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Abstract

BACKGROUND/AIMS: In recent years, feline infectious peritonitis (FIP), which led to the death of more than 3,000 cats on the island of Cyprus,
has become a significant concern. FIP is a fatal disease in cats caused by feline coronavirus (FCoV). Due to its rapid spread among cats, its
potential to pose a pandemic threat, and its presentation of symptoms similar to other diseases, accurate and rapid diagnostic methods are

essential.

MATERIALS AND METHODS: This study reports the development of a novel quantitative reverse-transcription polymerase chain reaction (qRT-
PCR) diagnostic kit specifically designed to detect the presence of FCoV-specific nucleic acid in anal/fecal swab samples. Sequence-specific
primer and probe sequences were designed and optimized to specifically target FCoV membrane and open reading frame 7 genes. The kit was

evaluated using clinical samples from suspected FCoV cases.

RESULTS: Designed kit demonstrated high sensitivity and specificity on tested samples. Target genes in all FCoV-positive samples were successfully

amplified with no false-positive or false-negative results.

CONCLUSION: Our findings indicate that the designed qRT-PCR kit provides a reliable tool for the rapid and early diagnosis of FCoV infection in
cats, thereby aiding in clinical decision-making as well as disease management.

Keywords: Feline coronavirus, FCoV, FIP, qRT-PCR

INTRODUCTION

Feline infectious peritonitis (FIP) is a severe, often fatal systemic disease
caused by a virulent strain of feline coronavirus (FCoV)."! FCoV is an
enveloped, positive-sense single-stranded RNA virus belonging to the
Coronaviridae family. The FCoV genome is approximately 29.4 kb in
length and consists of several open reading frames (ORFs) that encode
structural proteins, including the spike (S), envelope, membrane (M),
and nucleocapsid proteins, as well as non-structural proteins, which
are involved in viral replication and pathogenesis.? The S protein gene
has been reported as the main factor responsible for the adhesion of
the virus to the cells that it will attack. The other important region in

the genome of FCoV is the ORF, which encodes non-structural proteins.?
It is reported that non-structural proteins are responsible for viral
replication and transcription. FCoV is reported as highly contagious. It
can spread rapidly among cats, particularly in multi-cat environments
such asshelters and catteries.*® In view of its fast transmission rate in cat
populations, the importance of early and accurate detection is crucial
for proper disease management and prevention of possible outbreaks.®
FCoV is mainly transmitted by fecal-oral transmission, where infected
cats excrete the virus in their feces or semen.® Close contact with an
infected cat, shared litter boxes, or contaminated environments can
also be listed as a transmission route for FCoV.
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Current testing methods for FCoV rely on antigen testing. However,
this method carries a high risk of cross-reactivity, especially with
other viruses from the same family, causing false-positive results. Also,
antigen tests have lower sensitivity compared to amplification-based
polymerase chain reaction (PCR) technology. In this study, we present
a novel quantitative reverse-transcription (qRT)-PCR diagnostic kit
specifically designed to detect FCoV nucleic acids from anal/fecal swab
samples. The kit targets the M and ORF genes, which are known to
be crucial for viral replication and indicate the presence of the virus.”
By utilizing highly specific primer and probe sets, this PCR kit aims to
provide a sensitive and accurate tool for early diagnosis of FCoV.

MATERIALS AND METHODS
Sample Collection and RNA Isolation

By veterinary specialists, a total of 36 blind clinical samples, including
anal/fecal swabs, were collected from cats with and without clinical
signs of FIP. Near East University Animal Experiments Local Ethics
Committee granted the ethical approval for the study (approval
number: 2024/192-192, date: 19/12/2024). Control samples were also
obtained from healthy cats. RNA isolation from anal swab samples
was performed using the commercially available kit, A1 LifeSciences-
Diagnovital RTA Viral RNA Isolation Kit (istanbul, Tiirkiye), according to
the manufacturer’s instructions.

Primer and Probe Design

Primers and probes were designed to specifically target the M and ORF7
protein genes of the FIP-associated strain of FCoV. The sequences were
obtained from the National Center for Biotechnology Information (NCBI)
gene database. Primer sets were designed using SnapGene and NCBI
basic local alignment search tool (BLAST) software. After performing
BLAST analysis to ensure that the primers would not result in off-target
amplification, had appropriate melting temperatures and no self-
annealing risk, the appropriate primer sets were selected.

Polymerase Chain Reaction Assay Development

The PCR assay was developed using a standard protocol with minor
modifications to increase sensitivity. The reaction mix included
primer and probe sets, PCR mastermix with reverse transcriptase, and
extracted RNA. Thermal cycling conditions consisted of an initial reverse
transcription step at 55 °C for 15 minimum, followed by an initial
denaturation step at 95 °C for 30 30 seconds (sec), then 40 cycles at 95
°Cfor 10 sec and 58 °C for 30 sec. Fluorescence signals were obtained at
Cy5 and FAM channels. The assay was validated using a panel of known
FCoV-positive and negative samples. Sensitivity was checked by serial
dilution of the target RNA, and specificity was confirmed through in-
silico testing against over 30 viral genomes, 20 bacterial genomes, and
10 parasite genomes, along with the feline and Homo sapiens genomes.

RESULTS

The PCR assay successfully amplified the target gene in all FCoV-
positive samples, with no amplification observed in negative controls
or samples from cats with antigen-negative results (Figure 1). Specificity
testing showed no cross-reactivity with non-pathogenic FCoV or other
feline pathogens, highlighting the assay’s robustness and accuracy.

Among the tested samples, 18 were found to be PCR positive, of
which 13 indicated active infection and 5 suggested past infection.
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Figure 1. Amplification plot results of FCoV-positive samples.

FCoV: Feline coronavirus.

These findings were consistent with the clinical symptoms observed
and antigen results. The kit’s performance was further evaluated by
comparing its results with serological tests, showing a concordance rate
of 100% with serology tests.

DISCUSSION

The ability to diagnose FCoV infections with high specificity and
accuracy carries great importance for both clinical and epidemiological
purposes since the virus can transmit easily among feline populations
worldwide.*® Conventional diagnostic methods, such as serological
testing, have notable limitations, including delayed results and a
risk of false positives or negatives.” A major limitation of this study
is the relatively small sample size. Further validation studies of the
performance of the kit on a larger feline sample size are necessary. One
of the key strengths of this qRT-PCR kit is its use of primers and probes
designed specifically to target the genes for FCoV.2° The specificity of
this diagnostic method was confirmed not only through laboratory
testing but also through in silico analysis against a wide range of viral,
bacterial, and parasitic genomes, as well as the feline genome, thus
ensuring no cross-reactivity with non-pathogenic strains of FCoV or
other common feline pathogens.

The results obtained from clinical samples in this study also emphasize
the kit’s diagnostic effectiveness. Among the 36 tested samples, the qRT-
PCR assay identified 13 active infections and 5 past infections in cats.
These findings were consistent with the clinical signs and antigen test
results, confirming the kit’s effectiveness in identifying not only active
infections butalso previous exposuresto FCoV on account of the designed
primers and probes. This capability is especially valuable for disease
surveillance in multi-cat environments, such as streets or shelters,
where rapid identification and isolation of infected cats are essential
for controlling possible outbreaks.*® From a research perspective, this
diagnostic kit study can be a pioneering study for future research and
will help in understanding the molecular mechanism of FcoV.*

Study Limitations

The main limitation of this study was the small sample size, which may
affect the generalizability of the findings; future research could address
this by including a larger and more diverse sample.
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CONCLUSION

Development of an in-house qRT-PCR kit for the detection of FCoV is an
important step for the field of veterinary diagnostics. The kit is designed
to specifically target the viral genes which are M and ORF7. Primer
and probe sets are designed to ensure high specificity and sensitivity.
During optimization studies, the detection performance of the in-house
designed kit has been studied with clinical samples suspected for FCoV.
Importantly, the results were in concordance with the serological test
results. The results prove that the designed kit can be used as a reliable
diagnostictool. Future studies will focus on optimizing the kit for routine
use and exploring its applicability across diverse clinical settings.

MAIN POINTS

» The designed diagnostic kit provides a valuable tool for the early
and accurate detection of feline coronavirus (FCoV).

* The kit offers rapid and reliable results.

* Itis aimed to be prepared for a possible pandemic by targeting the
FCoV which can transmit rapidly.

* Sensitivity tests were carried out in comparison with serological tests
and completely compatible results were obtained.
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Abstract

BACKGROUND/AIMS: Metformin, a common drug for managing type 2 diabetes, and curcumin, a bioactive compound from turmeric, exhibit
complementary therapeutic properties, particularly for metabolic disorders. Despite their potential synergy, simultaneous analysis is challenging
due to differences in chemical structure and solubility.

MATERIALS AND METHODS: A reverse-phase high-performance liquid chromatography (RP-HPLC) method was developed for the concurrent
quantification of metformin and curcumin. The method utilized an Agilent 1260 Infinity HPLC system with a UV-Vis detector and a C18 column,
achieving separation with retention times of 1.2 minutes for metformin and 6.0 minutes for curcumin. Validation followed International
Conference on Harmonization Guidelines, assessing linearity, precision, accuracy, and sensitivity.

RESULTS: The method demonstrated high linearity (R2>0.999), precision (%RSD <2%), and accuracy with recovery rates close to 100%. Sensitivity
tests showed low limits of detection and limits of quantification, indicating robustness and reliability for routine analysis.

CONCLUSION: The validated RP-HPLC method is efficient and cost-effective, enabling robust analysis of metformin and curcumin in combined
pharmaceutical formulations. This method is ideal for quality control laboratories and holds potential for biological sample analysis in clinical
research on combined treatments.

Keywords: Metformin, curcumin, RP-HPLC, method validation, simultaneous quantification

INTRODUCTION liquid chromatography is a technology that is effective in separating
and quantifying chemicals that are present in complex mixtures.®?
This study develops and verifies a reverse-phase high-performance
liquid chromatography (RP-HPLC) technique for the simultaneous
measurement of metformin and curcumin, with the goal of improving
the method for use in research as well as quality control.

Metformin is a used antidiabetic medication recognized for its
effectiveness in decreasing blood glucose levels by enhancing insulin
sensitivity and diminishing hepatic glucose production.™ Curcumin, a
polyphenolic compound obtained from turmeric (Curcuma longa), has
been the subject of extensive research regarding its anti-inflammatory,
ant|OX|daqt, apd antidiabetic propertles?*‘ ReFent studlgs suggest ’thf\t MATERIALS AND METHODS
the combination of metformin and curcumin may yield synergistic

effects in treating metabolic disorders.>® Simultaneous analysis of In order to carry out this investigation, we utilized laboratory samples
these compounds presents challenges owing to variations in their and did not involve human participants; consequently, informed
chemical structures and solubility profiles.” High-performance consent was not necessary.
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Chemicals and Reagents

Metformin hydrochloride (analytical grade, catalog no. M9768, Sigma-
Aldrich, USA) and curcumin (analytical grade, catalog no: (7727, Sigma-
Aldrich, USA) were utilized in this study. HPLC-grade methanol (catalog
no: M/4054/17, Fisher Scientific, UK) was obtained from local suppliers.
Deionized water was consistently used throughout the study and filtered
using a 0.45 um membrane filter (catalog no: SF14795, Merck Millipore,
Germany). All reagents and solvents were of the highest analytical or
HPLC grade to ensure accuracy and reproducibility in the analysis.

HPLC Instrumentation and Conditions

Using an Agilent 1260 Infinity HPLC system equipped with a UV-Vis
detector, the chromatographic analysis was carried out. The separation
process was carried out utilizing a C18 column with dimensions of
150x4.6 mm and a particle size of 5 um at a temperature of 30 °C.
In this step, the gradient elution protocol described in Table 1 was
carefully optimized to achieve effective separation of metformin and
curcumin, considering their distinct chemical properties. The chosen
solvent ratios facilitate clear peak resolution with retention times of 1.2
and 6.0 minutes, minimizing co-elution and baseline drift. Methanol-
water mixtures were selected for their compatibility with the analytes
and consistency in performance. This protocol balances high separation
efficiency with practical runtime, making it suitable for routine quality
control applications. The mobile phase comprised two solvents: Solvent
A (80:20 water: methanol) and Solvent B (90:10 methanol: water).

A maximum pressure of 400 bar was maintained, with the flow rate
at 1.0 milliliters per minute. A wavelength of 254 nm was chosen as
the detection wavelength. The retention durations for metformin and
curcumin were around 1.2 minutes and 6.0 minutes, respectively, which
guaranteed that there was sufficient peak separation in Figure 1.

Preparation of Standard Solutions

Methanol was used as the solvent in the preparation of stock solutions
of metformin (100 pg/mL) and curcumin (100 pg/mL). By diluting
stock solutions with the mobile phase, standard working solutions
were generated. The resultant concentration range for metformin was
between 10 and 100 pug/mL, while the concentration range for curcumin
was between 1 and 50 uyg/mL.

Table 1. The gradient elution protocol

Time (min) Mobile phase

0:00-2:00 100% A

2:00-3:00 Transition from 100% A to 100% B
3:00-8:00 100% B

8:00-9:00 Transition from 100% B back to 100% A
9:00-20:00 100% A

Table 2. Regression equations and correlation coefficients (R,) for
metformin and curcumin

. Regression
Compound Concentration (ug/mL) equation R,
Metformin 10-100 y = 2.54x + 4.74 0.9994
Curcumin 10-50 y=3.57x+ 0.918 0.9993

Statistical Analysis

Data were analyzed using appropriate statistical methods and presented
as means * standard deviation (SD) to ensure clarity and reliability.
The validation of the method was conducted in compliance with the
International Conference on Harmonization Q2 (R1) guidelines.’® The
evaluated parameters included linearity, precision, accuracy, limit of
detection (LOD), and limit of quantification (LOQ).

Linearity

Linearity was evaluated using distinct concentrations for each analyte.
As seen in Figure 2, calibration curves were constructed to illustrate
the relationship between peak area and concentration, with regression
analysis providing the correlation coefficient R, (Table 2). The method
exhibited linearity across the evaluated concentration ranges, showing
high correlation coefficients.

Precision

Precision was evaluated by analyzing three concentrations of metformin
and curcumin on one day (intra-day) and over three consecutive days
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Figure 1. Chromatogram obtained from the RP-HPLC method
showing the separation of metformin and curcumin.

RP-HPLC: Reverse-phase high-performance liquid chromatography.
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Figure 2. Calibration curves for metformin and curcumin
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(inter-day). The relative standard deviation (%RSD) values were below
2%, indicating high reproducibility, as detailed in Table 3.

Accuracy

The accuracy of the method was evaluated through recovery studies,
where known amounts of metformin and curcumin were added to pre-
analyzed samples. The recoveries at three levels (50%, 100%, and 150%)
were determined, demonstrating the method’s accuracy, and the results
are shown in Table 4.

LOD and LOQ

Both the LOD and the LOQ were determined by using the slope of
the calibration curve in conjunction with the SD of the response. The
findings, which are presented in Table 5, indicate that the method is
sensitive enough to detect even minute quantities of both drugs.

Robustness

The robustness of a chromatographic technique reflects its ability
to withstand minor intentional variations in operating conditions
while maintaining reliable performance. Adjustments to the column
temperature (£5 °C) were made, and percent %RSD values along
with system suitability parameters were evaluated. The method
demonstrated robustness, with %RSD values (<1) and system suitability
parameters remaining stable and within acceptable limits.

RESULTS

The enhanced RP-HPLC method achieved clear separation of metformin
and curcumin with excellent linearity, precision, accuracy, and sensitivity.
LOD and LOQ values were low, indicating the method’s capacity to
detect trace levels of both compounds-ideal for pharmacokinetic

Table 3. Precision results for intraday and interday analyses of metformin
and curcumin

Compound Intraday precision Inter-day precision (peak
p (peak area  SD) (%RSD) | area = SD) (%RSD)

Metformin 1000+10.0 (1.00) 1005+15.0 (1.49)

Curcumin 500:£5.0 (1.00) 505+7.5 (1.49)

SD: Standard deviation, RSD: Relative standard deviation.

Table 4. Recovery study results for metformin and curcumin

Added Recovered
Compound | % amount | amount (%) recovery = (%) average
(ug/mL) | (ug/mL)
Metformin 50 50 50£1.25 100£0.003 100.02
Metformin 100 | 100 100+2.00 100£0.004 100.10
Metformin 150 | 150 150£3.00 100£0.005 99.98
Curcumin 5 5 51+0.10 100£0.002 100.15
Curcumin 10 10 10£0.20 100£0.003 99.90
Curcumin 15 15 15+0.30 100£0.004 99.87

Table 5. Limits of detection and limits of quantification for metformin
and curcumin

Compound LOD (ug/mL) | LOQ (ug/mL)
Metformin 6.85 20.76
Curcumin 3.49 10.56

LOD: Limits of detection, LOQ: Limits of quantification.

applications.” Recovery ranged from 98.5%-101.2% for metformin and
97.8%-100.9% for curcumin, confirming the method’s accuracy. %RSD
values were consistently near 2%, supporting its precision.

DISCUSSUION

The developed method is suitable for routine pharmaceutical analysis.
Its high sensitivity, reliable recovery, and low %RSD make it a strong
alternative to more advanced techniques like LC-MS. Furthermore, its
compatibility with standard HPLC systems makes it a cost-effective and
accessible option for most quality control laboratories.™

Study Limitations

One limitation of this study is the inherent instability of curcumin, which
is sensitive to light and can degrade over time." To mitigate this, we
used amber-colored volumetric flasks to protect the compound during
preparation and analysis. Despite these precautions, curcumin’s lack of
stability could still impact its quantification under certain conditions.
Future studies should consider additional stability assessments to
ensure consistent results.

CONCLUSION

This study presents an HPLC method for simultaneous measurement
of curcumin and metformin, demonstrating exceptional linearity,
accuracy, precision, and sensitivity. Future research may explore its
use with biological specimens and clinical trials. The established
RP-HPLC method for the simultaneous measurement of metformin
and curcumin demonstrates notable improvements over previous
techniques. The sensitivity has been enhanced, showing LODs of
6.85 ug/mL for metformin and 3.49 yg/mL for curcumin, along with
LOQs of 20.76 ug/mL for metformin and 10.56 ug/mL for curcumin,
aligning with previously documented values. Moreover, the method
demonstrates outstanding precision (RSD% <2%) and accuracy (recovery
rates close to 100%), thereby fostering confidence for regular use.
The use of a standard C18 column along with short retention times
enhances efficiency, making it an economical option for quality control
and investigative purposes.

MAIN POINTS

* Avalidated reverse-phase high-performance liquid chromatography
method quantifies metformin and curcumin with high precision.

Low limit of detection and limit of quantification ensure suitability
for trace-level analysis.

Cost-effective and ideal for quality control of combined drugs.
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Abstract

BACKGROUND/AIMS: The purpose of this retrospective study was to determine the prevalence of taurodont and pyramidal mandibular molars
among a Turkish Cypriot population.

MATERIALS AND METHODS: This study involved a retrospective evaluation of cone beam computed tomography (CBCT) scans from 285 adult
patients (148 males and 137 females, aged, 18-80). A total of 902 molar teeth (including third molars) were evaluated using CBCT images. The
recorded data were statistically analyzed to compare the incidence of taurodont and pyramidal teeth between genders and tooth types.
RESULTS: Fifty-seven patients were found to have at least one taurodont tooth (32 males and 25 females), with an incidence of 20%. Among
the 902 teeth, 100 (11.1%) mandibular molar teeth exhibited taurodontism, with 51 (11.4%) on the left side and 49 (10.7%) on the right side.
Taurodontism occurred in 51 of the 429 teeth from female patients (11.8%) and 49 of the 473 teeth from male patients (10.3%), without
statistically significant differences (p>0.05). Third molars were the most commonly affected teeth (23.1%), followed by second molars (12.3%)
and first molars (3.36%). A statistically significant difference was found in tooth type (p<0.05). Pyramidal teeth were detected in 7 patients,
representing a prevalence of 2.5%. Of these, 4 patients (2.9%) were females and 3 patients (2%) were males.

CONCLUSION: Taurodont molars exhibited a high prevalence among Turkish Cypriots, particularly in the second and third molars of mandibular
teeth. Dental practitioners should be aware of this dental anomaly.

Keywords: Taurodontism, CBCT, pyramidal molar tooth

INTRODUCTION

Dental anomalies may affect both crown and root structures. Crowns
often exhibit deviations in shape, size, color, or number, and teeth may
appear in abnormal positions or display irregular eruption patterns.'
Common root abnormalities include taurodontism, pyramidal shapes,
dilaceration, short roots, and root fusion.?®> Extensive research has
demonstrated that various dental anomalies often manifest concurrently

in different combinations.* Taurodontism was first described by Keith®
in 1913 and refers to the molar teeth with an extended pulp chamber
below the cementoenamel junction (CEJ) and apical displacement of
the root bifurcation or trifurcation. Taurodont teeth, which exhibit a
rectangular shape, are subclassified by Shaw® into mild, moderate,
or severe [hypotaurodontism (HT), mesotaurodontism (MT), and
hypertaurodontism (HYT), respectively] based on relative degree of pulp
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chamber displacement. Teeth with normally sized pulp chambers are
referred to as cynodonts (CD).°® The root configurations of these molar
teeth may exhibit separate roots, or partially or completely fused roots.
Completely fused roots with a single, wide root canal are attributed to
deep taurodontism and pyramidal molars (PM).> Theories regarding
the origins of taurodontism vary widely, but it is often attributed to
early invagination of the epithelial root sheath, which is critical for
the development of dental structures.” Taurodontism occurs more
frequently in permanent teeth, and may be observed in individual
teeth or bilaterally. Studies in the literature indicate a higher prevalence
of taurodontism among some specific ethnic groups, including the Inuit
of Alaska, Aborigines in Australia, and the indigenous populations of
Central America.??

The endodontic management of taurodont teeth presents some
challenges in terms of canal identification, cleaning, shaping, and
obturation, and requires an approach that differs from that used for
typical teeth. Radiographic imaging is required to diagnose these
anomalies, as the clinical appearance of taurodont or pyramidal teeth
cannot be distinguished from that of other teeth.” In 1978, Shifman
and Chanannel" described an index to determine the severity of
taurodontismon radiographicimages. Previousstudieson the prevalence
of taurodontism and PM have mostly relied on two-dimensional (2D)
imaging such as panoramic or bitewing radiographs.*'*'> However, cone
beam computed tomography (CBCT) is a reliable three-dimensional (3D)
imaging modality for determining the prevalence of taurodontism and
PM, their diagnosis and classification, making accurate measurements,
and managing the treatment processes. A comprehensive literature
review has revealed only a few studies using CBCT to examine the
prevalence of taurodontism,>™ and no study was found for the Turkish
Cypriot population. Hence, the present study was conducted to identify
taurodont and pyramidal mandibular molars in a group of the Turkish
Cypriot population using CBCT.

MATERIALS AND METHODS

The study protocol was approved by the Near East University, Scientific
Research Ethics Committee (approval number: YDU/2019/70-851, date:
27.06.2019). This study involves the retrospective evaluation of CBCT
scans obtained from 285 adult (137 female and 148 male) patients
aged 18-80 years from 2020 to 2024. CBCT images were obtained for
various purposes such as implant planning, impacted tooth assessment,
maxillary sinus evaluation, and cysts. The CBCT images were obtained
using the Sirona Orthophos XG 3D system with the following parameters:
a field of view of 80x80 mm or 110x100 mm, 85 kV, 6 mA, 14.4 seconds
of scanning time, and 0.027 mm? voxel size.

CBCT images, of healthy mandibular molar teeth without endodontic
treatment, filling restoration, fixed prosthodontic treatment, open apex,
periapical lesion, and root resorption were included in the study. After
recording the demographic information of the patients, cross-sectional
images were assessed independently by two observers (N.I. and D.K.).
The assessment of taurodont mandibular molars was conducted using
the Taurodont index (TI), as modified by Shifman and Chanannel.” In
this method, the vertical height of the pulp chamber, defined as the
distance from the roof’s lowest point to the floor’s highest point, is
divided by the total distance from the roof’s lowest point to the apex
of the longest root. This ratio was then multiplied by 100. A tooth was
classified as taurodont if the calculated value reached 20 or more, and
the distance between the CEJ and the highest point of the pulp chamber

floor measured greater than 2.5 mm. Each taurodont tooth was
categorized by severity: hypotaurodont (Tl between 20% and 29.9%),
mesotaurodont (Tl between 30% and 39.9%), and hypertaurodont (Tl
between 40% and 75%). Mandibular molars with a single, wide canal
and completely fused roots were classified as pyramidal mandibular
molars.

Statistical Analysis

The gender distribution, anatomical location, and severity levels of
taurodont molars, along with their association with pyramidal teeth,
were statistically analyzed. All data were analyzed using IBM SPSS
Statistics (version 22). Descriptive analyses were performed for all
variables. The differences in the frequency of taurodontism anomaly
between groups were assessed using the chi-square (y?) test for
categorical data. A p-value below 0.05 was regarded as indicative of
statistical significance.

RESULTS

A total of 902 teeth from 285 patients were evaluated, comprising
148 females and 137 males. The average age of the participants was
36 years. Taurodontism was identified in 57 out of the 285 patients
(20%). At least one taurodont tooth was observed in 32 males (21.62%)
and 25 females (18.25%). Gender differences in the number and
percentages of CD and taurodont teeth subgroups are summarized
in Table 1. HT was the predominant type of taurodontism observed,
followed by MT; no cases of HYT were detected in either gender. No
statistically significant differences were noted between genders
(p>0.05); however, taurodontism was present in 51 teeth from female
participants (11.8%) and 49 teeth from male participants (10.3%) as
shown in Figure 1. Taurodontism occurred most frequently in third
molars (23.12%), followed by second molars (12.30%) and first molars
(3.86%), revealing statistically significant differences (p<0.05). Of the
902 mandibular molars assessed, 100 exhibited taurodontism, with 51
(11.4%) on the left side and 49 (10.7%) on the right side, as detailed
in Table 2. Furthermore, 86% of the taurodont teeth were classified as
HT, and 14% as MT, according to the data presented in Figure 2. Only
7 patients showed evidence of PM, yielding a prevalence rate of 2.5%.
Of these, four were female (2.9%) and three were male (2%). Concerning
tooth type, five of the identified pyramidal teeth were second molars,
and only two were third molars. Notably, none of the teeth evaluated
exhibited pyramidal characteristics in the first molars (Table 2).

DISCUSSION

“Taurodontism” combines the Greek terms “tauros,” meaning “bull,”
and “dontia,” meaning “teeth,” which implies “bull-like teeth”. This
condition describes teeth characterized by a vertically enlarged pulp
chamber and altered root canal structures.™ Although taurodontism
typically presents with a clinically normal appearance and does not

Table 1. Gender differences in the number and percentages of cynodont
and taurodont teeth subgroups

CD(n) HT(n) MT(n) % PM(n) %
Male 421 42 7 103 ' 3 2.00%
Female 374 44 7 1.8 4 2.90%
Total 795 86 14 111 7 2.50%
p=0.533

CD: Cynodont, HT: Hypotaurodont, MT: Mesotaurodont, PM: Pyramidal molars.
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Figure 1. Distribution percentages of cynodont, taurodont and
pyramidal mandibular molars according to gender.

Table 2. Distribution of taurodontism and pyramidal mandibular molar
teeth according to their localization
Taurodontism Pyramidal
Total (n) CD(n) | HT(n) MT(n) % n %
Right 457 406 39 10 10.70 2 0.40
Left 445 389 47 4 11.40 5 1.10
CD (n)  HT(n)  MT(n)
1. Molar 336 323 13 0 3.86 0 0.00
2. Molar 406 351 41 9 12.30 5 1.20
3. Molar 160 121 32 5 23.12 2 1.30
p=0.805, p>0.05
CD: Cynodont, HT: Hypotaurodont, MT: Mesotaurodont.

Figure 2. Representative sagittal CBCT sections demonstrating the
mandibular molar (white arrow) exhibiting hypotaurodontism
(A), mesotaurodontism (B), and pyramidal morphology (C), as
observed in the present study.

CBCT: Cone beam computed tomography.

generally affect aesthetics, its presence may complicate endodontic
treatment procedures.’

Moreover, the occurrence of taurodontism differs across ethnic
populations, with these variations potentially linked to disparities
in diagnostic methods and criteria.'® Research on taurodontism
prevalence has reported rates ranging from 0.26% to 48%. Sarr et al."””
observed the highest prevalence in an adult Senegalese population,
with taurodontism identified in 48% of individuals. Furthermore, 48.6%
of the patients exhibited both taurodontism and pyramidal teeth."”
MacDonald-Jankowski and Li° reported the second highest prevalence
at 46.4% among the young adult Chinese population. Earlier studies
in the Turkish population documented prevalence rates varying from
0.26% to 22.8%.""% In the present study, taurodontism prevalence was

I 10

20%, which is quite similar to the incidence reported by Topcuoglu et
al.2%. Previous studies within the Turkish population predominantly
employed panoramic radiography.®? In contrast, the present study
utilized CBCT for assessment. Due to its 2D imaging and inherent
magnification issues, a 3D evaluation method was preferred over
panoramic radiography in the present study. Typically, earlier studies
have included maxillary molars, premolars, and mandibular premolars,
with some indicating that taurodontism is significantly more commonly
observed in the maxillary molars. Consequently, a plan is in place to
include premolar and maxillary molar teeth in future research, which
is anticipated to reveal a higher prevalence of taurodontism in our
population.

Study Limitations

The limitations of this study are as follows: Unlike previous studies that
included maxillary molars, premolars, and mandibular premolars, the
current evaluation is restricted solely to permanent mandibular molars.
Additionally, this study was conducted at a single center in North Cyprus
and did not represent the whole population.

CONCLUSION

In conclusion, the North Cyprus population has a 20% incidence of
taurodontic mandibular molars and 2.5% incidence of pyramidal
mandibular molars, indicating the need for a meticulous clinical
approach in their endodontic treatment. CBCT is more effective for
precise diagnosis, classification, and treatment planning. This study
establishes a foundation for improving endodontic processes and
patient care in North Cyprus.

MAIN POINTS

* This study identifies a 20% prevalence of taurodontism and a
2.5% prevalence of pyramidal molars (PM) in the Turkish Cypriot
population.

Hypotaurodontism is the predominant subtype observed, with no
cases of hypertaurodontism reported.

» Cone beam computed tomography has been demonstrated to be
superior to conventional 2D imaging techniques for the accurate
diagnosis and classification of taurodont and PM.

The findings emphasize the necessity for individualized endodontic
treatment protocols and the importance of precise diagnostic
imaging in clinical practice.
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Abstract

BACKGROUND/AIMS: It was aimed to compare the trueness of digital impressions acquired using prefabricated auxiliary devices (PADs) in 2
different forms, in combination with 2 intraoral scanners (10Ss).

MATERIALS AND METHODS: A master cast of a partially edentulous maxilla with two multi-unit analogues was initially scanned in a laboratory
setting, with the resulting data saved as a reference standard tessellation language (STL) file. Subsequently, experimental STL files were
generated, by using two different 10Ss, the Omnicam and iTero, following three distinct scanning routes: without a PAD, with an indented PAD,
and with a plain PAD. Each experimental STL file was superimposed onto the reference STL file; the scan bodies were transformed into virtual
hollow cylinders, and the Cartesian coordinates of the centre lines passing through these cylinders were recorded, enabling the calculation of
angular deviation (AD) and linear deviations (LD). Statistical analysis was performed using two-way analysis of variance with Tukey’s post-hoc
test (0=0.05).

RESULTS: PAD design, 10S type, and their interaction terms significantly influenced the deviation values (p<0.05), except for the PAD design
effect on AD values in location #13 and the 10S type effect on LD values in location #13 (p>0.05). In both AD and LD data, the Omnicam + no-
PAD and iTero + indented PAD, groups exhibited the highest and the lowest values across all locations, respectively. The LD values in all locations
and the AD values in location #13 were below the acceptability thresholds (<100 um and <0.5°). However, the AD values of Omnicam + no-PAD,
iTero + no-PAD, and Omnicam + plain-PAD groups were clinically unacceptable (>0.5°) in location #17.

CONCLUSION: The iTero + indented PAD group outperformed the other groups in terms of trueness.

Keywords: Intraoral-scan, prefabricated-auxiliary-device, scan-aid, superimposition, trueness

accessible storage on electronic databases and significantly improve
communication among dental professionals, patients, and technicians,
as captured digital images can be used for visual explanations.??
However, 10Ss capture consecutive 2D images via a limited-range

INTRODUCTION

Intraoral scanners (10Ss) have gained prominence in dental practice as
an effective and practical alternative to traditional impression-making.’

10Ss offer patient comfort and streamline workflow by eliminating
stages such as tray selection, dispensing, and setting of impression
materials, and the production of stone casts. Additionally, 10Ss offer

sensor, which are subsequently combined into a single 3D image by
running the iterative closest point algorithm.? This process, known as
image stitching, is supported by solid anatomical landmarks available
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along the scan path.™ In instances of the loss of several contiguous
teeth, image stitching presents challenges due to the extended distance
of the edentulous region between scan bodies.>* The lack of anatomical
landmarks can lead to cumulative errors during the stitching process,
resulting in distortion. Therefore, previous studies recommend using
I0Ss as an alternative to conventional techniques for single-unit and
short-span fixed partial restorations, where anatomical references
are more readily available.>® Without anatomical landmarks, 10Ss
may inaccurately stitch images or misunderstand scan segments as
superfluous data.”®'> To address this drawback, artificial landmarks
must be created to maintain continuity between scan bodies, allowing
for accurate tracking of the scanning route.">" Using fiducial markers,
applying pressure-indicating paste, splinting scan bodies with different
materials, utilising scan bodies with flags, and positioning prefabricated
auxiliary devices (PADs) on the scan bodies are the proposed approaches
to installing artificial landmarks."®2' However, data supporting the
effectiveness of these approaches are scarce. Therefore, this study aimed
to compare the trueness, (refers to the closeness of the experimental
object to the reference object) of digital implant impressions acquired
by using 2 different PADs in combination with 2 different 10Ss. The
null hypothesis posited that the utilization of a PAD would not affect
trueness, that there would be no disparity in trueness among different
PADs, and that there would be no disparity in trueness among 10Ss.

MATERIALS AND METHODS

A partially edentulous maxillary cast was created by pouring a self-curing
acrylic resin (Meliodent Rapid Repair Denture Acrylic; Kulzer GmbH)
into a dentulous silicone mould (AG-3 G Silicone Index; Frasaco). Two
multiunit analogues (TO 32202; NucleOSS) were then positioned within
the cast, designating it the master cast. To enable scanning, scan bodies
(TO 32033; NucleOSS) were fastened to the multiunit analogues, and
the cast was scanned using a benchtop laboratory scanner (inEOS X5;
Dentsply Sirona). The resulting data were saved in standard tessellation
language format, establishinga reference dataset for further comparison.
Experimental scan datasets were obtained with 2 different 10S devices
(CEREC Omnicam and iTero Element 5D Plus) across 3 separate routes:
1) with no PAD, 2) with indented PAD, and 3) with plain PAD (Figure 1).
Using a software tool (G*power, v.3.1.9.7, Heinrich-Heine-University),
the minimum required sample size was calculated to be 18 with 85%
power, an effect size of 0.40, and a significance level of 0.05. Indented
and plain PADs were first virtually designed, by using a software program
(SolidWorks; Dassault Systemes Corp.) and then 3D printed with the aid
of a fused deposition modelling device (Prusa i3 MK3S; Prusa Research
AS, Czech Republic) with polylactic acid plus filament. The print nozzle
temperature was set at 210 °C, and the print bed temperature was set
at 60 °C. Eighteen consecutive scans were performed for each group
by an experienced calibrated operator. All datasets were transferred
into a metrology software application (Geomagic Control; 3D Systems).
Each experimental scan dataset was superimposed over the reference
scan dataset, and best-fit alignment was subsequently applied. For
the evaluation of angular deviation (AD) and linear distortion (LD), the
feature creation tab was utilised to generate the best-fit plane (plane 1)
on the occlusal surface of the scan body. An offset plane (plane 2) was
then created 10 mm away from plane 1, corresponding to the height
of the scan body. Hollow virtual cylinders were designed along the line
passing through the centres of both planes, matching the scan body’s
diameter. The Cartesian coordinates of these centre lines were recorded.
AD and LD were calculated as described in a previous study.

Statistical Analysis

Data were processed in a software program (SPSS Statistics 25.0; SPSS
Inc.). The assumption of normal distribution was verified by using the
Shapiro-Wilk test. Statistical analysis was performed by using two-way
analysis of variance (ANOVA) with Tukey’s post-hoc test (@=0.05).

RESULTS

The mean AD and LD values + standard deviations with pairwise
comparisons are presented in Table 1. The results of 2-way ANOVA
proved that the PAD design, 10S type, and their interaction terms
significantly influenced the deviation values (p<0.05), except for the
PAD design effect on AD values in location #13 and the 10S type effect
on LD values in location #13 (p>0.05). In both AD and LD data, the
Omnicam + no-PAD and iTero + indented PAD groups exhibited the
highest and the lowest values across all locations, respectively. The LD
values in all locations and the AD values in location #13 were below the
acceptability thresholds (<100 pym for LD and <0.5° for AD). However,
the AD values of Omnicam + no-PAD, iTero +no-PAD, and Omnicam +
plain-PAD groups were clinically unacceptable (>0.5°) in location #17.

DISCUSSION

In a scenario of a partially edentulous case, this study compared the
trueness of digital impressions acquired by using PADs in 2 different
forms, in combination with 2 10Ss, all null hypotheses were rejected
because the PAD design, 10Stype, and their interaction termssignificantly
influenced the AD and LD values. According to the results, Omnicam
had higher AD and LD values in all locations. This is consistent with a
previous study?? and can be attributed to several reasons. First, Omnicam
gathers data via unpolarised white light through active triangulation
technology.®”? Omnicam may have encountered confusion while
scanning the white PAD. Second, white substrates reflect light diffusely,
diminishing the contrast between the substrate and the light emitted by
the scanner. White surfaces tend to scatter light in multiple directions,
as reflective materials do.® This scattering phenomenon diminishes
the quantity of structured light reflected to the scanner’s sensors,
complicating accurate surface mapping. Third, white might overwhelm

Master cast scanned
by using benchtop
laboratory scanner

Virtual 3D model

Scanning Te'chniques

Virtual 3D model
exported to serve as
reference STL file

L3
No PAD (n=18) Indented PAD (n=18) Plain PAD (n=18)

1 * J

Superimposition of experimemal§TL files to the reference STL file ‘
b 4

| Converting scan bodies to virtual 3D cylinders and assesing AD & LD ‘

Figure 1. Workflow of study.

PAD: Prefabricated auxiliary device, STL: Standard tessellation language,
AD: Angular distortion, LD: Linear distortion.
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Table 1. Mean angular and linear deviation values + standard deviations with Tukey post-hoc comparisons

Angular deviation (degrees) Linear deviation (um)
Routes Omnicam iTero Total Omnicam iTero Total
Data for location #13
Without PAD 0.21£0.0442 0.15+0.03%> 0.18£0.04° 4.40+05240 3.10£0.88"* 3.75%£0.97*
With indented PAD 0.19+0.03*2 0.12+0.05%2 0.16£0.05 4.10£1.20% 3.20£1.32% 3.6511.312
With plain PAD 0.19+0.05* 0.13£0.03%® 0.16£0.05 5.60+2.12M 5.90+3.18" 5.75%2.63"
Total 0.19+0.04* 0.14+0.04% 0.16£0.05 4.70+£1.53* 4.06+2.38% 4.38+2.10
Data for location #17
Without PAD 1.26+0.15%¢ 1.10+0.0638¢ 1.18+0.14¢ 22.00+2.584¢ 19.30+1.165¢ 20.65%2.39¢
With indented PAD 0.43+0.04*2 0.34+0.0382 0.39£0.06 7.60+0.5242 6.10+0.74%2 6.85£0.99°
With plain PAD 0.53+0.03*" 0.47+0.028° 0.50£0.04° 9.6010.84*" 8.50+0.53*0 9.05+0.89"
Total 0.74+0.39* 0.64+0.34° 0.69£0.36 13.06+6.66" 11.30+5.908 12.18+6.30
PAD: Prefabricated auxiliary device. Different superscript lowercase letters indicate significant differences in the same column; different superscript uppercase letters indicate significant
differences in the same row.

the sensor due to its high light reflectivity, resulting in overexposure
and erroneous scanning data. Fourth, the compact scanner head of
Omnicam (in comparison to iTero) necessitates stitching together more
2D images or videos, which may compromise trueness. On the other
hand, iTero functions with parallel confocal imaging technology. This
technology lies in focusing light at a certain depth and detecting only
the light that reflects at the same angle.®?? This method reduces the
influence of scattered light, which often occurs when surfaces are
reflective or white.*?2% Following the results of this study, iTero better
handles diffuse-reflecting materials, such as white substrates, since it
filters out the light, which is not in focus, hence reducing noise and
improving the clarity of the scan. Comprehensive and stable anatomical
landmarks available on the scan path help to achieve accurate
imagestitching."2®' Consistently, in the groups where scan bodies were
supported with PADs, including artificial landmarks, lower AD and LD
values were detected. Both PADs were prepared to extend deliberately
toward the edentulous area, serving as an optical bridge with enhanced
surface morphology to facilitate stitching. Strikingly, the indented PAD
exhibited significantly better performance than the plain PAD. This is
due to the irregular surface topography of the indented PAD, which
presents more abundant artificial landmarks and will allow for better
stitching.2'”'® Moreover, when evaluating the locations, it was found
that both AD and LD values increased from location #13 to location
#17. This can be attributed to the accumulation of stitching errors.

Study Limitations

This study has several limitations. The PADs with a lateral extension
were used. Different PAD designs may present different results. The
responsiveness to the scanned substrate with defined optical features
can vary widely for different 10Ss due to their different data acquisition
systems, although only two 10Ss were preferred. Neither inter-implant
distance nor angulation was included as a variable. Moreover, the
presence of saliva and variations in ambient lighting conditions were
not evaluated, which can all alter the results.

CONCLUSION

Based on the limitations of this study, the subsequent conclusions can
be drawn: 1) the utilisation of PAD improved the trueness values; 2)
10S type affected the trueness, and iTero outperformed Omnicam; 3)
the group in which iTero was coupled with indentation PAD exhibited
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superior trueness compared to the others.

MAIN POINTS

* Intraoral scanners (I0Ss) have transformed dental practice
by providing a more comfortable and efficient workflow,
eliminating traditional impression-making stages, and improving
communication among dental professionals, patients, and
technicians.

* The study highlights the importance of creating artificial landmarks,
such as using prefabricated auxiliary devices (PADs), to enhance the
accuracy of digital impressions in the absence of natural anatomical
landmarks.

 The study found that PAD design, 10S type, and their interaction
significantly influenced the trueness of digital impressions, with the
iTero scanner performing better overall. Indented PADs provided
more accurate image stitching due to their irregular surface
topography, which offered more abundant artificial landmarks,
thereby reducing distortion.

* The findings seek to address the challenges of image stitching in
extended edentulous regions and to improve the reliability of 10Ss
in dental practice.
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Abstract

BACKGROUND/AIMS: Dermatophytosis, caused by Trichophyton species such as T. rubrum, T. mentagrophytes, and T. indotineae, is a common
fungal infection with rising terbinafine resistance, particularly in T. indotineae strains in South Asia. This study investigates the potential
of biosurfactant (rhamnolipid and sophorolipid) and antifungal (terbinafine, itraconazole, fluconazole) combinations in the battle against

antifungal resistance.

METHODS: Homology modeling was used to generate 3D structures of 14-alpha-demethylase and squalene epoxidase. Molecular docking and
molecular mechanics/poisson-boltzmann surface area calculations were performed via GROMACS 2020.6.

RESULTS: Itraconazole/sophorolipid combination demonstrated the highest combined energy in T. mentagrophytes (-82.24 kJ/mol) and T.
indotineae (-85.35 kJ/mol). The terbinafine/rhamnolipid combination exhibited strong synergistic effects in T. mentagrophytes (-84.23 k}/mol),

but it was found not to be an ideal combination for T. rubrum.

CONCLUSION: Combining biosurfactants with conventional antifungals is reported to be a promising strategy for treating resistant Trichophyton
infections, particularly via co-administration of itraconazole/sophorolipid and terbinafine/rhamnolipid combinations.

Keywords: Dermatophytosis, Trichophyton species, antifungal resistance, biosurfactants, molecular docking

INTRODUCTION

Dermatophytosis is the most prevalent fungal infection worldwide,
caused by various dermatophyte species. These include Trichophyton,
Microsporum, and Epidermophyton, which infect keratinized tissues
such as skin, hair, and nails. Among Trichophyton species, T. rubrum,
T. mentagrophytes, and T. interdigitale are the most common in
humans." T. indotineae, a hypervirulent strain previously known as
T. mentagrophytes genotype 8, has been responsible for persistent
dermatophytosis outbreaks in South Asia.> T. indotineae manifests
primarily as tinea faciei, corporis, or cruris, and is highly transmissible.?

