritchie et al., 2020). In the control group, cardiomyocytes
exhibit a well-organized, linear alignment with centrally
located nuclei. The myocardial architecture remains intact,
with no evidence of cellular degeneration or disruption,
reflecting the structural integrity characteristic of healthy
cardiac tissue (Laura et al., 2020).

Moreover, Cardiac tissue from the diabetic group
exhibits three prominent histological features. First, the
cytoplasm of cardiomyocytes appears more intensely
eosinophilic, which may indicate increased cellular stress
or elevated intracellular protein accumulation as
previously reported (Shah et al., 2021).

Additionally, the cardiomyocytes exhibit hypertrophy,
as evidenced by an increase in cell size—an adaptive
response commonly associated with elevated workload or
chronic stress on the heart (Ritchie & Abel, 2020).
Notably, the nuclei have shifted from their typical central
position, as seen in the control group, to a more peripheral
location. This nuclear displacement may indicate
pathological remodeling or cellular damage, potentially
linked to diabetic cardiomyopathy (Calcagno et al., 2022).

6.3. Immunobiological studies

Elevated p53 expression has been linked to
cardiovascular conditions, including diabetic
cardiomyopathy, due to its role in cellular stress responses.
Caspase-3, a key executioner enzyme in the apoptotic
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pathway, serves as a reliable marker of apoptosis in
cardiac tissue (Yadav et al., 2021a; 2021b). In diabetic
rats, a significant reduction in myocardial caspase-3
expression, as shown in Figure 4, suggests impaired
apoptotic activity. This disruption may lead to the
accumulation of damaged or dysfunctional cells,
contributing to cardiac dysfunction (Jia et al., 2020).

p53 is a key protein involved in DNA repair and the
regulation of apoptosis, particularly in response to cellular
stress (Shi & Dansen, 2020). In non-diabetic rats, its
expression in myocardial tissue is minimal, as observed in
the control group (Lazzarini et al., 2022).

Figure 6 illustrates increased p53 expression in
multiple regions of the myocardium in diabetic rats as
previously reported (Chen et al., 2023). Although this
increase did not reach statistical significance (p = 0.077), it
suggests heightened cellular stress, with cells potentially
responding to DNA damage to maintain homeostasis
(Kung & Murphy, 2016).

6.4. Limitations and future perspectives

This study provides important insights into the role of
p53 and caspase-3 in diabetic heart damage, but several
limitations exist. Although animal models offer valuable
information on the pathophysiological mechanisms of
diabetic cardiomyopathy, they do not fully replicate the
complex metabolic and cardiovascular disturbances
present in human diabetes, which may limit the direct
applicability of the findings. Moreover, the study’s focus
on only two apoptotic markers provides a narrow
assessment of the broader apoptotic and cell-death
pathways involved in diabetic heart damage. Additionally,
no therapeutic agents or interventions were evaluated,
restricting the study’s ability to determine whether
modulation of these pathways could offer potential
cardioprotective benefits.

Future studies should explore additional apoptotic and
stress-related markers (e.g., Bax, Bcl-2, TNF-a,
cytochrome ¢) to better characterize the mechanisms of
cell death in diabetic hearts. Investigating potential
therapies that target apoptosis and confirm findings in
human or more clinically relevant models will strengthen
the transnational value of this research.

7. Conclusions:

This study demonstrates that diabetes significantly
impairs metabolic regulation. The pronounced alterations
in glucose, cholesterol, and triglyceride levels underscore
the necessity for stringent monitoring and management of
these metabolic parameters in diabetic patients.
Histopathological modifications, coupled with
dysregulated expression of apoptotic and stress-related
proteins in cardiac tissue, indicate an elevated risk of
cardiovascular complications associated with diabetes.
These findings warrant further investigation into targeted
therapeutic approaches to mitigate such adverse effects. In
summary, comprehensive metabolic and histological
evaluations are essential for a thorough understanding of
diabetes pathophysiology, facilitating the development of
improved clinical strategies and enhanced patient
outcomes.
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Abstract

Arcobacter species are Gram-negative, spiral-shaped bacteria that belong to the Campylobacteraceae family. Earlier, they
were misclassified as ‘aerotolerant Campylobacters'. Conventional cultural methods for their identification are time-
consuming and technically demanding, urging the need for a rapid and practical approach to distinguish the most common
pathogenic Arcobacter species, particularly A. butzleri, from other Arcobacter species and closely related pathogens, such as
C. coli and C. jejuni. Differentiation among Arcobacter species was achieved using melting points, which showed distinct
values of 63°C for A. butzleri, 65°C for A. cryaerophilus or A. skirrowii, and 67°C for A. nitrofigilis type strains,
respectively. The specificity of this method was validated using pure cultures of 150 chicken samples, identified through
phenotypic methods and a 16S rRNA adjacent hybridization RT-PCR assay. The assay detected Arcobacter in 22% of
samples (14.66% A. butzleri, 7.33% A. cryaerophilus / A. skirrowii, with A. butzleri (14.6%) being the most frequently
detected. The method demonstrated high sensitivity, detecting as few as 27 CFU of A. butzleri, with reaction efficiencies
ranging between 90% and 110%. The described real-time PCR method offers a reliable solution for the rapid detection and

differentiation of Arcobacter species in chicken samples.

Keywords: Arcobacter, A. butzleri, RT-PCR, melting temperature, sensitivity, specificity

1. Introduction

Arcobacter species are part of the Campylobacteraceae
family and are Gram-negative and spiral in shape. At first,
these campylobacters were called “aerotolerant” because
they grew both aerobically and anaerobically. Later, it was
discovered that they are able to live and reproduce
aerobically within a temperature range of 15 to 30°C
(Collado and Figueras, 2011; Figueras et al., 2012). At
present, there are 36 known species of Arcobacter in
different types of environments (On et al., 2021; Parte et
al., 2020). Of these, A. butzleri, A. cryaerophilus, A.
skirrowii and A. cibarius have been linked to diarrhea,
nausea, stomach pain and occasionally infection of the
blood in humans (Chieffi et al., 2020; Shah et al., 2011).
Animal diseases such as abortions and problems of the
digestive system have also been reported previously
(Chieffi et al., 2020; Ramees et al., 2017). After an eight-
year study, Vandenberg et al. (2004) revealed that around
3.5% of the Campylobacter isolates taken from human
stool were in fact A. butzleri. Most types of Arcobacter are
found in the environment and they are linked to diseases in
people or animals. For example, A. nitrofigilis is usually
found together with Spartina alterniflora, a salt marsh
plant (McClung et al., 1983).

Emerging foodborne zoonotic pathogens, including
pathogenic Arcobacter species, are frequently found on
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food when it is harvested, processed, or prepared. They are
found in meats such as beef, pork, poultry, rabbit, or lamb,
and poultry is where they are most often detected (Aydin
et al., 2020; Kandeil, 2023; Ma et al., 2022; Schénknecht
et al., 2020; Suelam, 2013). Studies on flocks show that
birds can carry Arcobacter at rates ranging from 3% to
100%, which confirms their role as a major factor in
spreading the disease (Acik, 2016; Piva et al., 2013).

Although Arcobacter infections are self-limiting,
developing fast and accurate tests for finding these
pathogens is necessary to prevent them from spreading. It
has been common to use microbiological, biochemical and
immunological methods to identify pathogens in foods.
However, these methods tend to give inconsistent
outcomes because Arcobacter requires special care for
growth; it is closely related to Campylobacter, and
identification schemes have not been fully developed
(Atabay et al., 2006; Hausdorf et al., 2013). For this
reason, Arcobacter could be present in food products more
often than what is currently measured.

Because of these challenges, techniques that look for
specific regions of DNA for each species and genus have
been made. Some of these are based on DNA hybridization
(Wesley et al., 1995) and PCR-based methods focusing on
ribosomal genes, for example, 16S rRNA (Figueras et al.,
2012; Raut et al., 2007) and 23S rRNA genes (Celik and
Otlu, 2020). Recently, researchers began using real-time
PCR (RT-PCR) because it offers high sensitivity,
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accuracy, the ability to detect a particular species and
quantitative  features. For this reason, adjacent
hybridization probes have been applied to test both clinical
stool samples (Abdelbagi et al., 2007) and chicken meat
(Abu-Halaweh, 2005). Several studies using TagMan
probe-based assays have been conducted to test chicken
and environmental samples worldwide, (Carson et al.,
2024; Shrestha et al., 2018).

Since conventional methods are not ideal for detecting
A. butzleri fast and accurately, this study aimed to evaluate
a multiplex RT-PCR assay for the rapid identification and
differentiation of A. butzleri from related Arcobacter
species in chicken obtained from retail markets in Jordan.
This study utilizes the advantages of RT-PCR to enhance
food safety and public health outcomes.

2. Material and Methods

2.1. Sample preparation and enrichment

A convenience sampling approach was used to collect
150 raw chicken carcasses obtained from the local market
in the Municipality of Amman, Jordan, that were either
organically or conventionally raised. This sampling
occurred between 2021 and 2022.

2.2. Isolation of Arcobacter from chicken samples.

Liquid samples from each package were collected and
refrigerated at 4°C for 30 minutes. To stimulate the growth
of potential Arcobacter species, an enrichment culture was
prepared by combining 5 mL of the liquid sample or 1 g of
fecal material with 45 mL of Arcobacter broth (Oxoid,
UK), supplemented with 5% lysed horse blood and
antimicrobial agents (Sigma-Aldrich, Germany): 5'-
fluorouracil (100 mg/L), amphotericin B (10 mg/L),
novobiocin (32 mg/L), cefoperazone (16 mg/L), and
trimethoprim (64 mg/L) (Oxoid, UK). The mixture was
incubated for 48-72 hours at 30°C under microaerobic
conditions with gentle agitation.

Following incubation, 50 pL of the broth was streaked
onto modified charcoal-cefoperazone-deoxycholate agar
(mCCDA, Oxoid). Colonies exhibiting characteristics
consistent with Arcobacter spp. including small, colorless
to beige or off-white, translucent morphology were
isolated and purified through repeated streaking.
Presumptive Arcobacter isolates were phenotypically
confirmed via Gram staining, oxidase activity testing
(Oxidase, UK), and catalase activity assays (Mottola et al.,
2016). Confirmed Arcobacter spp. colonies were
inoculated into fresh Arcobacter broth (Oxoid, UK) and
incubated at 30°C for 48 hours.