Increasing cases of terbinafine-resistant T. indotineae and other
Trichophyton species globally have raised concerns about treatment
effectiveness.**

Tinea in the genital region is rare, mostly caused by T. rubrum, but a
new genotype of T. mentagrophytes (type 7) has been linked to severe
infections in this part of the body.® These infections, reported among
men who have sex with men, are suspected to be sexually transmitted,
although no terbinafine resistance has been observed in this strain.”

Common treatments for dermatophytosis include topical and oral
antifungals, with oral therapies (primarily terbinafine) reserved for
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severe cases. However, rising resistance to azoles and allylamines in T.
rubrum and T. indotineae presents a significant challenge.® Resistance
mechanisms include mutations in the ERG77 gene (targeting azoles)
and SQLE gene (affecting terbinafine), which alter enzyme structures,
reducing drug binding.8?

Biosurfactants, like rhamnolipids and sophorolipids, are regarded
as promising alternatives in antifungal therapy due to their ability
to disrupt biofilms and cell membranes.®™ Rhamnolipids reduce
the minimum inhibitory concentrations of azoles and allylamines
in resistant strains like T. rubrum, while sophorolipids enhance drug
permeability, particularly in Candida albicans and T. mentagrophytes."
Given the rise in drug-resistant Trichophyton species,” the growing
resistance underscores the urgent need for novel treatment strategies,
such as combining biosurfactants with conventional antifungals to
enhance therapeutic effectiveness.

This study aims to address the critical challenge of antifungal resistance
by exploring the synergistic potential of combining biosurfactants,
known for their biofilm-disrupting and permeability-enhancing
properties, with conventional antifungal agents. Through in silico
analysis of binding interactions with key enzymes in three Trichophyton
species, this research seeks to identify more effective therapeutic
options, providing a basis for targeted, species-specific treatment
approaches for drug-resistant dermatophytosis.

MATERIALS AND METHODS
Homology Modeling and Molecular Docking

AutoDock Vina was used to assess the binding affinities of antifungal
agents (fluconazole, itraconazole, terbinafine) and biosurfactants
(rhamnolipid, sophorolipid) against Trichophyton species. The target
proteins 14-alpha-demethylase and squalene epoxidase, involved in
fungal sterol biosynthesis, were modeled via homology using I-TASSER
(https://zhanggroup.org/). Ligands and proteins were prepared with
AutoDockTools, and docking focused on the active sites using a grid
box of 28 x 28 x 28 A. The Lamarckian genetic algorithm generated
10 docking poses per ligand, with the lowest energy pose chosen for
molecular dynamics (MD) simulations.™

MD Simulations and MM/PBSA Calculations

MD simulations were performed using GROMACS 2020.6 to evaluate the
stability of ligand-protein complexes as described in previous research.™
Post-MD simulations, molecular mechanics/poisson-boltzmann surface
area binding free energy calculations were performed using g_mmpbsa

to estimate the free energy of ligand-protein complexes.™ The stability
of combination-enzyme complexes was illustrated using a root mean
square deviation (RMSD) plot.

Ethical approval was not applicable for this study as no human
participants or animals were involved.

RESULTS

The binding energies of antifungal agents and biosurfactants against
14-a-demethylase and squalene epoxidase in T. mentagrophytes, T.
indotineae, and T. rubrum were calculated by AutoDock Vina. As a result
of this analysis, the most effective combinations for T. mentagrophytes
were found to be terbinafine/rhamnolipid (-84.23+1.63 kJ/mol),
itraconazole/sophorolipid (-82.24+1.32 kJ/mol), and itraconazole/
rhamnolipid (-73.46£1.75 kJ/mol). For T. indotineae, the highest
interactions in terms of combined binding energies were observed
in the following order: itraconazole/sophorolipid (-85.35%1.64 kJ/
mol), itraconazole/rhamnolipid (-81.57£2.18 k|/mol), and terbinafine/
rhamnolipid (-72.2742.04 kJ/mol). When compared to the other two
Trichophyton species, the binding energies in T. rubrum exhibited
less negative binding energies, with the highest affinity observed
in the combinations of itraconazole/rhamnolipid (-74.73+1.87 kJ/
mol), fluconazole/rhamnolipid (-56.23+2.05 kJ/mol), and fluconazole/
sophorolipid (-48.54+1.54 kJ/mol). The binding energies of the
combinations of antifungal drugs (terbinafine, itraconazole, fluconazole)
with biosurfactants (rhamnolipid, sophorolipid) at the binding sites
(squalene epoxidase and 14-a-demethylase) in different Trichophyton
species are shown in Table 1.

Higher additive energy values for terbinafine/rhamnolipid and
terbinafine/sophorolipid  (-54.60+2.04 and -64.70+2.26 kJ/mol,
respectively) were obtained in T. rubrum compared to the combined
energy values for terbinafine/rhamnolipid and terbinafine/sophorolipid
(-51.73%£1.38 and -45.29+2.14 kJ/mol, respectively). This indicates
that terbinafine alone is more effective than its combinations with
biosurfactants, particularly for this species (Figure 1a).

RMSD analysis was performed to assess the stability of the MD
simulations in the drug-biosurfactant combinations that exhibited
the highest binding energy in each Trichophyton species. As a result,
the terbinafine/rhamnolipid combination in T. mentagrophytes was
found to be the most stable combination (Figure 1b). The itraconazole/
rhamnolipid combination in T. rubrum was reported to be more stable
than the itraconazole/sophorolipid combination in T. indotineae, and
all MD were within the expected range (RMSD value <2).

Trichophyton species

Table 1. Additive and combined binding energies (kJ/mol) of drug-biosurfactant combinations with squalene epoxidase and 14-a-demethylase in

Trichophyton mentagrophytes Trichophyton indotineae Trichophyton rubrum
Combinations
Additive energy Combined energy = Additive energy | Combined energy = Additive energy Combined energy

Fluconazole + rhamnolipid -27.00+2.04 -34.73+2.23 -28.00+2.74 -48.39+1.83 -45.00+2.94 -56.23+2.05
Fluconazole + sophorolipid -35.00+2.26 -38.23+1.26 -25.00+2.59 -32.33+1.64 -25.00+2.46 -48.54+1.54
Itraconazole + rhamnolipid -47.00+1.95 -73.46+1.75 -48.00+2.59 -81.57+2.18 -55.00+2.57 -74.73+1.87
Itraconazole + sophorolipid -55.00£2.17 -82.24+1.32 -45.00+£2.43 -85.35+1.64 -35.00£2.00 -41.84+1.45
Terbinafine + rhamnolipid -70.00£1.91 -84.231+1.63 -50.00£2.33 -72.2712.04 -54.60+2.04 -51.73+1.38
Terbinafine + sophorolipid -55.00£2.35 -78.37£2.16 -40.00£2.07 -52.38+1.83 -64.70+2.26 -45.29+2.14
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Figure 1. (a) Comparison of additive and combined binding energies for drug-biosurfactant combinations in Trichophyton rubrum. (b) The
RMSD analysis of terbinafine (purple) and rhamnolipid (orange) in complex with Trichophyton mentagrophytes was conducted over a 100 ns

simulation period.

RMSD: Root mean square deviation.

Figure 2. The interaction of terbinafine (yellow) and rhamnolipid
(green) at the squalene epoxidase binding site of Trichophyton
mentagrophytes.

DISCUSSION

In this study, we aimed to investigate the combined use of biosurfactants
with the efficacy of conventionally used antifungal agents over three
different Trichophyton species in combating antifungal resistance.
For this purpose, both the additive and combined energies of each
combination were calculated for specific Trichophyton species included
in the study.

Additive energy represents the sum of the binding energies of each
agent individually, whereas combined energy refers to the binding
energy when both agents interact simultaneously. Data revealed
that, relatively higher combined binding energies were obtained
in all combinations except for the combinations of T. rubrum with
terbinafine, meaning that the combinations with biosurfactants were
shown to be more effective than conventional agents used alone. The
ability of rhamnolipid to disrupt fungal biofilm and the capacity of
sophorolipids to alter membrane permeability may contribute to the
enhanced drug interactions, as previously reported in studies exploring
biosurfactants as drug-delivery enhancers.”™" This could be attributed

. 18

to the possibility of having higher combined binding energies in
combinations over antifungals alone.

When examining the combinations that exhibited the highest combined
binding energy for all three Trichophyton species, it is observed that the
top three combinations with the highest affinity vary for each species.
While the azole group combination, itraconazole/sophorolipid, and the
allylamine group combination terbinafine/rhamnolipid are common
options for T. mentagrophytes and T. indotineae, the itraconazole/
rhamnolipid combination is shared between T. indotineae and T.
rubrum. However, there is no common factor combination that shows
the highest interaction for both T. mentagrophytes and T. rubrum.
Interestingly, fluconazole, which is less potent than itraconazole,
demonstrated better binding when combined with biosurfactants,
particularly for T. rubrum compared to the other two species. This
discrepancy might be attributed to species-specific differences in the
structure of the targeted enzymes, influencing how biosurfactants
interact with antifungals. These findings are consistent with previous
research showing that genetic variability among Trichophyton species
impacts drug efficacy, which might explain the varying effectiveness of
certain drug combinations across different Trichophyton species.’®"

The findings of the present study indicated that the combination
application of biosurfactants and antifungals demonstrated enhanced
antifungal activity particularly in T. mentagrophytes and T. indotineae
as they possess higher combined energy than additive energies. The
combination of terbinafine and rhamnolipid demonstrated the highest
synergism at the squalene epoxidase binding site, especially on T.
mentagrophytes (Figure 2).

CONCLUSION

In conclusion, this study emphasizes the necessity of personalized
antifungal treatment strategies due to species-specific responses and
genetic variability among Trichophyton species, which influence drug
efficacy. It emphasizes accurate species identification to optimize
treatment and reduce antifungal resistance. This paves the way for
future research on developing more precise diagnostic tools and
targeted therapies to enhance efficacy.
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MAIN POINTS

* Biosurfactants combined with antifungals significantly improved
efficacy against Trichophyton species.

» Sophorolipid/itraconazole and rhamnolipid/terbinafine
combinations showed strong antifungal effects.

» The combinations effectively targeted drug-resistant strains, offering
a promising approach for overcoming antifungal resistance.
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Abstract

BACKGROUND/AIMS: Colistin, a last-resort antibiotic, is crucial in treating multidrug-resistant Gram-negative infections. However, the rise of
colistin resistance, particularly due to plasmid-mediated MCR-7 genes, poses a significant challenge. This study explored the possibility of using
triazole derivatives as potential MCR-1 inhibitors. The study aimed to explore various triazole derivatives as bioisosteric replacements for these
heterocycles, given their similar electronic properties and interactions with biological targets to design new molecules with improved efficacy
and pharmacokinetic profiles.

MATERIALS AND METHODS: Triazole derivatives were created by applying modifications to their R1 groups on the triazole ring. After
modifications, their efficacy was evaluated through molecular docking and molecular dynamics simulations using AutoDock4 and GROMACS
software.

RESULTS: The results demonstrated that triazole derivatives with the N-phenylsulfonamide modification exerted superior activity and
pharmacokinetic profile over other derivatives formed. Notably, this compound interacted strongly with MCR-1 residues in the catalytic domain,
making it a promising candidate to combat colistin resistance.

CONCLUSION: This study highlights that triazole derivatives might be promising candidates for MCR-1 inhibition to combat colistin-resistant
infections.

Keywords: MCR-1, colistin-resistance, multidrug-resistant Gram-negative infections, triazoles, computer-aided drug design

INTRODUCTION

Polymyxins, such as colistin, are effective against Gram-negative
bacteria like Acinetobacter spp., Pseudomonas aeruginosa, and Klebsiella
spp.™ Colistin targets bacterial membranes by interacting with lipid A
in lipopolysaccharides, disrupting membrane integrity and causing cell
death.* Resistance to polymyxins has evolved through chromosomal

and antimicrobial efficacy of colistin.® The MCR-7 gene, which encodes
pEtN transferase, modifies lipid A by adding pEtN, thereby reducing
the negative charge on the membrane and enhancing lipid packing.”
This alteration decreases the binding and penetration of polymyxins,
leading to increased resistance by reinforcing the membrane and
reducing antimicrobial peptide efficacy.” The dissemination of plasmid-
borne MCR-1 confers colistin resistance, with mobile MCR-1 gene

mutations and plasmid-mediated mechanisms, particularly via the MCR-
1gene>This gene, discovered in 2015, encodes a phosphoethanolamine
(pEtN) transferase (MCR-1) that modifies lipid A, reducing the binding

cassettes facilitating genetic transfer across various hosts, including
animals, food products, and humans.® Recent studies have identified
inhibitors featuring pyrazolone, imidazole, and oxazole structures
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as agents targeting MCR genes (MCR-1 to MCR-10).>™ These inhibitors
aimed to restore the effectiveness of colistin against resistant bacterial
strains by inhibiting the enzymatic activity of MCR proteins. Beyond
pyrazolone and other derivatives, various other bioisosteric heterocyclic
compounds, including triazoles, could explored as promising candidates
for the development of MCR inhibitors. The ultimate goal of this
approach is to address the growing challenge of colistin resistance and
to enhance treatment options for multidrug-resistant Gram-negative
infections.

MATERIALS AND METHODS
Preparation of Data Set and Molecular Docking

This study does not involve the use of human or animal samples;
therefore, ethical approval is not applicable. In this study, seven triazole
derivatives (Ligand 1-7), each varying by the R groups attached to the N-4
position of the triazole ring, were chosen from the ZINC and ChemDiv
ligand libraries. The main differences between triazole-containing
ligands are illustrated in Figure 1. Ligand preparation was performed
using LigandScout 4.0, followed by molecular optimization with the
Avogadro tool (https://avogadro.cc/). AutoDock4 was utilized to conduct
molecular docking studies to determine the binding affinities of the
triazole derivatives to the MCR-1 catalytic domain (PDB ID: 5LRM)."
The docking results were assessed by analyzing binding energies and
protein-ligand interactions.

Statistical Analysis

GROMACS software was used to assess the statistical analysis of the
complex stability, and Molecular Mechanics/Poisson-Boltzmann Surface
Area (MM/PBSA) calculations were performed with g mmpbsa to
estimate binding free energies with mean standard deviations.” The
stability of the most effective ligand was confirmed further by the root
mean square (RMSD) plot.

Pharmacokinetic Predictions

Pharmacokinetic properties absorption, distribution, metabolism,
excretion, toxicity of the triazole derivatives were assessed using ProTox
Il and SwissADME, analyzing key factors like LogP, gastrointestinal (Gl)
absorption, plasma protein binding, and enzyme inhibition potential
to evaluate their pharmacokinetic profile and drug interaction risks.™

RESULTS

The in silico analysis of the seven triazole derivatives demonstrated
varying levels of interaction with MCR-1, with Ligand 6 emerging
as the most promising candidate. The MM/PBSA binding energy of
Ligand 6 was calculated to be -29.72+1.82 kJ/mol, representing the
strongest binding affinity among the compounds. Its docking score
of -12.4 kcal/mol further confirmed this high affinity, indicating
robust interactions with the MCR-1 protein. This was likely due to the
presence of a 4-sulfonamide moiety in Ligand 6, which facilitated
stronger interactions with critical amino acid residues in the protein’s
active site (Figure 2). Specifically, aspartate and arginine amino acids
were key residues involved in stabilizing the ligand-protein complex.
The RMSD values for both the MCR-1 and Ligand 6 indicated a stable
interaction throughout the molecular dynamics simulation (Figure 3).
Similarly, Ligand 5 exhibited favorable results, with a binding energy
of -26.3341.63 kJ/mol and a docking score of -11.7 kcal/mol, making
it the second most effective compound in the series. While slightly less

potent than Ligand 6, Ligand 5 still showed a strong potential for MCR-
1 inhibition due to its high binding energy and favorable interactions
with the protein. However, other ligands such as Ligand 1 and Ligand
3 showed weaker binding energies and docking scores. For instance,
Ligand 1 presented a binding energy of -16.23%£1.32 kJ/mol and a
docking score of -7.3 kcal/mol, while Ligand 3 had the weakest values
among the derivatives, with a binding energy of -14.84+1.72 kJ/mol,
and a docking score of -6.7 kcal/mol. Moreover, pharmacokinetic
predictions revealed optimal properties for all ligands, with Ligand 6

Ligand 1: R!'=H

Ligand 2: R! = 4-F

Ligand 3: R! = 4-OCHj;
Ligand 4: R! = 4-CH,COOH
Ligand 5: R! =4-COOH
Ligand 6: R! = 4-SO,NH,
Ligand 7: R! = 3-OH-4-COOH
Ligand 8: R! = 4-CH,COOH

MeO :

OMe

Figure 1. General structure of triazole derivatives with different
R1 groups on triazole ring.
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Figure 2. 2D interaction map of Ligand 6 within the MCR-1 active
site, highlighting various interactions contributing to its binding
affinity.
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emerging as the most promising. It exhibited a favorable LogP value of
0.472, which supports good membrane permeability and absorption,
as confirmed by a Gl absorption score of 0.511. Ligand 6 also had 73%
plasma protein binding, ensuring sufficient free drug in circulation, and
showed no inhibition of major CYP450 enzymes, indicating low drug-
drug interaction potential. In addition, the half-life of Ligand 6 was
predicted as 5.242 hours, making it suitable for regular dosing intervals.

DISCUSSION

Resistance to colistin, especially driven by the MCR-7 gene, poses a major
global health concern, as it compromises the effectiveness of one of the
last-resort antibiotics used to treat multidrug-resistant Gram-negative
bacterial infections.” In the current study, several triazole derivatives
were evaluated as potential inhibitors of MCR-1. Ligand 6 showed
the most promising results, with strong binding energy and favorable
docking scores. The presence of a 4-sulfonamide group facilitated
significant interactions in the MCR-1 binding pocket. As mentioned
earlier, these interactions are crucial for the inhibition of MCR-1 activity,
indicating the potential of Ligand 6 for restoring the efficacy of colistin.
The strong binding interactions at aspartate and arginine residues
suggested that Ligand 6 could inhibit the activity of MCR-1, potentially
restoring the efficacy of colistin against resistant bacterial strains. The
results from the present study aligned with earlier research on MCR-1
inhibitors. For instance, Hanpaibool et al.’® investigated pyrazolone-
based compounds as potential MCR-1 inhibitors. The study reported
that some of these compounds enhanced colistin efficacy by lowering
the minimal inhibitory concentration of colistin in MCR-7-expressing
E. coli strains. Compared to research by Hanpaibool et al."®, reporting
the most effective compound (Py4i) exhibiting a binding free energy
of -6.64 kcal/mol, the current study on the triazole derivative Ligand
6 demonstrated a significantly stronger binding affinity with a docking
score of -12.4 kcal/mol, suggesting that triazoles may provide a more
effective approach for overcoming colistin resistance.

In the present study, MM/PBSA calculations were used to estimate the
binding free energies, providing a detailed insight into the strength of the
ligand-protein interactions, similar to previous reports.” The superior
inhibitory effects of Ligands 5 and 6 might be due to the nature of their
functional groups and interactions with the MCR-1 catalytic domain.
The carboxyl group (COOH) of Ligand 5 at the 4-position is negatively
charged and highly polar. This might be attributed to its enhanced
binding affinity and inhibitory potency. Likewise, the sulfonamide
group (SO,NH,) of Ligand 6 exhibited strong polarity and electrostatic
interaction potential, forming extensive hydrogen and ionic bonds with
the active site. The large size of the sulfonamide group further increased
surface interactions, leading to stronger binding affinity and inhibitory
efficacy. On the other hand, Ligand 3, which contains a methoxy group
(OCH,), demonstrated weaker interactions with the MCR-1 catalytic site.
The methoxy group is electron-donating and lacks significant polarity,
reducing its ability to engage in strong electrostatic interactions. As a
result, the binding energy and docking scores for Ligand 3 were less
favorable. Ligand 2, which contains a fluorine atom (F) at the 4-position,
exhibited slightly stronger binding than Ligand 3 due to the electron-
withdrawing nature of fluorine. However, its small size might limit
the extent of its interactions with the binding pocket, resulting in
weaker inhibition compared to Ligands 5 and 6. In addition, Ligand

22

6 exhibited a highly favorable pharmacokinetic profile, particularly
with its optimal LogP and Gl absorption values, indicating desirable
membrane permeability and potential for effective oral bioavailability.
Furthermore, its lack of CYP450 enzyme inhibition suggests a low risk
of drug-drug interactions, making it a promising candidate for further
development.

Study Limitations

The key limitation of this study is its reliance on in silico methods,
meaning that the results need to be validated through experimental in
vitro and in vivo studies.

CONCLUSION

This study highlighted the potential of triazole derivatives, particularly
Ligand 6, as promising MCR-1 inhibitors to combat colistin resistance.
Despite the limitations of this in silico study, the results provided a solid
foundation for further in vitro and in vivo studies, with the long-term
goal of developing alternative strategies to combat antibiotic resistance
in critical bacterial infections.

MAIN POINTS

e All triazole
properties.

derivatives exhibited optimal pharmacokinetic

* A triazole derivative with a 4-sulfonamide group demonstrated the
highest binding affinity.

 Strong interactions with MCR-1 residues, particularly aspartate
and arginine, confirmed the inhibitory potential of all triazole
derivatives.
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Abstract

BACKGROUND/AIMS: Antibiotic resistance is becoming an important global health crisis. This study aims to investigate the alteration in the
distribution and antibiotic resistance patterns of pathogens isolated from aspirate and sputum samples of patients admitted to a microbiology
laboratory in Northern Cyprus over a period of 5 years.

MATERIALS AND METHODS: A total of 3669 samples between 2018 and 2022 were involved in the study retrospectively. The VITEK 2 (bioMérieux)
compact automated system was used for microorganism identification and antibiotic susceptibility tests. Antibiotic susceptibility tests were
evaluated according to the European Committee on Antimicrobial Susceptibility Testing criteria, and antibiotics detected as intermediate were
considered resistant.

RESULTS: While the five-year growth rate was 52.7%, these rates were 52.0%, 51.6%, 45.5%, 52.2% and 61.1% in 2018, 2019, 2020, 2021 and
2022, respectively. Of the bacterial growth, 82.7% (n=1597) were gram-negative, 8.9% (n=171) were gram-positive, and 8.5% (n=164) were
Candida species. Accordingly, the most frequently isolated gram-negative bacteria were Pseudomonas aeruginosa (20.3%) and Acinetobacter
baumannii-calcoaceticus complex (18.3%), which were most resistant to aztreonam (78%), levofloxacin (70.5%), and imipenem (69.1%). Klebsiella
pneumoniae (18.0%) showed resistance to ampicillin (91.1%) and cefuroxime (63.1%). The most frequently isolated gram-positive bacteria were
Staphylococcus aureus (62%) and Enterococcus spp. (29.2%) The rate of methicillin-resistant S. aureus, extended-spectrum beta-lactamase, and
vancomycin-resistant enterococci was 55.7%, 43.3%, and 6%, respectively, with high resistance to erythromycin (45.5%) and tetracycline (40.7%).

CONCLUSION: Identifying highly resistant pathogens indicates the need for close monitoring of patients and the development of alternative
treatment approaches to reduce antibiotic resistance against commonly used antibiotics.

Keywords: Drug resistance, anti-bacterial agents, infectious diseases

INTRODUCTION our health and quality of life, has led to the development of

o ) ) antimicrobial resistance (AMR) in recent years, which poses
Antibiotics have been among the most important medical a major threat. The most important consequences of AMR
achievements in treating infectious diseases over the last few are treatment failure, the risk of global spread of resistant
decades.” The use of antimicrobials, while critical to improving infections, the triggering of serious diseases, prolonged hospital
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stay and treatment, and consequently increased healthcare costs
and significant mortality rates. More and more organisms are
becoming multidrug-resistant (MDR), and the infections they
cause are more difficult to treat. However, extensively drug-
resistant and pandrug-resistant organisms, which are the serious
and dangerous forms, are of critical concern.? The World Health
Organization (WHO) estimated that AMR directly caused 1.27
million deaths and contributed to 4.95 million deaths worldwide
in 2019.2 In addition to its negative impact on mortality and
morbidity, AMR has a significant economic impact. The Centers
for Disease Control and Prevention estimates that healthcare
costs of AMR infections are 4 to 5 billion United States Dollars
(USD), annually. Additionally, the World Bank projects estimate
an increase of 1 trillion USD in healthcare expenditures by 2050
and alongside annual gross domestic product losses ranging
from 1 trillion to 3.4 trillion USD by 2030.3°

Theincrease in AMR infections, especially following the coronavirus
disease-2019 (COVID-19) pandemic, is considered a global public
health crisis at the human, veterinary and environmental levels.®
There will be an impact on the ecosystem, agricultural output,
impoverished conditions, health security, and the United Nations
Sustainable Development Goals, highlighting the necessity of a
multisectoral One Health plan to reduce AMR.* The continuous
prevalence of this silent pandemic particularly affects clinically
significant ~ Enterococcus  faecium,  Staphylococcus — aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, Enterobacter species, and Escherichia coli (ESKAPEE)
pathogens. This is putting increased pressure on the healthcare,
veterinary, and agricultural sectors.” Although official statistics
on antibiotic use and AMR in the Turkish Republic of Northern
Cyprus (TRNC) are not available on the official websites of the
Ministry of Health, studies on AMR in the TRNC have revealed
that AMR poses an increasing threat to both the health sector
and society in Northern Cyprus.®® Therefore, the study aimed to
demonstrate the distribution and antibiotic resistance patterns
of pathogens isolated from aspirate and sputum samples, and to
raise awareness about the necessity of alternative treatments in
the fight against AMR.

MATERIALS AND METHODS

The study involved 3669 sputum and aspirate samples taken
from both inpatients and outpatients admitted to the University
Hospital between 2018 and 2022. The results of the patients were
evaluated as a single study group and not as community and
hospital environment groups. The patient’s demographic data,
such as age and gender, were included. Microbial detection and
antibiotic susceptibility testing were performed using the VITEK 2
(bioMérieux) automated system and were evaluated according to
the European Committee on Antimicrobial Susceptibility Testing
criteria.’®The ethical approval of the study was obtained from the
Near East University Ethical Committee (approval number: 2023/112,
date: 30.03.2023). Informed consent forms were not obtained from
the patients as the study was conducted retrospectively.

Statistical Analysis

The SPSS Demo Ver 22 (SPSS Inc., Chicago, IL, USA) software
package was used for statistical analysis. Pearson chi-square,

Fisher’s exact test, and one-way ANOVA tests were used to analyze
variables, and p-values <0.05 were considered significant.

RESULTS

Of the samples, n=1121 (57.6%) were aspirates and n=424
(42.4%) were sputum. Microbial growth was reported in 52.7%
(n=1932/3669) of the samples. Of those with growth, 58%
were aspirates and 42% were sputa. No growth was detected in
47.3% (n=1737) of the specimens in the study. Sixty-five percent
(n=1254) of the patients with bacterial growth were male, while
35.1% (n=678) were female. The mean age of these female
patients was 69.63+17.17 years (range 0-100 years). In the
study, the growth rate in males was higher than that of females
(p=0.012). By years, the growth rates were 52.0% (270/519),
51.6% (313/607), 45.5% (363/798), 52.2% (n=467/895%) and
61.1% (519/850), in 2018-2022 respectively. The highest growth
rate was detected in 2022, with an increase of 61.1% compared to
the previous years, indicating statistical significance (p=0.0001).
Of the bacterial growth, the rates of gram-negative bacteria,
gram-positive bacteria, and Candida species were found to be
82.7% (n=1597), 8.9% (n=171), and 8.5% (n=164), respectively.
The most commonly identified gram-positive bacteria were S.
aureus (62%, 106/171) and Enterococcus spp. (29.2%, 50/171).
Methicillin-resistant S. aureus (MRSA) was detected at a rate of
55.7% (59/106). The rate of vancomycin-resistant enterococci
(VRE) was 6% (3/50). Amongst gram-negative bacteria, enteric
and non-enteric bacteria were reported at 46.6% (n=744) and
53.4% (n=853), respectively. K. pneumoniae (46.6%, 347/744) and
E. coli (19.5%, 145/744) were the most commonly isolated enteric
bacteria, while P. aeruginosa (46.0%, 392/853) and A. baumannii
(42.1%, 359/853) were the most common non-enteric bacteria
(Figure 1). The extended-spectrum beta-lactamase (ESBL)
positivity rate in gram-negative enteric bacteria was 43.3%.
This rate was 41.3% (202/489) in males and 47.1% (120/255)
in females; no statistically significant relationship was found
between sex and ESBL positivity (p=0.133). When we compared
gender and MRSA rates, it was found that females (62.7%, 32/51)
had more MRSA strains in cultures compared to males (41.7%,
20/48), which was statistically significant (p=0.036)

Antibiotic resistance patternsin enteric bacteria (Table 1) between
2018 and 2022 show that the highest resistance was detected in
ampicillin (91.1%), cefuroxime (63.1%), and ceftriaxone (49.5%)
while the highest sensitivity was reported for amikacin (87.5%),
gentamicin (85.1%), and meropenem (83.7%). Amongst non-
enteric bacteria (Table 1), the highest resistance was reported
to aztreonam (78%), levofloxacin (70.5%), and imipenem (69.1%),
while the highest sensitivity was observed for colistin with a rate
of 93.4%. For gram-positive bacteria, the highest resistance was
reported against erythromycin (45.5%), clindamycin (35.4%), and
tetracycline (40.7%), while the highest sensitivity was reported
for tigecycline, linezolid, and daptomycin with rates of 99.2%,
98.1%, and 92.1%, respectively (Table 2). Table 2 shows antibiotic
profiles in gram-positive bacteria between 2018 and 2022. The
highest resistance was reported against tetracycline (40.7%),
erythromycin (45.5%), and clindamycin (35.4%).
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Figure 1. Distribution of bacteria isolated from sputum and aspirate samples between 2018-2022 (%).

Table 1. The antibiotic resistance patterns in gram-negative bacteria
Atibiotic (0 et ATt e esstant
Amikacin 87.5 12,5 | Amikacin 58.1 419
Ampicillin 8.9 91.1 | Aztreonam 22.0 78.0
Aztreonam 60.6 39.4 | Cefepime 45.2 54.8
Cefepime 55.8 442 | Ceftazidime 49.6 50.4
Ceftazidime 56.3 43.7 | Ciprofloxacin | 32.3 67.7
Ceftriaxone 50.5 49.5 | Colistin 93.4 6.6
Cefuroxime 36.9 63.1 | Gentamicin 46.3 53.7
Ciprofloxacin | 56.2 43.8 | Imipenem 309 69.1
Ertapenem 721 279 | Levofloxacin | 29.5 70.5
Gentamicin 85.1 14.9 | Meropenem 314 68.6
Imipenem 82.5 17.5 | Netilmicin 38.7 613
Meropenem 83.7 163 | TZP 42.8 57.2
TZP 66.4 33.6 | Tigecycline 83.4 16.6
Tigecycline 72.2 27.8 | Tobramycin 57.3 42.7
SXT 64.4 35.6 | SXT 349 65.1
TZP: Tazobaktam, SXT:Sulfamethoxazole + Trimethoprim (Bactrim, Septra).

DISCUSSION

AMR continues to pose an increasing threat globally. This study
investigated the distribution of pathogens and drug resistance
profiles against various antibiotics over 5 years. Bacterial growth
was detected in aspirate/sputum samples over 50%, the peak
growth rate was detected in 2022 (61.1%), and the lowest growth
rate was detected in 2020 (45.5%). The restrictions implemented
during the last pandemic may have caused a decrease in access
to healthcare systems in 2020, which may have led to a false
report of a reduction in bacterial growth rates. However, by
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Table 2. The antibiotic resistance patterns in Gram-positive bacteria
Antibiotic Sensitive (%) Resistant (%)
Ciprofloxacin 73.6 26.4
Clindamycin 64.6 35.4
Daptomycin 92.1 7.9
Erythromycin 54.5 45.5
Gentamicin 84.2 15.8
Levofloxacin 76.0 24.0
Linezolid 98.1 1.9
Teicoplanin 91.5 85
Tetracycline 59.3 40.7
Tigecycline 99.2 0.8

SXT 65.4 34.6
Vancomycin 95.8 42

SXT: Sulfamethoxazole.

2022, many countries had lifted COVID-19 restrictions (such
as masks and distancing), which increased person-to-person
contact and bacterial transmission. Additionally, people who
avoided hospitals in previous years may have contracted more
severe bacterial infections in 2022. These factors may have
also contributed to the increased growth rate. Additionally,
the significant difference in microbial growth between males
and females may be due to various factors such as underlying
diseases, smoking, and exposure to infection.

Our findings revealed that high levels of resistance to some
important pathogens including P. aeruginosa, A. baumannii/
calcoaceticus complex, K. pneumoniae, MRSA, VRE, and ESBL
were in circulation in Northern Cyprus between 2018 and 2022.
Additionally, due to ESBL detection at notable rates and the
presence of significant MRSA resistance especially in women, it is
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important to investigate the underlying causes such as access to
health care, predisposing factors, or healthcare-related exposure.
The isolated pathogens in the study were highly resistant to
major antibiotics such as ampicillin (91.1%), aztreonam (78%),
levofloxacin (70.5%), imipenem (69.1%), cefuroxime (63.1%),
erythromycin (45.5%) and tetracycline (40.7%). The high rate
of resistance to these antibiotics appears to pose a serious
risk to public health and hospital infection management. The
WHO reported that overuse of antibiotics in COVID-19-infected
hospitalized patients during the pandemic triggered AMR.
Globally, although only 8% of these patients had bacterial co-
infections requiring antibiotics, approximately 75% of them
received prophylactic antibiotic treatment, which may have
triggered the trend of antibiotic overuse.” During the COVID-19
outbreak in Northern Cyprus, the application of prophylaxis
regimens to hospitalized patients and unnecessary antibiotic
use by the community may have led to an increase in resistant
pathogens. This situation demonstrated the importance of
antimicrobial stewardship policies. A similar study conducted
in Nepal revealed that P aeruginosa (30.7%), A. baumannii
(29.8%), Burkholderia spp. (1%) and Stenotrophomonas spp.
(2.8%) had high growth rates, and these pathogens were highly
resistant to cefepime (95%), imipenem (92%), and levofloxacin
(86%), highlighting the need to monitor resistant pathogens to
reduce mortality." In China, P. aeruginosa, A. baumannii, and
K. pneumoniae were the most commonly isolated pathogens in
sputum samples with the highest resistance to all antibiotics
tested except colistin, indicating AMR that AMR is widespread
worldwide.” On the other hand, colistin, used as one of the
last resort antibiotics against MDR infections, has excellent
efficacy against A. baumannii and K. pneumoniae, indicating the
appropriate use of colistin in our hospital.

Study Limitations

Firstly, since the study only included sputum/aspirate samples,
it may not reflect the resistance patterns of all microorganisms
circulating in the population. Secondly, we did not separately
evaluate the community and hospitalized patients or their
antibiotic resistance profiles. Therefore, the study does not
provide the main origin of the resistant strains. Also, molecular
analysis was not performed to identify resistant strains and
virulence genes in the study.

CONCLUSION

The detection of antibiotic-resistant pathogens suggests that
infection control measures should be implemented alongside
antibiotic resistance surveillance. Due to increasing resistance
rates, more research is needed on developing alternative
treatment options such as phage therapy, CRISPR-Cas 9, and
new antibiotics, to combat resistant bacterial strains effectively.
In addition, unnecessary and excessive use of antimicrobials
should be monitored, and the community should be educated
on limiting such use in the country.

MAIN POINTS

* Highly resistant pathogens were in circulation between 2018 and
2022 in Northern Cyprus.

 Close monitoring of patients and the development of alternative
treatment approaches are needed to reduce antibiotic resistance to
commonly used antibiotics.

* Unnecessary and excessive use of antimicrobials should be
monitored in the country.
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Abstract

BACKGROUND/AIMS: Capsaicin (CAP) has been used in clinical applications for the treatment of neuropathic pain (NP). The main disadvantages
of CAP are its short half-life, low water solubility and low bioavailability. This study intended to produce a therapeutically effective microemulsion
(ME) formulation comprising CAP to decrease NP.

MATERIALS AND METHODS: ME was prepared using oleic acid, Tween 80, propylene glycol, ethanol, and water. Neuropathy was induced by
partial sciatic nerve ligation (PSL) in mice. Two weeks after, PSL NP was tested using the cold plate (CP) and von Frey (VF) tests. The mice in the
treatment group were administered 10 mg/kg CAP by oral gavage. The effects on NP of conventional CAP and ME CAP were compared.
RESULTS: The prepared ME formulation of (CAP) was a homogeneous, transparent, thermodynamically stable dispersion of water and oil. The
classic CAP was not effective on NP, while ME CAP was effective in the CP. The ME CAP was more effective on mice, than classic CAP using the VF
test.

CONCLUSION: The developed novel ME formulation at lower doses could reduce side effects and improve the bioavailability of the oral
administration of CAP in the treatment of NP, and thus, would achieve good patient compliance.

Keywords: Capsaicin, mice, microemulsion formulation, neuropathic pain

INTRODUCTION NP may not respond in part or at all to common analgesic therapies,

Neuropathic pain (NP) is an inappropriate response caused by a primary adjuvant analgesics such as antiepileptics, antiarrhythmics, and

lesion or dysfunction in the nervous system. It is a chronic type of pain
that is difficult to treat and does not respond to known analgesics. Since second line therapy, capsaicin (CAP) is recommended for NP2 CAP is an

antidepressants are widely used in the medical treatment of NP As a
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active ingredient found in chili peppers and similar plants of the capsicum
plant family, and has long been used as an analgesic agent.? There are
preparations of CAP obtained from hot red pepper that can be applied
to the skin as creams and patches. On the other hand, CAP has some
disadvantages. The main disadvantage of CAP is its short half-life and low
bioavailability. Another significant drawback of using it as a medication is
the burning sensation, which negatively affects patient compliance.* For
this reason, various strategies such as hydrogel formation, encapsulation
in liposomes, iontophoresis, and sustained-release formulations were
developed to eliminate these disadvantages and ultimately increase its
bioavailability. In addition, the development of drug delivery systems
has intensified in recent years to enhance the bioavailability of CAP and
increase its therapeutic index.” Drug delivery systems have generally been
developed for transdermal and oral administration of CAP? In the past
years, microemulsion (ME) systems have been widely studied for their
superior advantages such as ease of preparation, homogeneity, improved
solubility, and permeability. MEs are transparent, thermodynamically
stable dispersions of oil, water, and surfactant (S), often significantly
combined with a cosurfactants (CoS). The oil-in-water (o/w) MEs seem
to be promising because they can dissolve components with poor water
solubility in the oil phase, enhancing their solubility.” Therefore, in this
study, we aimed to develop an orally effective delivery system, o/w MEs,
in order to increase the solubility and in vivo bioavailability, and to
decrease adverse effects of CAP.

MATERIALS AND METHODS
Chemicals

CAP (Sigma Aldrich, Cas n0:404-86-4) as an active agent, oleicacid (Sigma
Aldrich, Cas no:112-80-1) as an oil phase, Tween® 80 (Sigma Aldrich, Cas
n0:9005-65-6) as a S, propylene glycol (Sigma Aldrich, Cas no:57-55-6)
and ethanol (Sigma Aldrich, Cas no:64-17-5) as co-S and water as an
aqueous phase.

Ternary Phase Diagram Construction

The preparation of a self-emulsifying system used pseudo-ternary
phase diagrams of MEs. The regions such as the ME and nanoemulsion,
which vary according to the amount and ratio of oil, water, and §,
were determined on the pseudo ternary phase diagrams.® Different
concentrations of S and CoS were studied with oleic acid, Tween®
80, propylene glycol, and ethanol. Tween® 80 was used as a S while
propylene glycol and ethanol were selected as the CoS in an S/CoS
weight ratio of 2:1, 3:2, and 3:1.°

Characterization of Formulation

Globule size, zeta potential, polydispersity index (PDI), and pH were
measured to determine the physicochemical properties of ME. Zeta
potential and globule sizes of MEs were measured using Zetasizer nano
ZS (Malvern, United Kingdom) at 25 °C, and the PDI was reported.
results Samples were placed in clear, one-use zeta cells, and results were
obtained.® After preparing the MEs, the pH value of those emulsions was
measured.

Pharmacological Evaluation

25-30 g Swiss albino male mice, obtained from Cukurova University
Health Sciences Experimental Application and Research Center, were
used. Approval was obtained from the Cukurova University Experimental
Animals Ethics Committee (approval number: 4, date: 08.07.2019).
Partial sciatic nerve ligation was performed to produce neuropathy, as
described previously in rats by Seltzer et al.”® In sham-operated mice,
the nerve was exposed, but not ligated. NP has tested two weeks after
sciatic nerve ligation using the cold plate [(CP), cold allodynia] and von
Frey [(VF), mechanical allodynia] tests. CP analgesiometer (Ugo Basile,
Hot/CP Analgesia, Italy, Cat. No. 35150) and VF filaments (Ugo Basile, VF
Hairs, Semmes-Weinstein set of monofilaments, Code: 37450-275) were
used for CP and VF tests, respectively. In the CP test, mice were placed
on a metal plate at 5 degrees and their reaction times [CP latency (CPL)]
were measured.” In the VF test, the filaments are applied on the plantar
surfaces of mice’s feet with a series of increasing forces until the animal
gives a reaction [VF Threshold (VFTH)]."> A dose of 10 mg/kg (ME CAP),
and a dose of 10 mg/kg classic CAP, were administered via oral gavage,
2 h before the tests. The placebo (control) group was given a placebo
without active pharmaceutical ingredients.

Statistical Analysis

Variables were summarized as mean and standard deviation. For
comparison of groups, One-Way ANOVA was used. Tukey’s Games-
Howell tests were used for multiple comparisons of groups regarding
the homogeneity of variances. IBM SPSS Statistics Version 20.0 statistical
software package was used to perform all analyses. The statistical
level of significance for all tests was considered to be 0.05 (IBM Corp.
Released 2011).

RESULTS

The ternary phase diagram describes the ideal experimental conditions,
for putting the components together to form a clear preparation. The
S and CoS were weighed at different ratios (2:1, 3:2 and 3:1) in each
tube. The pseudo-ternary phase diagram has been created by means
of a computer program. The percentage of ME area in most of phase
diagrams was largest at an S/CoS weight ratio of 2:1, compared to
others (Table 1). The prepared blank and CAP -loaded MEs were clear,
transparent, liquid, single-phase, free of drug precipitation, and
homogeneous in appearance. Table 1 shows the physicochemical
parameters of MEs in the presence and absence of CAP.

CPL and VFTH of the groups were measured two weeks after the
neuropathy and sham operation. ME CAP and classic CAP were
administered by oral gavage 2 hours before the tests. According to
results, CPL and VFTH of the sham group were not different from
the control, whereas a significant decrease was observed in the CPL
and VFTH in the NP group (Figures 1, 2 respectively). In experiments
examining the effects of ME CAP and classical CAP on NP, it was
observed that CPL of the ME CAP group was significantly increased;
however, CPL of the classical CAP group was not increased compared to

Table 1. Optimum formulation ingredients and characterization of microemulsion formulations

Code/formulation 0il (%) Water (%) S (%) CoS (%) CAP (%) pH Zeta potential (mV) | Globule size (nm) | PDI
Splacebo 7.6 345 38.6 19.3 5.4210.01 0.56%0.18 124.61£2.8 0.2£0.02
Scapsaicin 7.6 342 38.6 19.3 531£0.02 | 0.60+0.36 156.6+3.4 0.3£0.04

(CoS: Cosurfactant, CAP: Capsaicin, S: Surfactant, PDI: Polydispersity index.
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the NP group (Figure 3). According to these results, the ME CAP reduced
NP in CP test, but classic CAP did not show any effect on NP. On the
other hand, both classic CAP and ME CAP decreased NP in the VF test.
Furthermore, a significant increase in VFTH was observed in the ME CAP
group compared with the classic CAP group in the VF test (Figure 4). It
can be suggested that ME CAP is more effective on NP than classic CAP
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Figure 1. CPL latencies in Control, Sham and NP groups. One-
way ANOVA, according to Tukey’s multiple comparison test:
*: Significantly different from the control group. (p<0.05). «:
Significantly different from Sham group (p<0.05).

CPL: Cold plate latency, NP: Neuropathic pain.

— 15"
5 B3 Control
‘é’ BN Sham
% 104 ==
£
54
3
L
§ ol

Figure 2. VFTH in control, sham and NP groups. One-Way ANOVA,
according to Tukey’s multiple comparison test; *: Significantly
different from the control group. (p<0.05). <: Significantly
different from Sham group (p<0.05).

VFTH: von Frey Thresholds, NP: Neuropathic pain.
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Figure 3. The effects of ME and classic CAP Formulation in the CP
test. One-Way ANOVA, according to Tukey’s multiple comparison
test; *: Significantly different from the NP group (p<0.05).