2.3. DNA extraction

Genomic DNA extraction was performed according to
the heat lysis protocol as described by Abu-Halaweh and
Al-Bsoul (2024). Whereas this is a cost-effective method,
it may produce lower DNA purity compared to
commercial Kits, its performance was validated for RT-
PCR sensitivity, as shown in this study. In Brief, 1 mL of
pre-enriched bacterial culture was centrifuged, and the
supernatant was discarded. The resulting pellet was then
resuspended in 200 pL of DNase- and RNase-free distilled
water using vortex mixing. After that the suspension was
subjected to thermal lysis by incubation at 100°C for 15
minutes, followed by immediate chilling on ice. Cellular

debris was removed by centrifugation at 14,000 x g for 5
minutes at 4°C. The supernatant was transferred to a fresh
microcentrifuge tube, followed by reheating to 100°C for
10 minutes to ensure complete DNA release, and rapidly
cooled on ice. A final centrifugation step (14,000 rpm, 5
minutes, 4°C) was applied to eliminate residual
particulates. Finally, 2 puL of the purified supernatant
served as the DNA template for RT-PCR amplification.

2.4. Real-time PCR assay

2.4.1. PCR Primer and Probe Design

This study used primers and probe sets previously
described by Abu-Halaweh (2005), which target the 16S
rDNA gene. In this assay, universal 16S rRNA forward
(F2) and reverse (R5) primers, in addition to two
hybridization probes (a universal region probe and a
hypervariable region probe), enable rapid detection and
differentiation of A. butzleri, A. skirrowii, and A.
cryaerophilus, the most common Arcobacter pathogens
from the other Arcobacter species. In this assay, a 20 puL
PCR reaction mixture consisted of 10 puL of 2X PCR
master mix (NEB, UK), 0.3 uM each primer, 0.1 pM
fluorescently labeled probes (FAM and CyS5), 2 puL of
chromosomal DNA template, and 6 pL of nuclease-free
water. Amplification was performed using a Rotorgene
thermocycler (Australia) with the following parameters:
initial denaturation at 95°C for 3 minutes; 40 cycles of
denaturation (95°C, 15 seconds), annealing (55°C, 25
seconds), and extension (72°C, 30 seconds), with
fluorescence measured during the annealing step.
Following amplification, a melting curve analysis was
conducted by gradually increasing the temperature from
45°C to 95°C at a rate of 1°C per second to assess probe-
specific melting profiles.

Table 1 provides a list of the American Type Culture Collection
(ATCC) reference strains utilized in the study for the
identification of A. butzleri, A. cryaerophilus, A. skirrowii, and A.
nitrofigilis using a RT-PCR assay.

Arcobacter Reference isolates Strain

A. butzleri ATCC 49616
A. cryaerophilus ATCC 43158
A. skirrowii ATCC 51132
A. nitrofigilis ATCC 33309

ATCC: American Type Culture Collection Number

Table 2 provides a list of the non-Arcobacter bacterial isolates
included in the study to evaluate the specificity of the RT-PCR
assay, along with their respective sources of isolation.

Bacterial spp. Source Number of isolates

Campylobacter jejuni Chicken pieces

C.coli Chicken pieces
C. fetus subsp. fetus Chicken pieces
Escherichia coli Raw milk

2
2
2
3
Salmonella spp. Chicken pieces 3
Shigella spp. Chicken pieces 3

2.4.2. Standard curve and sensitivity analysis

To establish the relationship between the cycle
threshold (Ct) values and the logarithmic colony forming
units (log CFU) in a sample, standard curves were
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produced using A. butzleri the reference strain ATCC-
49616. The strain was subculture in Arcobacter-specific
media (MCCDA) and incubated at 30°C for 24 hours. A
single colony was picked up, suspended in sterile water,
and subjected to serial dilutions. The colony-forming units
(CFU/mL) for each dilution were determined by culturing
onto Arcobacter agar plates, which were then incubated
under anaerobic conditions at 30°C for 48 hours. DNA was
extracted from the dilution series using a rapid boiling
method, and each DNA extract was evaluated in duplicate
using the RT-PCR protocol described in this study. This
method enabled the precise quantification of A. butzleri
and the establishment of a consistent relationship between
Ct values and bacterial concentration.

3. Results

3.1. Multiplex RT-PCR assay development

Optimized RT-PCR conditions were achieved using 2.5
mM MgCI2, 0.3 uM of universal 16S rRNA primers, and
0.1 uM of adjacent probe (Butz probe, Ski probe, and
Nitro probe). An annealing temperature of 55°C was
identified as optimal for efficient hybridization of primers
and probes. The FRET signal observed was obtained only
for A. butzleri, A. cryaerophilus, A. skirrowii, and A.
nitrofigilis. They were not observed in Campylobacter spp.
or the other tested enteropathogens that could be present in
chicken or human stool samples. These results confirm the
discriminatory power of the hybridization probe assay.
Furthermore, Melting-curve analysis of the amplicons
revealed distinct Tm values for A. butzleri (63°C), A.
cryaerophilus or A. skirrowii (65°C), and A. nitrofigilis
(67°C), allowing for clear differentiation among these
species (Fig. 1). This study was unable to differentiate
between A. skirrowii and A. cryaerophilus due to lower
levels of 16S rDNA variations between those two species.