ME: Microemulsion, CAP: Capsaicin, CP: Cold plate, NP: Neuropathic pain.
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Figure 4. The effects of ME and Classic CAP Formulation in the VF
test. One-Way ANOVA, according to Tukey’s multiple comparison
test: *: Significantly different from the NP group (p<0.05), *:
Significantly different from NP + classic CAP group (p<0.05).

ME: Microemulsion, CAP: Capsaicin, VF: von Frey, NP: Neuropathic pain.

in the VF test.

DISCUSSION

Nanotechnological drug delivery systems like MEs have been widely
investigated for a variety of pharmaceutical applications. MEs, with their
excellent solubilization, permeability, and bioavailability-enhancing
properties, have already been applied in clinics to improve oral drug
delivery.” Globule sizes of CAP loaded formulations were slightly larger
than the blank formulations, but this difference was not statistically
significant (p>0.05). Based on previous studies, the pH value of these
formulations is suitable for oral administration, and there are no
significant differences between them (Table 1). The Zeta potential value
is crucial for studying emulsion stability." Due to compounds like non-
ionic S, the zeta potential of MEs is nearly neutral.

Inastudy conducted by Sethuram and Thomas'>, ME-loaded nanofibrous
membranes with a homogeneous distribution were fabricated. The
developed formulations demonstrated controlled and sustained release
in the wound environment and were suggested to be suitable for use in
wound infection treatment. In another study, baicalin-loaded MEs were
found to improve transdermal delivery by enhancing solubility, skin
permeation, and retention. Additionally, the formulation demonstrated
good efficacy and a high safety profile in anti-inflammatory and
analgesic experiments.'®

In our study, the pSLN model, defined by Seltzer et al.”® was used to
create experimental NP. Pain behaviors observed in animals in the
pSLN model are similar to many symptoms (allodynia; hyperalgesia)
in humans with NP syndrome." It was shown that cold allodynia and
mechanical allodynia, which are the most important symptoms of NP,
occur as a result of partial ligation of the sciatic nerve.” The use of the
sciatic nerve to create experimental peripheral NP is common because
it is easy to access and suitable for performing paw tests.

As a result of the CP test, there was no significant difference between
the CPL of control and sham groups; however, the CPLs of the animals
ligated to the sciatic nerve (NP group) were significantly lower than
those of the control and sham groups (Figure 1). This result shows
that cold allodynia occurs with our method and is consistent with the
literature and the results of our previous studies.'? In addition, ME
CAP significantly prolonged CPL compared to the NP group, but no
difference was observed between classical CAP and the NP group in the
CP test. According to this result, ME CAP is effective for NP pain, but
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classic CAP is not, and we may say that ME CAP is superior to classic CAP
in the CP test (Figure 3).

In the VF test, the VFTH of the animals in the control and sham
groups was similar, and there was no significant difference between
them. However, the VFTH of sciatic nerve ligated mice (NP group) was
significantly reduced when compared to the control and sham groups
(Figure 2). This result shows that mechanical allodynia occurs with our
method, and the results are consistent with the literature.?>% Differently
from CP test both ME CAP and classic CAP groups were effective on NP in
VF test. Furthermore, a significant increase in VFTH was observed in the
ME CAP group compared with the classic CAP group (Figure 4). Thus, we
can say that the novel ME CAP formulation is more effective than classic
CAP formulation in VF test.

We found that the o/w ME CAP formulation seems to be promising
because it was more effective against cold and mechanical allodynia.
Probably this formulation improves the solubility, absorption, and thus
bioavailability of CAP. It is reported that oral CAP ingestion may cause
several side effects because it needs to be used in high doses to be
effective.” On the other hand, topical CAP causes a burning sensation.*
So, our study provided the opportunity to develop a preparation suitable
for oral use. These results show that the new oral formulation prepared
in the study can be used at lower doses, thus having fewer side effects
and providing better patient compliance.

Study Limitations

In this study, although we planned to investigate the effectiveness of
CAP in NP by preparing new oral and topical formulations, only the oral
formulation was prepared and its effectiveness was examined. The main
purpose of the study was to prepare a more effective oral formulation.
If there was no response to the oral formulation, we considered the
topical formulation, as plan B. Since the expected results were obtained
from the oral formulation we prepared, the topical formulation was not
studied, in order not to use more animals in terms of animal ethics.

CONCLUSION

While classical CAP was not effective against cold allodynia due to NP,
the new oral CAP formulation was found to be effective, which was the
purpose of this study. Furthermore, the new formulation was found
to be more effective against mechanical allodynia due to NP than the
oral form currently used. Based on these results, the effects of the new
formulation we have prepared warrant further detailed examination
with additional studies. In conclusion, the developed ME formulation
improves the solubility of CAP, enhances its oral bioavailability, and is
a promising basis for further development as a formulation for oral
administration.

MAIN POINTS

* By using a titration method with a small particle size and
polydispersity index range, a capsaicin (CAP)-loaded microemulsion
(ME) can be successfully prepared.

* (lassical CAP is ineffective against cold allodynia, but is effective
against mechanical allodynia.

» CAP prepared in ME form is effective against both cold allodynia and
mechanical allodynia.

. 32

» The ME formulation of CAP is more effective than classical CAP in
the treatment of neuropathic pain.

* The oral efficacy of drugs can be increased by administering them
in ME form.
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Abstract

BACKGROUND/AIMS: Aluminium (Al) is related with many brain diseases including Alzheimer’s disease, however the relation between Al and
neurodegenerative diseases is still controversial. In this study behavioral and histopathological changes were investigated in the AlCl, induced
Alzheimer’s model in mice.

MATERIALS AND METHODS: Male and female mice divided into control (tap water) and test (50 mg/kg/day AICL) groups. After ninety days of
AlCI /water intake, rota rod, elevated plus maze, Passive Avoidance tests were performed to assess motor coordination, spatial and emotional
learning and memory, respectively. After the behavioural experiments, histopathological examination was made in the brain.

RESULTS: No difference was found between the groups and the genders in the rota-rot test. Learning and memory were impaired in both
gender. Long term memory impaired female mice in the test group. Neuron loss was observed in both the cerebral cortex and hippocampus
CA1 regions in the test group, while an increase in pycnotic nucleated cells was observed. Neurofibrillary tangles were also observed in the
hippocampus, with neurons with basophilic nuclei prominently.

CONCLUSION: As a result, long-term exposure to low doses of aluminum may cause behavioral changes and histopathological changes in the
brain.

Keywords: Aluminium chloride, Alzheimer’s disease, behaviour, learning, memory, mice

INTRODUCTION findings of the disease are neurofibrillary tangles (NFT) and amyloid

S - -
Alzheimers disease (AD) is a neurodegenerative illness. The most beta plaque formation.? In addition, factors such as oxidative stress,

important symptoms of progressive and irreversible AD are memory
loss, decreased cognitive functions, and disorders in spatial perception, this neurodegeneration.” The pathophysiology of the disease is still not

daily life activities, and speech." The most important pathological completely elucidated, and the search for new treatments continues.

inflammation, and glutamate excitotoxicity are also thought to promote
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We aimed to investigate behavioral and histopathological changes by
using an experimental AD model in mice in the present study.

MATERIALS AND METHODS
Animals, Chemical and Experimental Design

Study approval was obtained from the Animal Ethics Committee of
Cukurova University (approval number: 2020/09, date: 10.12.2020).
Swiss albino mice were obtained from Health Sciences Experimental
Application and Research Center of Cukurova University. Mice were kept
in standard conditions. Male and female control groups (n=20) and
experimental groups (n=30) were created. Control groups were given
tap water while the test (AICl,) group was given AlCI, solution (50 mg/kg/
day) via a feeding bottle for ninety days.

The Rota Rod test was used to evaluate the motor coordination of
the mouse on a rotating rod (10 rpm).® Learning and spatial memory
were evaluated by using the elevated plus maze (EPM) test.” Long-term
memory was examined using the Passive Avoidance (PA) test.®

Histological Analysis

The brains were fixed with 10% neutral formalin solution, and a routine
paraffin embedding protocol was performed. Hematoxylin and eosin
staining was performed. The differences between the groups were
evaluated under a light microscope with a camera attachment.’

Statistical Analysis

Categorical measurements were expressed as numbers and percentages,
and numerical measurements as mean and standard deviation (median
and interquartile range where appropriate). Whether the numerical
measurements met the assumption of normal distribution was
assessed using the Shapiro-Wilk test. In the comparison of numerical

measurements between the groups, Student’s t-test for independent
groups was used if the assumptions were met and Mann-Whitney U
test was used if the assumptions were not met. The IBM SPSS Statistics
version 20.0 software package was used. Statistical significance was

decided when p<0.05

RESULTS

No significant difference was found between the AlCI, and the control
groups of each sex in the Rota Rod test.

According to EPM test, there was no difference between the sexes in
the control mice, while a statistically significant difference was found
between male and female mice in the AlCI, group (p<0.05, Table 1). The
latency time (LT) of male and female mice in the light arm decreased,
while LT in the dark arm increased, on the second day. These time
changes were statistically significant in female mice (p<0.05).

In the PA test setup, the time spent by mice in the light and in the
dark box (LT), for 300 seconds was recorded. There was a significant
difference between male and female mice with regard to LT in the light
box in the AICI, group (p<0.05, Table 2). No significant difference was
found between male and female mice in the control group.

Histopathologic Findings

Cerebral cortex regions of all groups were examined using hematoxylin
and eosin staining. The histologic structure of the cerebral cortex regions
of male and female mice belonging to the control group was found to
be normal. Six layers, including stratum granularis externa and interna,
stratum pyramidalis externa and interna, and stratum multiformis, were
preserved from the pia mater to the medulla. Especially in pyramidal
neurons, the cell borders were smooth and the cell nuclei were round

and centrally located (Figure 1).

Table 1. Two-day comparison of the time (sec.) spent by male and female mice in the elevated plus maze

Groups Day 1 LT (light arm) Day 2 LT (light arm) Day 1 LT (dark arm) Day 2 LT (dark arm)
p (X £ SD, sec), p-value (X £ SD, sec.), p-value (median % IQR, sec.), p-value (median % IQR, sec.), p-value
Control male (n=9) 105.1+£15.5 82.1£28.7 20.0£24.0 53.0£48.0
ontrol male (n=9);
112.31£9.1 88.7£25.2 5.0+15.0 32.0£27.0
Control female (n=6)
0.325 0.657 0.388 0.689
AICLt male (n=12) 115.24£8.7 102.9422.2 0.0£9.5 5.0+39.0
-t male (n=12);
’ 94.4+16.8 88.8+21.8 28.0£14.0 32.0+34.0
AlCl-t female (n=11) . .
0.001 0.140 0.001 0.134

Data are presented as mean + standard deviation for normally distributed groups and median * interquartile range for non-normally distributed groups. “Shows significance in AlCI,
group female mice. LT: Latency time, SD: Standard deviation, IQR: Interquartile range.

Table 2. Comparison of the time (sec.) spent by male and female mice in the Passive Avoidance test

Groups Day 1 LT (light box) (median £ IQR, sec.) | Day 2 LT (light box) (X % SD, sec.) Day 2 LT (dark box) (median % IQR, sec.)
Control male (n=9) 27.0+10.0 256.1+48.6 21.0£86.0

Control female (n=6) 30.0+£34.0 287.8+£24.6 2.0£7.0

p-value 0.102 0.224

AICI3-maIe (n=12) 27.5116.5 298.1+5.7 0.0£0.0

AlCl,-female (n=11) 26.0+47.0 274.8+48.0 0.0+43.0

p-value 0.04" 0.566

Data are presented as mean + standard deviation for normally distributed groups and median + interquartile range for non-normally distributed groups. “Shows significance in AlCI,
group female mice. LT: Latency time, SD: Standard deviation, IQR: Interquartile range.
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It was found that the cerebral cortex of the AlCI, groups, consisted of
six layers, but there was cellular damage. An increased number of
cells with pyknotic nuclei and the formation of cerebral vacuoles was
observed. The damage in the cerebral cortex of male mice was greater
compared to that of female mice (Figure 2). Large euchromatic nuclei
and smooth cell borders were seen in the CA1 region neurons in both
sexes of control mice (Figure 3). In the CA1 region of the AlCl, groups,
the number of normal-looking neurons decreased and was replaced by
neurons with pyknotic nuclei and basophilic stained nuclei. Neurons
with basophilic nuclei showed prominent NFT. Histopathologic findings
in the hippocampus CA1 region of male mice were higher compared to
the control group (Figure 4).

, B

b
Female Control
Figure 1. The histologic images of brain tissue from control

female and male mice show hematoxylin and eosin staining. K:
Cortex, M: Medulla. Magnifications: 100 um (A), 50 um (B).

Female (AICH) " Male (AIC)
Figure 2. Histologic images of brain tissue of AICI, group female
and male mice, hematoxylin and eosin staining. K: Cortex, M:
Medulla, Arrows: Cerebral vacuoles. Magnifications: 100 um (A),
50 um (B).

Figure 3. Histologic images of the hippocampus region of the brain
of control group female and male mice, stained with hematoxylin
and eosin, show characteristic features. Magnifications: 50 um (A),
20 um (B).

Male (AICls)

Figure 4. Histologic images of the hippocampus region of the
brain of AICI, groups female and male mice, Hematoxylin and
Eosin staining. Arrows: Neurofibrillary tangles, Arrow heads:
Pycnotic nucleated cells. Magnifications: 50 um (A), 20 um (B).
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DISCUSSION

We used long-term oral administration of AlCI, to induce experimental
AD, since people are exposed to aluminum in their daily lives, either
in kitchen utensils or through food and medicines. Our results showed
that this model is suitable for the study and in accordance with some
other studies.” The motor coordination of both control and AlCl, groups
was not impaired. This result shows that the EPM and PA tests’ findings
are not related to a motor coordination disorder. Exploratory, anxiety,
and motor behaviors, as well as memory and spatial learning, were
evaluated using the EPM test in control and AICI, groups. In their natural
habitat, mice tend to explore unfamiliar environments by sniffing and
crawling, and if they feel anxious and fearful, they prefer to enter a
closed, dark environment. In this study, LT in the light arm decreased
and LT in the dark arm increased on the second day in the control and
AlCI, groups. The decrease of LT in the light arm and the increase of LT
in the dark arm, were statistically significant in the control group mice.
This was an expected result, as control mice learned the safe area on
the first day and remembered it on the second day, whereas memory
was impaired in mice receiving AICl.. In terms of gender, no difference
was found between the control group and the treatment group mice.
On the other hand, a significant difference was found in female mice in
the AICI, group. In fact, AD is more common in women." Emotional, and
long-term memory and learning were assessed in the PA test. Female
mice entered the closed box earlier, while male mice stayed in the light
box longer. The findings here corroborate those of the EPM. Female
mice were more stressed than male mice and had an increased desire to
enter the dark zone. However, despite the electric shock on the second
day, the female mice entered the closed box before the male mice.
Based on these findings, it may be suggested that long-term memory
is more impaired in female mice with an Alzheimer’s model than in
male mice.

It was observed that the histologic structure of the control group was
normal, while in the AICI, group, the cells were damaged, and the
number of cells with pyknotic nuclei increased. In the AlCI, group, the
normal-appearing number of neurons in the hippocampus CA1 region
was decreased. NFTs were prominently seen in neurons with basophilic
nuclei in the hippocampus. These findings were in accordance with
some other studies.’>" In histopathologic examinations, no change was
observed in the control group, but damage was observed in the CA1
region of the cortex and hippocampus, in male and female mice in the
AlCl, group.

Study Limitations

Although we had made plans to measure, we could not measure serum
Brain-Derived Neurotrophic Factor concentrations because the ELISA
kits could not be obtained on time. We evaluated aluminum effects on
AD, using behavioral and histopathological examinations.

CONCLUSION

In our study, aluminum exposure was found to cause changes in
behavior and negatively affect learning and memory. Histopathological
examinations have also shown changes in the brain.

MAIN POINTS

* Long-term oral use of low-dose AICI, can be used in Alzheimer's
disease research as an experimental model.
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 Long-term exposure to aluminum can impair learning and memory.

» Female mice were more affected by aluminum than male mice.

ETHICS

Ethics Committee Approval: Study approval was obtained from the
Animal Ethics Committee of Cukurova University (approval number:
2020/09, date: 10.12.2020).

Informed Consent: Patient approval has not been obtained as it is
performed on animals.

Acknowledgements: The authors thank to Assoc. Prof. ilker Unal
(Cukurova Faculty of Medicine, Department of Bioistatistics) for his
kindly contribution to statistical analysis of this study.

Footnotes

Authorship Contributions

Surgical and Medical Practices: D.D.K,, I.A,, AA, S.E., Concept: D.D.K,,
I.A., FA., Design: D.D.K.,, F.A., Data Collection and/or Processing: D.D.K.,
I.A., AA., Analysis and/or Interpretation: D.D.K., I.A., FA., Literature
Search: D.DK,, LA, S.E., FA., Writing: D.D.K., LA, FA.

DISCLOSURES

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: This study was supported by Cukurova University
Research Foundation Grant No: TYL-2021-13480.

REFERENCES

1. Sonkusare SK, Kaul CL, Ramarao P. Dementia of Alzheimer’s disease and
other neurodegenerative disorders-memantine, a new hope. Pharmacol
Res. 2005; 51(1): 1-17.

2. Haass C, Selkoe DJ. Soluble protein oligomers in neurodegeneration: lessons
from the Alzheimer’s amyloid beta-peptide. Nat Rev Mol Cell Biol. 2007; 8(2):
101-12.

3. Chong ZZ, Li F, Maiese K. Stress in the brain: novel cellular mechanisms of
injury linked to Alzheimer’s disease. Brain Res Rev. 2005; 49(1): 1-21.

10.

11.

12.

13.

Salminen A, Ojala J, Kauppinen A, Kaarniranta K, Suuronen T. Inflammation
in Alzheimer’s disease: amyloid-f oligomers trigger innate immunity defence
via pattern recognition receptors. Prog Neurobiol. 2009; 87(3): 181-4.

Hynd MR, Scott HL, Dodd PR. Glutamate-mediated excitotoxicity and
neurodegeneration in Alzheimer’s disease. Neurochem Int. 2004; 45(5): 583-
95.

Nehrua B, Verma R, Khanna P, Sharma SK. Behavioral alterations in
rotenone model of Parkinson’s disease: attenuation by co-treatment of
centrophenoxine. Brain Res. 2008; 1201: 122-7.

Carola V, D’'Olimpio F, Brunamonti FE, Mangia F, Renzi P. Evaluation of the
elevated plusmaze and open-field tests for the assessment of anxiety-related
behaviour in inbred mice. Behav Brain Res. 2002; 134(1-2): 49-57.

Moosavi M, SoukhakLari R, Moezi L, Pirsalami F. Scopolamine-induced
passive avoidance memory retrieval deficit is accompanied with
hippocampal MMP2, MMP-9 and MAPKs alteration. Eur ] Pharmacol. 2018;
819: 248-53.

Baban D. The effect of selenium on the morphological changes in the
hippocampus and cerebral cortex of scopolamine induced Alzheimer’s type
dementia rat model by histological analysis. Yeditepe University, Institute of
Health Sciences, Department of Histology and Embryology, Master Thesis,
2021, istanbul.

Oshima E, Ishihara T, Yokota O, Nakashima-Yasuda H, Nagao S, lkeda C,
et al. Accelerated tau aggregation, apoptosis and neurological dysfunction
caused by chronic oral administration of aluminum in a mouse model of
tauopathies. Brain Pathol. 2013; 23: 633-44.

Beam CR, Kaneshiro C, Jang]Y, Reynolds CA, Pedersen NL, Gatz M. Differences
between women and men in incidence rates of dementia and alzheimer’s
disease. | Alzheimers Dis. 2018; 64(4): 1077-83.

Nakanishi K, Sakakima H, Norimatsu K, Otsuka S, Takada S, Tani A, et al.
Effect of low-intensity motor balance and coordination exercise on cognitive
functions, hippocampal AB deposition, neuronal loss, neuroinflammation,
and oxidative stress in a Mouse model of Alzheimer’s disease. Exp Neurol.
2021; 337: 113590.

Padurariu M, Ciobica A, Mavroudis I, Fotiou D, Baloyannis S. Hippocampal
neuronal loss in the CA1 and CA3 areas of Alzheimer’s disease patients.
Psychiatr Danub. 2012; 24: 152-8.

37 .



RESEARCH ARTICLE EE s CYPRUS

JOURNAL OF MEDICAL SCIENCES

DOI: 10.4274/cjms.2024.2024-133
Cyprus | Med Sci 2025;10(Suppl 1):38-41

Renal Artery Variations and Clinical Implications: CT
Angiography Study in Turkish Republic of North Cyprus
Population

® Yasemin Kiiciikciloglul, ® Mehtap Tiryakioglu?2

1Department of Radiology, Near East University Faculty of Medicine, Nicosia, North Cyprus
2Department of Anatomy, Near East University Faculty of Medicine, Nicosia, North Cyprus

Abstract

BACKGROUND/AIMS: Arteries of the kidneys [renal arteries (RA)] typically emerge from the sides of the abdominal aorta usually at the
intervertebral disc level between the lumbar 1*t and 2" vertebrae. Due to the large quantity of renal surgeries and urological and radiological
procedures, awareness of renal artery anomalies has gained importance. In this study, we aimed to examine the variations in RA within the
Turkish Republic of North Cyprus (TRNC) population.

MATERIALS AND METHODS: Multidetector computed tomography angiography examinations of 108 patients were retrospectively analyzed to
document the origins of the RA alongside the presenceand quantity of the accessory RA.

RESULTS: RA variations were detected in 32 patients and classified into five categories. In type 1, a unilateral accessory renal artery on the right
side (RaccRA) was observed in 13 patients (40.6%). In type 2, a unilateral accessory renal artery on the left side (LaccRA) was observed in 14
patients (43.8%). Type 3 was characterized by the bilateral accessory RA and was found in 3 patients (9.4%). Type 4 consisted of one case with 2
accRRA (3.1%). Type 5 was characterized by 2 RaccRA and 1 LaccRA, which reached the left renal hilum by ascending towards the left renal artery,
and was encountered in only one case (3.1%).

CONCLUSION: Supernumerary RA should be considered during procedures such as vascular surgery, nephrectomy, kidney transplants, biopsies,
and interventional radiology to prevent complications that could lead to kidney failure or ischemia. Further studies with larger sample sizes are
needed to better understand the prevalence and clinical implications of supernumerary RA in the TRNC population.

Keywords: Renal artery, accessory renal artery, CT angiography, renal transplant

INTRODUCTION (AA)2 They emerge just below the superior mesenteric artery, at the
level of the intervertebral disc between the first and second lumbar

Each kidney receives a substantial volume of blood from the heart: ' )
vertebrae (L1-L2)."** In approximately 70% of the population, each

about 20% of cardiac output.” This large blood supply enables the
kidneys to filter blood efficiently. The renal arteries (RA) supply blood kidney is supplied by a single RA."** Each segmental branch supplies
to the kidneys and typically branch off from the abdominal aorta a distinct region of the kidney. Understanding RA variations is crucial
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for clinicians performing surgeries or other interventional procedures
on the kidneys.?

Accessory RA, also known as supernumerary or multiple RA, emerge
from the aorta (25% of cases) or from another source, such as one of
the mesenteric, lumbar, or thoracic arteries.? The origin and number
of accessory RA vary and are influenced by renal embryogenesis, as
the failure to eliminate mesonephric arteries leads to supernumerary
RA.67 With the increase in kidney transplants, renal laparoscopy,
vascular reconstruction, and varioussurgical, urological, and radiological
procedures, awareness of RA variations has become crucial.™*

Accessory RA occur unilaterally in 25% of cases (equally on each side)
and bilaterally in 10% of cases, entering the kidney at the renal hilum,
superior pole, or inferior pole." The widespread use of multidetector
computed tomography (CT) angiography (CTA) has enhanced knowledge
about the deviations in the arterial blood supply to the kidneys.?

This study aims to investigate RA variations in the Turkish Republic of
North Cyprus (TRNC) population using CTA and to compare the findings
with existing literature. To our knowledge, this is the first study to
investigate RA variations in the TRNC population.

MATERIALS AND METHODS

This study was piloted in collaboration with the Anatomy and
Radiology departments of Near East University, Faculty of
Medicine, Lefkosa, TRNC.

One hundred and eight CTA images of 25 female and 83 male
patients in the population of the TRNC were retrospectively
evaluated. In thisstudy, the vertebral level where the RA originate
from the AA as well as the numbers and branching patterns of
the existing accessory arteries were taken into consideration.

The study received approval from the Near East University Ethics
Committee (approval number: 2019/73-906, date: 24.10.2019).

Statistical Analysis

RA variations were detected in 32 of 108 patients and grouped in five
categories (Table 1).

Table 1. Renal artery variations were detected in 32 cases out of 108
CTA images (29.6%). Five types of cases were grouped according to the
numbers, sides, and branching patterns of the accessory renal arteries.
Blue lines represent the abdominal aorta and the main renal arteries,
while yellow lines represent the right and/or left accessory renal arteries

[ types of number of .
branching patterns of the renal arteries "
the RA the cases . . %
. coming out of the abdominal aorta

variations (n)
type 1 13 x3 _*_ x7+ x3+ 40,6
type 2 14 x3 + x6—|— x4_l/| x1>i— 43,8
type 3 3 x2 + x1 /i 9,4
type 4 1 x1 + 3,1

|

type 5 1 x1 | 3,1
TOTAL 32 100

RA: Renal artery, CTA: Computed tomography angiography.

Kigtikciloglu and Tiryakioglu. Renal Artery Variations in Turkish Republic of North Cyprus Population

RESULTS

RA variations were observed in 32 patients and categorized into five
types (Table 1):

Type 1: Unilateral right accessory renal artery (RaccRA) in 13 patients
(40.6%) (Figure 1).

Type 2 was found: Unilateral left accessory renal artery (LaccRA) in 14
patients (43.8%) (Figure 2).

Type 3: Bilateral accessory RA on each side in 3 patients (9.4%)
(Figure 3).

Type 4: Two RaccRAs in 1 patient (3.1%).

Type 5: Two RaccRAs and one LaccRA ascending toward the left RA,
reaching the left renal hilum, in 1 patient (3.1%) (Figure 4).

Figure 1. Type 1: the RaccRA runs inferior to the main renal artery.

RRA: Right renal artery, LRA: Left renal artery, RaccRA: Right accessory
renal artery.

R
e
Jﬁ

prehilar .

?i';'
segmental aa. ;'ﬁ"
B

Figure 2. Type 2: the early segmental branches originated from
the short main RRA, while LaccRA originated from the lateral
aspect of the AA superior to the LRA and crossed the main artery
to enter the renal hilum.

RRA: Right renal artery, LaccRA: Left accessory renal artery, AA: Abdominal
aorta, LRA: Left renal artery.
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Figure 3. Type 3: the bilateral accRAs arose inferior to the main
renal arteries.

RRA: Right renal artery, LRA: Left renal artery, RaccRA: Right accessory
renal artery, LaccRA: Left accessory renal artery.

Figure 4. Type 5: 2 RaccRAs one on the inferior and another on
the superior to the main renal artery (RRA). LaccRA is reaching the
left renal hilum by ascending towards the LRA.

RRA: Right renal artery, LRA: Left renal artery, RaccRA: Right accessory
renal artery, LaccRA: Left accessory renal artery.

DISCUSSION

While a single RA supplies each kidney in 70% of cases, this study found
RA variations in 32 of the 108 cases (29.6%), consistent with literature
findings.'*58

In our study, type 1 consisted of a unilateral RaccRA, while type 2
involved a unilateral LaccRA. All accessory RA in this sample originated
from the AA, in line with other studies, although the literature notes
rare cases where accessory RAs arise from other sources, like the inferior
or superior mesenteric artery, lumbar, iliac arteries, or other visceral
sources.™ Abba et al.* in their case report, found an accessory right RA
originating from the AA at the level of L3 vertebra in a male cadaver.

40
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Prehilar branching was noted in 3.1% of cases in our study. In the study
by Kornafel et al., prehilar branching was found in 24 (11.9%) patients.

Additionally, we observed bilateral accessory RAs in 3 cases (9.4%), which
aligns with the literature. Kornafel et al.> found bilateral accessory RAs
in 20 (10%) patients.

Previous literature has documented cases with 2-6 RAs on one side
(commonly the right). In this study, the maximum number of RA
observed was 5, found in a case with 2 RaccRA, and 1 LaccRA (Figure 4).
Interestingly, accessory RA were seen in 12% of female CTAs compared
to 35% of male CTAs, a variation that has shown significant differences
across populations.

Given the risk of anastomotic complications due to the presence and
complicated branching patterns of accessory RA, patients with these
deviations are generally not preferred as surgical donors.”®

Study Limitations

Our study has some limitations. The most important limitation is the
small size of the study group. We believe that further studies with larger
study groups may reveal new, previously unreported variations of CT.
The second limitation is the low quality of some figures due to patient-
related factors or technical issues.

CONCLUSION

Supernumerary RA should be considered during procedures such
as vascular surgery, nephrectomy, kidney transplants, biopsies, and
interventional radiology to prevent complications that could lead to
kidney failure or ischemia. Further studies with larger sample sizes are
needed to understand better the prevalence and clinical implications of
supernumerary RA in the TRNC population.

MAIN POINTS

» About 30% of populations have accessory renal arteries (RA).

 The origin and number of accessory RA vary and are influenced by
renal embryogenesis.

* The variations in renal vascularity should be considered during
procedures to prevent complications that could lead to kidney
failure or ischemia.
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Implant Impressions with Different Inter-Implant Distances?
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Abstract

BACKGROUND/AIMS: The aim was to compare the trueness of digital scans with and without the use of scan aids in the case of different inter-
implant distances.

MATERIALS AND METHODS: Three mandibular edentulous models with 4 implants were prepared by altering the inter-implant distance
between the implants (12, 15, and 18 mm) on the left side. The models were lab-scanned and reference data were acquired. An intraoral
scanner (iTero Element 5D Plus) was used to obtain experimental scan data of the models. Twenty digital scans were recorded from each model
with or without using scan aids (n=10). The best-fitting alignment strategy (Geomagic Control 3D Systems) was used for the superimposition of
the reference scan data onto the experimental scan data. Angular deviation (AD) and linear deviation (LD) were determined, and the data were
statistically analyzed.

RESULTS: The inter-implant distance significantly affected both the AD and LD values only in the left posterior implants (p<0.001). The use of
scan aid significantly improved ADs and LDs in the left anterior, left posterior, and right anterior implants (p<0.001). However, no significant
effect was noted in the deviation values of right posterior implants (p=0.26 and p=0.18, respectively). The interaction between scan-aid use and
inter-implant distance, was significant for both ADs and LDs, concerning the left posterior implant (p<0.001).

CONCLUSION: The use of scan aids significantly enhances the trueness of digital implant impressions, particularly in cases with varying inter-
implant distances.

Keywords: All-on-4, auxillary-device, implant-impression, scan-aid, trueness

scanners (10Ss) is crucial to obtaining a passive fit between the prosthetic

INTRODUCTION

The advancements in digital dentistry provide a fully digital
workflow in implantology (Albanchez-Gonzalez, 2022). Digital implant
impressions have the advantages of shorter chairside time, higher

framework and implant components. A lack of passive fit results in
manifold biological and mechanical complications, which jeopardize
the clinical success of implant-supported restorations.? The span length

patient comfort, elimination of impression and cast materials, thereby
reducing the distortion risk associated with these materials, and
enhanced communication with both dental technicians and patients
through the use of virtual visualization."? The accuracy of the intraoral

is one of the parameters that influence the accuracy of 10Ss.* In short-
span restorations, the accuracy of intraoral scans was comparable
with conventional impressions.> However, in the case of a larger
span or complete edentulism, a significant decrease in the accuracy
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of digital scans has been reported.®® The absence of stable anatomic
reference points on the mucosa between the implants makes the image
stitching process of 10S challenging. Therefore, a larger scanning area
and longer inter-implant distance lead to accumulated errors during
stitching, which culminates in higher inaccuracies in impression.""
Several methods have been proposed to overcome this drawback
and provide a continuous scanning path for 10Ss, including creating
artificial landmarks on the mucosa®, splinting the scan bodies', using
scan bodies with extensions™, and employing prefabricated auxiliary
geometric devices (scan aids).">"” Although the employment of scan aids
has been shown to improve the trueness of 10Ss">">7 to the best of
the authors’ knowledge, no consensus exists on a device that does not
require complex or additional procedures for fabrication and clinical
application, and that offers flexible use regardless of implant position
or angulation. The available literature provides limited data on both
the relationship between the inter-implant distance and intraoral scan
accuracy and the threshold inter-implant distance at which a scan aid
becomes necessary. This study aimed to compare the trueness of digital
scans with and without the use of scan aids in the case of different
inter-implant distances in all-on-4 configuration. The null hypothesis
was that neither the inter-implant distance nor the scan aid use would
affect the trueness of scans.

MATERIALS AND METHODS

Three mandibular edentulous models were created by pouring a self-
polymerizing acrylic resin (Meliodent Rapid Repair; Kulzer GmbH,
Hanau, Germany) into a mould (AG-3 Edentulous Rubber Mould;
Frasaco GmbH). Four sockets were prepared on the models by a
rotary instrument to place multi-unit implant analogues (Nobel Active
Multiunit Analog, @4.8 mm, Nobel Biocare) according to the all-on-4
configuration. In all models, anterior implants were inserted in the
canine region and the right posterior implant was inserted in the second
premolar region. The position of the left posterior implant was altered,
and distances of 12 mm, 15 mm, and 18 mm were set between the
anterior and posterior implants on the left side of the arch in models 1
to 3, respectively (Figure 1). Four PEEK scan bodies (Elos Accurate Scan
Body 10 2C-A; Elos Medtech) were attached to the multi-unit implant
analogues to facilitate scanning. The models were first lab-scanned
(inEOS X5; Dentsply Sirona) to obtain reference scan data. An 10S
(iTero Element 5D Plus; Align Technology) was then utilized to capture
experimental scan data of the models. A single experienced operator
(T.M), conducted the digital scanning procedure of models following
the manufacturer’s instructions. Scan aids were fabricated by using a
fused deposition modelling device (Prusa i3 MK3S, Prusa Research AS)
with a filament type of. Scan aids were mechanically attached to the
scan bodies. Twenty digital scans were recorded for each model with or

With ScanAid (n=10 per model)

without using scan aids (n=10) (Figure 2). A metrology software program
(Geomagic Control X, 3D Systems) was used for the 3D analysis of data.
The reference and experimental data were superimposed by a single
operator to calculate the deviation values. Identical virtual cylinders
were created from scan bodies on both reference, and experimental
data. The centre lines of these virtual cylinders were measured by
recording their x, y, and z coordinates. The angular deviation (AD)
and linear deviation (LD) between the centre lines of the reference
and experimental cylinders were calculated according to the method
outlined in a previous study."”

Statistical Analysis

All statistical computations were performed using specialized analytical
software (IBM SPSS Statistics, version 23, IBM Corp). The Shapiro-Wilk
test was employed to evaluate data normality, confirming a normal
distribution (p>0.05). Subsequently, a parametric two-way analysis of
variance (ANOVA) was performed, complemented by Tukey’s honest
significant difference test for examining the effects of two variables-
inter-implant distance and scan aid usage-on AD and LD values.

RESULTS

Table 1 presents the mean AD and LD values * standard deviations with
pairwise comparisons. According to the 2-way ANOVA results, the inter-
implant distance (factor 1) significantly influenced both the AD and
LD values in the left posterior site (p<0.001); however, no significant
differences were detected in other sites (p>0.05). The use of a scan aid
(factor 2) significantly affected both the AD and LD values in all sites
(p<0.001), except for the right posterior site (p=0.26 for AD and p=0.18
for LD). The interaction term between the tested factors was significant
for AD and LD values in all sites (p<0.001), except for AD values in the
right posterior site (p>0.05). Not only AD, but also LD values increased
progressively from the right posterior site to the left posterior site.
The LD values of all groups in all sites were below the acceptability
threshold (<100 um). The AD values of scans with SA were lower than
the acceptability threshold (<0.5 degrees). For the scans without SA,
only the AD values of the right posterior site were clinically acceptable.

Master Model | Master Model Il

Master Model Il

Figure 1. Master models.

Without Scan Aid (n=10 per model)

Figure 2. Experimental groups.
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Table 1. Mean AD (degrees) and LD (um) values + standard deviations with Tukey Post Hoc comparison
. Angular deviations Linear deviations
Site Model : . ; :
Without SA With SA Total Without SA With SA Total
Model 1 0.83+0.07*° 0.31+0.04%2 0.57£0.29° 15.33+2.31"2 5.67+0.58%2 10.5045.50°
. Model 2 1.14£0.114° 0.37£0.0482® 0.76+0.42° 20.00£1.73M 6.67£0.588® 13.33£7.39°
Left posterior
Model 3 1.42+0.074¢ 0.44£0.09%° 0.85+0.52¢ 25.67+1.15%¢ 8.67+0.58%" 17.1749.35¢
Total 1.13+0.27* 0.39+0.77° 0.76+0.42 20.33+4.74* 7.00+£1.418 13.67+7.65
Model 1 0.72+0.06*° 0.24+0.0382 0.48+0.272 13.67+1.15% 4.67%0.5884 9.17£5.00°
Left anterior Model 2 0.75%0.0142 0.28+0.07°2 0.52+0.24* 13.00+0.00"2 6.00+1.00%° 9.50+3.89°
Model 3 0.76+0.03*7 0.31+0.0382 0.53+0.26° 14.67+1.53 6.33+1.5382 10.50+4.76°
Total 0.74+0.04* 0.28+0.05° 0.51+0.24 13.78+1.20 5.67+1.228 9.72+4.34
Model 1 0.61+0.05* 0.18+0.0352 0.39+0.24° 11.67+1.15M 3.33£0.58% 7.50+4.64°
Right anterior Model 2 0.63+0.02*2 0.19+0.0382 0.41+0.24° 11.00+0.02"2 4.331£1.1584 7.67+3.722
Model 3 0.62+0.03** 0.21+0.0282 0.42+0.23? 10.67+0.58" 4.67%1.5384 7.67+3.44°
Total 0.62+0.03" 0.19+0.03® 0.41+0.22 11.11£0.78* 4.11+£1.178 7.61+3.73
Model 1 0.15+0.01%2 0.13+0.05* 0.14+0.03* 4.00+1.00M 2.67+0.58% 3.33+1.03°
. . Model 2 0.17+0.06*? 0.14+0.04*? 0.15+0.05? 4.07£0.58" 3.33+0.58% 4.00£0.89°
Right posterior
Model 3 0.16+0.0142 0.15+0.20*? 0.16+0.02* 4.60%0.02 4.00£1.0082 3.50+0.84%
Total 0.16+0.03* 0.14+0.03* 0.15+0.03 3.89+0.93* 3.33+0.87% 3.61+0.92
Distinct superscript uppercase letters denote statistically significant differences within the same row, while distinct superscript lowercase letters indicate significant differences within the
same column. SA: Scan aid, AD: Angular deviation, LD: Linear deviation.

DISCUSSION

This study aimed to investigate the effect of inter-implant distance
and scan-aid use on the 3D trueness of digital implant impressions.
The null hypothesis of the study was rejected, since both the scan-aid
use and inter-implant distances significantly affected the AD and LD
values. The use of 10Ss for complete-arch implant impressions is still
considered controversial’ due to limited reference points between scan
bodies, which may lead to the misinterpretation of data during the
stitching process.™ In the present study, 3 inter-implant distances were
simulated in the left posterior arch, and the scanning process using
10S was initiated from the right posterior implant site. The deviation
values increased from the right posterior arch to the left posterior arch;
this increase can be attributed to the accumulation of stitching errors,
increasing in parallel with the amount of scanned area.® A limited
number of studies'?"? have evaluated the effect of inter-implant
distance on the trueness of digital scans. The findings of the current
study were consistent with previous studies, as higher deviation values
were observed with the longer inter-implant distances."*'? Scan
aids act as artificial landmarks providing a continuous scan between
the implants, and thereby enhancing the trueness of the stitching
process.” The scan aid used in this study was designed to be practically
attached to the scan body and adjustable in length according to varying
inter-implant distances. The scan aid had a lateral extension, which
was directed towards the edentulous region to increase the reference
points between implants. Statistical analysis revealed that when a scan
aid was used, significantly lower LD and AD values were found in all
models and all implant sites, except for right posterior implants. The
starting points of the intraoral scanning have been shown to exhibit
lower deviation values in comparison to the most distal implants of the
scanned arch. The lower deviation values in the right posterior implant
may be attributed to the scan path followed in this study. Although the
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LD values were below the clinical acceptability threshold (<100 um),
the AD values were detected in the right anterior, left anterior, and
left posterior implants of all models were above this threshold (<0.5
degrees)* when scan-aids were not used. AD has been reported to
impose more stress on implant components than LD.? Therefore, the
use of scan aids is an effective method to reduce AD in complete arch
implant impressions. In addition to being an in vitro study, this research
has several other limitations, including the utilization of a single 10S,
the use of only one scan aid design, and the evaluation of only the
trueness. The findings of the current study suggest that incorporating
scan aids into the digital workflow for implant impressions can
significantly enhance accuracy, especially in cases with extended inter-
implant distances. This improvement may lead to better prosthetic
fit, reduced risk of complications, and increased efficiency in clinical
practice, making scan aids a valuable addition to digital implantology.
Further studies investigating both trueness and precision, comparing
different 10Ss and scan aid designs in cases of varying inter-implant
distances are needed.

CONCLUSION

Within the limitations of this in vitro investigation, it can be inferred
that incorporating a scan aid may serve as an efficacious approach
to enhancing the three-dimensional accuracy of digital implant
impressions in fully edentulous arches, particularly when addressing
extended inter-implant distances.

Within the limitations of this in vitro study, it can be concluded that
the use of a scan aid may be an effective method for improving the 3D
trueness of digital implant impressions in complete edentulous arches,
especially in longer inter-implant distances.
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MAIN POINTS

* Intraoral scanners (I0Ss) have significantly improved dental
workflows by eliminating traditional impression methods, offering
increased patient comfort, and fostering better communication
between dental teams and patients.

* The study emphasizes the critical role of artificial landmarks,
specifically prefabricated auxiliary devices, in enhancing the
precision of digital impressions, especially when natural anatomical
landmarks are not available.

* The study seeks to overcome challenges associated with image
stitching in extended edentulous areas, aiming to enhance the
overall performance and reliability of 10S technology in clinical
dental practice.
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Abstract

BACKGROUND/AIMS: The occurrence of hospital-acquired infections due to carbapenem-resistant Gram-negative bacteria (CR-GNB) is on the
rise globally. Studies show that infections with multidrug-resistant Gram-negative bacteria are associated with high mortality mainly in intensive
care units (ICUs). This study aims to develop machine learning (ML) algorithms to identify variables correlated with mortality and construct a
prediction model for ICU mortality due to CR-GNB infections.

MATERIALS AND METHODS: Data from patients admitted to a private hospital between 2016 and 2023 were included. The dataset included
patients from the ICU who had a positive culture of CR-GNB after 3 days of admission (n=788). Demographic data, vital signs, important blood
test indicators, intubation, and catheterization history were collected. The proposed models included a classifier and a mortality prediction
system, utilizing seven ML algorithms: Extreme Gradient Boosting (XGBoost), logistic regression, random forest (RF), k-nearest neighbors, support
vector machine, naive bayes, and decision tree (DT).

RESULTS: Analysis showed that blood C-reactive protein, urea, creatinine, platelet-large cell ratio, along with patient age and presence of
endotracheal intubation, were strong predictors of mortality in ICU patients. In terms of accuracy, XGBoost (96.2%) outperformed RF (93.7%)
and DT (91.8%). The area under the receiver operating characteristic curve for these models was 0.98, 0.99, and 0.93, while F1 scores were 0.97,
0.95, and 0.94, respectively.

CONCLUSION: ML prediction models can predict patient mortality in ICUs due to CR-GNB and guide medical staff to identify high-risk groups
in advance.

Keywords: Carbapenem-resistant Gram-negative bacteria, machine learning, intensive care unit, mortality prediction

INTRODUCTION the existence of B-lactamase genes, which are found on mobile genetic
elements that can be disseminated among bacteria within a hospital

Carbapenem resistance is a global public health issue. The excessive environment.? Indeed, the World Health Organization 2017 priority list

application and escalating misuse of the carbapenem class of antibiotics of pathogens ranked carbapenem-resistant Pseudomonas aeruginosa,
have caused a significant rise in the occurrence of carbapenem-resistant carbapenem-resistant Acinetobacter baumannii, and carbapenem-
Gram-negative bacterial (CR-GNB) infections.” This is particularly due to resistant Enterobacteriaceae within the top priority category, which
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was termed the critical category.® Infections by these pathogens are
associated with longer stays, added healthcare costs, and higher
mortality, particularly in those within the intensive care unit (ICU).*

Infections in ICUs are central causes of morbidity and mortality due to
the increased vulnerability of these patients to nosocomial infections.
ICUs are termed the epicenter of multidrug-resistant (MDR)-GNB, which
primarily arise from the frequent and irrational use of broad-spectrum
antibiotics, that lead to the evolution of drug-resistant strains.> ICU-
admitted patients are also more prone to MDR-GNB infections due to
numerous invasive medical procedures such as mechanical ventilation,
catheterization, and intubation.®

The present study aims to develop machine learning (ML) algorithms
to identify variables correlated with CR-GNB-associated mortality
in patients admitted to the ICU; provide a prediction model for I1CU
mortality; and evaluate the performance of ML models in the prediction
of mortality in individuals that require ICU admission.