3.2. Specificity and Detection of Naturally Contaminated
Chicken Samples

To evaluate the specificity of the RT-PCR assay under
the optimized conditions, type strains of A. butzleri, A.
skirrowii, A. cryaerophilus, and A. nitrofigilis were
amplified (Table 1), along with fifteen other bacterial
strains commonly associated with chicken contamination,
including E. coli, C. jejuni, C. coli, Shigella spp., and
Salmonella spp (Table 2). This assay specifically detected
the four Arcobacter strains without cross-reactivity with
the other bacterial strains, including the closely related

Campylobacter species. This confirms the high specificity
of the assay for Arcobacter spp. detection.

The assay was subsequently applied to analyze 150
enriched chicken samples, successfully identifying 17
isolates of A. butzleri and 5 isolates of A. skirrowii or A.
cryaerophilus (Table 3). These results highlight the assay's
accuracy and efficiency in detecting target pathogens
within complex sample matrices. The results from RT-
PCR and traditional phenotyping methods are very similar,
and the RT-PCR assay stands out by being able to
distinguish different species when that is not possible with
the other method. More evidence that the assay is specific
and can be used to separate Arcobacter species from
others. Just the ATCC reference strain of A. nitrofigilis
was available for the study. The assay showed specific
results when tested with the ATCC strain and the A.
nitrofigilis specific probe. This research reveals that RT-
PCR is a reliable and dependable test for detecting and
identifying Arcobacter in a variety of samples.

Table 3. Detection limit of Arcobacter spp. in chicken meat using
RT-PCR assay and conventional culture method

The RT-PCR
results (n=150)

Avrcobacter Species Phenotypic and

Biochemical results

(n=150)
Arcobacter Species 33 33
A butzleri ND" 22 (14.66%)
A cryaerophilus ND" 11 (7.33%)

A skirrowii

ND" not determined: (unable to differentiate to species level by
culture methods)

3.3. Assay sensitivity, linearity, and efficiency

The RT-PCR assays were conducted using DNA
extracted from A. butzleri reference ATCC strains, with
colony counts serially diluted from 5.0 x 10 to 5.0 x 10!
CFU. This essay demonstrates high detection efficiency
and analytical sensitivity, with the primer and probe
specifically targeting A. butzleri. A sensitivity as low as 27
CFU was achieved. The Rotorgene software generated the
standard curves derived from these assays, exhibiting an
average slope of —3.427, accompanied by correlation
coefficients (R2 values) of 0.98,

reflecting  strong  linearity.  Furthermore, the
amplification efficiency (E) was determined to be 96%,
confirming the assay's high precision and reliability in
quantifying A. butzleri (Fig. 2). These findings indicate the
ability of the RT-PCR assay in detecting A. butzleri at low
concentrations.
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Temperature °C

Figure 1 presents a melt peak chart depicting the melting profiles of RT-PCR amplicons derived from the 16S rRNA gene for A. butzleri
63°C (—), A. cryaerophilus or A. skirrowii 65°C (A), A. nitrofigilis 67°C (m), and C. jejuni (») or -ve control (without DNA template) (+).
Representative samples for each species are incorporated in the figure to improve clarity and facilitate interpretation.
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Figure 2 illustrates the detection limit of RT-PCR targeting the 16S rRNA gene in Arcobacter spp. A standard curve was generated using

(CT) values obtained from a 10-fold serial dilution series ranging from 5.0 X

4. Discussion

Recent advances in research on the incidence and
pathogenic potential of A. butzleri and A. cryaerophilus
have encouraged the International Commission on
Microbiological Specifications for Foods ((ICMSF), 2002)
to recognize these species as a major human health
concern. In spite of this recognition, the lack of
standardized protocols for isolation and identification has
left gaps in understanding the worldwide prevalence of
Arcobacter spp. This study was developed to investigate
the occurrence of pathogenic Arcobacter species,
including A. butzleri, A. skirrowii, and A. cryaerophilus, in
chicken samples using a multiplex RT-PCR assay, as
previously reported by Abu-Halaweh, (2005), combined
with conventional culture methods. The findings, shown in
Table 3, indicate that both RT-PCR and culture techniques
were effective in detecting and identifying Arcobacter
species. However, while the sensitivity of RT-PCR using
DNA isolated from enrichment media was comparable to
that of conventional culturing on mMCCDA media, the RT-
PCR assay offered distinct advantages. Specifically, it
enabled species-level differentiation of Arcobacter

10° to 5.0

isolates, a capability lacking in conventional culturing-
based methods.

Besides, RT-PCR is much faster, with results often
ready in 3 days, while other methods require 5-6 days.
This is mentioned by Engberg et al. (2000) and Ramees et
al. (2014). Pre-enrichment was very important for
lowering the effect of inhibitors found in chicken and stool
samples. Because antibacterial supplements were shown in
the media, it helped to get rid of unwanted bacteria and
favored the growth of Arcobacter.