MATERIALS AND METHODS

This study was approved by the Ethics Committee of Near East
University (NEU/2023/110-1685, date: 26.01.2023). Due to the
retrospective nature of the study, informed consent was waived.

Data Collection, Study Design, and Population

This retrospective study evaluated patients from the ICU at Near East
University Hospital between January 2016 and December 2023. The
inclusion criteria were: (1) age >18 years; (2) ICU admission; (3) a positive
culture of CR-GNB after 3 days of ICU admission; (4) the presence of
important blood test indicators. The exclusion criteria were: (1)
outpatients; (2) patients transferred to the general ward within 3 days.

Demographic data including age, gender, as well as clinical features
such as prognostic scores, vital signs, laboratory blood examination
results, history of invasive catheterization, and endotracheal intubation
were collected. In terms of blood test variables, serum albumin;
alanine aminotransferase (serum pyruvic transaminase); aspartate
aminotransferase (serum glutamate oxaloacetate transaminase);
C-reactive protein (CRP); glucose; white blood cell count; neutrophil
number (NEU#); neutrophil percentage (NEU%); lymphocyte number
(LYM#); lymphocyte percentage (LYM%); monocyte number (MONO#);
monocyte percentage (MONO%); eosinophil number (EOS#); eosinophil
percentage (EOS%); basophil number (BASO#); basophil percentage
(BASO%); red blood cell count; hemoglobin; mean corpuscular
hemoglobin; mean corpuscular hemoglobin concentration; platelet
count; red blood cell distribution width; mean platelet volume;
plateletcrit; platelet-large cell ratio (P-LCR); nucleated red blood cell
count; chlorine; creatinine; potassium; procalcitonin; sodium; urea and
calcium were used.

Data Splitting and Preprocessing

The preprocessing of the dataset involved mapping categorical values
for “gender”, “invasive catheterization”, “endotracheal intubation”, and
“CR-GNB infection” into their binary numerical representations: 0 and
1. Numerical feature missing values were handled by converting data
into numeric format and missing values of numerical features were
handled by filling them with zero. For the purpose of prediction the

target variable “death” was separated from the rest of the predictor

variables. Following this, the dataset was divided into a training set
and a test set in the ratio of 80:20, using the function train_test_split.
Standardization of the variables was performed prior to the evaluation
of different ML models.

Statistical Analysis

The performance of several models including logistic regression (LR),
decision trees (DT), k-nearest neighbors (KNN), support vector machine
(SVM), random forest (RF), extreme gradient boosting (XGBoost), and
naive bayes (NB) was compared using area under the receiver operating
characteristic curve (AU-ROC) curves and classification metrics such as
accuracy, precision, recall, and F1 score. This enabled the comparison
of each model’s performance by plotting the ROC curves, highlighting
key features that contribute to mortality prediction. These model
developments and statistical tests were performed in Python version
3.6.

RESULTS
Variable Importance and Feature Selection

The selected predictors of in-ICU mortality due to CR-GNB infection are
shown in Figure 1A. From a total of 37 variables, the top six variables to
correlate with mortality in descending order were CRP, urea, creatinine,
age, endotracheal intubation, and P-LCR. Variables such as CRP, urea,
and creatinine were moderately positively correlated with mortality,
indicating that the higher these biomarkers are, the worse the outcome.
Age and endotracheal intubation, although with weaker correlations,
represented well-established risk factors of mortality in the ICU. The
low correlation observed in the correlation matrix suggested minimal
multicollinearity in the dataset, indicating that each variable provided
unique information supporting model accuracy (Figure 1B).

Overall Performance of the ML Models

The comparison of different models is necessary to identify the most
accurate and reliable approach for predicting biomarkers associated
with mortality. The prognostic performance and accuracy of the
prediction models for ICU mortality due to CR-GNB infection are
summarized in Table 1. Overall, the XGBoost classifier had the highest
accuracy with 95.6%, followed by the RF classifier (93.7%). Indeed, both
models demonstrated positive performance, with precision, recall,
and F1-scores above 0.93. The DT model also performed well with an
accuracy of 91.8%, although it was lower than that of the ensemble
models.

On the contrary, The KNN model exhibited had a reasonable
performance with a reasonable accuracy of 78.5%, performing well
in terms of precision while giving a slightly lower recall. The LR and
the SVM were also less effective, with accuracy values at 69% and 71%,
respectively. The worst performing model was NB, with an accuracy
of 62% and lower F1-scores, giving a poor performance for the correct
classification of survived patients. Overall, the tree-based models
resulted in the best predictive performance for predicting mortality.

The prediction algorithm using RF had the highest predictive value, for
mortality due to CR-GNB infection in ICU with an area under the curve
(AUQ) of 0.99, for mortality due to CR-GNB infection in ICU (Figure 2).
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DISCUSSION

In this study, the predictive capabilities of several ML models were
evaluated for ICU mortality due to CR-GNB infections. Among the models
examined, XGBoost, RF, and DT were identified as the top performers.
XGBoost demonstrated superior predictive accuracy at 96.2%, followed
by RF at 93.7%, and DT at 91.8%. These models proved highly effective
in identifying high-risk ICU patients, with XGBoost achieving an AU-ROC
of 0.99, indicating excellent performance in distinguishing between
mortality outcomes. Tree-based models, such as XGBoost and LightGBM,
are widely recognized for their strong predictive capabilities and
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Figure 1. (A,B) Importance of the selected variables and their
correlation matrix.

LTM: Lymphocyte, WBC: White blood cell count, MCV: Mean corpuscular
volume, P-LCR: Platelet-large cell ratio, CRP: C-reactive protein, ROC:
Receiver operating characteristic curve, AUC: Area under the curve.

frequently outperform other ML models. Consistent with our findings,
Jeon et al.’” reported that LightGBM (AU-ROC; 0.827) outperformed LR
and conventional clinical scoring systems in predicting ICU mortality,
reinforcing the value of ML models in critical care settings. Both studies
identified similar key parameters influencing predictions, including
CRP, urea, and creatinine levels, which emerged as crucial indicators
of mortality risk.” CRP, a well-established biomarker of inflammation,
plays a central role in assessing mortality risk, particularly in septic
conditions. Elevated CRP levels, particularly those measured on the
third day of ICU admission, have been linked to increased mortality.
Similarly, elevated urea and creatinine levels are critical predictors
of mortality, particularly when a high urea-to-creatinine ratio is
observed.®" In addition to CRP and other biochemical markers, P-LCR
emerged as a significant predictor of mortality in our study. Elevated
P-LCR, indicative of systemic inflammation, was also strongly correlated
with mortality in Coronavirus disease-2019 patients in the study by
Celik et al.™", reflecting the role of inflammation-driven markers in 1CU
settings. This highlights the diverse applicability of both complex ML
models and simpler clinical biomarkers in predicting ICU outcomes
across different conditions.

A unique feature of the current study was the use of a local hospital
database rather than publicly available datasets. Other studies, such as
Iwase et al.’s'> work on a broader ICU population, achieved similarly
high predictive accuracy (AU-ROC; 0.945, using a RF model) but relied
on more generalized datasets.

Study Limitations

The study’s single-center data allow for specific healthcare applications
but limits broader generalizability. The inclusion of multiple datasets
with the same variables from different hospitals within the same region
would improve the accuracy of the prediction models. The prediction
models lack external validation, restricting their use in other clinical
environments.

CONCLUSION

This study shows that ML prediction models can predict patient
mortality in ICUs due to CR-GNB and guide medical staff to identify
high-risk groups in advance. The localized approach in this study
offers a more relevant predictive model for clinical decision-making
in the hospital setting, potentially improving patient care by offering
customized risk assessment for CR-GNB infections in ICUs. This focus
on local data strengthens the real-world applicability of our findings,
making them more directly actionable for improving patient outcomes
in specific healthcare environments.

Table 1. Overall performance of the prediction models

Model Accuracy Precision (class 0) = Precision (class 1) | Recall (class 0) | Recall (class 1) | F1-score (class 0) | F1-score (class 1)
XGBoost 95.6 0.92 0.97 0.94 0.96 0.93 0.97

Random forest 93.7 0.87 0.97 0.94 0.94 0.90 0.95

Decision tree 91.8 0.82 0.97 0.94 0.91 0.88 0.94

K-nearest neighbors 78.5 0.66 0.84 0.63 0.85 0.65 0.85

Support vector machine 71 0.67 0.71 0.12 0.97 0.21 0.82

Logistic regression 69 0.5 0.76 0.43 0.81 0.46 0.78

Naive bayes 62 0.42 0.77 0.57 0.64 0.48 0.7

XGBoost: Extreme gradient boosting.
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Figure 2. ROC curves and AUGs for ICU mortality were obtained using machine learning methods.

AUC: Area under the curve, SVM: Support vector machine, XGBoost: Extreme gradient boosting, LYM: Lymphocytes, MVC: Mean corpuscular volume, P-LCR:
Platelet large cell ratio, CRP: C-reactive protein, WBC: White blood cell, ICU: Intensive care unit.

MAIN POINTS

* This study focuses on machine learning (ML) models to identify
variables correlated with mortality due to carbapenem-resistant
Gram-negative bacterial (CR-GNB) infection in intensive care units
(ICUs).

» Analysis results indicated that blood C-reactive protein, urea,
creatinine, platelet-large cell ratio, along with patient age and
presence of endotracheal intubation, were strong predictors of
mortality in ICU patients.

 In terms of accuracy, XGBoost had the highest accuracy among
random forest and decision tree.

e ML prediction models can predict patient mortality in ICUs due to
CR-GNB and can guide medical staff to identify high-risk groups in
advance.
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Abstract

BACKGROUND/AIMS: This study presents a methodology for detecting keratoconus using pre-trained convolutional neural network (CNN)
models. Five models were evaluated, namely, Xception, InceptionV3, ResNet152, InceptionResNetV2, and EfficientNetV2s.

MATERIALS AND METHODS: Model performance was assessed in two stages: in the initial stage, raw image data were used with a YOLOV8 object
detector to extract the region of interest (ROI) around the eyes, and the subsequent stage involved training the pre-trained CNN model through
transfer learning to classify the extracted eye region image as normal, mild, or advanced keratoconus.

RESULTS: The results showed that the Xception and InceptionResNetV2 models achieved accuracies of 93.80% and 94.23%, respectively, with ROI
cropping, outperforming the other CNN architectures. Without ROI preprocessing, their accuracy decreased to 91.43% and 91.45%, respectively,

highlighting the importance of targeted image cropping.

CONCLUSION: Additional metrics corroborated these findings and demonstrated improved diagnostic capabilities when trained using extracted
ROI data. This methodology demonstrates the potential of targeted image preprocessing and transfer learning to enhance early detection and

management of keratoconus.

Keywords: Keratoconus, CNN, transfer learning, YOLOv8

INTRODUCTION

Keratoconus is a visual impairment characterised by the thinning and
protrusion of the cornea into a conical shape. It typically affects both
eyes, with one eye often being impacted more severely. The condition
usually manifests between late adolescence and early adulthood,
progressing over ten years or more. Initially, the visual impairments
were corrected using spectacles or soft contact lenses. As the disease
progresses, rigid gas-permeable or scleral lenses may become necessary.
Severe cases may require corneal transplantations. Corneal collagen

cross-linking aims to halt or decelerate keratoconus progression,
potentially averting transplant surgery." Symptoms include blurred or
distorted vision, sensitivity to bright light and glare, frequent changes in
eyeglass prescriptions, and sudden deterioration of vision or cloudiness.
Rapid vision deterioration, particularly irregular astigmatism,
warrants prompt ophthalmological evaluation. The precise aetiology
remains unknown; however, it is hypothesised to involve genetic and
environmental factors. Risk factors include family history, vigorous eye
rubbing, and conditions such as retinitis pigmentosa, Down syndrome,
and connective tissue disorders."?
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Complications of keratoconus include rapid corneal swelling (hydrops)
leading to sudden vision loss and scarring, as well as progressive corneal
scarring requiring transplant surgery, particularly in advanced cases.
However, convolutional neural network (CNN) algorithms typically
analyse entire ocular images, including nonessential structures,
resulting in redundant data processing that may diminish their ability
to accurately detect keratoconus-related abnormalities. By isolating the
region of interest (ROI), our objective was to facilitate the processing
for subsequent algorithms, enhancing their capacity to identify
relevant features associated with keratoconus pathology. Traditional
methods, such as support vector machines (SVM) and random forests
(RF), rely on manually engineered features, which may fail to capture
the nuanced patterns of keratoconus progression. To define the ROI,
we employed YOLOV8, which is recognised for its high object detection
accuracy. This ensures that classification algorithms focus on diagnostic
challenges without extraneous elements.>* This preprocessing step
enables algorithms to discern differences in crucial features, potentially
achieving a higher accuracy in keratoconus detection. By eliminating
redundant information, we reduce the computational burden, resulting
in a shorter execution time. We aimed to improve both the accuracy and
efficiency of the classification algorithms, benefiting ophthalmology
diagnostic practices and patient outcomes.

In summary, this study proposes a two-stage keratoconus detection
approach using YOLOvS for ROl extraction and CNN-based classification
to improve the diagnostic performance. This study aimed to develop an
advanced methodology for detecting keratoconus, a progressive corneal
disorder, using pre-trained CNNs and targeted image preprocessing
techniques. By employing a two-stage process, using YOLOv8 for
eye region extraction and leveraging transfer learning on extracted
regions, this approach highlights the role of ROI cropping in improving
diagnostic accuracy. This study demonstrates how integrating ROI-
based preprocessing with robust CNN models, such as Xception and
InceptionResNetV2, can significantly enhance the detection accuracy
and other diagnostic metrics. This innovation has the potential to
facilitate earlier detection and better management of keratoconus,
improving patient outcomes. The main contributions of this study are
as follows:

Significant accuracy improvement through region of interest
extraction: Utilizing YOLOVS for precise eye-region extraction enhances
the CNN classifier accuracy.

Enhanced diagnostic metrics: Integrating ROl preprocessing with
transfer learning improved recall, precision, and F1-score, emphasising
the benefits of focusing on diagnostically relevant regions.

Efficient two-stage detection pipeline: The proposed methodology
reduces redundant data processing and computational load while
maintaining high performance, enabling more efficient early detection
of keratoconus in clinical settings.

The remainder of this paper is organised as follows. We begin with an
introduction (section 1) that establishes the context and purpose of the
investigation. The literature review (section 2) examines current research
in the field, identifying gaps and significant findings that informed our
work. The methodology (section 3) explains the study design, data
collection, and analytical methods employed. We then present the
experimental results (section 4), discuss our findings, and elucidate

their significance. Finally, we reflect on the challenges encountered and
propose areas for future research (section 5).

Literature Review

Keratoconus is an eye condition that involves thinning and conical
bulging of the cornea, creating challenges for analysis and treatment.
With technological advances, machine learning (ML) and CNN have
become valuable in clinical photograph evaluation, offering more
accurate detection of keratoconus. In this literature review, we studied
ML and CNN strategies to identify keratoconus and discussed their
benefits, drawbacks, and functionality in scientific settings.

Traditional Machine Learning-Based Approaches

In early keratoconus detection, researchers used conventional devices
to develop algorithms, such as SVM, multilayer perceptrons, and RF,
focusing on features from corneal topography or tomography images.®
Applied an SVM to corneal topography data to differentiate normal
eyes from keratoconus-affected eyes, achieving promising accuracy.
However, traditional methods such as SYM and RF rely on manually
engineered features, which may fail to capture nuanced, non-linear
patterns of keratoconus progression.®

Deep Learning-Based Approaches

CNN  models have revolutionised medical image analysis by
automatically extracting features from raw images, thereby eliminating
the need for manual feature extraction. They have shown excellent
performance in detecting keratoconus, particularly in anterior segment
optical coherence tomography (AS-OCT) and corneal tomography
images.” Developed a CNN architecture for screening keratoconus using
AS-OCT images, achieving high sensitivity and specificity.®

Transfer learning has become prevalent in keratoconus detection. This
technique involves fine-tuning pre-trained CNN models for specific
tasks and leveraging knowledge from large datasets. It enhances
model performance and reduces the need for extensive labeled data.
Researchers are exploring innovative deep learning architectures for
keratoconus detection, such as attention mechanisms and generative
adversarial networks (GANs), to improve diagnostic accuracy.®® Recent
advances have demonstrated the effectiveness of combining attention
mechanisms with neural networks, including GANs, to enhance corneal
image analysis. In', a U-Net model with edge and spatial attention
mechanisms improved OCT image segmentation accuracy, achieving
a Dice score of 94.99%." used attention-enhanced CNNs to focus
on retinal fundus images for glaucoma classification, highlighting
important regions, such as the optic disc.”? proposed a constrained
GAN for medical image enhancement, incorporating structural and
illumination constraints with attention mechanisms to enhance corneal
images, outperforming traditional methods in NIQE and PIQE metrics.
A semi-supervised multi-scale self-transformer-GAN was proposed in',
to segment corneal ulcers from slit-lamp images, capture long-range
dependencies, and enhance performance in labeled and unlabelled
datasets.™ Combined local extrema information and quantised Haralick
features from fundus images, with a long short-term memory network
to classify diabetic retinopathy symptoms and capture texture and
multiresolution details, while analysing retinal vasculature and hard-
exudate patterns with high precision.
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MATERIALS AND METHODS
Dataset

Sample input images for keratoconus in the normal, mild, and advanced
cases are shown in Figure 1. A total of 1,000 images were obtained and
separated into severe, mild, and normal eye condition categories. These
images were collected, under a non-disclosure agreement, at the North
Eye Center in Iraq with a non-disclosure agreement. Mild and advanced
cases accounted for 70% of the total samples, with approximately 35%
for each of these classes, while 30% were normal cases. Half of the
images were used to train the object detection model in stage 1, and
the other half to train the classification model in stage 2. The datasets
for each stage were split into training, validation, and test sets at ratios
of 70%, 20%, and 10%, respectively. The performance of these stages
was evaluated using a test set to evaluate the validity of both models.

To improve the performance of both models, data augmentation,
including contrast adjustment, rotation, linear translation, zooming,
and flipping, was applied to enhance the model generalization and
mitigate overfitting. This augmentation process was applied only to
the training datasets before training, and each method was randomly
applied to the original images with a certain probability. This process
was repeated six times to generate different variations in the original
image. The original images were retained without modifying the
training dataset.

Keratoconus Diagnosis System

The proposed keratoconus detection method was implemented in two
stages (Figure 2). The raw facial image was presented to the trained

normal:

Figure 1. Sample keratoconus image for advance, mild and
normal eye conditions.

YOLOv8 model, and the extracted eye region images were fed to the pre-
trained ImageNet model for keratoconus stage classification (normal,
mild, or advanced). Both models were trained using separate datasets.
However, during inferencing, they were combined sequentially, with
the YOLOV8 object detector’s output becoming the classifier model’s
input, constituting the complete pipeline for keratoconus identification.

YOLOv8 Object Detection Model

YOLOVS, introduced by Ultralytics,” significantly enhances end-to-
end object detection. It employs an efficient backbone architecture
for feature extraction and integrates a Feature Pyramid Network to
improve detection across multiple scales. YOLOv8 adopts an anchor-
free approach that directly predicts the center, width, and height of
bounding boxes, simplifying detection by eliminating the predefined
anchor boxes. This method enhances speed and accuracy. The algorithm
processes the entire image in a single pass, consistent with its “you only
look once” principle, and applies non-maximum suppression to remove
overlapping boxes, retaining only the most confident detections. The
YOLOv8 model was trained to detect eye regions in facial images, and
the extracted regions were then presented to the CNN classifier for
keratoconus stage identification.

Transfer Learning for Classification

Transfer learning has been widely applied in deep learning. The
weights of a pre-trained CNN model’s weights, learned on the ImageNet
challenge dataset, were used for the custom task by replacing the
classifier head, which allowed the transferred model to learn a new
task. This method is more robust and accurate than a deep learning
model trained from scratch. Five pre-trained CNN models (Xception,
InceptionV3, ResNet152, InceptionResNetV2, and EfficientNetV2S)
were evaluated. Classifier heads were replaced to adapt the models to
keratoconus diagnostic tasks. A global average pooling layer flattened
the extracted features, followed by two fully connected dense layers
(512 and 256 nodes) and one output dense layer with three a softmax
activation to learn the keratoconus stages. The models were trained
using the Adam optimiser, with a 0.01 learning rate up to 100 epochs.

Experimental Results and Discussions

The performance of the pre-trained models was evaluated with and
without ROl extraction using the YOLOv8 object detector. Table 1
presents the results of the pre-trained (NN models when raw facial
images were directly inputted into them. Table 2 illustrates the
results when the eye region was initially extracted using YOLOv8 and
subsequently presented to the classification models. This is evidenced
by the consistent improvement in the model performance when

Keratoconus
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Figure 2. Proposed keratoconus diagnostic system through detecting image patches from the facial image and then classifying input image

patches (eye regions) with the stage of keratoconus disease.
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Table 1. Comparison results of CNN models without performing YOLOv8 detection.

Model Accuracy Recall Precision F1-score
Xception 91.43% 89.02% 89.05% 89.04%
InceptionV3 87.98% 80.13% 80.11% 80.11%
Resnet152 85.18% 79.43% 76.22% 77.79%
InceptionResNetV2 91.45% 88.23% 88.08% 88.16%
EfficientNetv2S 90.55% 86.78% 83.79% 86.42%
CNN: Convolutional neural network.

Table 2. Comparison results of CNN models after performing YOLOV8 detection.

Model Accuracy Recall Precision F1-score
Xception 93.80% 90.98% 89.05% 90.00%
InceptionV3 90.15% 82.99% 81.61% 82.29%
Resnet152 87.51% 81.46% 77.98% 79.68%
InceptionResNetV2 94.23% 89.82% 89.64% 89.73%
EfficientNetv2S 93.11% 87.93% 84.97% 86.42%
CNN: Convolutional neural network.

employing YOLOV8 object detection. With ROI extraction, the Xception
model demonstrated a 2.37% improvement in accuracy, rising from
91.43% to 93.80%, whereas InceptionResNetV2 showed the highest
accuracy at 94.23%. The recall metric of Xception improved from 89.02%
to 90.98%. InceptionV3, which initially demonstrated an accuracy of
87.98% without an object detector, improved to 90.15% after eye-region
extraction. These improvements suggest that ROl extraction facilitates
focusing on sample characteristics, thereby enhancing its ability to
generalize and identify key data patterns.

However, notallthe modelsexhibited thesametrend. InceptionResNetV2
demonstrated a modest increase in accuracy from 91.45% to 94.23%
and a slight improvement in recall and the F1 scores. This indicates that
although YOLOV8 object detection, enhances the model performance,
the extent of its effect may depend on the model’s inherent architecture.
ResNet152 exhibited one of the largest improvements in accuracy,
increasing from 85.18% to 87.51%. Overall, extracting the eye region
appears to be valuable for enhancing model performance, particularly
for increasing recall and precision. The results in Table 2 highlight
the efficacy of YOLOV8 preprocessing in improving classification
performance. Among the evaluated models, InceptionResNetV2
demonstrated the highest accuracy, whereas ResNet152 demonstrated
modest gains.

CONCLUSION

Despite significant advancements, challenges persist in developing and
applying ML and CNN for keratoconus detection. Limited annotated
datasets, variability in imaging protocols, and generalisability to diverse
populations pose constraints. The capacity to train deep learning
models and their integration into clinical workflows warrants further
investigation. ML and CNN approaches demonstrate considerable
potential for enhancing the early diagnosis and management of
keratoconus. Continued research on data standardisation, model
interpretation, and clinical validation is essential to translate this
technology into routine clinical practice, benefiting keratoconus
patients globally. In refining keratoconus diagnostic techniques, we
encountered the following obstacle: the incorporation of extraneous
data into ocular images. Traditional CNN algorithms exhibit limitations

owing to redundant information from nontrivial sources, which affects
accuracy and efficiency. To address this, an object detection method
that emphasises a ROl extraction from ocular images is proposed. Future
integration of explainable Al methods could improve clinical adoption
by enabling transparent decision making for keratoconus diagnosis.

MAIN POINTS

» Novel dataset was collected in this study.

Two stages deep learning based approach was developed to detect
the keratoconus eye disease.

Comparing several deep learning architectures to evaluate the
performance of deep learning models.

Compare the performance of the deep learning models with and
without using object detection algorithm.
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Abstract

BACKGROUND/AIMS: Latent tuberculosis infection (LTBI) remains a critical challenge in global tuberculosis (TB) control efforts, necessitating
effective diagnostic techniques. This study provides a comprehensive analysis of 7 diagnostic methods for LTBI, including QuantiFERON-TB and
T-SPOT.TB.

MATERIALS AND METHODS: Seven different diagnostic techniques were evaluated against criteria such as specificity to Mycobacterium
tuberculosis, sensitivity, cost-effectiveness, accessibility, limitations, turnaround time, etc. using multi-criteria decision-making methods
(MCDMs). Weightings for each criterion were applied to account for their relative importance in clinical decision-making. To validate the results
obtained using the fuzzy preference ranking organization method for enrichment evaluations we applied two additional MCDMs: the weighted
sum method and the technique for order of preference by similarity to ideal solution using the same criteria, alternatives, and weightings.
RESULTS: Indicate that QuantiFERON-TB with a NetFlow of 0.0577 ranks highest in overall performance. T-SPOT.TB and Diaskintest followed
closely, with minor variations in their rankings between the methods, while traditional methods such as Tuberculin Skin tests ranked lower due
to their limitations in specificity and cross-reactivity. Sensitivity analysis further validated these rankings, suggesting that modern blood-based
assays offer superior diagnostic accuracy and operational efficiency.

CONCLUSION: This study highlights the potential of fuzzy-based MCDM for selecting diagnostic tools for LTBI, contributing to more informed
clinical practices and effective TB control strategies.
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INTRODUCTION

Tuberculosis (TB) is a transmissible disease caused by Mycobacterium
tuberculosis, a bacteria which predominantly affects the lungs." TB
is transmitted via airborne particles when individuals infected with
pulmonary TB cough, sneeze, or expectorate. Inhalation of a few
pathogens is sufficient to contract an infection.? Upon acquiring
the pathogen, individuals can be classified as having either active
tuberculosis (aTB), characterized by clinical symptoms that may
spread to multiple organs, or latent tuberculosis infection (LTBI), an
asymptomatic state in which 5-10% of individuals may develop aTB in
the following months or years.>* Although latent TB is not contagious,
there is a significant risk of developing aTB later unless it is not
diagnosed and treated, which presents a major obstacle to preventing
TB.* Therefore, diagnosing and treating LTBI play a crucial role in
eliminating the disease. Diagnosing LTBI is challenging, despite the
availability of a variety tests.®> No single test is sufficient, and evaluating
the illness requires thorough clinical and radiographic assessment, as
well as interpretation of immunological testing. Hence, there is still no
gold standard test available for diagnosing LTBI. The available diagnostic
procedures can be grouped to include: immune-based responses such
as Tuberculin Skin test, Diaskintest, Combination Tuberculosis Skin
test, T-SPOT.TB, QuantiFERON-TB Gold and Conventional Tuberculin
Skin test, and Enzyme-Linked Immunoassay for Cytokines test. The
use of multiple criteria decision-making methods (MCDM) has been
widely recognized for its effectiveness in evaluating diverse strategies
and alternatives across various domains.® An example of MCDM-

Preference Ranking Organization METHod for Enrichment Evaluations
(PROMETHEE) with fuzzy logic, focuses on enhancing decision quality
through rigorous analyses and could be employed in assessing the
LTBI treatment strategies. Therefore, this study aims to use one of
the successfully applied MCDM approaches, fuzzy preference ranking
organization method for enrichment evaluations (F-PROMETHEE), for
assessing the effectiveness of the 7 available LTBI diagnostic strategies.

MATERIALS AND METHODS
Fuzzy PROMETHEE Approach

F-PROMETHEE is an MCDM approach that employs fuzzy set theory
to address uncertainty and imprecision in alternative evaluations,
and was implemented in this study. Multiple criteria are suggested
for ranking the alternatives (LBTI diagnostics). The parameters most
frequently considered in the literature when determining the most
effective diagnostic alternatives for LTBI include specificity, sensitivity,
effectiveness, accessibility, limitations, ability to discriminate between
latent and aTB, cost-effectiveness, cross-reactivity, turnaround time,
and Food and Drug Administration (FDA) approval. Criteria serve as a
benchmark for evaluating different alternatives. The relative importance
of each criterion was assessed to determine its weight. Consequently,
experts were consulted to assign relative importance levels to the
selected criteria analyzed. Table 1 presents the decision matrix of the TB
diagnostic strategies, which are evaluated using a linguistic scale shown
in Table 2. The Yager index is used for defuzzification, and the Gaussian
preference function is applied in the PROMETHEE analysis.

Table 1. The decision matrix of the selected TB strategies
Weightings M M VH M M M L H M H
AI.terr}atlves/ Specificity = Sensitivity = Effectiveness = Accessibility = Limitation ADLATB CE CR Avg. TT FDA References
criteria approved
Requires two
Tuberculin visits, FP, FN, 178
Skin test t M H H skilled personnel, ves vt ves R ves
induration [H]
Diaskintest VH H VH H Induration [L] No H Yes 3 days Yes 29
Combination FN, impaired
Tuberculosis M M M M immune Yes L Yes 1 day Yes 2
Skin test response [L]
Specific time for
T-SPOT.TB H H H M sample collection L Yes Tday | Yes 2
assay, induration
M]
Inability to
distinguish LTBI
. and aTB, FP/ Yes 21314
QuantiFERON VH VH VH M EN, accessibility, No H No 1 day
requires skilled
personnel [M]
Cross reactivity,
inability to
different A and ,
ELISA VH VH H M LTBI, needs No M Yes 2 days No
skilled personnel
[H]
Conventional Positive
Tuberculin VH H VL H predictive value, | No M No 4 days No B3
Skin test skin reactivity [L]
LTBI: Latent tuberculosis infection, aTB: Active tuberculosis, FP: False positive, FN: False negative, ADLATB: Ability to discriminate between latent and active TB, Avg.: Average,
TT: Turnaround time, CR: Cross-reactivity, CE: Cost effect, VH: Very high, H: High, M: Moderate, L: Low, VL: Very low.
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Statistical Analysis
Sensitivity Analysis

In this section, a sensitivity analysis was conducted to evaluate the
robustness of the prior results. This study examines the impact of
altering the weights of the evaluation criteria on the final ranking of
the alternatives. The objective was to assess how changes in the relative
significance of the selected criteria could influence the reliability of the
conclusive outcome. In the sensitivity analysis, the weight of only two
criteria was adjusted while keeping all other criteria constant. In the
current study, significance weights were established for each criterion
using a linguistic scale (Table 2). The weight of two essential criteria was
adjusted: “Effectiveness,” formerly rated as “very high”, was decreased
to “moderate”, while “sensitivity,” previously rated as “moderate”,
was elevated to “high”. These modifications led to QuantiFERON-TB
retaining its premier status, with a slightly decreased NetFlow (0.0475)
(Table 3). This implies that altering the relative weights of individual
criteria does not substantially impact the final ranking order. The single
minor alteration is observed between the Conventional Tuberculin Skin
Test and the Tuberculin Skin Test, characterized by a modest variance
in NetFlow rankings. The initially integrated comprehensive ranking
remained unchanged, despite variations in the outranking net flow
values.

RESULTS

In this study, one of the decision-making tools known as F-PROMETHEE
was proposed to rank 7 diagnostic methods for identifying LTBI
based on selected parameters. This included sensitivity, specificity for
Mycobacterium tuberculosis, cost, limitations, effectiveness, accessibility,
cross-reactivity, FDA approval, and the time it takes to generate the
result (Table 1). Among all the investigated methods, QuantiFERON-TB
Gold proved to be the most efficient diagnostic tool with a NetFlow of
0.0557, indicating superior performance in specificity, sensitivity, and
cost-efficiency. After QuantiFERON-TB, Diaskintest achieved the second-
highest NetFlow (0.0296), indicating its high sensitivity and accessibility,
especially for immunocompromised individuals. Conventional
diagnostic methods, including the Tuberculin Skin tests, had a relatively
lower NetFlow of -0.0407 and -0.0732, a consequence of low specificity
and cross-reactivity, particularly in subjects vaccinated with Bacillus
Calmette-Guérin. Results are summarized in Table 4.

Validation of Results with Weighted Sum and TOPSIS MCDM Methods

To validate the results obtained using the F-PROMETHEE approach,
two more MCDM methods were applied: The weighted sum method
(WSM) and the Technique for Order of Preference by Similarity to Ideal
Solution (TOPSIS). The same criteria, alternatives, and weightings from

Table 4. Ranking of the latent tuberculosis infection tests using F-PROMETHEE

Rank Alternatives NetFlow (Phi) Positive outranking flow (Phi+) Negative outranking flow (Phi-)
1 QuantiFERON 0.0557 0.0687 0.0130

2 Diaskintest 0.0296 0.0514 0.0218

3 T-SPOT.TB 0.0236 0.0404 0.0168

4 ELISA 0.0070 0.0373 0.0302

5 Combination Tuberculin Skin test -0.0021 0.0390 0.0411

6 Tuberculin Skin test -0.0407 0.0311 0.0718

7 Conventional Tuberculin Skin test -0.0732 0.0285 0.1016

F-PROMETHEE: Fuzzy Preference Ranking Organization METHod for Enrichment Evaluations

Table 2. Linguistic scale and the weights assigned to criteria

Ranking Linguistic scale Fuzzification scale Criteria

VH 0.75,1, 1) Effectiveness

H (0.50, 0.75, 1) Cross-reactivity, FDA-approved

M (0.25,0.50, 0.75) /::ssriatﬁig\itt;rsr;)aerg;:i(tjytime, ability to discriminate between latent and active TB, limitation, accessibility,
L (0, 0.25, 0.50) Cost effectiveness

VL (0,0,0.25)

FDA: Food and Drug Administration, VH: Very high, H: High, M: Moderate, L: Low, VL: Very low.

Table 3. Sensitivity analysis results

Rank Alternatives NetFlow (Phi) Positive outranking flow (Phi+) Negative outranking flow (Phi-)
1 QuantiFERON 0.0475 0.0615 0.0140

2 Diaskintest 0.0209 0.0377 0.0167

3 T-SPOT.TB 0.0193 0.0428 0.0235

4 ELISA 0.0031 0.0343 0.0312

5 Combination Tuberculin Skin test 0.0026 0.0395 0.0369

6 Conventional Tuberculin Skin test -0.0449 0.0307 0.0757

7 Tuberculin Skin test -0.0485 0.0277 0.0762
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Table 5. Comparison between fuzzy PROEMTHEE, weighted sum method and TOPSIS methods

Alternatives PROMETHEE net flow | Rank (PROMETHEE) WSM score Rank (WSM) TOPSIS score Rank (TOPSIS)
QuantiFERON 0.0557 1 0.8785 1 0.9201 1

T-SPOT.TB 0.0236 3 0.8602 2 0.8932 2

Diaskintest 0.0296 2 0.8157 3 0.8450 3

ELISA 0.0070 4 0.7820 4 0.8104 4

Combination Tuberculin Skin test -0.0021 5 0.7455 5 0.7793 5

Tuberculin Skin test -0.0407 6 0.6924 6 0.7245 6

Conventional Tuberculin Skin test -0.0732 7 0.6712 7 0.7004 7

PROMETHEE: Preference Ranking Organization METHod for Enrichment Evaluations, WSM: Weighted sum method, TOPSIS: Technique for Order of Preference by Similarity to Ideal Solution

the F-PROMETHEE analysis were applied to ensure consistency and
comparability. The rankings obtained using F-PROMETHEE, WSM, and
TOPSIS methods are presented in Table 5.

The results indicate strong agreement among the three methods, with
minor variations in rankings for certain alternatives. QuantiFERON-TB
Gold consistently emerged as the top-ranking diagnostic method. The
Conventional Tuberculin Skin Test ranked lower across all methods due
to its limitations in specificity, sensitivity, and turnaround time.

DISCUSSION

This study highlights the effectiveness of modern blood-based
diagnostic tools like QuantiFERON-TB and T-SPOT.TB for detecting LTBI.
Consistent with findings in the literature,>'> our results demonstrate
that traditional methods such as the Tuberculin Skin test are being
surpassed due to their limitations, including cross-reactivity, false
positives, and prolonged turnaround times, particularly in Bacillus
Calmette-Guérin-vaccinated populations. QuantiFERON-TB emerged as
the most reliable diagnostic tool, achieving the highest ranking across
all methods (PROMETHEE, WSM, and TOPSIS). Its superior performance
is attributed to high sensitivity, high specificity, minimal cross-reactivity,
and a quick turnaround time of 24 hours. T-SPOT.TB and Diaskintest
followed closely, with minor variations in their rankings between the
methods. Notably, T-SPOT.TB exhibited strong performance regarding
sensitivity, while Diaskintest demonstrated slightly better specificity
and reliability in certain evaluations. The lower rankings of traditional
methods, such as Tuberculin Skin test and the Conventional Tuberculin
Skin test, further underscore their limitations in diagnostic accuracy
and operational efficiency due to their prolonged turnaround time
and operational complexity. The close agreement between the
F-PROMETHEE, WSM, and TOPSIS results validates the robustness and
reliability of findings, similar to the approach.” This study represents the
first application of F-PROMETHEE for a comprehensive comparison of 7
LTBI diagnostic tests, making it challenging to conduct a comparative
analysis with previous studies in the field.

Study of Limitations

The evaluation of the study was simplified to seven LTBI diagnostic
tests and ten criteria. Incorporating more diagnostic tests, such as
biomarkers, and diagnostic criteria would change the rankings and
potentially improve the study.

CONCLUSION

The results emphasize the role of improved diagnostics like
QuantiFERON-TB, Diaskintest, and T-SPOT.TB for the diagnosis and
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management of LTBI. The sensitivity analysis further validates these
findings, showing that even when the weights applied to the evaluation
measures are different, the modern blood-based assays are still the
most accurate diagnostic tools for LTBI. These findings will provide
knowledge to clinicians and policymakers in the enhancement of
TB control, especially where the identification of LTBI cases remains
paramount.

MAIN POINTS

* QuantiFERON-TB is the most favorable latent tuberculosis infection
(LTBI) diagnosis amongst the 7 compered LTBI tests, considering
selected criteria.

* Following QuantiFERON-TB, the next best ranks are T-SPOT.TB and
Diaskintest for LBTI diagnosis.

 Validation of Fuzzy Preference Ranking Organization METHod
for Enrichment Evaluations results using Technique for Order of
Preference by Similarity to Ideal Solution and weighted sum method
confirms QuantiFERON-TB as the top-rank
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Abstract

BACKGROUND/AIMS: Rapid diagnostic tests are designed to enable rapid diagnosis of infectious diseases, especially during outbreaks and
pandemics. This study aims to retrospectively list the rapid antigen (Ag) tests used in the recent pandemic with the multi-criteria decision-
making (MCDM) technique to evaluate the role of the MCDM technique in determining the most appropriate diagnostic techniques during a
future outbreak.

MATERIALS AND METHODS: Twenty-eight Ag diagnostic tests authorized for emergency use by the Food and Drug Administration during
the coronavirus disease-2019 pandemic were retrospectively included. Limit of detection, positive and negative percent agreement, point-of-
care test, sample type, test technique, Ag target, and result time were evaluated. The overall performance of the 28 Ag diagnostic tests was
investigated using the fuzzy preference ranking organization method (F-PROMETHEE) of the MCDM approaches.

RESULTS: According to the F-PROMETHEE analysis; clip coronavirus disease rapid ag test was ranked in first place, Sofia 2 Flu + severe acute
respiratory syndrome (SARS) Ag fluorescent immunoassay, BD Veritor System, and VITROS Immunodiagnostic Products severe acute respiratory
syndrome-coronavirus-2 (SARS-CoV-2) test kits were ranked second, and third, respectively. The VITROS Immunodiagnostic Products SARS-CoV-2
Ag Reagent Pack was ranked last, due to the selected parameters in the ranking.

CONCLUSION: The F-PROMETHEE method, one of the MCDM methods, can be applied to evaluate the tests used in the rapid diagnosis of
pathogens, and can support clinicians and laboratories in choosing the most reliable and accurate diagnostic tests in future outbreaks and
pandemics.
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INTRODUCTION

Nucleic acid amplification with the real-time polymerase chain reaction
technique is the gold standard in the identification of emerging
microbial pathogens; however, antigen (Ag) testing, which detects virus-
specific proteins, is widely used in the rapid diagnosis of pathogens,
especially in extraordinary situations and disasters like pandemics.!
Ag tests can be performed using both the nasopharyngeal swab and
anterior nares. These tests are easy to use and are more suitable for
point-of-care (POC) testing. As Ag diagnostic tests provide rapid and
accurate results at a relatively low cost compared to the reference
methods, they have made critical contributions in the control of the
last pandemic.? During the pandemic, Ag tests were recommended
for people with symptoms, asymptomatic individuals at high risk of
infection, and for the purposes of contact tracing and screening of
severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) infected
persons for epidemiologic investigations.> Various Ag diagnostic
tests were classified as “emergency-use authorized” for SARS-CoV-2
patient management during the global crisis.* During the coronavirus
disease-2019 (COVID-19) pandemic, many companies contributed to
the management of the pandemic by specifically developing Ag tests
in a short time frame. However, as the pandemic progressed, different
measurements were needed to monitor the efficiency and clinical
performance of these options. Multi-criteria decision making (MCDM)
techniques are approaches that assist decision-makers (DMs) when
faced with a selection problem involving multiple criteria.

Numerous issues, including the weights of the criteria, preference
dependence, and conflicts between criteria, seem to exacerbate
problems when DM evaluates the alternatives. This process requires
the use of more advanced techniques to resolve them.>® Hwang and
K. Yoon’ proposed that MCDM problems can be divided into two
major categories: multiple attribute DMs and multiple objective DMs,
due to the various purposes and various types of data. Fuzzy logic
theory, published by Lotfi A. Zadeh®?, was the first to study the fuzzy
logic process® mathematically. Zadeh® has brought many concepts to
science, such as fuzzy sets, fuzzy logic, approximate reasoning, linguistic
variables, and fuzzy if-then rules.

This study aimed to demonstrate the role and usability of the MCDM
method in deciding the most appropriate diagnostic test during
extraordinary circumstances by ranking the Ag tests that were used
during the COVID-19 pandemic. The key advantage of the current study
is that the fuzzy MCDM algorithms will serve as a model for evaluating
diagnostic alternatives designed for future outbreaks and pandemics.

MATERIALS AND METHODS

One of the most successful MCDM techniques, the fuzzy preference
ranking organization method (F-PROMETHEE) technique, was preferred
to analyze Ag tests used for SARS-CoV-2 detection. The study was
retrospectively performed, and the most frequently performed Ag
testing during the COVID-19 pandemic was utilized to mimic the testing
methodology of a similar global health problem. In the current study,
linguistic triangular fuzzy sets were applied to determine the criteria
and their weights numerically. As a preprocessing step for the data, the
defuzzification process was then applied via Yager'® index to gather
numerical information for the selected variables, preparing it for use
in the PROMETHEE approach. The PROMETHEE approach enables DMs
to rank the alternatives that contain various features." The PROMETHEE

approach, with fuzzy logic, is a recent MCDM technique that compares
alternatives under an ambiguous environment. In this approach,
the triangular fuzzy sets are used to determine the linguistic data
numerically as fuzzy numbers.

Twenty-eight different SARS-CoV-2 Ag kits that had been authorized for
emergency use by the Food and Drug Administration (FDA) during the
pandemic were evaluated in this study. These criteria were included
according to the information provided by the FDA.* While predominantly
lateral flow assay (72%) and chemiluminescent immunoassay (28%)
were used in the study, paramagnetic micro-based immunoassays, bulk
acoustic wave biosensors, and chromatographic digital immunoassay
were also evaluated using mathematical tools. We preferred to use
PROMETHEE for analysis since it provides different types of preference
functions to determine the superiority of each decision option for each
criterion. This distinguishes it from other MCDM models and shows the
advantages and disadvantages of each decision option, allowing experts
to control for result validation. The criteria used for analysis were: limit
of detection (LoD); sensitivity/specificity; POC testing; specimen options
(nasopharyngeal swab/anterior nasal swab); test techniques; Ag target
[nucleocapsid (N)/spike (S)]; testing for SARS-CoV-2 and flu; time to
result; first sampling after symptom onset; reagent storage conditions;
requiring analyzer.

F-Promethee Analysis

These criteria were evaluated as linguistic triangular fuzzy sets: “very
high (0.75, 1, 1)”, “high (0.5, 0.75, 1), “moderate/(0.25,0.5,0.75)", “low/
(0,0.25,0.75)", and “very low/(0, 0, 0.25)” and the SARS-CoV-2 pandemic
was considered during this scoring. After data collection, defuzzification
was applied to convert fuzzy numbers to single numbers. Then the
PROMETHEE method was applied with the Gaussian preference function.
The detailed process of the PROMETHEE approach is given in."""? In this
study, the importance values of the selected criteria were obtained
based on experts’ preferences as follows: very high: the LoD, positive
predictive value/sensitivity, negative predictive value/specificity: high:
the point of care testing, specimen option, target, sampling days
after symptom onset, result time: moderate: the requiring analyzer,
attributes-visual read, test for SARS-CoV-2/Flu, storage.

Ethical Approval

Ethical approval, including patient-informed consent, was not needed
as the study involved publicly available data and did not involve human
clinical samples.

RESULTS

Among 28 FDA emergency use authorization Ag diagnostic tests for SARS-
CoV-2, clip COVID rapid Ag test [Luminostics, Inc., California, United
States of America (USA)] was determined to be the most favorable one,
followed by Sofia 2 Flu + SARS Ag fluorescent immunoassay (Quidel
Corporation, San Diego, USA) and BD Veritor System for Rapid Detection
of SARS-CoV-2 (Becton Dickinson and Company, New York, USA). Our
finding showed that the clip COVID rapid Ag test (Luminostics, Inc,
California, USA), which was the most feasible Ag testing kit according to
the ranking, is a POC test that gives results with a portable clip analyzer.
Due to its sensitivity and specificity of 96.9% and 100%, respectively, with
a LoD of 0.88x10% TCID50 per milliliter, this method is highly reliable for
diagnostic purposes. Furthermore, nasal swabs obtained within 5 days
after the onset of symptoms were used, which still provided reliable
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results.* The complete ranking of Ag tests against SARS-CoV-2 is given in
Table 1. This table includes more than 28 Ag tests because some tests
can be performed either by nasopharyngeal swab or anterior nasal
swabh, which affects the sensitivity of the test results. Therefore, they
were evaluated independently in this study, and different specimen
options of the same test were differentiated with asterisks in
Table 1. Test kits with an asterisk indicate that both nasopharyngeal
swabs and nasal swabs can be used as specimen collection options.
Test kits without an asterisk indicate that a nasopharyngeal swab is the
only specimen collection option. These results were obtained using the
Decision Lab program.

DISCUSSION

Recently, disease outbreaks with unknown new pathogens have been
reported.™ In the most recent COVID-19 pandemic, a fluctuating
increase in cases was detected during the timeline of the pandemic.™
Therefore, measures have been taken to control the number of cases.
However, implementations such as the closure of borders, schools,
and workplaces have also had disparate effects.” For this reason,
control measurements were extended by continuing the screening tests
during the later phases of the pandemic. Throughout the pandemic,
Ag tests were useful in rapidly screening large populations. Although
definitive detection of the virus is dependent on the detection of RNA
gene targets such as S, envelope, N, RNA-dependent RNA polymerase,
ORF1 by nucleic acid amplification testing, detection of virus-specific

Table 1. Ranking results of SARS-CoV-2 antigen tests during the pandemic

Rank Ag test Technique Phi Phi+ Phi-

1 Clip LFA 0.1063 0.1191 0.0128
2 Sofia 2 flu + SARS LFA 0.0981 0.1156 0.0195
3 BD veritor Chromatographic immunoassay 0.0906 0.1196 0.029
4 Sofia SARS Ag FIA LFA 0.0890 0.1032 0.0141
3 LumiraDx* Micro-fluid immunoassay 0.0872 0.1293 0.0420
6 Celltrion DiaTrust LFA 0.0766 0.1169 0.0403
7 LumiraDx Micro-fluid immunoassay 0.0705 0.1193 0.0488
8 QuickVue Ag LFA 0.0681 0.0978 0.0297
9 Sampinute Magnetic force immunoassay 0.0617 0.1163 0.0546
10 Status COVID-19/flu LFA 0.0467 0.0935 0.0469
1 GenBody LFA 0.0341 0.0861 0.0519
12 SCoV-2 LFA 0.0336 0.0894 0.0558
13 CareStart LFA 0.0304 0.0843 0.0539
14 Ellume LFA 0.0236 0.0846 0.0610
15 The LIAISON®* CLIA 0.0063 0.0878 0.0815
16 Simoa CLIA -0.0087 0.1156 0.1244
17 CareStart* LFA -0.0148 0.0589 0.0737
18 The BD Veritor™ fluA + B Chromatographic immunoassay -0.0172 0.0495 0.0668
19 TheBinaxNOW self test LFA -0.0218 0.0460 0.0678
19 BinaxNOW LFA -0.0218 0.0460 0.0678
21 The LIAISON® CLIA -0.0225 0.0738 0.0964
22 Qorvo omnia Immunoassay -0.0245 0.0636 0.0882
23 BinaxNOW Ag2 LFA -0.0260 0.0426 0.0685
24 BinaxNOW Ag Card 2 LFA -0.0297 0.0422 0.0719
25 QuickVue at home LFA -0.0382 0.0401 0.0783
26 Sienna-clarity LFA -0.0441 0.0454 0.0895
27 QuickVue at home OTC LFA -0.0446 0.0388 0.0834
28 BinaxNOW LFA -0.0539 0.0364 0.0903
29 InteliSwab Rx LFA -0.0544 0.0351 0.0895
29 InteliSwab LFA -0.0544 0.0351 0.0895
31 InteliSwab pro LFA -0.0553 0.0351 0.0879
32 Ellume.lab LFA -0.0622 0.0367 0.0989
33 VITROS* CLIA -0.1348 0.0229 0.1677
34 VITROS CLIA -0.1937 0.0147 0.2

Ag: Antigen, LFA: Lateral flow assay, CLIA: Chemiluminescent immunoassay, Phi: Net ranking, Phi+: Positive outranking flow, Phi-: Negative outranking flow, COVID-19: Coronavirus
disease-2019, SARS: Severe acute respiratory syndrome, OTC: Over-the-counter
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proteins by Ag testing has been preferred during the global crisis."
Many manufacturers developed diagnostic alternatives for SARS-CoV-2
to combat the global crisis. However, it was not easy to choose the most
accurate test among many alternatives. This study revealed the effective
role of the F-PROMETHEE technique in diagnostic microbiology. The
applicability of the technique in making correct choices in similar
public health concerns was demonstrated.

Throughout the world, preventing and controlling widespread
outbreaks is a priority. Clemente-Suarez et al.”” provided information
on the performance of fuzzy MCDM analysis of emergency systems
regarding the applications of the technique in hospital settings during
the pandemic, as currently applied. As the pandemic continue, the
emergence of new variants may cause difficulties with the virus’s
diagnosis, treatment, and prevention. Therefore, MCDM methods
have been widely implemented to address this complexity. Sayan
et al." evaluated the capacity of SARS-CoV-2 diagnostic tests using
MCDM." The study on COVID-19 diagnostic tests was conducted at
the beginning of the pandemic and focused on diagnostic testing
techniques. Similarly, treatment alternatives for COVID-19 were
evaluated by Yildirim et al.® using a fuzzy MCDM approach, and they
revealed the most appropriate diagnostic and treatment options to
support healthcare professionals.

To our knowledge, this work presents a new study evaluating test kits
for microbial diagnosis using the F-PROMETHEE technique. This study
revealed that the performance of rapid diagnostic tests, widely used in
the rapid diagnosis of infectious diseases, especially during disasters,
can be evaluated with mathematical approaches before clinical use.
Such approaches can guide diagnostic laboratories to choose the most
appropriate rapid diagnostic tests to manage future outbreaks and
pandemics effectively.

Study Limitations

To point out the study’s limitations, positive and negative control
samples could not be used because the study was based on mathematical
data analysis and was not conducted with clinical samples. Secondly,
the results were obtained based on the nature of the analytical
DMs process, selected parameters, and the experts’ preferences for
determining the importance of the criteria; thus, these parameters
can be updated according to the DMs’ priorities. Thirdly, the study was
based on data from the test kit insert rather than clinical data. This data
did not include positive and negative controls, which may have altered
the results. Additionally, only the F-PROMETHEE technique was used in
the study. Comparison of results with other MCDM techniques such as
Technique for Order Preference by Similarity to Ideal Solution, Analytic
Hierarchy Process, and ELimination and Choice Expressing REality may
have affected the ranking.

CONCLUSION

In outbreaks, low-cost rapid diagnostic tests can be prioritized to reduce
the workload of healthcare systems. By applying MCDM methods, DMs
can systematically analyze multiple factors and prioritize tests according
to their importance and necessity in outbreaks. The F-PROMETHEE
method can be applied in this field, supporting DM in deciding on the
most reliable and accurate rapid test for pathogen detection throughout
outbreaks in the future. Additionally, each country can use appropriate
diagnostic solutions according to its resources.

MAIN POINTS

* Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) clip
coronavirus disease rapid antigen (Ag) test is the most reliable test
to be used in SARS-CoV-2 Ag detection based on the selected data.

» The fuzzy preference ranking organization method can support
clinicians and laboratories in choosing the most reliable and
accurate Ag tests.

* Multi-criteria decision-making methods can be implemented to
tests.
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Abstract

BACKGROUND/AIMS: The goal of this research was to analyze the cytotoxic impacts of rosemary essential oil on pancreatic cancer.

MATERIALS AND METHODS: The human pancreatic cancer cell line (PANC-1) was used. The leaves of rosemary cultivated in North Cyprus were
collected during the flowering stage. Rosemary essential oil was obtained after air-dried leaves (100 g) were distilled with water for 3 hours.
Rosemary essential oil solutions were prepared and diluted in culture medium using various concentrations (100, 200, 300, 400, 500, and 600
uM) for 24 hours and 48 hours incubation periods. The analysis of cytotoxicity was conducted using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyl tetrazolium bromide].

RESULTS: Rosemary oil at 500 uM was more effective in diminishing the proliferation of PANC-1 cells than other concentrations during 48 hours.
Cell viability was significantly greater at 100 uM for 24 hours (100%) than 600 uM for 48 hours (81.48%). It was determined that substantially
greater cell viability was observed at 200 uM for 24 hours (97.05%) when compared to 600 uM for 48 hours (81.48%). In addition, when various
concentrations were evaluated during 48 hours, significant differentiation was found between 100 uM and 600 uM. It was shown that there was

a significant differentiation between 200 uM and 600 uM for 48 hours.

CONCLUSION: Cell viability was substantially less at 600 uM than at 100 uM and 200 uM, 81.48%, 95.18%, and 90.23%, respectively.

Keywords: Cytotoxic, essential oil, pancreatic cancer, rosemary

INTRODUCTION

Pancreatic cancer has a five-year survival rate of less than 5%, having
the worst prognosis. The maximum survival rate has been reported to
be approximately 2 years, even in individuals in the early stages, who
have undergone surgery or chemotherapy treatment. The reasons for
this situation can be explained by various factors. First, because of the
lack of effective tools for early diagnosis, most patients present with

metastatic disease when diagnosed. In addition to metastasis, early
recurrence is a specific feature of pancreatic cancer and worsens the
prognosis of the disease. Resistance to chemotherapy or radiation
treatments also increases the risk of mortality.’

A large number of spices and medicinal plants are reported in the
literature. Among these, Rosmarinus officinalis L., known as rosemary,
is highlighted for its various potential activities, including anti-cancer
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activity.? Rosemary is one of the most popular herbs used for culinary
purposes. Native to the Mediterranean region, this herb is grown in
different regions around the world.? Rosemary essential oil is obtained
from the leaves of the rosemary plant. Rosemary oil is rich in certain
compounds. These include carnosol, carnosicacid, and rosmarinicacid.*
Rosemary essential oil is obtained by the hydrodistillation extraction
method. There may be variation depending on the age of the plant and
harvest time. Its volume is generally stated as 10 mL/kg of dry plant
material. Various effects (anti-inflammatory, anti-proliferative, anti-
obesity, antioxidant, anti-tumor, anti-microbial, and neuroprotective)
of rosemary have been shown in the literature.’

Rosemary and its derivatives may show potential anti-cancer effects
owing to their anti-oxidant, anti-angiogenic, and anti-inflammatory
features, as well as increasing the expression of onco-suppressor genes.®
Studies have been conducted in the literature on rosemary essential oil
and various types of cancer.”"?

There have been a limited number of studies in the literature examining
the relationship between rosemary oil and pancreatic cancer. Therefore,
the objective of this study was to interpret the cytotoxic impacts of
rosemary essential oil on pancreatic cancer cells.

MATERIALS AND METHODS
Cell Culture

Human pancreatic cancer cell line-1 (PANC-1) was used for this study.
Medium containing Dulbecco’s modified Eagle’s medium (DMEM), 10%
heat-inactivated fetal bovine serum, 1% penicillin-streptomycin, and 1%
L-glutamine was used for maintaining the PANC-1. Since this was a cell
study, not a human study, informed consent was not obtained.

Plant and Essential Oil Isolation Process

The storage and identification of samples were carried out according
to the study by Becer et al.’ The leaves of rosemary cultivated in North
Cyprus were collected during the flowering stage. Rosemary essential oil
was obtained after air dried leaves (100 g) were distilled with water for
3 hour. A temperature of 4 °C was preferred for storing the essential oil
until analysis.

Cell Viability

MTT was used for the cytotoxicity analysis. The protocol for MTT was
adopted according to the study by Hoca et al.” Various concentrations
of rosemary essential oil (100-200-300-400-500-600-uM) were used to
treat PANC-1 cells for two incubation periods (24 hours and 48 hours).
Absorbance values were evaluated at 570 nm finally.

Statistical Analysis

Data were presented as mean and standard deviation values. The
outcomes were evaluated using Statistical Package for the Social
Sciences 18.0. Kruskal-Wallis test and/or Mann-Whitney U tests were
employed for differences among groups. When evaluated statistically,
p<0.05 was considered significant.

RESULTS

The cell viability was analyzed with MTT. Rosemary oil, in all
concentrations, reduced the growth of PANC-1 cells in a time- and/or
dose-dependent manner. It was indicated that rosemary oil at 500 uM,
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was more efficient in decreasing the proliferation of cells than other
concentrations for 48 hours (Figure 1).

When diverse concentrations (100-200-300-400-500-600 uM) and
incubation conditions (24 and 48 hours) were examined, the cell
viability was substantially greater at 100 uM for 24 hours (100%) than
600 uM for 48 hours (81.48%) (p<0.05). It was also determined that
cell viability was substantially greater at 200 uM for 24 hours (97.05%)
than at 600 uM for 48 hours (81.48%), (p<0.05). Moreover, when
various concentrations were examined during 48 hours, significant
differentiation was found between 100 uM and 600 uM (p<0.05).
There was a significant difference between 200 uM and 600 uM for 48
hours (p<0.05). When the viability of cells was examined, cell viability
was substantially less at 600 uM (81.48%) than 100 uM (95.18%) and
200 uM (90.23%) (Table 1).

DISCUSSION

Rosemary and its components can show anti-cancer activity due to their
apoptotic characteristics.™ Santos et al.” showed that rosemary essential
oil exhibited no substantial effect on cell viability in cervical cancer cells
(HeLa) compared with human liver cells (HepG2). This study emphasized
that rosemary oil at a concentration of 500 uM was more effective in
declining PANC-1 cell proliferation than other concentrations during the
48-hour period. Al-otaibi' showed that 50% decline of human breast
adenocarcinoma cell growth when breast cancer cells were treated with
1% (v/v) nano-emulsified rosemary oil + 1.49 uM of mitomycin C. Thus,
this study stated that rosemary oil can increase the effect of the anti-
neoplastic agent mitomycin C.

Rosmarinus officinalis white extract showed a significant effect on
human colon cancer HT-29 cells: a 50% reduction was achieved at
49.6231 ug/mL after 48 hours.” Rosemary extracts have been shown
to be more powerful in reducing cell viability of colon cancer cells

Rosemary Oil

- 125
é 100 - =100 pM
>
£ 7 =200 uM
§ 50 300 uM
= 25 400 M
© =500 uM

24h 48h 5600 uM

Incubation Time

Figure 1. Effects of different doses of rosemary oil on pancreatic
cancer cell viability.

Table 1. Cell viability percentages at different concentrations and
incubation periods
Cell viability-24 hour Cell viability-48 hour

100 uM 100% 95.18%

200 uM 97.05% 90.23%

300 uM 95.30% 89.41%

400 uM 96.20% 84.61%

500 uM 96.47% 69.41%

600 uM 93.96% 81.48%
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than pancreatic cancer cells. Thus, it has been demonstrated that
colon cancer cells are more susceptible, and it has been demonstrated
that pancreatic cancer cells, especially the PANC-1 cell line, are more
resistant.” In this research, when the effect of rosemary oil on their
viahility was evaluated, it was observed that there was no decrease
below 50% in cell viability, supporting the idea that the PANC-1 cell line
may be resistant.

In a study examining cell viability using the MTT test, it was found
that the use of rosemary reduced the viability of glioblastoma
cells by approximately 57.2%. However, when 500 pg/mL acyclovir
and rosemary were used in combination, they had a 10% greater
reductive effect on the viability of glioblastoma cells, unlike their
separate effects.” In this study, especially after 48 hours, rosemary
oil reduced cancer cell viability more at higher concentrations (500
uM) compared to other concentrations, supported its cytotoxic
effect. The number of live cells was determined by metabolic activity
using the MTT method through a series of steps. It was found that
the number of live cells was the least at a concentration of 500 uM
after 48 hours.

Due to its antioxidant properties, it can act as a defense against
oxidative damage by neutralizing free radicals. It can also have
a cytotoxic effect through the release of reactive oxygen species.
In addition, it has an effect on the antioxidant defense system by
activating nuclear factor erythroid 2-related factor 2 and increasing
glutathione levels.® Moreover, it was emphasized that rosemary
essential oil affected the mitotic phase and slowed down mitosis
significantly.” In an experimental study using the human hepatoma
HepG2 cell line, when rosemary essential oil was applied at high
concentrations, apoptotic substances were observed in the cells.
In addition, when the cell cycle was analyzed, after 24 hours of
application, it was found that cells in the G1 phase accumulated,
accompanied by a decrease in the number of cells in the S phase. In
this context, it was observed that cell division slowed down or paused
and eventually cell death occurred.?

Different cell lines, have been mainly examined in the above paragraphs
due to the limited number of studies in the literature on pancreatic
cancer and rosemary oil. At the same time, this situation shows the
strength of the study.

Study Limitations

The reliance on cell viability analysis alone is a limitation of the study.
In addition, higher doses and incubation periods can be used to show
greater or additional effects. The use of specific markers or methods for
cell viability is essential to represent the effects more clearly.

CONCLUSION

The cytotoxic activity of rosemary oil was tested in PANC-1 cells using
diverse concentrations. Rosemary oil has been shown to reduce cell
viability in pancreatic cancer cells. To clarify the specific anti-oncogenic
effects of rosemary oil on pancreatic cancer cells, relevant signaling
pathways need to be defined. Further studies on various pancreatic
cancer cell lines, animals, and humans are needed to elucidate the
impacts of rosemary oil on pancreatic cancer, which is one of the
rapidly progressive types.

MAIN POINTS

* Rosemary oil at 500 uM was more effectual in diminishing the
proliferation of pancreatic cancer cell line-1 cell than another
concentrations during 48 hour.

* Asignificant differentiation was found between 100 uM and 600 uM
after 48 hours.

* It was shown that there was a significative differentiation between
200 uM and 600 uM for 48 hour.

* Rosemary oil has been shown to reduce cell viability in pancreatic
cancer cells.
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Abstract

BACKGROUND/AIMS: Hepatitis D virus (HDV) is a significant global health problem identified in the 1970s in Hepatitis B virus (HBV) positive
patients. HDV is classified under the Kolmioviridae family and has a unique single-stranded negative-sense circular RNA genome. Its replication
relies on HBV surface antigens making HBV co-infection essential. HDV infection can occur either simultaneously with HBV or as a superinfection.
This virus frequently leads to progressive liver disease, with approximately 70% of cases developing cirrhosis, highlighting the critical need for
early diagnosis. This study aims to develop a high sensitivity and specificity quantitative reverse transcription polymerase chain reaction (RT-
qPCR) (diagnostic kit for detecting HDV RNA in plasma samples. The newly developed kit is expected to provide reliable diagnosis and facilitate
the early detection of HDV, thereby improving clinical outcomes and epidemiological surveillance.

MATERIALS AND METHODS: Following the RNA isolation step using the RN easy RNA Purification commercial kit (QIAGEN, Cat. No: 74104), the
samples underwent a heat-shock protocol, 95 °C for 10 minutes, followed by rapid freezing at -20 °C to disrupt the secondary structure of the
HDV RNA and enhance primer binding efficiency. The single-step RT-qPCR assay was carried out using a specific primer-probe set targeting
conserved regions of the HDV genome, along with a human ribosomal protein (RP) gene as an internal control, to validate RNA extraction and
the absence of sample degradation. RT-qPCR was performed using the QIAGEN Rotor-Gene Q-5plex device.

RESULTS: Developed RT-qPCR diagnostic kit successfully detected HDV RNA in all patient samples with high specificity. The fluorescence signals
obtained from both the FAM (HDV target) and HEX (RP gene) channels confirmed the accurate amplification of the target regions. The kit was
further validated using blind samples obtained from the Molecular Diagnosis and Quality Control Laboratory to ensure its clinical applicability
and robustness.

CONCLUSION: The development of a novel HDV-specific RT-qPCR diagnostic kit provides a valuable tool for the early, accurate detection and
quantification of HDV RNA in clinical samples. The kit’s ability to offer rapid and reliable results, coupled with its high sensitivity and specificity,
makes it an excellent candidate for widespread clinical use and epidemiological monitoring. Further validation studies are recommended to
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Abstract

expand its application across diverse clinical settings and to evaluate its performance in different HDV genotypes. Furthermore, the in-house
kit that was produced is thought to be a more affordable alternative to the current commercial kits, which might make it more accessible,

particularly in low-income nations.

Keywords: Hepatitis delta, hepatitis delta virus, real time PCR, reverse transcriptase PCR

INTRODUCTION

The global burden of hepatitis D virus (HDV)-related liver disease is
significant, affecting an estimated 12 to 72 million people worldwide,
with a high risk of severe liver complications such as cirrhosis
and hepatocellular carcinoma.'? Despite its severity, HDV remains
underdiagnosed due to inadequate screening practices, particularly in
populations co-infected with hepatitis B virus (HBV).>* Recent studies
indicate significant increases in reported HDV cases, particularly in
regions including the United States (US) and parts of South America.
Areas such as the Amazon basin and parts of Colombia show high HDV
prevalence, exacerbated by poor healthcare access.>®

There are several difficulties in the prevention of hepatitis D
infections, including co-infection with HBV. Additionally, there
is a lack of adequately effective and widespread processes for
monitoring or detecting HDV, such as routine HDV antibody
testing. There is also insufficient screening focused on high-risk
groups. These groups include injection drug users, individuals with,
multiple and/or unprotected sexual partners-particularly among
men who have sex with men-and migrants from endemic regions.
Furthermore, there is limited availability and access to treatment
options.™” There are currently no Food and Drug Administration
(FDA)-approved drugs for the treatment of HDV in the US. However,
bulevirtide is conditionally approved in the European Union and is
under review with the US FDA. Current treatment strategies in many
countries are based on the use of pegylatedinterferonalfa2a, which
has limited efficacy.?

PCR-based diagnostics, particularly reverse transcription polymerase
chain reaction (RT-qPCR) and (Droplet Digital Polymerase Chain
Reaction), play a crucial role in monitoring HDV transmission and
treatment outcomes. These methods enhance the detection and
quantification of HDV-RNA, providing valuable insights into disease
progression and therapeutic efficacy.®** HDV has a circular and
small RNA genome (1.7 kb) that exhibits high intramolecular base
pairing, complicating amplification efforts.’® However, there are at
least eight known genotypes of HDV, each with distinct sequences,
leading to variability in assay performance.” While PCR technologies
significantly enhance the monitoring of HDV, challenges remain in
the widespread implementation of these technologies, particularly in
resource-limited settings where access to advanced diagnostic tools
may be restricted. Our aim in this study was to develop an HDV-
specific RT-qPCR diagnostic kit and position it as a valuable tool for
the early and accurate detection and quantification of HDV RNA in
clinical samples. Additionally, it is believed that the developed in-
house kit offers a more cost-effective option compared to existing
commercial kits, making it potentially more accessible, especially in
low-income countries.
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MATERIALS AND METHODS
Sample Collection and RNA Isolation

The evaluation panel included plasma samples obtained from 10
HDV positive patients from Kocaeli, Tiirkiye, that were referred to the
laboratory previously and stored at -70 °C. RNA isolation from plasma
samples was performed with the QIAGEN EZ1 automated sample
purification device using the RNeasy RNA Purification commercial kit
(QIAGEN, Cat. N0:74104), according to the manufacturer’s instructions.
After isolation, to reduce the likelihood of natural internal base pairing
being restored in the HDV genome, thermal shock was performed by
incubating 10 ul of isolate at 95 °C for 10 minutes (min), followed by
immediate cooling to -20 °C. The study received approval from Manisa
Celal Bayar University Ethics Committee (approval number: 330, date:
19.09.2022) and Informed consent forms were signed by all participants
and/or legal guardians

HDV-specific RT-qPCR Diagnostic Kit Design

Sequence alignment of HDV strains (genotype 1-8) full-length genome
was performed to locate conserved regions suitable for primer and
probes. Primers and probes are designed for the HDV Ag) region.

Our forward primer (19hp) is positioned between 721 to 739 bp of the
HDV genome, which corresponds to a palindromic sequence region.
The reverse primer (20 bp) binds to the 1085-1104 bp region, located
between the overlapping large hepatitis delta antigen (L-HDAg) and
small hepatitis delta antigen regions encoded by ORF1. Our primers were
designed to be diagnostically compatible with all 8 genotypes of HDV.
For this purpose, SnapGene (GSL Biotech, available at snapgene.com)
and the NCBI BLAST program were utilized. The sequences of the target
gene were obtained from the HDVdh database.'? The SnapGene tool was
used for primer and probe design for HDV and human ribosomal protein
(RP) genes as the internal control. Gene-specific probes were labelled
with different fluorescent dyes. FAM for HDV L-HDAg region and HEX
for the human RP gene were used. In silico specificity tests of designed
primer and probe sequences were performed for 32 different viral
and bacterial strains to avoid any possible cross-reaction during PCR.
The PCR assay was performed using Takyon™ One-Step Low Rox Probe
5X MasterMix dTTP (Cat No: UF-LP5X-RT0501, Takyon™, Eurogentec
Belgium) on the Rotor-Gene Q 5Plex Real-Time PCR (QIAGEN, Hilden,
Germany). The optimized PCR reaction started with cDNA synthesis step
at 55 °C for 40 min followed by an initial denaturation step at 95 °C for
15 min and 50 cycles of amplification consisting of denaturation at 95 °C
for 20 s, at 62 °C for 60 s for annealing and fluorescent signal acquisition
at FAM and HEX channels. The optimized reaction mix included 10 uL
of one-step master mix, 0.4 uM final primer concentration, 0.2 uM final
probe concentration, 6 L of nucleic acid sample, and RNase/DNase-
free ddH,0 to a final volume of 20 pL.
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Diagnostic Performance, Amplification Efficiency and Analytical
Sensitivity

Validation and performance experiments of the designed HDV
detection kit were performed by testing 38 blind samples from Quality
Control Program in Molecular Diagnosis (MOTAKK, Ankara, Tirkiye).
The commercially available Fluorion Real-Time PCR HDV 1.0 (lontek,
istanbul, Tuirkiye) kit was used for the validation of the designed HDV
detection kit; and the validation study was conducted with 10 plasma
pooled samples. The limit of detection was tested by five replicates
of serial dilutions, (17x101 to 17x105 copies per reaction) of the HDV
RNA standard (HDV RNA Viral Load Quantitative & Qualitative Setup
Kit, MOTAKK, Ankara, Tirkiye). The amplification efficiency (Ex) was
determined using the formula Ex = [10” (-1/slope) - 1] X100 for the
HDV cDNA standard dilution series. A standard curve was generated
using cycle threshold values of serial dilutions of the HDV standard.

RESULTS
Standardization of the RT-qPCR Conditions

The Multiplex RT-qPCR assay was optimized for the diagnosis of HDV
infection, simultaneously targeting a conserved region of the HDV
genome (L-HDAg gene region) and human RP gene, as the internal
control. Upon primer and probe optimization, plasma samples were
obtained from 10 patients previously diagnosed with HDV infection.
RNA isolates obtained from plasma samples were tested with the RT-
qPCR assay in optimized conditions. In HDV-positive samples and a
positive control sample, RP (human internal control), and HDV target
region were amplified simultaneously, forming sigmoidal curves. In the
negative control reactions, ddH,0 was used as the template, which led
to no amplification line (Figure 1).

Performance and Assay Validation

Thirty-eight blind samples from Quality Control Program in Molecular
Diagnosis, (MOTAKK, Ankara, Tirkiye) were analyzed using the
developed kit. Among these, 22 samples tested positive and 16 tested
negative. Results were confirmed by the quality control program.
For assay validation, commercially available Fluorion Real-Time PCR
HDV 1.0 (lontek, Istanbul Tirkiye) kit was used. Samples from 10
clinically confirmed HDV positive patients, 10 HDV negative patients,
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MOTAKK samples, and no template control samples were analyzed
simultaneously with both kits following the manufacturer’s instructions.
The in-house kit exhibited 100% positive percent agreement with the
commercially available diagnostic kit.

RT-qPCR Efficiency and Limit-of-Detection

The standard curve analysis was performed to test the efficiency,
sensitivity, and LOD of the assay. A dilution series was prepared with
HDV RNA standard (HDV RNA Viral Load Quantitative & Qualitative
Setup Kit, MOTAKK, Ankara, Tiirkiye) ranging from 1.7+ E1 to 1.7+ E5
copies per reaction. According to that,the LOD of the designed kit was
established as 1.7+ E1 copy per reaction. Triplicate RT-qPCR analysis
revealed that the results were consistent across technical replicates
(Figure 2).

DISCUSSION

Thedetection of HDV through PCR presents several significant challenges.
These difficulties may stem from the unique characteristics of the virus
and the limitations of current methodologies. The technical limitations
of HDV PCR significantly impact the accuracy of results, primarily due to
the inherent complexities of the HDV and the methodologies employed
in testing. These limitations include viral heterogeneity, intra-host
diversity, and challenges in assay standardization, which collectively
contribute to variability in performance across different laboratories.
HDV with a unique genome, exhibits at least eight genotypes, each with
distinct genetic characteristics, complicating the design of universal
assays." On the other hand, the circular genome of HDV has high
intramolecular base pairing, which can hinder effective amplification
during PCR.' These unique genome features of HDV were considered
challenges and were approached strategically during our development
of the HDV RT-qPCR Kkit.

In the HDV PCR test kit development process, the methodology is
particularly emphasized. Variability in RNA extraction methods and
primer/probe design may lead to inconsistent results across different
assays." The lack of automation in some testing environments may
increase the risk of human error, affecting reproducibility.™ In our
HDV RT-qPCR kit development studies, we focused on automation to
minimize human error, to work with variables in a controlled manner,
and to establish standard processes. Examples of these include RNA

el

Figure 1. RT-qPCR amplification curve graphs of positive control (PC), no template control (NTC) and patient samples for HDV gene-specific

region represented in the graph.
HDV: Hepatitis D virus.
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R*= 0.976
M=-3.836
E=0382

Figure 2. Standard curve analysis for multiplex RT-qPCR of HDV-specific gene primers. The reactions were carried out in triplicate. The

amplification efficiency (E) is shown on the graph.
HDV: Hepatitis D virus.

extraction with EZ1 magnetic particle isolation, and PCR product
extraction with Rotorgene Q 5plex thermal cycling. On the other hand,
the lack of a universally accepted standard for HDV RNA quantification
is a variable that may cause inconsistencies in test sensitivity and
specificity.""™ In the current study, we tried to overcome this difficulty
by using MOTAKK HDV RNA standards. In conclusion, HDV surveillance
may need to be increased to better understand the international
HDV incidence and etiology. The HDV-specific RT-qPCR diagnostic kit
developed in this study may be a valuable tool for early, accurate, and
quantitative detection of HDV RNA in clinical samples.

Study Limitations

Although the HDV-specific RT-qPCR diagnostic kit developed in this
study provides important advantages, the study has some limitations.
Firstly, the performance of the kit was tested with a limited number of
clinical samples. Verification studies with samples containing different
HDV genotypes covering a wider geographical region are necessary to
better assess the inter-genotype consistency and generalizability of the
kit. This may affect the sensitivity of the test.

In addition, the cost of technologies such as the RNA isolation method
used in the study and PCR devices may limit the applicability of the kit
in low-resource laboratories. Therefore, it is important to explore more
accessible and low-cost alternatives.

Finally, only MOTAKK HDV RNA standards were used in the study, and no
comparative analysis was performed with international standards. This
may affect the comparability of results between different laboratories.
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Future studies may address these limitations through validation with
international standards and evaluation of the kit in further clinical
settings.

CONCLUSION

The specifically designed HDV qRT-PCR detection kit enables the
detection of HDV’s RNA for early, accurate, and quantitative results.
Standardization and validation studies were made possible by
comparing the results with a commercially available qRT-PCR kit,
which shows 100% concordance. The PCR protocol was optimized
because of the unique structure of the HDV genome and its limitations.
Furthermore, the results of the designed kit’s sensitivity and accuracy
were consolidated using MOTAKK standards.

Despite the limitations of the current methods used in the diagnosis
of HDV, this study has made significant progress in the molecular
diagnosis of HDV with a standardized approach. The designed and
developed kit not only improves clinical diagnostic processes but also
provides a valuable tool for studies aimed at better understanding
the international prevalence and etiology of HDV. In this context, the
expansion and increasing accessibility of PCR-based technologies in
HDV diagnosis and monitoring will contribute to global HDV control
efforts. The cost-effectiveness of the developed kit, particularly in low-
income countries, provides a significant contribution to healthcare
services in these regions
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MAIN POINTS

* Due to the circular nature of the hepatitis D virus (HDV) genome,
molecular diagnostic methods such as reverse transcription
polymerase chain reaction face diagnostic challenges. This study
aims to overcome these difficulties.

* In today’s world, viral hepatitis has become increasingly significant
due to large-scale migration.

* There are limited commercial kits available for HDV diagnosis.
Therefore, our study focuses on addressing this gap by developing a
reliable diagnostic approach.

ETHICS

Ethics Committee Approval: The study received approval from Manisa
Celal Bayar University Ethics Committee (approval number: 330, date:
19.09.2022).

Informed Consent: Informed consent forms were signed by all
participants and/or legal guardians.

Footnotes

Authorship Contributions

Concept: K.G.,,H.S.V.,T.S,,M.S.,SA, HKE,FC.,GA,GT.D., MK, Design:
HS.V, TS, MS., G.A., G.T.D., MK, Data Collection and/or Processing:
HS.V, TS, MS., GA, G.T.D, M.K., Analysis and/or Interpretation: K.G.,
HS.V, TS, MS.,, SA, HKE, FC.,, GA, GT.D.,, MK, Literature Search:
S.A., HKE., F.C., Writing: HS.V,, T.S., M.S., G.A., G.T.D., M.K.

DISCLOSURES

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study had received
no financial support.

REFERENCES
1. Negro F, Lok AS. Hepatitis D: A Review. JAMA. 2023; 330(24): 2376-87.

2. Terrault NA, Ghany MG. Enhanced screening for hepatitis d in the USA:
overcoming the delta blues. Dig Dis Sci. 2021; 66(8): 2483-5.

10.

11.

12.

13.

14.

Khattak A, Vongsavath T, Haque L, Narwan A, Gish RG. The forgotten virus,
hepatitis d: a review of epidemiology, diagnosis, and current treatment
strategies. | Clin Exp Hepatol. 2024; 14(5): 101395.

Tharwani A, Hamid S. Elimination of HDV: Epidemiologic implications and
public health perspectives. Liver Int. 2023; 43(Suppl 1):101-7.

Fallon BS, Cooke EM, Hesterman MC, Norseth JS, Akhundjanov SB, Weller
ML. A changing landscape: tracking and analysis of the international HDV
epidemiology 1999-2020. PLOS Glob Public Health. 2023; 3(4): 0000790.

Vlachogiannakos J, Papatheodoridis GV. New epidemiology of hepatitis
delta. Liver Int. 2020; 40(Suppl 1): 48-53.

Ormeci N, Erdem H. Changing trends in the epidemiology of delta virus
infection. Viral Hepat J. 2023; 29(1): 1-9.

da Silva Queiroz JA, Roca TP, Souza RB, de Souza LFA, Passos-Silva AM, da
Silva ALF, et al. Development of quantitative multiplex RT-qPCR one step
assay for detection of hepatitis delta virus. Sci Rep. 2023; 13(1): 12073.

Olivero A, Rosso C, Ciancio A, Abate ML, Nicolosi A, Troshina G, et al. Clinical
application of droplet digital PCR for hepatitis delta virus quantification.
Biomedicines. 2022; 10(4): 792.

Pfliiger LS, Volz T, Giersch K, Allweiss L, Dandri M, Liitgehetmann M. Method
for Quantitative HDV RNA Detection: I, manual workflow (serum and Liver
Tissue) and I1, fully automated high throughput workflow for diagnostic Use.
Methods Mol Biol. 2024; 2837: 171-84.

Wedemeyer H, Leus M, Battershy TR, Glenn J, Gordien E, Kamili S, et al. HDV
RNA Assays Writing Group at the HBV Forum. HDV RNA assays: performance
characteristics, clinical utility, and challenges. Hepatology. 2025; 81(2): 637-
50.

HDVdb - Database Commons. (2020). Cncb.ac.cn. https://ngdc.cncb.ac.cn/
databasecommons/database/id/7022 (Access date; 24 November 2024)

Pfliiger LS, Norz D, Volz T, Giersch K, Giese A, Goldmann N, Glebe D, Bockmann
JH, Pfefferle S, Dandri M, Schulze Zur Wiesch |, Litgehetmann M. Clinical
establishment of a laboratory developed quantitative HDV PCR assay on the
cobas6800 high-throughput system. JHEP Rep. 2021; 3(6): 100356.

Russo D, Malnati MS. Absolute quantification of viral DNA: the quest for
perfection. Methods Mol Biol. 2014; 1160: 75-86.

73 .



RESEARCH ARTICLE EE s CYPRUS

JOURNAL OF MEDICAL SCIENCES

DOI: 10.4274/cjms.2025.2024-131
Cyprus | Med Sci 2025;10(Suppl 1):74-77

Biological Network Analysis of Genes and Non-coding RNAs
in Polycystic Ovary Syndrome

Bita Ostad Hasanzadeh', @ Zahra Lotfi Sousefi2, ® Parham Ostad Hasanzadeh3, ® Pinar Tulay14,5

1Department of Medical Genetics, Near East University Faculty of Medicine, Nicosia, North Cyprus
2Department of Nanobiotechnology and Biomimetic, University of Tehran Faculty of New Science and Technology, Tehran, Iran
3Department of Pharmacy, Cyprus International University Faculty of Pharmacy, Nicosia, North Cyprus

4D

ESAM Research Institute, Near East University, Nicosia, North Cyprus

SCenter of Excellence, Genetics and Cancer Diagnosis, Near East University, Nicosia, North Cyprus

Abstract

BACKGROUND/AIMS: Polycystic ovary syndrome (PCOS) is a neuroendocrine and metabolic disorder. This study aimed to explore interactions
among differentially expressed genes (DEGs) and Food and Drug Administration (FDA)-approved drugs relevant to PCOS using bioinformatics
approaches. The relationships between top-ranked hub genes, DE-microRNAs (miRNAs), and DE-long non-coding RNAs (IncRNAs) within the
competing endogenous RNA (ceRNA) network framework were also investigated.

MATERIALS AND METHODS: Expression profiles for miRNA (GSE138572), IncRNA (GSE159466), and mRNA (GSE84958, GSE156067) were obtained
from the GEO database. Data analysis was performed using R Project and relevant annotation packages. Drug-gene interactions (DGI) were
explored using DGIdb, and Cytoscape software was employed to construct DEG-drug interaction networks.

RESULTS: Analysis of GSE84958 and GSE156067 datasets identified 71 common DEGs. Moreover, 11 DE-miRNAs and 203 DE-IncRNAs were DE in
PCOS samples compared to controls. DGIdb analysis showed that FDA-approved drugs could potentially target the identified DEGs. Nine genes-
PDESA, ETFB, COLT1AT, SLC25A20, DAPK1, ICAM1, FABP5, GBET, and SLC2A3-were identified as hub genes within the DGI network and were
considered promising therapeutic targets. Dysregulated miRNAs were significantly enriched in the ceRNA network. This suggests their potential
role in PCOS therapeutic strategies. gene ontology and kyoto encyclopedia of genes and genomes enrichment analyses yielded hub genes
primarily associated with secretory granule membranes, extracellular exosomes, and postsynaptic density.

CONCLUSION: Based on a combined analysis of DEGs, DE-miRNAs and DE-IncRNAs, the present study sheds light on the molecular mechanisms
underlying PCOS. The findings may help to identify potential therapeutic targets and contribute to the understanding of the pathogenesis of
PCOS.

Keywords: PCOS, biological network analysis, DEGs

INTRODUCTION (miRNAs), along with long non-coding RNAs (IncRNAs) in the

development of PCOS.% For example, a balance between “coding” RNAs
Polycystic ovary syndrome (PCOS) is a common disease, with estimated (MRNAs) and non-coding RNAs is necessary to control gene transcription
prevalence varying from 5% to 20%.' Recent literature suggests the and cellular activity.? Other comparative studies have shown particular
involvement of dysregulation of noncoding RNAs, such as microRNAs non-coding and coding RNAs that are DE in PCOS, enabling the
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development of strategies for clinical diagnosis and treatment of this
syndrome.* Moreover, a better understanding of the complexity of
interrelations between coding and non-coding RNAs might help to
build targeted methods of treatment, including the use of medications
like metformin, ethinyl estradiol, and levonorgestrel, that have Food
and Drug Administration (FDA)-approved. These drugs have been
demonstrated to address a number of PCOS symptoms, including insulin
sensitivity and hormone regulation, with well-established mechanisms
of action. These mechanisms of action that call for additional research
using bioinformatic techniques. Significant alterations in MRNA,
miRNA, and IncRNA expression among PCOS patients relative to healthy
individuals have been used to explain the pathophysiology of the
disease.> From these studies, genes and regulatory networks that could
be potential therapeutic targets have been identified. Nevertheless,
there are still unanswered questions about the initial targets and
modes of action of FDA-approved medications in relation to PCOS. By
addressing the research gaps and emphasizing the novelty of this work,
the current study aims to concentrate on the communication between
different miRNAs, IncRNAs, and mRNAs in PCOS patients and how these
molecular pathways might be implicated in the action of FDA-approved
medications.

MATERIALS AND METHODS

We obtained the expression profiles of MRNA (GSE84958 and
GSE156067), miRNA (GSE138572), and IncRNA (GSE159466) from the
Gene Expression Omnibus database (https://www.nchi.nlm.nih.gov/
geo/)." We then processed and analyzed these data using R Project
(version 4.0.1). Due to the limited sample sizes, potential batch effects
were addressed by applying the remove Batch Effect function from the
limma package (version 3.46.0). Differentially expressed genes (DEGs)
were subsequently identified by employing the edgeR (version 3.32.1)
and limma (version 3.46.0) packages. The normalization of read counts
was performed using the trimmed mean of M-values method to correct
for compositional biases between libraries. Normalized counts were
then transformed into log counts per million values via the voom
function from the limma package. The selection of DEGs was based
on a threshold of |log, fold change| >1 and an adjusted p-value false
discovery rate (FDR) <0.05. Overlapping DEGs between the two mRNA
datasets (GSE84958 and GSE156067) were identified for further analysis.
To analyze regulatory interactions, a ceRNA network was constructed by
integrating mRNA, miRNAs, and long non-coding RNA expression data.
Experimentally validated interactions between miRNAs and mRNAs were
extracted from TarBase (http://www.grnpedia.org/tarbase)?, miRTarBase
(http://mirtarbase.mbc.nctu.edu.tw)’, and miRecords (http://mirecords.
umn.edu), while the miRNA-IncRNA interactions were obtained from
starBase (https://rnasysu.com/encori/index.php)* and DIANA-LncBase
(https://diana.e-ce.uth.gr/Inchasev3).> The ceRNA network was
visualized using Cytoscape (https://cytoscape.org).® For the elaboration
of the possible relationships between a drug and a gene, the DGIdB
(https://www.dgidb.org)” was used, and then these interactions were
illustrated by network diagrams constructed using Cytoscape software.
For Gene Ontology (GO) and KEGG pathway enrichment analysis of
both DEGs and hub genes, the database for annotation, visualization,
and integrated discovery database was used (https://david.ncifcrf.
gov)® with a FDR cutoff of 0.05. For Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis, R packages DOSE®, Hs.egENSEMBL,
and clusterProfiler'® were used. Ethical approval was granted by the
Institutional Review Board (NEU/2024/128-1900).