The FRET signal was found only for A. butzleri, A.
cryaerophilus, A. skirrowii and A. nitrofigilis. The analysis
of the melting curves gave unique temperatures: 63°C for
A. butzleri, 65°C for A. cryaerophilus and A. skirrowii and
67°C for A. nitrofigilis. The used RT-PCR essay was
highly accurate and could easily separate important
pathogenic  Arcobacter species from non-pathogenic
strains, related Campylobacter species and other poultry
enteropathogens, according to a previous study by Abu-
Halaweh (2005). Moreover, the assay showed excellent
efficiency, since the R? value was approximately 98%
while the efficiency was 96%, within the acceptable
validation range of 90-110%. The results prove that RT-
PCR is accurate and dependable for spotting and
differentiating Arcobacter species. Although the assay

x 10" CFU per reaction.
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does not identify A. cryaerophilus from A. skirrowii
(which was not the study’s focus), additional research
could use other genetic markers such as rpoB or gyrB, to
make this identification.

In this study, Arcobacter was detected in 22% of
chicken samples, a prevalence rate consistent with findings
from other studies, such as 25.5% in Egypt and 18% in
India (Hassan, 2017; Verma et al., 2015). However, this
rate is lower than those reported in Chile 39.4%, Lithuania
39%, Malaysia 41% and Northern Ireland 62% (Amare et
al., 2011; Fernandez et al., 2015; Scullion et al., 2006;
Uljanovas et al., 2023). These findings, combined with
former studies, demonstrated that Arcobacter spp. is
relatively prevalent in chicken samples and poses probable
food safety threats. This emphasizes the need for region-
specific risk assessments and tailored intervention
strategies. Factors including slaughterhouse hygiene,
refrigeration requirements, and the use of antimicrobials
during poultry farming have a great influence on
Arcobacter spp. contamination rates. The predominance of
A. butzleri (14.66%) confirms its major role as the
principal human pathogen within the genus and highlights
the importance of poultry as a transmission vector.
Integrating this RT-PCR assay into routine food safety
monitoring could improve early detection, enable targeted
interventions and reduce the risk of outbreaks.

Finally, the results demonstrate the ability of RT-PCR
reported in this study as a rapid, sensitive, and specific
assay for rapid detection and discrimination of Arcobacter
species, providing significant advantages over traditional
culture methods. The prevalence of Arcobacter spp. in
chicken samples reported in this study recommended the
need for high standard of food safety measures to
eliminate the risk of foodborne transmission.

5. Conclusion

In brief, this study has shown that the developed RT-
PCR assay works very well for detecting and counting A.
butzleri and (A. skirrowii / A. cryaerophilus), the two most
important Arcobacter species for human health. The assay
showed that it was highly sensitive, with a lowest
detectable amount of 27 CFU and was also straight
forward, shown by its slope of —3.427, a good R? value of
0.98 and an accurate amplification percentage of 96%. The
current study confirmed that RT-PCR can quickly detect
and identify harmful Arcobacter spp., so it is an important
tool for food safety and monitoring public health.

6. Funding

The Deanship of Scientific Research and Graduate
Studies at Philadelphia University, Jordan, funded this
study entirely.
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Abstract

The primary objective of this study was to determine the incidence of (Echinococcus granulosus) infections in sheep in
Irag's Anbar Province. A total of 626 sheep of various ages and both sexes were examined in slaughterhouses during 2023;
the infection rate was 33.7%, with a notable difference (p < 0.05) observed between females (44.7%) and males (23.2%).
The highest infection rate (42.3%) occurred in sheep aged 3-5 years, and the liver was the most commonly affected organ.
The research also evaluated the in vitro impact of the Alhamid (Rumex vesicarius) plant's aqueous extract on protoscoleces'
viability; concentrations of 5-20 mg/ml significantly reduced protoscoleces' viability, with 20 mg/ml achieving 100%
mortality after 24 hours; This research highlights the need for a comprehensive control strategy, including safe alternative
treatments like plant extracts, while acknowledging the necessity for further in vivo studies to confirm their safety and

efficacy in live animals.

Keywords: Rumex vesicarius plant, Echinococcus granulosus, Sheep, protoscoleces.

1. Introduction

The hydatid cyst is a significant zoonotic parasite found
in dogs' and other carnivores' intestines, with humans and
livestock serving as intermediate hosts. It causes Cystic
Echinococcosis (CE), a severe parasitic disease with health
and economic consequences (Issa et al., 2018; Salih et al.,
2019). Sheep are examples of intermediate hosts that get
infected. The larvae develop in various organs notably the
lungs and liver (Mugbil et al., 2012; Amni et al., 2021).
Humans and animals become infested by ingesting eggs of
parasites via tainted food, drink, or direct contact with
dogs that are affected (Ahmed et al., 2023).

In Irag, CE remains endemic, exacerbated by the
numerous stray dogs and the practice of feeding infected
offal to dogs. Although contagion can occur through
environmental contamination (e.g., pastures), direct
transmission via dogs is the main route (Xu et al., 2025).