RESULTS

Four datasets were analyzed to detect DEGs, miRNAs, and IncRNAs related
to PCOS. In GSE84958, composed of 22 normal, and 15 PCOS samples,
2054 genes had differential expression, with 1036 overexpressed
(log, fold change >1) and 1018 underexpressed (log, fold change >1).
GSE156067, with nine control samples and nine PCOS samples, revealed
796 DEGs, including 341 overexpressed and 455 underexpressed genes.
A comparative analysis revealed 37 commonly upregulated, and 34
commonly downregulated genes between two datasets. Furthermore,
our analysis of miRNAs expression from GSE138572 (five control and
five PCOS samples) identified 11 DE-miRNAs. GSE159466, which includes
three control and three PCOS samples, identified 203 DE-IncRNAs. GO
and KEGG pathway analyses revealed the involvement of biological
processes such as signal transduction, cell-cell adhesion. Mapped genes
were predominantly located in the plasma membrane, mitochondria,
and sarcoplasmic reticulum. Enrichment analysis showed that the
genes were involved in hydrolase activity, focal adhesion, metabolic
regulation, and cell-matrix adhesion. KEGG pathway analysis identified
associations with viral myocarditis, Cushing’s syndrome, and NK cell-
mediated cytotoxicity (Figure 1A). A ceRNA network was constructed to
examine interactions among IncRNAs, miRNAs, and mRNAs. Network
analysis identified hsa-miR-561-5p, hsa-miR-1299, and hsa-miR-19b-1-
5p as key miRNAs with the highest degree of interactions. GSE159466,
composed of three control and three PCOS samples, identified 203 DE-
IncRNAs. GO and KEGG pathway analyses determined the involvement
of biological processes such as signal transduction, cell-cell adhesion.
The mapped genes were found to be primarily located in the plasma
membrane, mitochondria, and sarcoplasmic reticulum. Enrichment
analysis showed molecular functions related to hydrolase activity and
focal adhesion, as well as pathways involved in metabolic regulation
and cell-matrix adhesion. KEGG pathway analysis identified associations
with viral myocarditis, Cushing’s syndrome, and NK cell-mediated
cytotoxicity. To examine interactions among IncRNAs, miRNAs, and
MRNAs, a ceRNA network was constructed. Network analysis pinpointed
hsa-miR-561-5p, hsa-miR-1299, and hsa-miR-19b-1-5p as key miRNAs
with the highest degree of interactions. NEAT1, H19, and KCNQ10T1
presented high connectivity with genes linked to PCOS (see Figure 1B).
The drug-gene interaction (DGI) database analysis revealed 71 DEGs of
potential therapeutic relevance, and nine hub genes were identified:
PDE5SA, ETFB, COL11A1, SLC25A20, DAPK1, ICAM1, FABP5, GBE1, and
SLC2A3 (Figure 1C). Furthermore, the functional annotation of these
hub genes via GO and KEGG analyses indicated their localization to
secretory granule membranes, extracellular vesicles, and postsynaptic
density (Figure 1D). Further analysis integrated hub genes from the
DGI network into the ceRNA regulatory framework. Several hub genes,
including PDE5SA, COL11A1, and ICAM1, were found to be regulated by
multiple miRNAs. For instance, hsa-miR-767-5p targeted IncRNAs H19,
LINC00840, and NEAT1, which in turn regulated DAPK1, COL11A1, and
ICAM1. Similarly, hsa-miR-940 was associated with SLC25A20 through
interactions with H19 and NEAT1. Additionally, hsa-miR-19b-1-5p was
linked to IncRNAs H19, DANCR, and KCNQ10TT1, affecting the expression
of PDE5A (Figure 1E).

DISCUSSION

The current study uncovers key molecular pathways and networks
associated with PCOS pathogenesis. This result is in line with prior
work that implicated these pathways involved in ovarian dysfunction
and metabolic abnormalities in PCOS."""® KEGG pathway analysis has
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Figure 1. A) KEGG pathway and GO enrichment analysis for DEGs. B) ceRNA network: prism nodes indicate miRNAs. Quadrilateral nodes indicate
the mRNA. Circles nodes that IncRNAs. C) Drug gene interaction network: The orange octagonal nodes indicate medications for PCOS, while
the blue oval nodes represent FDA-approved drugs. The red rectangles are hub genes, and the prism nodes indicate miRNAs. The quadrilateral
nodes indicate mRNA, while the circles indicate IncRNAs. The blue prism nodes indicate miRNAs, the red square nodes indicate genes, and the
yellow circle nodes indicate IncRNAs. D) KEGG pathway and GO enrichment analysis for hub genes. E) The IncRNA-miRNA-mRNA network: blue
prism nodes indicate miRNAs. Red square nodes indicate genes. Yellow circle nodes indicate IncRNAs

IncRNAs: Long non-coding RNAs, miRNA: MicroRNAs, PCOS: Polycystic ovary syndrome, FDA: Food and Drug Administration, DEGs: Differentially expressed genes,
GO: Gene Ontology, KEGG: Kyoto Encyclopedia of Genes and Genomes, DEGs: Differentially expressed genes, GO: Gene Ontology, KEGG: Kyoto Encyclopedia of

Genes and Genomes, DEGs: Differentially expressed genes

been shown to have an association with viral myocarditis, Cushing’s
syndrome, and NK cell-mediated cytotoxicity. Previous studies have
established a link between these conditions and chronic inflammation
and hormonal imbalance in PCOS.""

These findings reinforce the multifactorial pathogenesis of PCOS with
both immune and metabolic dysregulation. To further characterize
the post-transcriptional regulatory network, we performed a ceRNA
network analysis and found several key IncRNAs (NEAT1, H19, and
KCNQ10T1) and miRNAs (hsa-miR-767-5p and hsa-miR-19b-1-5p) as
central regulatory players. These non-coding RNAs have already been
demonstrated to be involved in ovarian follicle development and
insulin signaling'®', which supports their functional relevance in the
pathophysiology of PCOS. Additionally, hub genes identified through
DGI analysis, including PDESA, DAPK1, and COL11A1, were found to
be involved in vascular function, apoptosis, and extracellular matrix
remodeling. PDESA, in particular, is associated with metabolic pathways
linked to nitric oxide signaling, a pathway frequently impaired in PCOS-
related endothelial dysfunction.’?' We also predict that DAPK1 interacts
with the antidiabetic drug sitagliptin. This may be a therapeutic target;
however, experimental evidence supporting this will need validated.
Integrating ceRNA networks with DGIs provides a novel perspective on
post-transcriptional regulation in PCOS. Additionally, hsa-miR-767-5p
was found to regulate DAPK1 and ICAM1 via H19 and NEAT1, which
offers a potential mechanism by which non-coding RNAs modulate
immune and metabolic pathways. Similarly, it was predicted that hsa-
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miR-19b-1-5p influences PDE5SA expression through its interactions
with H19 and KCNQ10T1, suggesting a regulatory pathway involved in
vascular homeostasis and glucose metabolism. While these findings are
primarily derived from computational analyses, they align with previous
experimental reports demonstrating miRNA-mediated regulation of
insulin sensitivity and steroidogenesis in PCOS models. The findings
are significant because they revealed the hub genes, including SLC2A3
and COL11AT1, that play key roles in glucose transport and extracellular
matrix remodeling.?%#

Study Limitations

While many datasets have been analyzed, some groups may have
insufficient sample sizes to provide conclusive evidence regarding the
patterns of expression and regulatory mechanisms in PCOS. Secondly,
empirical validation of bioinformatic predictions with respect to
biological relevance is warranted. Laboratory studies, such as qRT-PCR,
western blot, or in vivo studies, are needed.

CONCLUSION

In conclusion, this study explores the cellular pathophysiology of PCOS
by analyzing DEGs, miRNAs, and IncRNAs across multiple datasets.
Additionally, investigations of the KEGG and GO pathways highlighted
important biological functions such as cell adhesion and signal
transmission. Significantly, hub genes were found to be located in
important signaling-related cellular areas, highlighting their possible
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involvement in the pathophysiology of PCOS,With core miRNAs
emerging as major regulatory nodes and their interactions with IncRNAs
and mRNAs, the development of a ceRNA network revealed important
interactions among miRNAs, IncRNAs, and mRNAs. Furthermore, the
discovery of 71 DEGs as therapeutic targets provided information on
FDA-approved medications that might be useful for the treatment of
PCOS.

MAIN POINTS

* MicroRNAs and long non-coding RNAs were shown to affect the
polycystic ovary syndrome (PCOS) related RNA expression.

* Food and Drug Administration-approved drugs could potentially
target these identified differentially expressed genes.

* Enrichment analyses showed that the hub genes in PCOS were
predominantly linked to functions related to secretory granule
membranes, extracellular exosomes, and postsynaptic density.
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Abstract

BACKGROUND/AIMS: Exosomes are small vesicles that transport bioactive molecules between cells and play a key role in tumor progression.
Hypoxic conditions in tumors promote processes such as angiogenesis, metastasis, and drug resistance, primarily through hypoxia-inducible
factors (HIF)-1a. and HIF-20.. This study investigates exosome production and stemness properties of cancer cells under hypoxic conditions, in

primary and metastatic breast and colon carcinoma cell lines.

MATERIALS AND METHODS: Primary breast (MCF7) and colon (Colo320), as well as metastatic breast (M4A4) and colon (Colo741) cancer cell
lines, were cultured under hypoxic (3% 0,) and normoxic conditions. Exosomes were isolated using the miRCURY™ Exosome Isolation Kit. The
distribution of CD9, (D63, CD133, and HIF-1a was analyzed by immunohistochemical staining, and total miRNA was quantified by NanoDrop.

RESULTS: Under hypoxia, CD63 expression increased in primary cell lines (MCF7 and Colo320) compared to metastatic lines (M4A4 and Colo741).
(D133 immunoreactivity was strong in all cells under hypoxia, while HIF-1a levels remained similar across all conditions. Total miRNA levels in
Col0320 and Colo741 were unchanged under hypoxia but increased in MCF7 and decreased in M4A4 under hypoxia.

CONCLUSION: Hypoxia significantly enhances exosome secretion and may increase the stemness properties of primary breast and colon cancer
cells. Exosomes in the tumor microenvironment could contribute to the malignancy and metastatic potential of aggressive tumors.

Keywords: Exosome, hypoxia, cancer cells, cell differentiation

INTRODUCTION

During tumor development and progression, stromal and cancer cells
often have limited access to nutrients and oxygen, a phenomenon
known as tumor hypoxia. Hypoxia is a critical factor in promoting
cancer progression by causing resistance to radiotherapy and
chemotherapy, as well as enhancing the metastatic potential of cancer
cells." Hypoxia drives tumor cells to adapt to low oxygen conditions

primarily through the activation of hypoxia-inducible factors (HIFs),
particularly HIF-1a and HIF-2a, which are responsible for initiating
survival pathways under stress.?® These transcription factors not
only promote angiogenesis and metabolic reprogramming but also
contribute to cancer cell survival in harsh microenvironments.* The
tumor microenvironment (TME) comprises not only cancer cells but
also various stromal components such as fibroblasts, immune cells,
extracellular matrix proteins, and secreted factors.> This dynamic
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environment plays a crucial role in tumor progression, invasion, and
immune evasion.® Cancer stem cells (CSCs), a subpopulation of cancer
cells within the TME, have been shown to contribute significantly to
tumor initiation, metastasis, and resistance to therapies. CSCs maintain
their stemness properties within the TME due to the supportive
interactions with both cellular and physical factors.” Colorectal
cancer, the second leading cause of cancer-related deaths in Western
countries, represents a prime example of the complex interactions
between tumor cells and their microenvironment. These interactions
stimulate tumor growth, progression, and metastasis, as well as
the development of treatment resistance.® Breast cancer, the most
commonly diagnosed cancer among women, is influenced by a variety
of risk factors, including genetic mutations, reproductive history,
and lifestyle factors.>™ Early detection and personalized treatment
strategies are critical for both colon and breast cancer. Exosomes,
small extracellular vesicles (30-100 nm), have garnered attention as
potential biomarkers due to their unique molecular cargo, which
includes proteins, miRNAs, and IncRNAs." Exosomes differ from other
extracellular vesicles in their biogenesis and lipid composition, and
they are secreted by various cell types into bodily fluids like blood,
saliva, and lymph." The analysis of exosome content from cancer cells
provides insights into tumor biology, enabling the identification of
novel diagnostic and therapeutic targets."

In cancer, exosome-mediated signaling contributes to tumor
progression by facilitating communication between tumor cells and
the surrounding stroma. This promotes processes such as angiogenesis,
invasion, metastasis, and immune evasion." Hypoxia has been shown
to increase exosome secretion, and the content of these exosomes
often reflects the hypoxic state of the tumor, further influencing tumor
behavior. In this study, we aim to analyze the presence and content of
exosomes in cell culture media under hypoxic and normoxic conditions
in primary and metastatic breast and colon carcinoma cell lines, and to
evaluate their potential role in promoting stemness properties in cancer
cells.

MATERIALS AND METHODS

Cell culture: Primary colon adenocarcinoma (Colo320, HTL95027,
Interlab Cell Line Collection, Genova, Italy) and metastatic colon
adenocarcinoma (Colo741, HTL95008, Interlab Cell Line Collection,
Genova, Italy) cell lines were cultured in RPMI-1640 (F-1213, Biochrom,
Berlin, Germany) supplemented with 10% fetal bovine serum [(FBS),
S 0113, Biochrom, Berlin, Germany], 2 mM L-glutamine (K 0283,
Biochrom, Berlin, Germany), and 1% penicillin-streptomycin. Similarly,
breast cancer cell lines, primary (MCF7, HTB-22, ATCC) and metastatic
(M4A4, CRL-2914, ATCC), were cultured in Dulbecco’s Modified Eagle
Medium containing 10% FBS, 1% penicillin-streptomycin, and 2 mM
L-glutamine. All cell lines were incubated at 37 °C with 5% CO, in both
normoxic and hypoxic (3% O,) conditions. Each experimental condition
was performed in triplicate to ensure reproducibility and reliability of
the results.

Statistical Analysis

Immunocytochemical analysis: Cells in all groups were fixed with
4% paraformaldehyde and then incubated with 3% H,0, (Merck,
K31355100 303) for 15 min. After washing, permeabilization was
performed with 0.1% Triton-X100 (Applichem, Mt 646). The blocking
solution (Invitrogen, 859043) was applied, followed by the addition

of primary antibodies against CD63 (Santa Cruz Biotechnology, sc-
5275), CD9 (Santa Cruz Biotechnology, sc-13118), HIFla (GeneTex,
GTX127309), and CD133 (BiorBy, orb99113) and were incubated
overnight at 4 °C. After washing, secondary antibody (Invitrogen,
859043) and diaminobenzidine chromogen (ScyTek, ACC125) were
applied. They were stained for 3 minutes with Mayer’s hematoxylin
(05-06002/L) and then examined under a light microscope (Olympus
BX31).

Exosome derivation: After collecting culture medium from all groups,
the miRCURY™ Exosome Isolation Kit (Exigon 300102) was used for the
exosome derivation according to the manufacturer’s protocol.

RNA derivation: Lysis buffer (600 uL) was added to the cell pellets and
incubated at room temperature for 5 min. Then 70% ethanol (1:1 ratio
with lysis buffer) was added, the mixture was vortexed, and transferred
to the column. After centrifugation, 50 uL of elution buffer was added.
At the end of the other centrifugation, the amount of RNA was measured
with a NanoDrop spectrophotometer.

RESULTS

Semi-adherent adhesion feature of Colo320 (Figure 1A, B), epithelial-
shaped feature of Colo741 (Figure 1C, D), fusiform structure of M4A4
(Figure 1E, F) and adherent epithelial feature of MCF-7 (Figure 1G, H)
were the same after culturing under both hypoxic (Figure 1A, C, E, G)
and normoxic (Figure 1B, D, F, H) conditions. HIF1a immunoreactivity
was detected as very weak in both hypoxic and normoxic conditions
in all types of cells (Figures 2, 3). Very weak CD9 immunoreactivity
was observed in Colo320, Colo741, and M4A4, and weak CD9
immunoreactivity was observed in MCF-7, in both hypoxic (Figure 2) and
normoxic (Figure 3) conditions. CD63 immunoreactivity was positive in
the Colo320, MCF7, and M4A4 cell lines, while it appeared negative in
Colo741 cells under both hypoxic (Figure 2) and normoxic (Figure 3)
conditions. The immunoreactivity of CD133 was similar for the Colo741
cell line in both normoxic and hypoxic conditions; however, in hypoxic
conditions, increased immunoreactivity was detected in the other cell
types (Figures 2, 3). After exosome analysis, the total miRNA in hypoxic,
and normoxic conditions was similar in the Colo320 and Colo741 cells.
The total amount of miRNA in hypoxic conditions in MCF7 cells was
found to be higher than that in the normoxic conditions. In M4A4
cells, the amount of total miRNA in hypoxic conditions was less than in
normoxic conditions.

DISCUSSION

In this study, exosome production was investigated in both primary and
metastatic breast and colon cancer cells under hypoxic and normoxic
conditions. Our findings showed a significant increase in exosome
production in breast cancer cells under hypoxia, suggesting that hypoxia
enhances exosome-mediated communication in the TME, potentially
promoting tumor progression. The upregulation of CD63 expression
in primary cells further supports the idea that exosome production is
heightened in response to hypoxic stress. In contrast, hypoxia had a
less pronounced effect on exosome production in colon cancer cells,
indicating that these cells may utilize alternative adaptive mechanisms
or rely less on exosome-mediated signaling. The differential responses
between breast and colon cancer cells to hypoxia highlight the
complexity of tumor biology and the distinct ways various cancer types
interact with their microenvironment.
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Figure 1. Colo320 (A, B), Colo741 (C, D), MCF7 (E, F) and M4A4 (G, H) cells were cultured in hypoxic (A, C, E, G) and normoxic (B, D, F, H) conditions.
Scale bars: 200 ym.
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Figure 2. HIF10, CD9, CD63 and CD133 immunoreactivities of Colo320, Colo741, MCF7 and M4A4 cell lines in hypoxic condition. Scale bars: 20
um.

HIF: Hypoxia-inducible factors.
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Moreover, the increase in CD133 immunoreactivity under hypoxic
conditions suggests that hypoxia may support CSC properties, which
are crucial for tumor initiation and progression.” Changes in miRNA
profiles in response to hypoxia also imply that exosomes play a role
in modulating tumor growth and metastasis through altered miRNA
signaling.

CONCLUSION

Overall, this study demonstrates that hypoxia-induced exosome production
may influence cancer stemness and tumor cell interactions with the
microenvironment. The observed differences in exosome production across
cancer types offer valuable insights into cancer biology and may guide the
development of personalized therapeutic strategies in the future.

MAIN POINTS

* Hypoxia significantly enhances exosome secretion and may increase
the stemness properties of primary breast and colon cancer cells.

* Exosomes from hypoxic conditions show distinct miRNA profiles
compared to normoxic conditions, which could impact tumor
progression.

CD63

\

» (D63 expression was notably increased in primary cancer cells
under hypoxia, while metastatic lines showed less response.

* Exosome-mediated signaling in the tumor microenvironment
contributes to malignancy and metastasis, particularly in aggressive
tumors.
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Abstract

BACKGROUND/AIMS: Newcastle disease (ND) is a highly contagious disease in poultry caused by the ND virus (NDV). In Pakistan, NDV epidemics
occur frequently, leading to massive economic losses; however, the genetic diversity of NDV in Pakistan is not well known. This study aims to
investigate the genetic variation between the vaccine and circulating strains of NDV among poultry in Pakistan.

MATERIALS AND METHODS: Three vaccine strains [ND-Lasota, ND-infectious bronchitis (IB), ND-clone] were analyzed alongside 67 field
samples collected from ND outbreaks. NDV samples were inoculated into 9-10-day-old eggs. Allantoic fluid was harvested, followed by a
hemagglutination test. RNA was extracted from positive HA samples. Complementary DNA was prepared using reverse transcriptase-polymerase
chain reaction (PCR). The fusion (F) gene was amplified through PCR using specific primers, and PCR products, measured in base pairs (bp), were
analyzed using gel electrophoresis.

RESULTS: Among 67 field samples, the HA tests were positive in 50 samples, accounting for 75%. On gel, the F7 gene of field NDV showed
variable band size (250 bp, 350 bp, 400 bp), while F2 and F3 had band sizes of 650 bp and 500 bp, respectively. The band sizes F1, F2, and F3 of
ND-Lasota and ND-IB were each 100 bp. The band sizes of the F7, F2, and F3 genes of ND-clone were 100 bp, 150 bp, and 150 bp, respectively.

CONCLUSION: Variability among F7 gene sizes indicates the emergence of mutations or new subgenotypes. Sequencing-based studies are
needed to monitor circulating NDV strains, to modify vaccines.

Keywords: Newcastle disease virus, hemagglutination test, RT-PCR, Gel electrophoresis

In Pakistan, ND caused the death of 45 million broiler chickens during
2011-12, resulting in a loss of 6 billion PKR. In 2012, NDV outbreaks
affected peacocks in Lahore and Sindh.# Despite strict biosecurity efforts,
NDV remains prevalent, transmitted largely via wild birds. Symptoms
include shivering, spasms, and paralysis, leading to death from inability

INTRODUCTION

Newcastle disease virus (NDV), also known as Avian paramyxovirus-1,
causes ND when birds are infected with a virulent strain.” It is the
most lethal among avulaviruses, infecting approximately 236

bird species globally and causing significant economic losses in
poultry.? Between 2006 and 2009, countries reported 56 to 68 ND
outbreaks. NDV consists of single-stranded, negative-sense RNA and
six structural proteins. These proteins are the nucleocapsid, matrix,
phosphoprotein, fusion (F), hemagglutinin-neuraminidase, and
polymerase (L).>

to eat or drink. There are four NDV pathotypes: asymptomatic enteric,
lentogenic, mesogenic, and velogenic strains. The virus is highly
contagious, with an incubation period of 2-15 days, and there is no
treatment available." Genetic recombination drives NDV evolution,
with chimeric sequences identified in its genome. An intrinsic error rate
of RNA L and the lack of proofreading ability during viral replication
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are the primary reasons behind the diversity and evolution of NDV.
This study investigates genetic variation between NDV vaccine strains
(VS) and circulating field strains (FS) in Pakistan, focusing on the F
gene, which is critical for virulence. The circulating strains belong to
genotypes Xlllb and VIli, while vaccines are from genotype I, showing
a 17% evolutionary distance.* There is a pressing need for vaccines that
are both safe to use and compatible with the genotype of the circulating
FS to effectively combat ND.?

MATERIALS AND METHODS

This study was conducted in the Molecular Virology Lab at COMSATS
University, Islamabad. Three VSs [ND-infectious bronchitis (IB),
ND Lasota, and ND clone] commonly utilized in Pakistan poultry
vaccination programs were selected for this study. A total of 67 samples
were analyzed. Among 67 field samples, 42 were collected from poultry
farms located in Lahore, Sargodha, Islamabad, and Rawalpindi,
while 25 samples were obtained from the outbreak-affected farms in
Lahore and Sargodha. Field samples included the liver, trachea, and
lungs. Embryonated eggs, aged nine to ten days, were collected, and
candling was performed. Vaccine and field samples were prepared
and inoculated in the eggs. After 24 and 48 hours, allantoic fluid was
harvested, and the Hemagglutination test was conducted to detect
the presence of NDV. Two methodologies were employed for RNA
extraction: guanidinium thiocyanate (manual method) and the nucleic
acid extraction kit (Tianlong, Xi’an, China). RNA quantification was
performed by a Nanophotometer. Complementary DNA (cDNA) was
synthesized through reverse transcriptase-polymerase chain reaction
(RT-PCR), and the quantity was measured by a Nanophotometer. The
F gene was amplified through PCR, and the resulting products were
analyzed on the agarose gel. Ethical approval for this study was granted
by the Ethics Review Board of COMSATS University Islamabad, Pakistan.

Statistical Analysis

No statistical analysis is needed for this study.

RESULTS
Viral Inoculation and Harvesting

All vaccine and field samples were inoculated in 9-10 embryonated
eggs. After harvesting allantoic fluid (Figure 1a), the effects on the chicks

of the VSand FS were meticulously observed. Notably, chicks exposed to
FS exhibited hemorrhaging, resulting in mortality, while those exposed
to VS remained healthy with no observable lesions, as depicted in
Figure 1b.

Hemagglutination Test

The hemagglutination (HA) test was employed to detect viral presence
in the samples. All 3 VS tested positive for HA. Out of 67 field samples,
50 were confirmed positive for the NDV strain, while the remaining
17 samples gave negative results. Viral titer in positive samples was
calculated following standard protocols, based on the last hazy well
observed before bead formation.

RNA Extraction and Quantification

RNA extraction was conducted on the HA-positive samples utilizing
2 methods: the guanidinium thiocyanate method and a nucleic acid
extraction kit. The ND Lasota VS and ND-IB VS along with 20 field
samples of NDV were processed using the nucleic acid extraction kit.
Conversely, RNA extraction of ND clone and the remaining 30 NDV field
samples was performed via the guanidinium thiocyanate method. RNA
concentration was quantified using a nanophotometer.

Complementary DNA Preparation and Quantification

cDNA was synthesized using RT-PCR, followed by quantification using a
Nanophotometer.

Fusion Gene Amplification

Amplification of the F gene was conducted using three sets of primers,
as outlined in Table 1.° Each set of primers was applied sequentially for
both vaccine and FS samples. The resultant PCR products were subjected
to gel electrophoresis for band size analysis.

Newcastle Disease Virus Vaccine Samples

Using the F1, F2, and F3 sets of primers, 100 base pairs (bp) bands were
successfully observed at different temperatures ranging from 61 °C to
70 °C in both the Lasota and ND-IB samples, as depicted in Figure 2a. In
ND Clone, the F7 and F2 gene primers yielded 100 bp PCR products, while
the F3 gene primer generated a 150 bp product, as depicted in Figure 2b.
These results were consistent across repeated experimental trials.

Figure 1. Harvesting of allantoic fluid and samples effects on the embryo.
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Table 1. Primers of fusion (F) gene used®

Primer names Sequence of primers

NDV-F330 5-AGGAAGGAGACAAAAACGTTTTATAGG-3’
NDV-R700 5-TCAGCTGAGTTAATGCAGGGGAGG-3’
NDV-F640 5-CTAACTGAATTAACTACAGTATTCGGG-3
NDV-R1290 5-GTCTAATGATAAGACATTGCACGAATG-3’
NDV-F1200 5-ATGTACAGACCCTCCTGGTATCATATC-3’
NDV-R1740 5-CTTAAGTCTTATACTTGACAGGTTATC-3’

Newcastle disease forward primer = NDV-F, Newcastle disease reverse primer = NDV-R.

Newcastle Disease Virus Field Samples

In most field samples, band visibility was limited due to low
concentration; however, in some instances, bands of varying bp were
detected.

Utilizing F7 gene primers, 350 bp bands were identified in three distinct
samples (Figure 3a). PCR product of different sizes of field NDV strains
is observed in Figure 3b. Left to right, Lane 1 has a 100 bp ladder. Lane
2 shows F1 fragment of 250 bp at 67.5 °C, lane 3 depicts F1 fragment
of 400 bp at 67.5 °C, lane 4 shows F2 fragment of 650 bp at 68.3 °C and
lane 5 shows F2 fragment of 650 bp at 68.3 °C (Figure 3b).

Notably, four of these samples were collected from a poultry farm in
Islamabad, while three originated from a poultry farm in Sargodha.
A single sample exhibited a 400 bp band, as illustrated in Figure 3b.

For the F2 gene, a 650 bp band was also observed in 2 NDV samples
(Figure 3b).

For the F3 gene, a 500 bp band was detected in 1 NDV sample (Figure 4).

DISCUSSION

In Pakistan, NDV outbreaks occur two-to-three times a year, making it
the top fatal disease in poultry. This study examined three ND vaccines
(ND Lasota, ND IB, and ND clone) in order to isolate, characterize, and
compare the F gene of vaccine and FS from various regions. The F gene
is vital for assessing the virulence of NDV, and significant variability
was found, consistent with previous research, indicating a notable
genetic distance among NDV strains.> ND prevalence peaks in January,
February, June, July, and September in both Pakistan and Egypt.®
Analysis revealed discrepancies in the band sizes in the F7 gene products
when compared to the results of other studies, likely due to the high
mutation rates of RNA viruses.®” These results indicated that there is a
large genetic distance between the two NDV strains. In Pakistan, new
subgenotypes of NDV keep emerging, especially VIl subgenotypes, due
to the uncontrolled vaccination programs.®

Current vaccines are insufficient against contemporary strains,
highlighting a mismatch between available vaccines and circulating
variants.>'® Despite the historical success of ND vaccines developed
during the 1930s-1970s, they have proven inadequate against novel
NDV variants emerging in recent years." Given the historical success
of ND vaccines, there is an urgent need for updated formulations that

Figure 2. Gradient PCR results showing optimization of the fusion gene.

PCR: Polymerase chain reaction.
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Figure 3. PCR products of different sizes.

PCR: Polymerase chain reaction.
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Figure 4. A gradient PCR result for the optimization of the F3 gene.

PCR: Polymerase chain reaction.

align with current strains. Regular surveillance and strain identification
are essential for developing more effective vaccines. Improved
strategies are crucial to mitigate the economic impact of ND and
address the ongoing evolution of the virus, emphasizing the importance
of sequencing and phylogenetic analysis in future studies. Reducing
genetic diversity between vaccine and FS may aid in the control and
eventual elimination of ND.

Study Limitations

Sequencing and phylogenetic analysis could not be performed because
of time limitations. Future studies, must be performed to identify NDV
FS. According to recent findings, a new vaccine should be formulated
immediately to combat the NDV situation.

CONCLUSION

In conclusion, our study revealed large genetic differences between the
VS and the FS. Furthermore, variability was observed among F1 gene
sizes indicating mutations or evolutions of new subgenotypes. Future
studies must be performed regarding the identification of NDV FS.
According to which new vaccines should be formulated immediately to
combat the NDV situation.

MAIN POINTS

* lLarge genetic distance observed between the field strain (FS) and
vaccine strains (VS).

» VSare lentogenic while FS are velogenic.

* Variability among F7 gene sizes indicates mutations or the
emergence of new subgenotypes.
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Abstract

BACKGROUND/AIMS: Mesenchymal stem cells (MSCs) are considered potential candidates in regenerative medicine due to their angiogenic,
anti-apoptotic, and immunomodulatory properties. Among the secretory products of MSCs are biomolecules such as cytokines, chemokines,
growth factors, and particularly exosomes. Exosomes are nanovesicles, ranging from 20 to 100 nm, that can be isolated from various body fluids.
RAB31 plays a role in an endosomal sorting complex required for transport-independent pathway. Our study aims to determine the changes in
exosome biogenesis and secretion of RAB31 from adipogenic mesenchymal stem cells (AMSCs), cultured in 2D and 3D culture conditions under
normoxic and hypoxic environments.

MATERIALS AND METHODS: AMSCs were cultured in 2D and 3D conditions, and the study groups were formed as follows: normoxic 2D AMSC
culture (group 1), normoxic 3D AMSC culture (group 2), hypoxic 2D AMSC culture (group 3), and hypoxic 3D AMSC culture (group 4). After
culturing all groups of cells under normoxic and hypoxic conditions for 48 hours, exosomes were collected from culture medium, and the
presence of RAB31, Rab7, CD9, and CD63 proteins was evaluated using indirect immunocytochemistry.

RESULTS: The exosome secretion was different after normoxic and hypoxic conditions. In addition, the distributions of RAB31 and RAB7 were
different, but the intensity of CD9 and CD63 immunoreactivity was similar in 2D conditionions. CD9 immunoreactivity was not affected under
hypoxic or normoxic conditions. However, increased immunoreactivity of CD63 was observed. Moderate and negative RAB7 immunoreactivity
was observed in 3D hypoxic and normoxic conditions, respectively. RAB31 immunoreactivity was higher in hypoxic conditions than in normoxic
conditions.

CONCLUSION: Exosome secretion from AMSCs was affected after culture conditions. Especially hypoxic conditions triggers the secretion of
RAB31, and co-localization of CD63 and RAB31 under these conditions points out that exosome biogenesis controls RAB31 in AMSCs under
hypoxic conditions.

Keywords: Exosome, biogenesis, RAB31, adipogenic mesenchymal stem cells
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INTRODUCTION

Exosomes are nanovesicles with a size of 20-100 nm, are secreted from
many cells in the body, and have been isolated from body fluids such
as blood, urine, breast milk, amniotic fluids, and bronchial alveolar
lavage." Exosomes belong to the group of extracellular vesicles
(EVs) along with ectosomes, microvesicles, membrane vesicles,
and apoptotic bodies. Although the content of exosomes varies
depending on the cells of origin, they can generally be considered
vesicles containing proteins, lipids, and nucleic acids.? Its structure
includes cytoskeleton proteins (actin, tubulin, cofilin, moesin);
adhesion molecules tetraspanins (CD9, CD37, CD53, (D63, CD8T1,
(D82); integrins; endosomal sorting complex required for transport
(ESCRT) proteins; transport/binding proteins (annexins, galectin,
rab family, GTPases); as well as ALIX and TSG101 proteins and heat
shock proteins (HSP70, HSP90) that act as markers and participate in
exosome biogenesis.> Due to the similarity of the exosome membrane
with the cell membrane structure, due to its fusion with other cells,
and due to its ability to easily pass through many barriers due to its
small diameter, research on exosome biogenesis continues.*®

Although the content of exosomes varies depending on the cells of
origin, they can generally be considered as vesicles containing proteins,
lipids, and nucleic acids.?” Various proteins are involved in exosome
biogenesis. Two main pathways have been explained: ESCRT-dependent
and independent pathways.? There are three Rab-GTPases described in
EVs biogenesis and secretion: RAB11, RAB35, and RAB27A.°™® Due to
the secretion of intraluminal vesicles (ILVs) from ESCRT-depleted cells,
when the level of the Rab-related protein in brain (RAB) 31, which is a
member of the RAB5 subfamily of Rab GTPases, is higher than RAB7,
RAB31 inactivates RAB7, rescuing lysosomal degradation, and therefore
ILVs are secreted as exosomes. "

Stem cells can be obtained from fetal and adult tissues. They
have the potential to proliferate on their own and differentiate in
appropriate culture environments. Mesenchymal stem cells (MSCs),
which are favored in the field of medicine due to their angiogenic,
anti-apoptotic, and immunomodulatory properties, are often used
because they can be taken from the person himself/herself. In
addition, MSCs do not cause ethical problems in their use even when
sourced from different people. MSC-derived EVs retain the biological
activity of parental MSCs and demonstrate a similar therapeutic
potential "' Several studies have explored the potential of stem cell-
derived exosomes collected under normoxic and hypoxic conditions
for advancing regenerative medicine." Hypoxia modulates the
secretion, composition, and function of exosomes, especially various
cancers.® While hypoxia increased exosome release via upregulation
of RAB27a and reducing RAB7°" the secretion of RAB31 via hypoxia
remains unclear.

We aim to determine the changes in exosome biogenesis and the
secretion of RAB31 in the context of the culture of adipogenic
mesenchymal stem cells (AMSCs) in 2D and 3D culture conditions under
normoxic and hypoxic environments.

MATERIALS AND METHODS
2D and 3D Culture of AMSCs in Hypoxic and Normoxic Conditions

AMSCs were thawed rapidly in a water bath at 37 °C, then transferred
to Dulbecco’s Modified Eagle Medium culture medium containing 10%
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exosome-free fetal bovine serum (Capricorn Scientific, FBS-ED-12B), 1%
penicillin/streptomycin, and 1% L-glutamine, and centrifuged at 1000
rpm for 5 minutes. After the supernatant is discarded, 5 mL of culture
medium is added to the pellet, and it is cultured in a 25 cm? flask,
with the culture medium changed every 2 days until it reached 80%
confluency. AMSCs were then subdivided into four groups: normoxic
2D culture, normoxic 3D culture, hypoxic 2D culture, and hypoxic
3D culture. For 2D conditions, they were cultured in 24-well plates
according to standard cell culture protocols. For 3D conditions, matrigel
was prepared at a concentration of 5 mg/mL, and 100 ulL was added
to each well of a 24-well culture plate. After incubating for 30 minutes
at 37 °Cand 5% CO,, 30 ulL of AMSCs suspension (at a concentration of
5x10° cells/mL) was mixed into 270 uL of Matrigel solution, resultingin a
final cell density of 5x10° cells/mL. This mixture was incubated for 30-45
minutes at 37 °C and 5% CO,. Afterward, 2 mL of culture medium was
added to each well, and the cells were cultured. AMSCs were incubated
for 48 hours in normoxic (5% C0,, 95% 0,) and hypoxic (5% CO,, 5% O,,
90% N2) conditions. All cell culture studies were performed in three
replicates.

Statistical Analysis
Immunocytochemical Analysis

All groups of cells were fixed with 4% paraformaldehyde (Merck, Cat.
No: TP70404 415) and distributions of RAB31 (Affinity Biosciences,
DF4401), RAB7 (Affinity Biosciences, DF6288), CD9 (Santa Cruz, sc-
13118), and (D63 (Santa Cruz, sc-5275) were analyzed using indirect
immunoperoxidase staining. For the permeabilization process, the
samples were kept in 0.1% Triton-X 100 solution on ice for 10 min.
Cells were washed with phosphate buffered saline and then treated
with 3% H,0, for 5 min to inhibit tissue endogenous peroxidase. The
blocking solution was incubated for 60 min. After removal of the
blocking solution, primary antibodies were added overnight. After
washing steps, biotin-streptavidin horseradish peroxidase secondary
(Thermo Scientific, Cat. No: TP-125-HL) antibodies were applied.
Diaminobenzidine (Thermo Scientific, Cat. No: TA-125-HD) was used
for chromogen and Mayer’s hematoxylin (Atom Scientific Ltd, Cat. No:
TTSP60) for background staining. Immunocytochemical staining was
performed in three replicates.

RESULTS

Fusiform structures of AMSCs were observed after 2D, and culture
under normoxic and hypoxic conditions (Figure 1). The shape of
AMSCs after 3D culture was spheroid in both normoxic and hypoxic
conditions (Figure 1). Intensities of CD9 and CD63 were similar in both
2D hypoxic and normoxic conditions, while CD9 immunoreactivity
was negative, but moderate staining of CD63 was detected (Figure 2).
CD9 immunoreactivity was similar in both conditions in 3D culture,
and it was very weak (Figure 2). The intensity of CD63 was strong
and similar in both 3D hypoxic and normoxic conditions (Figure 2).
RAB7 and RAB31 immunoreactivities were higher in the 2D hypoxic
conditions than in the 2D normoxic conditions (Figure 2). Moderate
and absent RAB7 immunoreactivity was observed in 3D hypoxic
and normoxic conditions, respectively, (Figure 2). However, RAB31
immunoreactivity was higher in 3D hypoxic conditions than in
normoxic conditions (Figure 2).
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Figure 1. AMSCs were cultured with 10% exosome-free FBS, 1% penicillin/strepromycin, and 1% L-glutamine included DMEM for 48 h in 2D and

3D and normoxic and hypoxic conditions. Magnifications, x400.

AMSGs: Adipogenic mesenchymal stem cells, FBS: Fetal bovine serum, DMEM: Dulbecco’s Modified Eagle Medium.

DISCUSSION

The exosome lipid bilayer is highly asymmetrical, which could
be particularly advantageous for its interaction with the plasma
membrane and especially with their target cells>* During the
biogenesis of exosomes, endocytosis and plasma membrane
invagination allow proteins, lipids, metabolites, small molecules,
ions, and cell surface proteins to enter cells.” Improved understanding
of the physical properties of exosomes and the mechanism of their
biogenesis is leading to new approaches to increase yield and
uniformity of their production. Both stem cells and exosomes have
their place in a treatment protocol. Therefore, the EVs of MSCs are
potential therapeutic tools, which have advantages over cell therapy
in terms of safety, ease of storage/transportation, and clinical use.™
™ Instead of examining the biogenesis of exosomes, it should be
examined how exosome content is affected by environmental changes.
In our results, we demonstrated that exosome secretion from AMSCs
was affected by culture conditions. In both 2D and 3D conditions,
RAB31 secretion was affected in hypoxic conditions. Higher intensity

and intracellular co-localization of CD63 and RAB31 were observed.
This indicating that hypoxia triggers exosome biogenesis via RAB31.

Study Limitations

During the studies, some proteins were not evaluated by
immunocytochemical analysis, therefore, in future investigations, the
protein levels will be evaluated by immunoblotting.

CONCLUSION

Understanding the mechanisms of exosome biogenesis and the
influence of microenvironmental conditions on their content and
secretion is critical to harnessing their full potential. This study highlights
the impact of hypoxic conditions on exosome biogenesis in AMSCs, with
RAB31 playing a significant role in this process. Modification of stem
cell-derived exosomes and/or artificial synthesis of exosomes will be the
new therapeutic approaches for treating diseases. It is very important
to understand and control exosome secretion or biogenesis under
different microenvironments.
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Figure 2. Immunoreactivity of CD9, CD63, RAB7, and RAB31 of AMSCs in 2D and 3D hypoxic and normoxic conditions. Scale bars: 20 um.

AMSCs: Adipogenic mesenchymal stem cells.

MAIN POINTS

» Exosome secretion from adipogenic mesenchymal stem cells (AMSCs)
was affected after culture conditions.

* Hypoxic condition, trigger the secretion of RAB31 from AMSC.

» The biogenesis of exosomes should be evaluated under different
culture conditions.
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Abstract

BACKGROUND/AIMS: Stem cells that have the ability to differentiate into other somatic cells are special cells in tissue and play a role in the
repair and regeneration of tissues. Menstrual blood stem cells (MenSCs), a subtype of mesenchymal stem cells derived from the endometrium
during menstruation, present an accessible and non-invasive source for stem cell research. This study aimed to create a protocol to obtain
MenSCs from menstrual blood.

MATERIALS AND METHODS: Samples were collected from fertile women aged 18-45 on the second day of their menstrual cycles. Two methods:
Ficoll and collagenase, were applied for cell isolation. In the Ficoll method, solution was slowly added in equal proportions and then centrifuged
at 2000 rpm for twenty minutes (min). MenSCs were collected, centrifuged at 1000 rpm for 10 min, and then cultured in MenSCs culture medium
at 37 °Cwith 5% CO, in air. In the collagenase technique, 0.5 mg/mL collagenase 1 was added to the samples in a 1:1 ratio and left to incubate
for 1 hour at 37 °Cwith 5% CO, in air. After centrifugation, MenSCs were cultured and were then passaged three times. Distributions of CD31 and
(D44 were used to characterize the cells via the indirect immunoperoxidase technique.

RESULTS: Cells isolated using both methods exhibited epithelioid morphology, cytoplasmic lipid droplets and colony formation. However,
cells obtained with the collagenase method demonstrated faster proliferation and formed bigger colonies. Morphology and immunoreactivity
remained consistent across passages.

CONCLUSION: MenSCs isolated with collagenase method showed better proliferation than those obtained with ficoll. The immunocytochemistry
results, showing CD31 negativity and CD44 positivity, confirmed the mesenchymal stem cell characteristics of the isolated cells.

Keywords: Mesenchymal stem cells, menstrual blood stem cells, collagenase 1, ficoll

treatment of disease due to their biological properties, as well as their
potential to repair and regenerate damaged tissues.* Menstrual blood
stem cells (MenSCs) were adult stem cells derived from the endometrial
epithelium and were first obtained in 2007. MenSCs have attracted

INTRODUCTION

Mesenchymal stem cells (MSCs) are multipotent and, under suitable
conditions, have the ability to differentiate into various cell types. MSCs

can be obtained from bone marrow, dental pulp, adipose tissue, etc."?
The proliferation of MSCs by adhering to plastic culture surfaces and
their differentiation into at least three lines in vitro is considered to
be the gold standard.> MSCs have become an important focus in the

attention due to their accessibility, potential in regenerative medicine
given their non-invasive collection methods, ease of acquisition, and
lack of ethical issues.* MenSCs have the ability to self-renew, differentiate
into other types of cells, and culture long-term.>® In addition, MenSCs
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have increased proliferation and differentiation potential compared
to stromal bone marrow-derived MSCs.” For this reason, MSCs derived
from menstrual blood may have the potential to be a new and easily
available cell-based treatment. MenSCs are positive for markers such as
(D44, (D73, (D90, SSEA-4, OCT-4, etc., but negative for CD34, STRO-1,
etc.® Due to these advantages of MenSCs, it is very important to obtain
the appropriate number of MenSCs with the desired characteristics. The
aim is to analyze the culture and differentiation potential of MenSCs
using different protocols.