The parasite that causes hydatid disease is widespread
in Irag, particularly in the governorates of Erbil,
Sulaymaniyah, Baghdad, Karbala, Kirkuk, Anbar, and
Basra. Infection rates vary among the population, ranging
from 2-4 % in some areas (Abdulla, 2024). Reports from
animal slaughterhouses indicate that infection rates range
from 2% to more than 15 % among sheep and cattle,
depending on the governorate (Jasim et al., 2024).
Infection rates among stray dogs in Erbil ranged from 24%
to 70% (Wahab, 2022). These data demonstrate that Iraq is
a region with a high epidemic burden of this condition,

“ Corresponding author. e-mail: suad.alfahdawi@uoanbar.edu.ig.

which implies that awareness, monitoring and treatment of
the parasite need to continue.

Medicinal plants, rich in biologically active compounds
(e.g., alkaloids, tannins, and glycosides) are being studied
as alternative therapies for parasite illnesses (Al-Baba et
al., 2015; Mukhlif et al., 2023). The Alhamid (Rumex
vesicarius) plant is renowned for its traditional therapeutic
virtues  and bioactive ~ components, including
anthraquinones, phenols and flavonoids (ACSAD, 2008).

However, its specific efficacy against E. granulosus
protoscoleces has not been previously studied. This
research, therefore, aimed to assess Anbar Province's
sheep E. granulosus infection epidemiology and to explore
the in vitro impact of R. vesicarius extracts on
protoscoleces' viability.

2. Materials and Methods

Six hundred twenty-six sheep slaughtered in several
abattoirs in Anbar province, including Ramadi, Fallujah,
Heet, and Al-Qaim, of either gender and various ages,
spanning 6 months to 8 years, were examined in 2023. The
lungs, spleen, kidneys, heart, brain, and other parts of the
body of the sheep were examined, removing the tissues
surrounding the hydatid cysts with scalpels and scissors,
and writing down the complete information about the
animal’s sex, age, type of affected organ, and months of
the year.
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2.1. Hydatid Cysts and Protoscolece Collection

Hydatid cysts and protoscoleces (Figure 1) were
obtained from the sheep livers and lungs of the infected at
slaughterhouses in Anbar Governorate. After disinfecting
the cysts with 70% ethyl alcohol, they were transported to
the Laboratory of Parasites to extract protoscoleces,
according to Smyth's procedures (1985). A medical
syringe of 10 ml was used to withdraw the fluid with
protoscoleces and put it in a sterile 250 ml bottle; the
germinal layer was removed after the cysts were cut open
using medical scissors and tweezers (Figure 2). Then, it
was put in a sterile glass dish containing a physiological
saline solution. Then, it was washed several times with a
washing bottle containing sterile saline phosphate buffer
(PH=7.2) to extract as many protoscoleces as possible.
This suspension, which we obtained after washing, was
collected and added to the Hydatid fluid withdrawn
previously. The protoscoleces were placed in sterile test
tubes to be deposited with a Centrifuge apparatus 3 times
at 2500 rpm for 10 minutes each time. Subsequently,
phosphate buffer with sterile sodium was introduced to the
sediment after pouring the filtrate. The number of
protoscoleces was determined, and their viability was
evaluated.

2.2. Protoscolece viability estimation and number
quantification

An aqueous eosin dye drop (0.1%) was applied to a
similar volume of protoscoleces suspension. The solution
was shaken, and a droplet was taken and inspected with a
microscope. The proportion of living protoscoleces that
were stained green was calculated, while the dead ones
were colored red according to Smyth and Barrett's method
(1980). A 10 pl fine pipette was used to compute the
number of protoscoleces using the fixed volume transfer
method, and a microscope was utilized to calculate the
overall quantity of heads for each volume. The average
number of five replications was relied on and was
calculated for every milliliter as indicated below: An
average protoscoleces amount per fixed volume used 10
mL = 20 protoscoleces, so the number of protoscoleces per
milliliter = 100 x 20 = 2000 protoscoleces, according to
Wangoo et al.'s method (1989).

Figure 1. Removed Hydatid cysts

Figure 2. Germinal layer of hydatid cyst

2.3. Preparing the plant's aqueous extract

The plant R. vicarious (Figure 3) was collected from
the Al-Sufiyya district in Ramadi, and its identification
was confirmed in the Herbarium's Anbar University. The
plant components were washed and dried; an extract was
made using the Veisi et al. (2018) method, which involved
Crush 40 g of the plant and blending it with 160 ml of
purified water in a 4:1 proportion with a blender device.
The crushing was done in an ice bath to prevent the high
temperature from damaging the plant's active ingredients.
After 60 minutes of mixing with an electric magnetic
stirrer, the mixture was allowed to soak for 24 hours at 40
°C before filtering through filter papers; the resulting
powder was stored in glass vials at -10°C after the plant
extract was freeze-dried under controlled pressure. To
produce the primary extract, 2 grams of the crude Extract
are combined with 20 ml of sterile water to obtain a
standard 100 mg/ml solution. Solutions of 5, 10,15, and 20
mg/ml were then prepared.