MATERIALS AND METHODS
MenSCs Derivation and Culture

The project was supported by Manisa Celal Bayar University Health
Sciences Ethics Committee (approval number: E-20478486-050.04-
706680, date: 18.01.2024). All participants were given detailed
information about the study and voluntary consent was obtained
from the before the study started. To obtain MenSCs, samples were
collected from 5 patients, and 10 mL samples were collected from each
patient. The selection criteria were the collection of menstrual blood
from fertile patients, on the 2" day of their menstrual cycle. Blood
samples were then divided into two tubes for two different protocols.
They were first centrifuged at 1000 rpm for five minutes (min). For the
first protocol, Ficoll protocol, blood samples were diluted 1:1 radio
with Ficoll (Biochrom, cat no: L 6115) and centrifuged at 2000 rpm
for twenty min. MenSCs in buffy coat layer were collected and washed
with DMEM F12 (Sigma Life Science, cat no: RNBG7035), 5% fetal bovine
serum (Gibco, 2440087), 1% pen-strep (Capricorn, PS-B), and centrifuged
at 1000 rpm for five min. Culture medium was added to the pellet after
discharge of the supernatant. The cells were then incubated at 37 °C
in 5% CO,. The second protocol was the collagenase protocol. 0.5 mg/
mL type 1 collagenase (Sigma Aldrich, 9001-12-1) was added to the
menstrual blood and incubated for sixty min in an incubator. MenSCs
were collected after being centrifuged at 1000 rpm for five min and
cultured with culture medium following the same Ficoll protocol. The
medium was changed every two days, and cells were passaged at least
three times with Trypsin-EDTA (Capricorn, TRY-4265) solution.

Characterization of MenSCs

MenSCs from two protocols were fixed in 4% paraformaldehyde (Merck,
Cat. No: TP70404 415), and the distribution of MSC markers CD34 (Santa
Cruz, Cat. No: sc-74499) and CD44 (Proteintech, Cat. No: 15675-1-AP)
was analyzed using a biotin-streptavidin (Thermo Scientific, Cat. No:
TP-125-HL) based on indirect immunoperoxidase staining protocol.
Diaminobenzidine (Thermo, TA-125-HD) was used for chromogen
and Mayer’s hematoxylin (Atom Scientific Ltd, Cat. No: TTSP60) for
background staining.

The osteogenic, chondrogenic, and adipogenic differentiation potential
of MenSCs was also evaluated. For induction of differentiation for three
lineages, 1x104 cells/well were cultured for one week according to
their manufacturer’s protocols (Bio BASIC, cat no: C14H07SNa; Chem
Cruz, cat no: sc-203749A; Carlo Erba cat no:428561, respectively).
After induction, phosphate buffer solution was added for washing
and fixation was performed with paraformaldehyde. Differentiation
potential was analyzed using Alizarin Red S (ARS) (osteogenic), Alcian
Blue (chondrogenic), and Oil Red O (ORO) (adipogenic) staining.

Statistical Analyses

There was no data for statistical analyses in this article.

RESULTS
MenSCs Derivation and Culture

Both Ficoll (Figure 1A, B) and collagenase 1 (Figure 1C, D) isolated
MenSCs exhibited an epithelioid morphology after 3 days of culture
time. After 1 week of culture, MenSCs derived from two protocols were
also able to form colonies (Figure 1B, D). Notably, MenSCs isolated with
collagenase 1 reached confluence more quickly and displayed more
defined colony structures (Figure 1C, D). Additionally, no significant
changes in cell proliferation were observed up to the fourth passage.

Immunocytochemical Assay

Immunocytochemical results demonstrated that MenSCs obtained from
both the collagenase 1 (Figure 2) and ficoll (Figure 3) protocols were
positive for CD44 (Figure 2A, Figure 3A), which is a positive marker of
MSCs, and negative for CD34 (Figure 2B, Figure 3B), a negative marker
for MSCs.

Differentiation Assay

After 1 week of differentiation assay, ORO staining was performed on
both collagenase 1 and Ficoll-derived MenSCs. Cytoplasmic adipogenic
droplets were observed (orange-red staining) in MenSCs derivatives after
the collagenase 1 protocol. However, MenSCs, which were collected via
Ficoll protocol, were not stained with ORO. MenSCs were not stained
with ARS (osteogenic) or Alcian Blue (chondrogenic) after 1 week of
culture (data not shown) (Figure 4).

DISCUSSION

In recent years, there has been a growing interest in the clinical potential
of MCS due to their high proliferative potential, their remarkable
versatility and the fact that they can be obtained non-invasively, unlike
other sources of MCS derived from adult tissues.” Menstrual blood is an

Figure 1. Menstrual blood stem cells obtained from menstrual
blood by ficoll (A, B) and collagenase 1 (C, D) from day 3 (A, C) and
1 week (B, D). Scale bars:100 um.
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Figure 2. (D44 (A), CD34 (B), control (C) immunohistochemical
staining for mesenchymal stem cell characterization obtained
from menstrual blood with collagenase 1 protocol. Scale bars:
100 um.
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Figure 3. (D44 (A), CD34 (B), control (C) immunohistochemical
staining for mesenchymal stem cell characterization obtained
from menstrual blood with Ficoll protocol. Scale bars: 100 um.

emerging and intriguing source of MenSCs for researchers, as these cells
offer advantages over stem cells derived from other sources.’ In this
study, MenSCs were derived from menstrual blood using two different
protocols and exhibited adherent cells with a fibroblast-like morphology,
formed circular colonies and showed multiple proliferation patterns,
consistent with the findings of Meng et al.> Dalirfardouei et al.” also
obtained and cultured MenSCs according to two different protocols: the
culture of whole blood cells and Ficoll. in this study, the first protocol
was found to be more effective in obtaining MenSCs.

Our findings regarding the characterization of MenSCs revealed that
(D44, one of the MSC markers, was highly expressed and exhibits a
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Figure 4. Oil Red staining of MenSCs obtained in the Ficoll protocol
(A,B). Oil Red staining of MenSCs obtained with collagenase 1
(C,D). Scale bars: 100 um (A,B), Scale bar: 5 um (C).

MenSCs: Menstrual blood stem cells.

similar CD marker pattern to Sheikholeslami et al." results. Also, ORO
staining of both Ficoll and collagenase 1 derived cells showed that
collagenase 1 derived cells have more differentiation ability compared
to Ficoll-derived cells. In our study, MenSCs were derived from blood
cells characterized by positive CD44 immunoreactivity, and ORO
staining, leading us to identify these cells as mesenchymal-like stem
cells.

Study Limitations

The limitation of this study is the insufficient number of stem cells
obtained from patients. Additionally, the study was limited by a
restricted number of available patients, which may have affected the
generalizability of the findings. Furthermore, the study focused on a
limited set of markers to characterize MenSCs, which may not fully
encompass the complete spectrum of their characteristics. Future
research with larger sample sizes and a broader array of markers would
provide a more comprehensive understanding of MenSCs.

CONCLUSION

Menstrual blood provides a non-invasive and easily accessible source
for deriving MSCs (MenSCs), offering significant potential for clinical
applications due to their high proliferation rate and versatility.
Therefore, obtaining a suitable protocol for having menstrual stem cells
is important.

MAIN POINTS

* Collagenase 1 demonstrated a greater ability to obtain more stem
cells than the Ficoll protocol.

» Menstrual blood stem cells (MenSCs) successfully expressed the stem
cell marker, CD44.

« Differentiation potential of MenSCs derived from collagenase 1 was
higher than Ficoll protocol.
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Abstract

BACKGROUND/AIMS: Nanomaterials, especially nanocomposites, have garnered much attention due to their potential uses in antibacterial
and cancer therapies. This research used Moringa stenopetala extract as a chelating agent to create a chitosan-functionalized zinc oxide
nanocomposite (CZNM), and its cytotoxic and antibacterial properties were carefully assessed.

MATERIALS AND METHODS: The effective production of the nanocomposites was confirmed by their characterisation using fourier-transform
infrared spectroscopy, energy-dispersive X-ray spectroscopy, X-ray diffraction, scanning electron microscopy, and UV-vis spectroscopy.

RESULTS: With an average size of 19 nm, the CZNMs had a spherical shape, and their stability was verified by zeta potential and UV-Vis studies.
The produced CZNMs showed strong antibacterial action against Escherichia coli and Salmonella typhi. MDA-MB 231, and MCF-7, breast cancer
cell lines were used in cytotoxicity tests, and the results showed concentration-dependent actions with 1C50 values that were 63.4 ug/mL and

78.5 ug/mL, respectively.

CONCLUSION: Overall, CZNMs made from Moringa stenopetala extract have encouraging cytotoxic and antimicrobial properties, making them

promising candidates for antimicrobial and cancer treatment.

Keywords: UV-vis spectroscopy, scanning electron microscopy, spherical morphology, Salmonella typhi, Escherichia coli

INTRODUCTION

Nanotechnology has emerged as a broad and advanced field focusing
on developing eco-friendly methods to synthesize biosynthetic
nanoparticles, such as zinc oxide (Zn0), silver, gold, and sodium
nanoparticles. The distinct physicochemical features of these
nanoparticles make them non-toxic, chemically stable, biocompatible,

and useful as therapeutics for cancer,, as diabetes drugs,, as antibacterial
agents,, in cell imaging devices,, as biological sensors,, as carriers for
drugs,. and in aesthetics... Before the development of green synthesis
techniques, metal oxide nanoparticles were usually made by chemical
processes involving dangerous chemicals, which made the synthesis
time-consuming, expensive, and toxic.® At the same time, to change
and improve the materials’ electrical work, optics, and mechanical
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characteristics, as well as their external chemical makeup, some
nanoparticles, like metal oxide, are modified by completely replacing
some metal ions with designated atoms.®

Therefore, this research study aims to provide an eco-friendly pathway
that fits in the production of modified nanocomposites ZnO [chitosan-
functionalized zinc oxide nanocomposites (CZNMs)], which involves the
application of chitosans and of Moringa stenopetala extract, primarily
as reducing and stabilising agents and zinc nitrate solution as a
precursor, respectively. This approach has several advantages: simplicity,
environmental coherence, affordability, high-purity precursors, and few
by-products.’ Furthermore, the synthesis of CZNMs does not include
any toxic substances and occurs at an acceptable temperature. This
study fills a gap in the literature by synthesising a new, environmentally
friendly, and sustainable CZNM for the multipurpose use in antibacterial
therapies and cancer treatment using extract from Moringa stenopetala,
an organic and naturally occurring resource. The individual uses of ZnO
nanoparticles (ZnO NPs) and Moringa extract have been the subject
of many investigations, but little work has integrated them to create
an nanocomposite system that offers a thorough evaluation of both
antimicrobial and cytotoxic properties.

MATERIALS AND METHODS
Synthesis of Chitosan-functionalized Zinc Oxide Nanocomposites

CZNMs using chitosan and Moringa stenopetala were attained using
the method developed by Kavaz et al.”> CZNMs were synthesized using
0.1 M zinc nitrate hexahydrate [Zn(NO,),-6H,0] procured from Gibco
by Life Technologies, United States of America. The synthesis was
performed in a conical flask at a controlled temperature of 45 °C for
72 hours, with water serving as the solvent for the extraction process.
Chitosan and Moringa stenopetala aqueous extract was introduced by
drops to the zinc nitrate solution (1:1:9) while stirring continuously
at 60 °C for 5 hours to enhance complex formation. Furthermore, the
blend was vigorously calcined in a muffle furnace, as shown in Figure 1.
The resulting residue comprised the synthesized CZNMs.

Moringa stenopetala  Extraction of Aqueous exiracts Zinc nitrate Addition of ZN(NO3)

& Chitosan

..» e

J h

~ e
— |

PR Y
- \/ -

Drying Centrifugation Reaction mixture \
Characterization
Anti-Bacteria
UV-Vis XRD
FTIR SEM-EDX
Anti-Cancer

Figure 1. The representation of combined zinc oxide
nanocomposites.

XRD: X-ray diffraction, FTIR: Fourier transform infrared, SEM: Scanning
electron microscopy.

Characterization

Several analytical methods were used to characterize CZNMs. A
Shimadzu UV-2450 UV-Vis spectrophotometer was used to capture the
spectrum of UV-Vis absorption after the CZNMs were filtered via a 0.45
um membrane, sonicated to achieve a constant dispersion, and then
dissolved in deionized water. A 10 mm optical pathlength container
was used to obtain ambient temperature spectra in the 300-800 nm
wavelength range. Fourier transform infrared (FTIR) spectroscopy,
used to find the functional categories in the CZNMs, was used, which
has a frequency range of 500 to 4,000 cm™ and a resolution of 4 cm™.
The shape and structure of the nanocomposites were examined using
scanning electron microscopy (SEM), and their crystallization was
assessed with X-ray diffraction (XRD) employing a Rigaku ZSX Primus II.

Antimicrobial Activity

The antibacterial activity of synthesized CZNMs on Salmonella typhi (B-
4420) and Escherichia coli (ATCC 8739) was assessed on Miiller hinton’s
culture trays.” The sterilized empty disc was filled with an established
amount of (ZNMs, with ciprofloxacin (10 ug/disc) as a reference.
Antibacterial efficacy was assessed with 30% DMSO.

Tryphan Blue Assay

The CZNMS' toxicity has been determined on MDA-MB 231 and MCF-7
cell lines using a slightly modified method of Umar." The cells were
cultured in Dulbecco’s modified Eagle’s medium supplemented with 5%
fetal bovine serum and L-glutamate (2%), and then grown to confluence
inan incubator at 37 °C, 5% CO,. The cells were subjected to nanoparticle
concentrations (500, 250, 50, 10, 5, and 0 ug/mL) and then cultivated for
24 and 48 hours at 37 °C. After incubation, the treatment was removed,
and the number of living and dead cells was counted independently. In
the results section, the mean + standard deviation was displayed.

Proliferation Assay

The 3- (4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay was used to measure cell growth, following the methodology
developed by Umar and Aliyu."> MDA-MB 231 cells (3%10,000) were
incubated for 24 hours after exposure to CZNM doses of 0, 5, and 10 pg/
mL. After incubation, the wells were filled with 600 uL of new growth
media containing 150 uL of MTT solution (5 mg/mL) (Sigma-Aldrich
Inc.). Using an ELX 800TM Absorption Microplate Reader, the absorption
was measured at 570 nm. The experiment was carried out in triplicate
to guarantee dependability, with each treatment repeated thrice.

Ethical Concern

The study involves using cell lines, not human subjects, and does not
require ethical approval or informed consent.

Statistical Analysis

Data are shown as means  SEM. The statistical analysis was performed
using IBM SPSS Statistics version 21. The data were analysed using one-
way ANOVA and the Student’s t-test. All studies were done in triplicate (n
>3), and statistical significance was regarded as a p-value <0.05.

RESULTS

The biosynthesis of CZNMs using Moringa stenopetala and chitosan
as reducing and stabilizing agents was confirmed by a visible color
change and various characterization techniques. The UV-visible
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spectrophotometer analysis showed a strong absorption peak at 380
nm (Figure 2a), indicating the formation of ZnO nanoparticles. The zeta
sizer analysis determined the average particle size to be approximately
19 nm and confirmed the colloidal stability through zeta potential
measurements.

FTIR spectroscopy revealed characteristic bands at 1446 cm™ and 1033
cm” corresponding to C=C methyl groups and ZnO bonds, respectively
(Figure 2b). The presence of alcohol groups suggests their role in
stabilizing the nanoparticles. XRD analysis showed distinct diffraction
peaks at 31.70°, 34.34°, 47.54°, 56.48°, 62.78°, 67.66°, 72.53°, and
76.58° (Figure 2¢), consistent with the hexagonal wurtzite crystalline
structure of ZnO nanoparticles. SEM imaging confirmed the spherical
shape of the nanoparticles, with an average size of 19 nm (Figure 2d).

The antibacterial potential of the synthesized NPs was tested on S. typhi
and E. coli, adopting the disc diffusion technique (Table 1). CZNMs had
higher antibacterial activities than chitosan on both bacteria, with a
significant difference compared to standard (p<0.05; n>3; Table 1).

The cytotoxic effect of CZNMs was evaluated on MDA-MB 231 and
MCF-7 breast cancer cell lines using MTT and trypan blue assays. A
concentration-dependent decrease in cell viability was observed, with
the highest cytotoxic effect at 500 ug/mL after 24 hours of incubation
(Figure 3a, b). No significant cytotoxicity was observed at lower
concentrations (5 and 10 pg/mL), which were further tested for anti-
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proliferative potential (Figure 3c).

DISCUSSION

The biosynthesis of CZNMs using green methods was supported by
the colour change and characteristic UV-Vis absorption peak at 380
nm, aligning with earlier findings by Kavaz et al." The FTIR analysis
confirmed the presence of functional groups from plant extract and
chitosan that contribute to capping and stabilizing the nanoparticles,
helping to prevent agglomeration.” Furthermore, the crystalline
nature confirmed via XRD patterns is typical of ZnO nanoparticles and
consistent with previous literature.' The SEM results further verified
the uniform spherical morphology. Prior studies have emphasized that
nanoparticle size and shape influence their interaction with cells and
biological targets.” The nanoparticle size (19 nm) and high zeta potential
support the synthesis of stable and monodispersed nanostructures.
Smaller particle sizes often exhibit superior surface activity, improving
biological interactions and stability.°

The significant antibacterial activity of CZNMs against E. coli and S. typhi
demonstrates their potential as antimicrobial agents. Their enhanced
efficacy over chitosan or zinc nitrate alone suggests synergistic effects
when both components are combined. This is especially relevant for
combating resistant bacterial strains.

In the cytotoxicity assays, the concentration-dependent effects are

604

40
304

4000 3500 3000 2500 2000 1500 1000 500

Wavelength (em™)

Figure 2. a) Absorption spectra of the CZNMs by UV-visible Spectrophotometer. b) FTIR of the CZNMs. ¢) XRD pattern of CZNMs. d) SEM image

of CZNMs (scale bar Tum).

(CZNMs: Chitosan-functionalized zinc oxide nanocomposites, XRD: X-ray diffraction, FTIR: Fourier transform infrared, SEM: Scanning electron microscopy.

Table 1. Anti-microbial activity of chitosan-functionalized zinc oxide nanocomposites (CZNMs)

Zone of Inhibition (mm)

Bacterial strains

Escherichia coli (mean £ SEM)

Salmonella typhi (mean + SEM)

Standard ciprofloxacin (10 pg/disc) 14.0+0.20 12.53+0.50
CZNMs 11.6£0.47** 10.80+0.20%*
Chitosan 5.8+0.15%* 6.20£0.10%*
Zinc nitrate solution (0.1M) 1.20£0.10%* 1.22+0.20%*

DMSO (30%)

(ZNMs: Chitosan-functionalized zinc oxide nanocomposites, DMSO: Dimethyl sulfoxide, SEM: Scanning electron microscopy, ** p<0.01 vs. control (standard group).
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Figure 3. Effect of CZNMs on the viability of a) MDA-MB 231, and b) MCF-7 cells. ¢) Effect of CZNMs on the viability of a) MDA-MB 231 cells.

(ZNMs: Chitosan-functionalized zinc oxide nanocomposites.

consistent with existing literature on green-synthesized ZnO NPs.?' The
more pronounced cytotoxicity observed in MDA-MB 231 cells compared
to MCF-7 suggests possible differential sensitivity between triple-negative
and hormone receptor-positive breast cancer cells. Furthermore, lower
concentrations did not significantly affect viability, indicating that
the CZNMs might be safe at low doses-an essential consideration for
therapeutic applications. Our findings are in agreement with prior
studies, such as those by Taher et al.?> who showed that chitosan-based
nanoparticles have dose-dependent anti-proliferative effects. Similarly,
thymoquinone-loaded nanoparticles also demonstrated comparable
apoptotic activity, reinforcing the potential of natural product-based
nanocarriers in cancer therapy.

Study Limitations

The absence of other analyses, such as lateral mobility, migration,
and invasion assays, is a study limitation. These tests are required to
verify that concentrations determined to be non-toxic to cells have no
discernible effects on cellular behaviours, including proliferation.

CONCLUSION

In conclusion, there is considerable antibacterial and cytotoxic potential
in the manufacture of CZNMs utilizing extract from Moringa stenopetala.
In addition to their dose- and time-dependent cytotoxic effects on
MDA-MB 231 and MCF-7 breast cancer cells, the nanocomposites
demonstrated potent antibacterial activity against S. typhi and E.
coli. These results imply that the CZNMs have potential as therapeutic
candidates, especially in cancer treatment, due to their efficacy and
biocompatibility. More research into their mode of action and in vivo
efficacy is necessary to explore their clinical potential.

MAIN POINTS

» The chitosan-functionalized zinc oxide nanocomposites (CZNMs)
were successfully synthesized using Moringa stenopetala extract,
and characterized using various spectroscopic and microscopic
techniques in which spherical morphology and an average size of
19 nm was observed.

 The synthesized CZNMs revealed potent antibacterial effects against
Escherichia coli and Salmonella typhi. Compared to chitosan and
zinc nitrate solution alone, suggesting their effectiveness as an
antibacterial agent.

» Dose-dependent cytotoxicity on MCF-7 and MDA-MB 231 breast
cancer cell lines was observed when treated with CZNMs.
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Abstract

BACKGROUND/AIMS: Polycystic ovary syndrome (PCOS) is associated with numerous health issues. The study aims to examine the allelic
frequencies of the follicle stimulation hormone receptor (FSHR) gene, specifically for the oogenesis-regulating variants p.Ser680Asn (c.2039C>T,
rs6166) and p.Ala307Thr (c.919G>A; rs6165). Further in biological network analysis, the aim is to investigate the relationship of the FSHR gene
with non-coding RNAs, symptoms of PCOS, and drugs used for PCOS treatment.

MATERIALS AND METHODS: One hundred and twenty whole blood samples were collected from non-PCOS and PCOS females. Real-time

polymerase chain reaction was applied in the assessment of single nucleotide polymorphisms (SNPs) in the FSHR gene. The relationship of this
gene with miRNAs and IncRNAs and the association of FSHR with drugs, symptoms of PCOS, and other associated diseases were investigated.

RESULTS: The outcome of this project did not show significance in the investigated FSHR polymorphisms between PCOS patients and the control
group. Biological network analysis showed that this gene was associated with a number of miRNAs and IncRNAs. Furthermore, this gene was
associated with a number of PCOS symptoms besides other women’s health anomalies.

CONCLUSION: The SNPs of the FSHR, p.Ser680Asn (c.2039C>T; rs6166) and p.Ala307Thr (.919G>A; rs6165), did not seem to have an association
with the pathophysiology of PCOS. Therefore, it remains a possibility that FSHR polymorphisms involved in symptoms or progression of PCOS.
However, these SNPs have been associated with many symptoms. Thus, further analysis must be performed to investigate these in larger
populations.

Keywords: Polycystic ovary syndrome, polymorphism, SNP

INTRODUCTION combination of genetic® and environmental factors.** Single nucleotide

polymorphisms (SNPs) may affect hormonal regulation, influencing
Polycystic ovary syndrome (PCOS) is a multifactorial and complex normal oocyte development, in which hormonal imbalances can
disorder where patients may have metabolic abnormalities lead to the development of PCOS.6 Around 80% of females with PCOS
and obesity."? PCOS is a multifaceted condition influenced by a produce high levels of androgens.” PCOS has been linked to ovarian
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hormone abnormalities resulting in anovulation, hyperinsulinemia,
and hyperandrogenemia. Additionally, studies prove that females with
PCOS are at an increased risk of endometrial cancer.®

Since studies have shown a possible genetic and epigenetic regulation in
PCOS development, investigation of molecular mechanisms regulating
PCOS has become a hot topic. follicle stimulation hormone (FSH)
mediates its function through the follicle stimulation hormone receptor
(FSHR),? and it is responsible for development of follicles, regulation
of steroid synthesis and maturation of oocytes.” Previously published
studies genotyped the FSHRAla307Thrand FSHR Ser680Asn and analysed
the association with PCOS, showing a statistically significant correlation
between FSHR Ala307Thr and FSHR Ser680Asn polymorphisms and
PCOS patients.” Another study in China revealed a clear correlation
between Ser680Asn and PCOS;"™ Ala307Thr is statistically correlated
with PCOS in lItalian patients.” On the contrary, no such association
was reported for Ala307Thr and Ser680Asn between PCOS patients and
controls in the Turkish population.™ Similarly, no association between
Ser680Asn polymorphism and PCOS patients was reported in the Han
ethnic population in China,™ and in the Netherlands.’®

Since the evaluation of SNPs has proven important in identifying
regulatory functions in disease development, such as PCOS, especially in
genes like FSHR where discrepancies have been reported, this practice is
crucial. This study aimed to examine the allelic frequencies of the FSHR
gene, specifically for the oogenesis-regulating variants p.Ser680Asn
(c.2039C>T; rs6166) and p.Ala307Thr (c.919G>A; rs6165). Further
biological network analysis was aimed at investigating the relationship
of the FSHR gene with non-coding RNAs, the symptoms of PCOS, and
drugs used for PCOS treatment.

MATERIALS AND METHODS
Sample Collection and Genotype Analysis

In this project, samples from patients undergoing gynaecological
assessment were taken at the Near East University Hospital Scientific
Research Ethics Committee (approval number: YDU/2019/67-784, date:
28.03.2019) granted the ethical approval, and each patient signed
the informed consent. The inclusion criteria for both groups included
subjects ages 18-35 years with a normal body mass index (MRI). The
control group included patients undergoing routine check-up in the
gynaecology clinic who have a normal menstrual cycles with normal
ovarian morphology. Patients with PCOS were diagnosed according
to the Rotterdam criteria by an expert gynecologist. The exclusion
criteria included patients with secondary causes of PCOS, such as
those diagnosed due to hormonal therapy. Additionally, subjects with
syndromes such as Down syndrome were excluded from the study. One
hundred and twenty subjects were divided into two groups consisting
of 65 PCOS patients and 55 subjects with no PCOS diagnosis. All the
subjects are of Turkish origin.

DNA extraction was performed using a commercial kit (Pure Link
Genomic DNA Mini Kit, Thermo Fisher Scientific) following the
manufacturer’s instructions. The NanoDrop ND-200 (Thermo Scientific,
Pittsburgh, United States of America) was utilized to determine the
quantity and quality of the DNA obtained. The real-time polymerase
chain reaction (PCR) followed by high resolution melting (HRM) analyses
were applied to examine the FSHR, p.Ser680Asn (c.2039C>T; rs6166)
and p.Ala307Thr (c.919G>A; rs6165), following manufacturer’s protocol
(LightCycler SYBR Green 480) with a final primer concentration of 2.5
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UM. The primer sequences were obtained from a previously published
study.” The results were analyzed using dedicated software.

Statistical Analysis

Version 25 of the SPSS statistical program was used to analyze the
data. Fisher’s exact test was used to analyze the heterozygosity of the
SNPs within the FSHR gene in both PCOS and control groups. Statistical
significance was determined as a p value < 0.05, and the HWE test was
conducted for the PCOS group of FSHR p.Ala307Thr (c.919G>A; rs6165).

Biological Network Analysis

The relationship of FSHR gene variations with the PCOS symptoms and
related women’s health issues was studied.’ The relationship between
the FSHR gene, along with the other genes within the GnRH signalling
pathway, was examined to analyse the drug association using the DGIdb
site.” Finally, the relationship between the FSHR gene and microRNAs
and IncRNAs was investigated.?*?!

RESULTS

The primary goal of the project was to examine the two SNPs of FSHR
implicated in PCOS. The whole blood samples used for this project
consisted of 65 PCOS patients and 55 females without PCOS. In both
groups, the mean age was 20 years, and the MRI was 17.

The SNP analysis of the FSHR gene, p.Ser680Asn (c.2039C>T; rs6166)
and p.Ala307Thr (c.919G>A; rs6165), was performed using real-time
PCR and HRM, in which the generated amplicon was progressively
melted. In the PCOS group, the heterozygosity of FSHR Ala307Thr was
96.6%, while in the control group, it was 100% (Figure 1). Consequently,
no statistically significant difference was found between the two groups
(p=0.498). Due to the absence of PCR amplification, six samples from
the PCOS category and four samples from the control category were
ruled out from the project. For FSHR Ser680Asn, both the PCOS and
control groups exhibited 100% heterozygosity. Due to the absence of
PCR amplification, six samples from the PCOS group and one sample
from the control group were ruled out from the project. The chi-square
test for HWE in the PCOS group of FSHR p.Ala307Thr (c.919G>A; rs6165)
was 51,271, and none (0.0%) have expected frequencies less than 5. The
minimum expected frequency is 14.8.

In the second part of this study, a number of biological network analyses
were performed. The association of FSHR gene, along with the FSHB,
CGA, and GNAS, which also function in the GnRH signalling pathway,
was shown to interact with a number of drugs, such as cisplatin,
mifepristone, and urofollitropin (Figure 2). The SNPs investigated were
associated with a number of PCOS symptoms as well as related women’s
health issues (Figure 3). Additionally, FSHR was shown to interact with a
number of miRNAs and IncRNAs (Figure 4).

DISCUSSION

PCOS is a common and complex endocrine disorder where the
pathophysiology is believed to be significantly influenced by both
genetic and environmental factors.?? In this investigation, real-time
PCR and HRM analysis were used to investigate the association of
FSHR Ala307Thr and FSHR Ser680Asn with PCOS. The study’s findings
did not show any significance in heterozygosity status for two FSHR
polymorphisms investigated in the PCOS and control groups. Thus,
this study suggests that the p.Ala307Thr and p.Ser680Asn FSHR gene
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Figure 1. (a) HRM image showing the amplification of mutant type allele p.Ala 307Thr(c.919 G<A; rs6165). (b) HRM image showing the

amplification of wild type allele p.Ala307Thr.
HRM: High resolution melting.

VINBLASTINE
TESTOSTERONE

ACID BLUE 129 118

FLUOROURACIL ETOCARLIDE

GARCINONE E

CISPLATIN ALITRETINOIN

JNJ1661010

ICLOSAMIDE CHEMBL 1446150

SURAMIN

WIN 62,577

CHEMBL1392244 MIFEPRISTONE

\ / THYROTROPIN ALFA
"\

TRIACETIN FSHR

FSH-GEX / \ CORIFOLLITROPIN

UROFOLLITROPIN

CHORIOGONADOTROPIN
i AKP-501

Figure 2. The association of drugs on selected genes.

CLIOXANIDE

FSHR: Follicle stimulation hormone receptor.

polymorphisms may not have a significant impact on PCOS in the
studied group. In accordance with our findings, several studies also
showed that there was no significant association between PCOS and
FSHR Ala307Thr and FSHR Ser680Asn."*'® In conflict with our results, a
number of studies indicated a statistically significant link between FSHR
Ala307Thr"™ and FSHR Ser680Asn?' polymorphisms in females diagnosed
with PCOS,™ in different populations. These contrasts among different
studies may be due to variations in ethnicity or the sample size.

Biological network analysis was shown to be a valuable tool in health
sciences to understand the possible interactions of gene variations,
diseases, and their symptoms. An association between drug response
or resistance and several genes has been reported, including FSHR.
In the Caucasian populations, a number of genes including FSHR
were reported as potential candidates to predict drug response and
resistance for PCOS treatment. It was reported that PCOS patients
with G/G FSHR polymorphism (rs6166) has lower chance in restoring
ovulation under clomiphene citrate treatment.?® The results of this
study showed that FSHR SNPs are particularly associated with a

Ovary Syndrome Polycystic

ENTRICULAR FIBRILLATION

Body Height

Figure 3. The association of FSHR SNPs with PCOS symptoms and
related women’s health abnormalities.

FSHR: Follicle stimulation hormone receptor, SNPs: Single nucleotide
polymorphisms, PCOS: Polycystic ovary syndrome.

number of PCOS symptoms. A previously published study reported
that there is no association between FSHR (rs6166, rs6165, rs2349415)
and PCOS symptoms, though an association was reported with
SNVs ESR2 rs4986938 and LHCGR rs2293275.%* It is possible that, with
an increased sample size or in a different ethnic group, outcomes
would differ. Thus, to better understand the involvement of FSHR
polymorphisms, a large cohort study should be organized. Numerous
studies have utilized bioinformatics tools to investigate gene expression
levels and their correlation with miRNA and IncRNAs. Since non-
coding RNAs have a critical role in the modulation of gene expression,
the biological network analyses have played an important role in
identifying the underlying mechanisms of the molecular regulation as
well as the possible biomarkers. A recently published study investigated
the IncRNA-miRNA-mRNA interaction networks via coding-non-coding
gene co-expression networks and ceRNA network analysis showing
that FSHR was down-regulated in PCOS patients and that there was
both positive and negative correlation of IncRNAs with the six genes,
including FSHR25.
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Figure 4. The relationship between FSHR gene and miRNAs and
INCRNAS.

FSHR: Follicle stimulation hormone receptor.

CONCLUSION

In conclusion, this study found no significant difference in the
heterozygosity of the FSHR gene polymorphisms, p.Ser680Asn
(c.2039C>T; rs6166) and p.Ala307Thr (c.919G>A; rs6165), between the
PCOS and control groups in the Turkish population. Biological network
analysis was employed to investigate the possible association between
PCOS symptoms and gene variations. Additionally, the association of
FSHR with non-coding RNAs was investigated. This study postulates a
foundation for future research, focusing on the regulation of the FSHR
gene by non-coding RNAs and the potential identification of PCOS
biomarkers.

MAIN POINTS

* No association of FSHR p. Ala307Thr (c.919G>A; rs6165) and p.
Ser680Asn (c.2039C>T; rs6166) was observed in PCOS patients of
Turkish origin.

Biological network analysis of the FSHR gene in association with
PCOS showed associations with miRNA and IncRNA.

Biological network analysis for FSHR gene showed an association
between PCOS-related symptomsand women’s health abnormalities.
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Abstract

BACKGROUND/AIMS: Phenolic compounds are essential for enhancing the quality of table olives, contributing to their taste, aroma, color,
and shelf life. Their antioxidant properties also provide health benefits, including protection against low-density lipoprotein oxidation and
prevention of oxidative damage. The purpose of this study is to analyze the phenolic composition and antioxidant characteristics of the Sariulak
olive variety, which is fermented alongside red beetroot (Beta vulgaris L.).

MATERIALS AND METHODS: In this study, geographically certified Tarsus Sariulak olives sourced from Mersin, Tuirkiye, and red beets obtained
from Bursa, Turkiye, were utilized. Preliminary trials demonstrated that the optimal outcome was achieved with a 20% red beetroot ratio. The
fermentation process, which lasted 128 days, was conducted using 10 kg of green olives in 9 liters of 7% brine solution. Fermentation was
carried out in 12 L PVC-reinforced polyethylene airtight containers. Phenolic compounds were identified through high-performance liquid
chromatography, while total phenolic content and antioxidant activity were evaluated using a spectrophotometer.

RESULTS: Olives contain around 30 phenolic compounds, with total phenolic content ranging from 100 to 800 mg/kg. Fresh olives, rich in
oleuropein and hydroxytyrosol, have higher phenolic content than processed ones. In this study: oleuropein content in fresh olives ranged
between 667.16 and 721.18 mg/kg, but dropped to 17.35-20.91 mg/kg during fermentation. Red beetroot addition further reduced oleuropein
levels to 14.25-22.41 mg/kg, indicating enhanced hydrolysis. Hydroxytyrosol levels increased by 38% in red beet-added olives, while they
decreased by 54% in the control group. Antioxidant activity improved significantly, reaching 32.43% with red beet addition, compared to 12.67%
in the control.

CONCLUSION: The results demonstrate that incorporating red beetroot during olive fermentation enhances the hydrolysis of oleuropein,
increases hydroxytyrosol levels, and boosts antioxidant activity. These effects contribute to producing a healthier olive product with higher
functional value. Future studies are recommended to further explore the underlying mechanisms and long-term stability of these benefits.

Keywords: Sariulak olive, red beetroot, fermentation, phenolic compounds, antioxidants

INTRODUCTION

Olive cultivation is primarily practiced in Mediterranean countries like
Spain, Turkiye, Greece, ltaly, and others, and Italy, due to the specific
climate requirements of olive trees. Currently, 93% of the world’s olive
trees are in these regions. In the 2022/2023 season, Turkiye ranked second

in global olive oil production with 380,000 tons after Spain’s 665,800
tons, while Greece produced 345,000 tons, and Italy, 288,900 tons. These
countries are key players in global olive oil production.” The Sariulak
olive variety, cultivated in Mersin and Adana, accounts for approximately
6% of the olive trees in the Mediterranean region. This variety yields
medium-sized, cylindrical fruits with an oil content ranging from 18% to
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22% and can be utilized for both green and black table olives.? Sensitive
to low temperatures, the Tarsus Sariulak variety originates from Tarsus
in Mersin.>* The primary objective of table olive processing is to remove®
phenolic acids, flavonoids, sugars (approximately 95% sucrose), vitamins
(A, B1, B2, B3, C, folate), and essential minerals (calcium, potassium,
magnesium, iron). Betalains in red beet prevent oxidation, scavenge
free radicals, and offer health benefits, including probiotic effects and
enhanced antioxidant activity. They also improve nutritional and sensory
quality by increasing microbial diversity during fermentation.*™ Red
beetroot is rich in betalains, pigments that give it red and yellow hues.
These include red betacyanins and yellow betaxanthins, with betanin
being the dominant betacyanin, making up 75-95% of betalains. Betanin
is widely used as a food colorant (E162). Interest in betalains is growing
due to their stability in mildly acidic conditions and better water solubility
compared to anthocyanins, making them a preferred natural colorant in
the food industry.™"” Phenolic compounds are key elements that improve
the quality of table olives by enhancing their taste, aroma, color, and
shelf life, alongside providing their antioxidant benefits. Additionally,
these compounds are recognized for their positive effects on human
health, including anti-inflammatory and antimicrobial properties, which
contribute to overall well-being.”®" Phenolic compounds in olives are
essential for health benefits, owing to their antioxidant properties,
protective effects against low-density lipoprotein oxidation, and potential
to prevent oxidative damage.® These compounds, including flavonoids
and phenolic acids, significantly contribute to the sensory qualities
and health effects of olive products. Oleuropein, a major secoiridoid
in olives, provides strong antioxidant properties and acts as a natural
defense against pests.’ Oleuropein consists of three key components: an
apolar elenolic acid, a secoiridoid water-soluble glucose molecule, and
hydroxytyrosol (HTrz), a polyphenol with antioxidant properties. While
elenolic acid has no direct function, it helps form oleuropein, a strong
antioxidant, when glucose and hydroxytyrosol are added.>**?' This study
aims to identify the phenolic profile and antioxidant properties of the
Sariulak olive variety fermented with red beetroot (Beta vulgaris L.) while
also evaluating the feasibility of producing beetroot-enriched olives.

MATERIALS AND METHODS
Olive Samples and Experimental Design

In this study, geographically registered Tarsus Sariulak olives from
Mersin, Tirkiye, and red beets from Bursa, Tiirkiye, were used. The
fermentation lasted 128 days, involving 10 kg of green olives in 9 liters
of 7% brine. The olives were fermented in two salt solutions: 7% Nacl
(SampleY) and 7% NaCl + 20% red beetroot (sample K). They were placed
in 25 kg polyethylene crates, stacked up to three high in a closed truck,
and transported to the Food Engineering Department of Cukurova
University on the same day. The peels of the red beets were removed, and
chopped into small pieces before being added to the olive fermentation
process (day 0). Preliminary studies showed that the optimal red
beetroot supplement was 20% (2 kg beetroot). The fermentation was
conducted in airtight vessels kept in a cool, dark environment under
controlled conditions, with salt concentrations maintained at 7%. After
fermentation, the olives were stored at -20 °C for further analysis.

Chemicals

Methanol (CAS No 67-56-1), acetic acid (CAS No 64-19-7), and hexane (CAS
NO 110-54-3) of high-performance liquid chromatography (HPLC) grade
were obtained from Merck (Darmstadt, Germany). Standards for phenolic
compounds, including hydroxytyrosol (3,4-Dihydroxyphenyl Ethanol, CAS NO

10597-60-1), Tyrosol (CAS NO 501-94-0), verbascoside (CAS NO 61276-17-3),
p-coumaricacid (CASNO 501-98-4), vanillicacid (CASNO 121-34-6), oleuropein
(CAS NO 32619-42-4), rutin (CAS NO 153-18-4), and apigenin-7-glucoside (CAS
NO 578-74-5), were supplied by Sigma-Aldrich [St. Louis, MO, United States of
America (USA)] and Fluka Chemie GmbH (Buchs, Switzerland). The chemicals
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid CAS NO
53188-07-1) and the Folin-Ciocalteu (CAS NO 12111-13-6) phenol reagent
were sourced from Merck, while 2,2-diphenyl-1-picrylhydrazyl (DPPH) (CAS
NO 1898-66-4) was purchased from Sigma-Aldrich.

Preperation of Sample Extracts

One point five grams of olive with the pit removed, ground into a
paste using a grinder, was weighed and 20 mL of 80% methanol was
added. After being broken down using an ultraturrax, the sample was
washed twice with n-hexane (CAS NO 110-54-3) to remove the oil, and
homogenized by vortexing. The extract was obtained by centrifuging at
6000 rpm for 10 minutes (min). After passing through a Durapore 0.45
um, 47 mm PTFE (Polytetrafluoroethylene) membrane filter, the sample
was directly injected into the HPLC system. For the phenolic compound
analysis, 20 mL of methanol (80:20) was added to the 1.5 g olive sample,
and the extract was obtained by centrifugation. The sample was blended
and washed twice with 10 mL of n-hexane to remove the oil.

Determination of Total Phenolic Content

The method proposed by?*? was carried out with slight modifications. In
the proposed method, phenolic compounds reduce phosphomolybdic-
phosphotungstic agents in the Folin-Ciocalteu solution to form a blue-
colored complex; this color change is measured spectrophotometrically
at 765 nm.

Determination of Antioxidant Activity

In the analysis of olive extracts, the spectrophotometric method
proposed by** was adapted to be suitable for this purpose. For the
analysis, 100 uL of extract was combined with 3000 uL of 1,1-diphenyl-
2-picrylhydrazyl (DPPH*; 0.025 g/L in 80% methanol). For the control
sample, 100 uL of pure water was used instead. The samples were
subsequently blended and kept in the dark for one hour to allow the
reaction to stabilize. After this incubation period, the absorbance of the
samples was recorded at 515 nm using a spectrophotometer (Perkin
Elmer Lambda 25 UV/VIS, Massachusetts, USA, 2005), with an 80%
methanol solution serving as the reference.

High-Performance Liquid Chromatography Analysis of Phenolic
Compounds

The phenolic compounds in the extracts were analyzed using HPLC
on a Shimadzu LC-20AT system (Kyoto, Japan, 2006) with a diode array
detectorand a4.6 mm x 250 mm i.d., 5 um particle size reversed-phase
(18 column (Waters, USA). The mobile phase consisted of water with
5% formic acid (solvent A) and acetonitrile (solvent B), with a gradient
elution starting at 5% formic acid, progressing to 10% B at 15 min, 15%
B at 20 min, 25% B at 30 min, 35% B at 50 min, 55% B at 75 min, 40% B
at 53 min, 75% B at 90 min, and finally 100% B at 93 min. The column
was maintained at 30 °C with a flow rate of 1 mL/minimum and an
injection volume of 40 uL. Detection occurred at wavelengths of 280 nm
and 320 nm. The phenolic compounds were identified and quantified
by comparing their retention times with those of standard compounds,
and the results were expressed as mg/kg on a wet weight basis.
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Statistical Analysis

The results of the analysis of raw olives and those obtained during
fermentation were subjected to analysis of variance. Duncan’s multiple
range test was used to assess significant differences, with IBM SPSS
Statistics 22 statistical software employed for the analysis.