2.4. Treatment of protoscoleces with aquatic extract
concentrations

Once the number of protoscoleces and their viability
were estimated, test tubes containing 1 ml of the
protoscoleces suspension each were treated with plant
aqueous extract at 5, 10, 15, and 20 mg/ml concentrations.
The average vitality of the protoscoleces was then
determined following treatment for 24, 48, 72, and 96-hour
periods.

Figure 3. Alhamid plant Rumex vesicarius
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2.5. Chemical identification of active plant compounds
(Brusotti et al., 2014)

The identification of alkaloids: Fifty milliliters of
purified water with HCI (4%) were used to boil 10 grams
of plant extract. After cooling, it was filtered. Then, 0.5 mi
of leachate was examined with half a milliliter of Reagent
of Meyer in a watch glass. The appearance of a white
deposition verified that alkaloids were present.

The identification of glycosides: After adding a few
Fehling's reagents to 10 milliliters of distilled water and
one gram of a dry plant extract, the mixture became
crimson, demonstrating the existence of glycosides.

The identification of Saponins: Five milliliters of the
extract were mixed with three milliliters of a one per cent
mercuric chloride solution; the formation of white
sediment suggested Saponins.

Tannins detection: Five millilitres of the plant extract
were mixed with several drops of lead acid (1%); tannins
are available when a white, gelatinous deposit forms.

The identification of Flavonoids: When ten milliliters
of (50%) ethanol solution were combined with 10
milliliters of 50% potassium hydroxide and blended
equally, flavonoids were indicated by the appearance of a
yellow tint.

Finding the phenols: When 1 milliliter of the extract
was mixed with one milliliter of (1%) Ferric Chloride
Solution, phenols were present because a green hue
emerged.

2.6. Analysis of Statistics

The SAS statistical application, Chi-square, Analysis of
Variance, and least significant difference (LSD) were used
to analyze statistics (SAS, 2012).

3. Results and Discussion

The hydatid cyst infection rate in 626 sheep was
33.7%. The female infection rate (44.7%) was significantly
higher than that of males (23.2%) (Figure 4). When
compared to previous studies, this rate is lower than the
50% reported by Hashim (2021) in certain Iragi regions.
Conversely, it is notably higher than the rates documented
in earlier studies from other provinces. For instance, Jawad
et al. (2018) recorded an infection rate of 1.9% among
sheep in Karbala, while Abdulhameed et al. (2018)
reported a prevalence of 7.3% in Basra during a study
involving 631 sheep. In a more recent study, Radhwan and
Al-Nasiri (2021) found a 2.25% infection rate in sheep in
Kirkuk.

Such disparities in infection rates across various
regions of Iraq could be attributed to multiple contributing
factors; these include variations in animal hushandry
practices, the density and management of stray dog
populations (which serve as the definitive hosts), and
differences in slaughterhouse hygiene and waste disposal
systems, as well as public knowledge and awareness
regarding the transmission cycle of E. granulosus.
Furthermore, many important factors contribute to the
differences in results compared to previous studies. These
factors include environmental conditions, the different
diagnostic methods used by each study, the age and sex of
the sheep being studied by the researcher, the number of
animals, their proximity to the breeding pens and their
contact with dogs, and the type and strain of the E.

granulosus parasite (Aregawi et al., 2024; Dixit et al.,
2024).
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Figure 4. Percentage of E. ganulosus infections by gender in
sheep.

The infection rates between females (44.7%) and males
(23.2%), which showed significant differences, were
consistent with the results of a Pakistani research carried
out by Mugaddas et al. (2019). The higher occurrence of
E. granulosus infection among female sheep compared to
males is attributed to differences in proper management
practices, particularly in livestock systems. In Iraq, female
sheep are usually kept longer, mainly for breeding and
milk production. In contrast, male sheep are often sold or
slaughtered at a youthful age to meet local meat demand.
This extended lifespan in females results in a greater
cumulative exposure to E. granulosus eggs (Al-Dhurani et
al., 2024). According to the FAO (1996), Awassi ewes, the
dominant breed in Irag, can produce over 100 kg of milk
during a 142-day lactation period, making them
economically valuable and justifying their longer retention
in flocks. These national-level practices strongly support
the explanation for the higher infection rate in females.

Concerning the relationship between infection and
animal age, Figure 5 shows that the highest infection rate
(42.3%) was recorded in sheep between 3 and 5 years of
age, while the lowest percentage (16.8%) was noted in
sheep between six months and two years of age. These
findings align with those of Alvi et al. (2020) in Pakistan.
The high rates of infection at older ages are explained by
the fact that large age groups are more vulnerable to
infection from animals that pass through during many
seasons and come into direct contact with dogs, as well as
from their increased exposure to infection as they age and
continue to eat weeds contaminated with parasite eggs
(Shahatha, 2019). Moreover, younger animals have
stronger immunity against parasitic infections because they
acquire antibodies from colostrum while feeding from
their mothers (Baghezza et al., 2024).
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There is a notable variance in the connection between
infection and the months (p< 0.05). Infection rates were at
their lowest in July at 7.8% and highest in January and
February at 64% and 61.6%, respectively (Figure 6). This
is consistent with the results documented in the study of
Al-Alo (2019) conducted in Najaf Governorate. In addition
to the fact that parasites become more active in colder
climates with higher humidity, the transmission of parasite
eggs through direct contact between animals and dogs in
barns and breeding fields during the winter months is the
cause of the increased infection rates in winter as opposed
to summer (Sultan et al., 2023).
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Figure 6. Percentage of E. ganulosus infections by months in sheep.

The Hydatid cysts were found in 72 affected livers
(34.1%) and the lungs (31.7%) (Figure 7). The kidney had
the lowest percentage at 13.2%, which aligns with research
by Li et al. (2020) and Haleem's study (2018). This
indicates that the liver is the most impacted organ; as
shown in Figure 8. This is because the embryos landed in
the liver and lungs after crossing through the blood.
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Figure 7. The proportions of Hydatid cyst infections affecting
each body organ.
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Figure 8. Sheep liver, lungs, and kidneys are affected by hydatid cysts.

(Table 1) shows slight differences between the
parameters when using the fixed volume in calculating the
protoscoleces of the parasite, where the average
protoscoleces vitality at zero hours of treatment was 20. At
the same time, it reached 19 at 96 hours.

The results of calculating the percentage of
protoscoleces' vitality of five replicates showed that the
total rate of protoscoleces per drop ranges between 97 and
108 heads, while the rate of live protoscoleces was 84-98.
Therefore, the percentage of protoscoleces' vitality reached
89% (Table 2).

Table 1. Calculation of live protoscoleces with a constant volume method of 10 pl.

Duration of examination

The number of protoscoleces calculated for five replications

The average number of

(hour) 1 2 3 4 5 protoscoleces +Standard deviation
0 22 20 19 21 18 20+0.60

24 21 20 21 22 21 21+0.62

48 20 21 19 20 20 20+1.72

72 21 18 19 19 18 19+0.80

96 20 22 18 17 18 19+1.00

Table 2. Frequency for calculating the percentages of protoscoleces in a single drop of 50 pl.

Repetition 1 2 3 4 5 Total
Average of the total number of protoscoleces 108 104 97 102 108 519
The average number of living protoscoleces 98 93 84 92 95 462

% of protoscoleces vitality

90.7 89.4 86.5 90.1 87.9 89.0

Table 3 demonstrates the effect of the concentrations
(5, 10, 15, and 20 mg/ml) of the R. vesicarius aqueous
extract on the survival of E. granulosus in vitro. After 96
hours of treatment, protoscoleces' viability decreased
significantly: from 93% to 21% at 5 mg/ml and from 91%
to 0% at 10 mg/ml. The results also showed that a 15
mg/ml concentration of the plant's watery extract
decreased protoscoleces' viability from 90% to 0% after 96
hours of treatment. After only 72 hours, a higher
concentration reduced protoscoleces' viability from 85% to
0%, indicating a more substantial effect of higher
concentrations. These findings align with previous studies
(Vakili et al., 2019; Al-Taei et al., 2019), and this
inhibitory effect is attributed to Various active components
in the extract, such as sterols, alkaloids, terpenes, tannins,
flavonoids, and glycosides that cues obstructing the
respiration process through its effect on the mitochondria,
these compounds also cause the breakdown of the cell
membrane and the fats and proteins, resulting in the
parasite's death (Shahatha, 2024). This is because they
interfere with the chain of metabolic reactions of the
necessary proteins that help the parasite's vitality to
continue (Tandon and Sirohi, 2010; Shahatha et al., 2022).

Eosin dye penetration into primary cells is used to assess
their viability, as this process is closely linked to
membrane permeability. Any physiological disruption in
the membrane can increase its permeability, allowing dye
entry; however, living primary cells will maintain their
original color. A physiological saline solution supported
the primary cells by providing the essential nutrients (Nasr
et al., 2014; Al-Sabawi et al., 2023).

Among the many phytochemicals that are present in the
extract, flavonoids and tannins are regarded as the key
contributors to its powerful scolicidal action. These
chemicals have been shown to disrupt mitochondrial
function, increase membrane permeability and denature
structural proteins, together resulting in protoscolex
mortality (Almutairi et al., 2022). This shows a strong
mechanistic  relationship ~ between  the  extract’s
phytochemical composition and its observed efficacy.
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Table 3. Average viability of protoscoleces following exposure to
concentrations of aqueous extract over several periods.

Average viability of protoscoleces

concentration Mg/ml  during periods (hours)

24 48 72 96
Control 94 88 70 61
5 93 82 62 21
10 91 73 42 0
15 90 62 12 0
20 85 38 0 0

Our research demonstrated that the plant extract
showed promising activity against protoscoleces in vitro.
However, its effectiveness and safety in live animals have
yet to be assessed; Key factors like optimal dosage,
pharmacokinetics, and potential side effects are still
uncertain. Thus, more in vivo studies are needed to
determine suitable dosing strategies, evaluate safety, and
verify therapeutic effectiveness in sheep.

4. Conclusion

This study highlights a high occurrence of hydatid cyst
infection among sheep in Anbar Province, with significant
differences related to sex, age, and seasons. The aqueous
extract of R. vesicarius demonstrated a strong in vitro
inhibitory effect on protoscoleces' viability. However,
further research, including in vivo testing in sheep, is
essential to determine practical applications and ensure
safe use in parasite control strategies.
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