RESULTS
Total Phenolic Content and Antioxidant Activity of Table Olives

The total phenolic content and antioxidant activity of the studied olives
are presented in Figures 1, 2. Table olives and olive oils are noted to be
valuable sources of “functional foods” due to the phenolic antioxidant
compounds they contain.? It has been reported that the total phenolic
content in olives varies depending on the variety.?® The total phenolic
content of olives at the start of fermentation ranged from 4601.17 to
4879.49 mg gallic acid/kg, decreasing to 1451.76 to 1827.74 mg/kg by
the end. The highest phenolic content was observed at day 0, with a
slight decrease by day 60 and more noticeable reduction in the control
sample compared to the red beet-enriched olives. In a study on green
olive fermentation with 10% and 20% red beet,?” reported an initial
total phenolic content of 3584.70 mg gallic acid/kg. As fermentation
progressed, total phenolic content decreased, with a slight increase at
the end. Antioxidant activity was higher at the start (52.49%-54.50%) than
at day 60 and day 128, showing a significant difference between day 60
and day 128 (p<0.05). Previous studies have shown that unfermented
green olives have the highest antioxidant capacity (89%), with a decline
observed during fermentation.?®? In this study, the lowest antioxidant
activity at the end of fermentation (12.67%) was recorded in the control
sample, while the highest value (32.43%) was observed in the olives with
red beet addition. The increase in antioxidant activity was attributed
to the red beet supplementation. Antioxidant activity values decreased
during the middle of the fermentation process. It has been suggested
that the reduction in antioxidant capacity during processing is linked
to the decrease in total phenolic compounds, with a linear relationship

Fermentation (Day 128) W=
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£ES  Fa ion (Day 60) [ES———
=] Fer ion (Day 0)
§
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Figure 1. Total phenolic content of table olives (on a wet
basis). Bars with different letters indicate significant differences
(p<0.05). Y represents 7% NaCl and K represents 7% NaCl + 20%
red beetroot.
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Figure 2. Antioxidant activity of table olives (on a wet basis). Bars
with different letters indicate significant differences (p<0.05). Y
represents 7% NaCL and K represent 7% NaCL + 20% red beetroot.

DPPH: 2,2-diphenyl-1-picrylhydrazyl.
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between total phenolics and antioxidant capacity.?®*® Several studies
have reported that betalains exhibit strong antioxidant activity,
indicating that the addition of red beet enhances the antioxidant
activity of olives. This is due to the positive correlation between
betalain content and antioxidant properties. Plants rich in betalains are
recognized for their high antioxidant capabilities.?" A study showed that
olives with red beet had higher antioxidant capacity at the start, which
decreased during fermentation, peaking in the middle. Increased red
beet content also raised antioxidant activity.?”

Phenolic Compounds Profile of Table Olives

The amounts of phenolic compounds in the table olives are presented in
Table 1. Monounsaturated fats and phenolic compounds are key contributors
to the nutritional value of olive products, with phenolic compounds
comprising 1-2% of fresh olives.” Olive fruit contains various phenolic
compounds, including glycosides like oleuropein, ligstroside, verbascoside,
rutin, anthocyanins, as well as simple phenols and phenolic acids.* Olives
contain about 30 simple phenolic compounds, with total phenolic content
ranging from 100 to 800 mg/kg.* In their study on Tunisian olives,"
identified 13 simple phenolic compounds in the olive fruit flesh, noting that
the main components were hydroxytyrosol, tyrosol, and vanillic acid. Studies
by*** have shown that the concentration of phenolic compounds in olives
and olive oil typically ranges from 50 to 800 mg/kg. Significant variations in
phenolic content were observed among different table olive samples. The
phenolic compounds identified across all samples included hydroxytyrosol,
tyrosol, verbascoside, p-coumaric acid, vanillic acid, oleuropein, rutin, and
apigenin-7-glucoside. At the start of fermentation, oleuropein levels ranged
from 624.36 mg/kg to 997.33 mg/kg, decreasing substantially by the end
to 21.65 mg/kg (sample K) and 45.79 mg/kg (sample Y). These phenolic
compounds in olives are typically in complex forms, which break down
into simpler compounds like hydroxytyrosol and tyrosol. Oleuropein and
hydroxytyrosol are the predominant phenolic compounds in fresh olives,
with hydroxytyrosol being formed because of oleuropein hydrolysis.
Hydroxytyrosol is a critical marker for monitoring the reduction in bitterness
in olives.’® At the start of fermentation, hydroxytyrosol levels were similar
across samples (221.20 mg/kg to 221.81 mg/kg). However, hydroxytyrosol
increased in the red beet-enriched samples, reaching 357.72 mg/kg by the
end, a 38% increase, while the control sample saw a 54% decrease. Tyrosol
levels decreased during fermentation, with final values of 11.89 mg/kg
(sample Y) and 13.64 mg/kg (sample K), showing significant differences
(p<0.05). Rutin levels also decreased, from 58.48 mg/kg (sample Y) and 65.46
mg/kg (sample K) to 1.76 mg/kg (sample K) and 3.27 mg/kg (sample Y) by the
end. Statistically significant differences in rutin levels were observed among
the samples, consistent with previous research that reported higher rutin
contents in raw Sariulak variety olives.”” The initial vanillic acid levels in the
table olives ranged from 19.16 mg/kg in sample Y to 33.66 mg/kg in sample
K, decreasing over fermentation. By day 128, the content dropped to 3.24
mg/kg in sample Y and 4.04 mg/kg in sample K. However, red beet-enriched
olives showed an increase in vanillic acid, with a significant difference
between samples (p<0.05). Verbascoside levels started at 719.72 mg/kg in
sample Y and 835.32 mg/kg in sample K, declining during fermentation to
19.56 mg/kg and 650.22 mg/kg, respectively, with a significant difference
(p<0.05). The variation in verbascoside was attributed to the addition of red
beet. Apigenin levels increased from 6.92 mg/kg (sample Y) and 9.60 mg/kg
(sample K) to 27.54 mg/kg and 28.80 mg/kg, respectively, with no significant
difference (p>0.05). p-Coumaric acid levels decreased, with a slight increase
in sample K (red beet-enriched) at the end, but no significant difference was
observed between samples (p>0.05).
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Table 1. Phenolic compounds of table olives in mg/kg on wet basis
Phenolic compound Fermentation (day 0) Fermentation (day 60) Fermentation (day 128)
. Y 769.95+6.52¢ 20.07£0.69¢ 19.5640.80"
Verbascosid
K 835.32+11.90¢ 441.15%12.27° 650.22+18.13"
Y 19.16+2.26" 3.7140.63% 3.24£0.01
Vanillic acid
K 33.66%1.33° 0.98+0.26¢ 4.041+0.38
. Y 714.17£9.91¢ 46.31+0.13? 45.79+2.512
Oleuropein
K 956.48+8.90" 24.30£0.36° 21.65%1.06*
Y 58.48+0.66¢ 1.85%0.13° 3.27£3.75
Rutin
K 65.46+0.53° 2.33+0.97° 1.76+0.24
L X Y 9.60%3.73 29.52+1.19 28.80%5.22%
Apigenin-7-glukozid
K 6.92+0.59 26.27%£0.78 27.5440.13°
. Y 3.05+0.05% 0.40+0.06" 0.49£0.10
P-coumaric acid
K 4.3440.98* 0.32+0.00° 0.56£0.01
Y 221.81£6.92" 200.70+6.94¢ 101.10£9.90¢
Hydroxytyrosol
K 221.20+9.21° 265.32+17.42° 357.72111.712
Y 167.54+12.39% 15.65+2.72¢ 11.89+1.10¢
Tyrosol
K 166.68+0.61% 10.03£11.07¢ 13.64+2.25¢
Means with different superscript letters in the same row are significantly different (p<0.05). Y: 7% NaCL and K: 7% NaCL + 20% red beetroot.

DISCUSSION

Table olives and olive oils are recognized as functional foods due to
their rich phenolic composition, which contributes to health-promoting
antioxidant properties.>?® The results indicate a general decline in
total phenolic content and antioxidant activity over fermentation,
consistent with previous findings.?** However, the addition of red
beet significantly reduced the extent of these losses, indicating that
betalains from red beet enhanced antioxidant properties.?*?'3" The
increased hydroxytyrosol content in the red beet-supplemented
samples supports the hypothesis that oleuropein hydrolysis is more
pronounced in these conditions.*® This compound is also linked to
bitterness reduction during olive fermentation. While rutin, vanillic acid,
and verbascoside typically degrade over time, the enriched samples
retained higher levels, suggesting a protective or synergistic role from
red beet components.’*?3133 These findings align with Ardi¢,”” who
reported increased phenolic retention and antioxidant activity in beet-
supplemented green olives.?” Overall, this study confirms the positive
effect of red beet addition on preserving the bioactive properties of
table olives. The findings contribute to the growing body of knowledge
supporting the use of natural plant-based fortification strategies in
fermented vegetable products.’®?'3

CONCLUSION

The incorporation of red beet into table olive production improved
the fermentation process. Although overall phenolic compound
content decreased during fermentation, the addition of red beet
reduced this decline, leading to higher antioxidant activity in the red
beet-infused samples. The highest antioxidant activity recorded was
32.43%. Oleuropein levels declined rapidly during fermentation, but
red beet promoted a faster breakdown compared to the control. Red
beet-enriched olives also showed higher hydroxytyrosol levels, with a
38% increase in the enriched sample (K) compared to a 54% decrease
in the control (Y). The study highlights the potential benefits of red
beet in improving the quality and functional properties of table olives,
emphasizing their importance in economy and health benefits. Further
research is needed to explore future applications of this approach.

MAIN POINTS

* Red beet boosted the antioxidant activity in olives to 32.43% of their
content, making it about 2.5 times higher than the control group.

* It slowed the decline of phenolic compounds during fermentation
and increased hydroxytyrosol levels by 38%.

* It also accelerated the natural hydrolysis of oleuropein, improving
phenolic transformation and health benefits.
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Abstract

BACKGROUND/AIMS: Diabetes is one of the paramount public health challenges, affecting millions worldwide. Classification models can boost
early detection and aid in treatment, particularly for diabetes type 2. This study, therefore, uses an ensemble learning approach for classifying
diabetes type 2, utilizing a soft voting classifier, using multiple machine learning techniques on the Centers for Disease Control and Prevention
Health Indicators Dataset.

MATERIALS AND METHODS: An ensemble model was developed in which the predictions of five machine learning algorithms were combined:
XGBoost, Random Forest, Gradient Boosting, Support Vector Machine, and convolutional neural network-long short-term memory. Each model
is trained using bootstrapped re-sampling, and predictions are aggregated through soft voting to improve classification performance on the
test set.

RESULTS: On the test set, it achieved a classification accuracy of 87.8%, precision of 99.5%, recall of 99.51%, and an F1 score of 99.2%, hence
proving high efficacy in identifying diabetes type 2 cases.

CONCLUSION: It follows that the proposed ensemble model efficiently classifies diabetes type 2 with high precision and recall; hence, it
underpins the importance of ensemble learning in boosting the accuracy of classification. This may provide a reliable tool for early detection
of diabetes, contributing to better patient outcomes through timely intervention.

Keywords: Convolutional neural network-long short-term memory, disease control and prevention, Support Vector Machin, XGBoost

INTRODUCTION leading to severe complications such as cardiovascular disease, kidney
failure, and neuropathy. Moreover, undiagnosed diabetes can reduce
life expectancy by up to 8 years, highlighting the urgent need for early
detection and intervention.?

Diabetes mellitus is a chronic disease that impairs the body’s ability to
convert food into energy, resulting in elevated blood sugar levels due to
insufficient or ineffective insulin production.’ Type 2 diabetes accounts
for 90-95% of cases, in which insulin is produced but is inadequate Common symptoms include frequent thirst, nighttime urination,
in its action. High blood sugar can damage blood vessels and organs, fatigue, unplanned weight loss, slow wound healing, increased hunger,

To cite this article: Arman B, Jazayeri K, Celebi E, Alpan K, Dimiller L. Ensemble learning for diabetes classification using voting classifier on CDC
health indicators dataset. Cyprus ] Med Sci. 2025;10(Suppl 1):111-115

ORCID IDs of the authors: B.A. 0009-0001-9449-2688; K.J. 0000-0003-2843-7354; E.C. 0000-0003-3289-3328; K.A. 0000-0002-0492-1275;
K.D. 0000-0002-2751-0479.

[T [m] Corresponding author: Bardia Arman Received: 18.11.2024

r E-mail: bardia.arman@gmail.com Accepted: 15.04.2025

-E ORCID ID: orcid.org/0009-0001-9449-2688 Publication Date: 04.06.2025
LY

Copyright® 2025 The Author. Published by Galenos Publishing House on behalf of Cyprus Turkish Medical Association.
orenaccess  This is an open access article under the Creative Commons AttributionNonCommercial 4.0 International (CC BY-NC 4.0) License.

111


https://orcid.org/0009-0001-9449-2688
https://orcid.org/0000-0003-2843-7354
https://orcid.org/0000-0003-3289-3328
https://orcid.org/0000-0002-0492-1275
https://orcid.org/0000-0002-2751-0479

Arman et al. Diabetes Classification via Voting-Based Ensemble

Cyprus ) Med Sci 2025;10(Suppl 1):111-115

and blurred vision.> Diagnosis primarily relies on blood glucose
measurement,® influenced by various health indicators. Research
indicates that obesity, high blood pressure (HighBP), high cholesterol
(HighCol), stroke history, and cardiovascular diseases are significant risk
factors for diabetes.>” These health-related factors complicate diabetes
management, necessitating effective predictive models.

In public health, classifying patients as diabetic or non-diabetic using
advanced machine learning techniques can significantly enhance
early detection and treatment strategies. This study aims to leverage
ensemble learning models to improve classification accuracy for type
2 diabetes, integrating multiple machine learning algorithms through
a voting classifier. This approach seeks to provide a reliable tool for
healthcare professionals to identify at-risk individuals, ultimately
contributing to better patient outcomes.

Previous studies have explored various machine learning approaches
for diabetes prediction. For instance, Singh and Singh® achieved
83.6% accuracy with a stacking-based ensemble framework. Kibria et
al.’ reached 90% accuracy using a soft voting classifier. Dogru et al."
developed a hybrid model achieving 99.6% accuracy. Sunny et al."" also
proposed a soft voting ensemble method for accurate diabetes risk
diagnosis.

MATERIALS AND METHODS
Statistical Analysis

To conduct this study and the proposed method, the Centers for Disease
Control and Prevention (CDC) Diabetes Health Indicators Dataset was
selected. The dataset contains 253,680 samples with 35 features,
consisting of medical and behavioural data of individuals. The proposed
method is implemented in the feature group shown in Table 1. Since
this study primarily focuses on the classification of diabetes based on
medical data, five medical features were selected from the dataset:
including individuals’ HighBP, HighCol, body mass index (BMI), which
determines whether they are at a healthy weight, whether they have
had a stroke in their medical history, and whether they have any history
of heart disease or heart attack. The age and gender of individuals were
used as demographic data.

Machine Learning Algorithms

Random forest: Random Forest allows the generation of various
models and classifications by training each decision tree on a different
observation sample. The algorithm creates a decision tree for each
example and determines the estimated value of each decision tree."

Table 1. Selected features for the study 1= diabetes

Feature Description Definition

HighBP High blood pressure 0= No, 1= Yes

HighCol High cholesterol 0= No, 1= Yes

BMI Body mass index Numerical

Stroke Stroke history 0= No, 1= Yes

Heart diseaseor attack | Heart disease history 0= No, 1= Yes

Age Age of individual Numerical

Sex Biological classification | 0= Female, 1= Male
Education Education level Scale 1to 6

Diabetes binary Target value 0= No diabetes, 1= Diabetes

112

Gradient boosting: In the first stage, an initial tree is created. It then
calculates an error based on the difference between the actual value
of the target variable and the value predicted by the tree a second tree
is created to reduce this error. The second tree is used to estimate the
negative gradient of the error predicted by the first tree.™

eXtreme gradient boosting: XGBoost is one of the ensemble methods
that operates on decision trees, unlike traditional GB, which aims to
minimize the errors of the model.

Ly, y~) +Q(f) (1)

Support vector machines: As represented in Figure 1, support vector
machine (SVM) is a supervised learning technique used for classification
and regression. The SVM algorithm draws lines to separate sets of two or
more points that are placed on a plane. Considering two data sets, this
line aims to maximize the distance between the points of both sets. The
decision boundary that needs to be determined for separation finds the
best margin between classes and defines the hyperplane.’™

Convolutional-longitudinal-short-term neural network: A deep
learning architecture formed by the combination of CNN and LSTM
networks is known as CNN-LSTM, and represented in Figure 2. CNNs
capture spatial relationships within the dataset through convolution.
LSTM, a type of recurrent neural network, is successful in capturing long-
term dependencies. The combination of CNN-LSTM enables learning
both spatial and temporal features of the data.'
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Figure 1. Classification of the datapoints into two classes with
SVM."7

SVM: Support vector machine.
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Figure 2. Example CNN-LSTM model.™

CNN-LSTM: Convolutional neural network-long short-term memory.
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Correlation: Figure 3 illustrates the correlation between Diabetes
Binary and eight characteristic variables. Health-related factors such
as HighBP, BMI, HighCol, and heart disease show a positive correlation
with diabetes. Among demographic variables, education level shows a
negative correlation and stands out as significant, even when compared
among medical factors. Examining both positive and negative
correlations provides a comprehensive view of the dataset.

Proposed model: The dataset underwent an loading, preprocessing,
and an 80-20 train-test split, followed by feature standardization.
Bootstrap resampling was applied to the training set to enhance
model robustness. Multiple models (XGBoost, Random Forest, Gradient
Boosting, SVM, and CNN-LSTM) were trained on resampled datasets
(Figure 4). The predictions were combined using soft voting, with the
probabilities averaged for the predictions. The model’s performance
was evaluated using accuracy, precision, recall, and F1 score. This
ensemble approach improves robustness and mitigates overfitting.

RESULTS
Performance Analysis

The effectiveness of different machine learning algorithms in binary
classification varies. The accuracy of measurements evaluates models
such as Decision Tree, Random Forest, K-nearest neighbor (KNN),
CatBoost, Gaussian Naive Bayes, Logistic Regression, Linear Discriminant,
Gradient Boosting, and the proposed model. As shown in Table 2 and
Figure 5, the proposed model achieved the highest accuracy (87.8%) in
classifying the CDC Diabetes Indicator Dataset.

Beyond accuracy, precision, recall, and F1 score provide deeper insight
into model performance. Random Forest and KNN excel in these
metrics, demonstrating strong predictive power and minimizing false
positives and false negatives. While the proposed model has the highest
accuracy, its recall and F1 score confirm its ability to correctly classify
positive cases. In contrast, Gaussian naive Bayes and logistic regression
show moderate accuracy with lower precision, recall, and F1 scores,

Correlation Matrix of Features and Diabet
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Figure 3. Correlation diagram.
HighBP: High blood pressure, HighCol: High cholesterol, BMI: Body mass index.
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Figure 4. Model flowchart.

SVM: Support vector machine, CNN-LSTM: convolutional neural network-
long short-term memory.
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Table 2. Confusion metrics of different models

Model Accuracy | Precision | Recall F1 score
Decision tree 80.2% 97% 97.2% 97.8%
Random forest 84.9% 99% 99% 99%
KNN 85.4% 98% 98.5% 98.48%
Cat boost 86.6% 94.3% 94% 95.1%
Gaussian Naive Bayes 74.1% 95.4% 96.5% 93.4%
Logistic regression 72.9% 89.7% 92.1% 91%
Linear discriminant 72.1% 96.3% 96.3% 97%
Gradient boosting 83.8% 97.4% 96.8% 97.2%
Proposed model 87.8% 99.5% 99.51% 99.2%
KNN: K-nearest neighbor
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Figure 5. Model performance comparison.
KNN: K-nearest neighbor

indicating a higher rate of misclassification. Decision Trees and Linear
Models, though less accurate, outperform Gaussian Naive Bayes and
Logistic Regression in precision, recall, and F1 score.

Finally, Gradient Boosting shows competitive performance with high
precision, recall, and F1 score, although the sentence is incomplete.

It is slightly weaker than Random Forest and KNN. Overall, this analysis
emphasizes the importance of examining different metrics beyond
accuracy to fully evaluate model performance, especially in scenarios
where the costs of false positives and false negatives are different.

DISCUSSION

This study presents a robust ensemble learning model for classifying
type 2 diabetes, utilizing five machine learning algorithms: XGBoost,
Random Forest, Gradient Boosting, SVM, and CNN-LSTM. The ensemble
approach, employing soft voting, achieved a classification accuracy of
87.8%; with precision, recall, and F1 scores of 99.5%, 99.51%, and 99.2%,
respectively. These results demonstrate the model’s effectiveness in
accurately identifying diabetic patients while minimizing false positives
and negatives, which is crucial in clinical settings.

The high performance of the ensemble model is attributed to its
ability to leverage the strengths of diverse algorithms. Each algorithm
contributes unique insights, allowing the ensemble to capture complex
patterns in the data. For instance, Random Forest handles overfitting
through its ensemble of decision trees, while XGBoost optimizes
predictive accuracy via gradient boosting. The integration of CNN-LSTM
captures both spatial and temporal features, which is beneficial for
analyzing health-related time-series data.

However, the study has limitations. Reliance on a single dataset may
restrict the generalizability of findings across different populations.
Future research should validate the model on diverse datasets to ensure
broader applicability. Additionally, the complexity of the ensemble
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model may pose challenges in real-time clinical implementation and
interpretability. Simplifying the model or employing explainable Al
techniques could enhance usability for healthcare professionals. In
conclusion, this study highlights the potential of ensemble learning
in diabetes prediction, offering a powerful tool for early detection and
intervention.

Study Limitations

This study’s reliance on a single dataset may limit the generalizability
of findings across diverse populations. Additionally, the model’s
complexity could present challenges in real-time implementation and
interpretability in clinical settings.

CONCLUSION

Diabetes prediction remains essential in public health for early
intervention and management. This study’s ensemble model, leveraging
the strengths of various machine learning techniques, achieved superior
predictive accuracy and reliability in classifying diabetes based on
health indicators. With high scores in precision, recall, and F1 metrics,
the model proves valuable for accurately identifying diabetic patients
and minimizing classification errors. Although further work is needed to
enhance interpretability and generalizability, the findings suggest that
ensemble learning offers a powerful approach for diabetes prediction,
potentially aiding clinicians in early detection and reducing the impact
of diabetes on patient health outcomes.

MAIN POINTS

* An ensemble learning model combining XGBoost, Random Forest,
Gradient Boosting, SYM, and CNN-LSTM was developed for diabetes
type 2 classification.

* The model achieved high performance with 87.8% accuracy, 99.5%
precision, 99.51% recall, and 99.2% F1 score.
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* The results highlight the potential of ensemble models in improving
early detection and management of diabetes.

ETHICS

Ethics Committee Approval: Not available.
Informed Consent: Not available.

Footnotes
Authorship Contributions

Concept: B.A,, KJ., EC., KA., K.D., Design: BA,, KJ., E.C., KA., Data
Collection and/or Processing: B.A., E.C., KA., K.D., Analysis and/or
Interpretation: B.A., K.J., K.D., Literature Search: B.A.,, KJ., E.C., KA.,
K.D., Writing: BA., KJ., E.C., KA., K.D.

DISCLOSURES

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study had received
no financial support.

REFERENCES

1. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes
mellitus and its complications. Part 1: Diagnosis and classification of
diabetes mellitus. Provisional report of a WHO consultation. Diabet Med.
1998; 15(7): 539-53.

2. Halim R, Dahi Z, Halim NM. Tip 2 diyabette devamli egzersiz ve safran
kullaniminin insulin direnci ve glikozun hiicre icine alimina etkisi. In 5"
International Students Science Congress. (2021).

3. Tachkov K, Mitov K, Koleva Y, Mitkova Z, Kamusheva M, Dimitrova M, et al.
Life expectancy and survival analysis of patients with diabetes compared
to the non-diabetic population in Bulgaria. PloS one. 2020; 15(5): 0232815.

4. American Diabetes Association. Diagnosis and classification of diabetes
mellitus. Diabetes Care. 2010; 33(Suppl 1): 62-9.

5. Inzucchi SE. Diagnosis of diabetes. N Engl ] Med. 2012; 367(6): 542-50.

6. Lu W, Resnick HE, Jablonski KA, Jones KL, Jain AK, Howard W/, et al. Non-HDL
cholesterol as a predictor of cardiovascular disease in type 2 diabetes: the
strong heart study. Diabetes care. 2003; 26(1): 16-23.

10.

11.

12.
13.

14.

15.

16.

17.

18.

Lehto S, Ronnemaa T, Pyordla K, Laakso M. Cardiovascular risk factors
clustering with endogenous hyperinsulinaemia predict death from coronary
heart disease in patients with type 2 diabetes. Diabetologia. 2000; 43(2):
148-55.

Singh N, Singh P. A stacked generalization approach for diagnosis and
prediction of type 2 diabetes mellitus. Computational Intelligence in Data
Mining: Proceedings of the International Conference on ICCIDM. 2020; 559-
70.

Kibria HB, Nahiduzzaman M, Goni MOF, Ahsan M, Haider J. An ensemble
approach for the prediction of diabetes mellitus using a soft voting classifier
with an explainable Al. Sensors. 2022; 22(19): 7268.

Dogru A, Buyrukoglu S, Ari M. A hybrid super ensemble learning model for
the early-stage prediction of diabetes risk. Med Biol Eng Comput. 2023;
61(3); 785-97.

Sunny S, Pinky S, Jalal S, Kayser M, Wadud M, Mansoor N. Soft voting
ensemble-based approach for diagnosing diabetes mellitus. 2024
International Conference on Advances in Computing, Communication,
Electrical, and Smart Systems. 2024; 1-6.

Biau G, Scornet E. A random forest guided tour. 2015; 25(2): 197-227.

Sahour H, Gholami V, Torkaman J, Vazifedan M, Saeedi S. Random forest and
extreme gradient boosting algorithms for streamflow modeling using vessel
features and tree-rings. Environmental Sciences. 2021; 80: 1-14.

Natekin A, Knoll A. Gradient boosting machines, a tutorial. Front Neurorobot.
2013; 7: 21.

Aldino A, Saputra A, Nurkholis A, Setiawansyah S. Application of Support
Vector Machine (SVM) Algorithm in classification of low-cape communities
in lampung timur. Building of Informatics, Technology and Science (BITS).
2021; 3(3): 325-30.

Mutegeki R, Han DS. A CNN-LSTM approach to human activity recognition. In
2020 international conference on artificial intelligence in information and
communication (ICAIIC). 2020; 362-6.

Do TN. Automatic learning algorithms for local Support Vector Machines. SN
Computer Science.

World Health Organization. Diabetes [Internet]. Geneva: World Health
Organization; 2024 Aug 8 [cited 2025 Jun 3]. Available from: https://www.
who.int/healthtopics/diabetes#tab=tab1

115



RESEARCH ARTICLE EE s CYPRUS

JOURNAL OF MEDICAL SCIENCES

DOI: 10.4274/cjms.2025.2024-116
Cyprus ] Med Sci 2025;10(Suppl 1):116-120

Synthesis and Cytotoxic Effects of Various
Thiosemicarbazide Compounds on Primary and Metastatic
Breast Cancer Cell Lines

@ Hilal Kabadayi Ensarioglu', ® Eda Becer2, ® Faika Basoglu3, ® Nuray Ulusoy Giizeldemirci4, ® Hafize Seda Vatansever1,5

1Department of Histology and Embryology, Manisa Celal Bayar University Faculty of Medicine, Manisa, Turkiye
2Department of Biochemistry, Eastern Mediterranean University Faculty of Pharmacy, Famagusta, North Cyprus
3Department of Pharmaceutical Chemistry, European University of Lefke Faculty of Pharmacy, Lefke, North Cyprus
4Department of Pharmaceutical Chemistry, Istanbul University Faculty of Pharmacy, istanbul, Tiirkiye

SDESAM Research Institute, Near East University, Nicosia, North Cyprus

Abstract

BACKGROUND/AIMS: Thiosemicarbazides and their metal complexes are known for their antiviral, antibacterial, and antitumor properties. This
research describes the synthesis of four novel thiosemicarbazide derivatives (5, 8, 13, and 14) and investigates their cytotoxic effects on primary
(MCF-7) and metastatic (M4A4) breast cancer cells. The study explored the Wnt/B-catenin signaling pathway as well as key factors associated with
proliferation, and stemness, that play a vital role in breast cancer development.

MATERIALS AND METHODS: Hydrazide derivatives containing imidazo[2,1-b]thiazole ring were synthesized through a conventional method.
The MCF-7 and M4A4 cells were cultivated and exposed to different concentrations (200 uM, 400 uM, 800 uM) of the all compounds for 24 and
48 hours. Cytotoxicity was investigated using the 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) assay. The distribution of
B-catenin, GSK 3B, LGR5, Wnt 5a, Ki-67, Cxcl1, and CD44 were analyzed using indirect immunoperoxidase staining.

RESULTS: A 200 uM dose for all compounds for 24 hours was selected based on MTT assay for further analyses. Immunohistochemical analysis
exhibited that compounds 5, 8, and 14 stimulated the Wnt/B-catenin pathway in both cell lines, with an elevation in the immunoreactivity
of B-catenin, GSK 3B, and LGR5 also observed. Compound 13 reduced the proliferation of M4A4 cells, but an increase in stemness was also
observed.

CONCLUSION: Various thiosemicarbazide compounds affected primary and metastatic breast cancer cell lines differently. Among these,
compound 13 showed an ability to reduce the growth of metastatic breast cancer cells. However, additional research about the stemness
properties of breast cancer should be evaluated in further investigations.
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INTRODUCTION

Breast cancer is the most prevalent type of cancer in females.'
Thiosemicarbazides and their metal complexes are known for their
antiviral, antibacterial, and antitumor properties. Levamisole featuring
an imidazo[2,1-b]thiazole structure was initially authorized as an
anticancer agent by Basoglu et al.>*which led to a significant increase
in global research on this chemical framework. This trend continued
with thiosemicarbazide, which followed the development of Triapine,
thioacetazone, and methisazone. The Wnt/B-catenin signaling pathway
plays an important role in regulating key biological functions of cells
such as proliferation and differentiation.*® Dysregulation of Wnt
signaling is a feature of oncogenic transformation. Knockdown of Wnt5a
has been demonstrated to reduce cellular senescence by reducing
p16INK4A levels, reducing B-gal-positive cells counts, and suppressing
the senescence associated secretory phenotype (SASP), which
encompasses key SASP genes such as IL6, I1L16, Cxcl1, Cxcl5, Cxcl12.7,8,9
The objective of this study is to develop four novel thiosemicarbazide
compounds (5, 8, 13, and 14) and evaluate their cytotoxic effects on
MCF-7 and M4A4 cell lines. The study also explored the involvement of
this signaling pathway and essential factors associated with senescence,
proliferation, and stemness in breast cancer progression.

MATERIALS AND METHODS

General synthesis pathway of 2-[(6-(4-methoxyphenyl)imidazo
[2,1-b]thiazole-3-yl)acetyl]-N-alkyl/arylhydrazinecarbothioamides:
the compounds were synthesized by heating 0.01 mol of each of
compound 5, compound 8, compound 13, and compound 14 under
reflux in 30 mL of ethanol on a water bath until a clear solution was
obtained. Subsequently, 0.01 mol of alkyl isothiocyanate is added, and
the mixture is heated for 3 hours. After the reaction is complete and the
mixture has cooled to room temperature, the resulting precipitate is
filtered and purified by washing with hot ethanol. The characterization
of all synthesized compounds was performed using various spectroscopic
techniques, including fourier transform infrared spectroscopy (FT-IR),
TH-NMR, and MS. In this study, only precisely characterized compounds
were used for further analysis.

Cytotoxicity assay: Primary (MCF-7, HTB-22, ATCC) and metastatic
(M4A4, CRL- 2914, ATCC) breast cancer cell lines were cultured in medium
[RPMI-1640 (F-1213, Biochrom), 10% fetal bovine serum (10270-106,
Gibco), 1% pen-strep (PS-B, Capricorn Scientific) and 2 mm L-glutamine
(K0283, Biochrom, Berlin, Germany)] in a humidified atmosphere at 37
Tand 5% CO,. Cells (2x103 cells/mL) in 96 well plates were then treated
with various concentrations (10 uM, 25uM, 50uM, 100uM, 200uM) of
compounds 5, 8, 13 and 14 for 24 and 48 h. MTT (5 mg/mL, GC4568,
Glentham Life Sciences) solution was added to each well, and incubated
for 4 h and 50 uL of dimethyl sulfoxide (DMSO) was added and reaction
was evaluated using microplate reader (ELX800UV, BioTek Instruments
Inc) at a reference wavelength of 540 nm.

Experimental groups and immunocytochemistry assay: The cells
were grouped into five separate experimental groups: control (cell
culture medium only), compound 5, compound 8, compound
13, and compound 14. After a 30 minutes (min) fixation with 4%
paraformaldehyde (1.04004.0800, Merck), they were permeabilized
with 0.1% Triton-X-100 (A4975,0100, Applichem) on ice for 15 min; then
3% hydrogen peroxide (H,0,, 1.08597.2500, Merck) was added. They
were incubated with blocking solution (TA-125-UB, ThermoFisher) for

1 h at RT before being exposed to primary antibodies against p-catenin
(9562, Cell Signaling Technology), GSK 3B (27C10, Cell Signaling
Technology), LGR5 (HPA012530, Sigma Aldrich), Wnt 5a (2392S, Cell
Signaling Technology), Ki-67 (PRM325AA, Biocare Medical), Cxcl1
(MBS422132, MyBiosource) and CD44 (15675-I-AP, Proteintech) for 18 h
at 4°C. After the washing step, secondary antibodies (biotinylated rabbit
anti-mouse, and streptavidin-conjugated hydrogen peroxidase-TP-
125-UB, ThermoFisher) were applied. Diaminobenzidine (DAB, 38611,
ScyTek Laboratories) was used as chromogen; Mayer's hematoxylin
(Bio-Optica, 05-06002/L Milano, Italy) was used for counterstaining.
Immunoreactivities were semi-quantitatively graded using the H-score.
The Kruskal-Wallis test was utilized to perform the analysis, and
statistical significance was evaluated at a p-value less than 0.05.

RESULTS
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Schema 1. The general synthesis pathway of the thiosemicarbazides

Compound-5: White solid, yield: 70% (1.84 g), mp: 201-202 °C. Anal.
Caled. COOHOONDIOLSH: €57.65, H4.38, N 16.01%; Found: C57.16, H
4.27,N 15.60%. FT-IR (cm(1"): 3176 (N-H), 1687 (C=0), 1172 (C=S). "H-NMR
(DMSO-d 1, 500 MH2): & 10.40 (s, NH-Ph), 10.23 (s, CS-NH), 7.48-7.15 (m,
5H, ar. CH), 3.78 (s, 3H, OCH ). ESI (+) MS m/z (%): 437.9 M+, 438.9 (M+H)+

Compound-8: White solid, yield: 74% (2.06 g), mp: 200 °C. Anal. Calcd.
COICIHOICINTIOISIT: €59.33, H 4.98, N 15.04%; Found: € 58.86, H 4.73,
N 14.76%. FT-IR (cm(1"): 3159 (N-H), 1699 (C=0), 1172 (C=S). "H-NMR
(DMSO-d (1, 500 MHz): & 10.18 (s, NH-Ph), 9.54 (s, CS-NH), 7.31-7.19 (m,
5H, ar. CH), 3.76 (s, 3H, OCHLJ).

Compound-13: White solid, yield: 79% (2.06 g), mp: 204 °C. Anal. Calcd.
COOHOONCOOSH: € 53.44, H 3.84, N 14.84%; Found: C 52.81, H
3.71, N 14.53%. FT-IR (cm["): 3211, 3130 (N-H), 1682 (C=0), 1166 (C=5).
H-NMR (DMSO-d[1, 500 MHz): & 10.51 (s, NH-Ph), 10.40, 10.29 (s, CS-
NH), 7.57-7.38 (m, 4H, ar. CH), 3.78 (s, 3H, OCHL)).

Compound-14: White solid, yield: 93% (2.53 g), mp: 200 °C. Anal. Calcd.
COOHOONOOOSH-COHOOH: € 55.08, H 4.82, N 13.96%; Found: C
54.37, H 4.50, N 14.21%. FT-IR (cm[1"): 3122 (N-H), 1681 (C=0), 1167
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(C=S). "H-NMR (DMSO-d (], 500 MHz): § 10.39 (s, NH-Ph), 10.21 (s, CS-NH),
7.44-7.16 (m, 4H, ar. CH), 3.78 (s, 3H, OCH ).

Cellviability and cytotoxicity: MCF-7 exhibited adherence characteristics
and an epithelial morphology, as depicted in Figure 1A. The metastatic
breast cancer cell line M4A4 also displayed an epithelial morphology,
with observations of a fusiform structure, highlighted in Figure 1B. After
treated of cells with different concentrations of compound 5, 8, 13 and
14 for 24 (A, ) and 48 (B, D) hours, 200 uM dose and 24 h application
were determined in both MCF-7(Figure 2 A, B) and M4A4 (Figure 2 C, D)
cells.

Experimental groups and immunocytochemistry assay: B-catenin
immunoreactivity was moderate in the control group, strongly positive
in compound 5 and compound 14 applied groups, and it was weak
in the compound 13 group in MCF -7 cell line (Figure 3A). Statistical
analyses revealed that only the group treated with compound 13
exhibited a significant difference from the control group (p=0.029)
(Figure 4A). In M4A4 cells, B-catenin immunoreactivity was moderate
in control, groups treated with compound 13 and compound 14, while
it was strongly positive and weak in groups treated with compound 8

Figure 1. Cell culture photographs of MCF-7 (A) and M4A4 (B).
Scale bars: 100um.

and compound 5, respectively (Figure 3A). Immunoreactivity for GSK
3P was strongly positive in all groups where compounds were applied
except the compound 13 group, which was moderate in both cell lines
(Figure 3A), and it was statistically significant in MCF-7 cells for GSK
3B (p=0.015) when compared to the control group. Wnt5a and Cxcl1
immunoreactivities were weak or negative in all groups for MCF-7 and
M4A4 cells (Figure 3B). Ki67 immunoreactivity was strongly positive
in control and compound 14 applied groups, and it was moderate in
compound 5 and 8 groups, while it was weak in compound 13 group
for both type of cells (Figure 3C). Furthermore, in MCF-7 cells, the
compound 13-applied group was statistically significantly different (p
value is 0.008) compared to the control group. CD44 immunoreactivity
was strongly positive in all groups where compounds were applied,
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Figure 2. Cell viability assay of compound 5, compound 8,
compound 13 and compound 14 for 24 (A,C) and 48 (B,D) h for
MCF-7 and M4A4 cells. CM: Culture medium.

Figure 3. Distribution of B-catenin (A), GSK3B (A), Wnt5a (B), Cxcl1 (B), Ki-67 (C), CD44 (C) and LGR5 (D) after immunocytochemistry of control,
compound 5, compound 8, compound 13 and compound 14. Scale bars: 20 um.
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Figure 4. Statistical analyses of B-catenin, GSK-3B, Wnt-5a, Cxcl1, Ki-67, CD44 and LGR5 in MCF-7 (A) and M4A4 (B) cells in control (1), compound

5 (2), compound 8 (3), compound 13 (4) and compound 14 (5) groups.

except in the control group, and was weak or moderate in MCF-7 and
M4A4 cells, respectively (Figure 3C). Finally, immunoreactivity for LGR-
5 was strongly positive in all groups where compounds were applied
except the compound 13 group, which was moderate in both cell lines
(Figure 3D), and it was statistically significant in MCF-7 cells for LGR-5
(p=0.027) when compared to the control group. All statistical analyses
were shown in Figure 4.

DISCUSSION

After synthesizing the hydrazide compound containing the 4-methoxy-
substituted imidazo[2,1-b]thiazole core structure, we prepared
thiosemicarbazide derivatives with yields ranging from 70% to 90% by
reacting the hydrazide with four different aryl isothiocyanates using
our previously reported method from our earlier study. The synthesized
compounds were characterized by various spectroscopic techniques.?
The most significant evidence confirming the formation of the desired
compounds was observed in the FT-IR spectra, where the characteristic
double band associated with the NH? group disappeared, and a new
band in the range of 1200-1050 cm”, corresponding to the C = S
stretching vibration, appeared. In the "H-NMR spectra, the absence of
signals attributed to NH? protons further supported the conversion of
NH2 to N = C. Additionally, an increase in integral values from 7 to 8
ppm, corresponding to aromatic protons, was observed, with distinct
peaks assigned to the hydrogens of phenyl, phenethyl, 4-chlorophenyl,
and 4-fluorophenyl groups. Mass spectroscopy of the phenyl derivative
selected as the prototype was conducted, and the M+ peak of the
compound with a molecular weight of 437 was observed as the base
peak with an abundance of 100%. The spectra of the synthesized
compounds are provided in the supplementary material file.

Our study investigated the effects of thiosemicarbazide compounds
5, 8, 13, and 14 on MCF-7 and M4A4 breast cancer cell lines. Notably,
applying compounds 5, 8, and 14 resulted in an accumulation of
B-catenin and GSK3p in the cytoplasm and nucleus. This observation
supports the activation of the canonical Wnt/p-catenin pathway, which
may drive cell proliferation and differentiation. However, in certain
conditions, thiosemicarbazides might stimulate proliferation if they
induce stress responses or activate pathways that promote cell survival

or regeneration. In our study, if compounds like thiosemicarbazide
derivatives (such as 5,8, 13, and 14) are triggering increased proliferation
in breast cancer cell lines (as indicated by Ki-67 levels), it may suggest
that these compounds are activating signaling pathways that support
cell growth, potentially through the Wnt/B-catenin pathway or other
cell survival mechanisms. However, it is noteworthy that the application
of compound 13 resulted in reduced immunoreactivity for investigated
proteins, indicating a different mode of action or a potential inhibitory
effect on this pathway. The proliferation marker Ki-67 showed increased
immunoreactivity with compounds 8 and 14 in both MCF-7 and M4A4
cell lines, suggesting enhanced cell proliferation in response to these
compounds. In contrast, compound 5, decreased Ki-67 levels compared
to the control group. In addition, compound 13 reduced the number of
cells. This reduction in Ki-67 supports the notion that these compounds
may inhibit cell proliferation, with compound 13 showing particular
effectiveness. Interestingly, all compounds appeared to enhance
stemness properties in both MCF-7 and M4A4 cells. This weak intensity
of Wnt5a and Cxcl1 may indicate a limited role for these factors in the
context of the treatments applied. Furthermore, LGR5, a downstream
target of the canonical Wnt pathway, showed decreased expression
associated with increased senescence. However, our results suggest that
none of the tested compounds significantly impacted senescence in
MCF-7 and M4A4 cells, indicating that their effects may primarily be on
proliferation and stemness rather than on senescent cell populations.

Study Limitations

An in vitro cell culture model was used in this study, but this does
not capture the complexity of tumor microenvironments, including
immune responses, stromal interactions, or pharmacokinetics. The
effects of compounds may differ in a more complex in vivo setting.
Future studies could focus on evaluating the efficacy of these
thiosemicarbazide compounds in 3D spheroid models to better mimic
the tumor microenvironment.

CONCLUSION

Overall, our findings highlight the diverse impacts of thiosemicarbazide
compounds on both primary and metastatic breast cancer cell lines. In
particular, compound 13 shows promise for reducing the proliferation
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of metastatic breast cancer cells, although further investigation
is warranted to evaluate its impact on stemness properties. The
balance between proliferation and stemness should be controlled.
Understanding the balance between proliferation, differentiation,
and stemness in response to these compounds could inform future
treatment strategies for breast cancer.

MAIN POINTS

* Synthesized thiosemicarbazide derivatives affected breast cancer
cell lines.

 The cytotoxic effects of derivatives differed, and compounds 8 and
14 activated the canonical Wnt/B-catenin pathway, promoting cell
proliferation, while compound 13 inhibited proliferation.

» All compounds were found to enhance stemness properties in both
MCF-7 and M4A4 cells.
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Prevent Testicular Torsion Injury by Controlling Apoptosis
and Necroptosis

® Hilal Kabadayi Ensarioglu?, ® Fatma Bilgecan Simsek2, ® Hafize Seda Vatansever',3, ® Hasan Cayirli4, ® Aydin Sencan4

1Department of Histology and Embryology, Manisa Celal Bayar University Faculty of Medicine, Manisa, Turkiye

2Clinic of Pediatric Surgery, University of Health Sciences Tiirkiye, Giilhane Training and Research Hospital, Ankara, Ttirkiye
3DESAM Research Institute, Near East University, Nicosia, North Cyprus

4Department of Pediatric Surgery, Manisa Celal Bayar University Faculty of Medicine, Manisa, Turkiye

Abstract

BACKGROUND/AIMS: Testicular torsion, which occurs as a result of twisting of the spermatic cord, disrupts blood flow and causes ischemic
damage, and reperfusion damage occurs when circulation is restored. Our earlier study revealed that exosomes originating from adipogenic
mesenchymal stem cells (ADSCs) effectively reduce ischemia-reperfusion injury in experimental models of testicular torsion. This study
investigates how these exosomes influence cell death pathways, specifically apoptosis and necroptosis.

MATERIALS AND METHODS: Twenty-one Wistar albino rats at a prepubertal stage were divided into sham, control, and treatment groups. The
left testis was rotated to induce testicular torsion, then it was detorsed to allow reperfusion. The control group received ADSCs culture medium
post-detorsion, while the treatment group was administered ADSC-derived exosomes (ADSC-Exos). The immunoreactivity of apoptotic (caspase
3, 8, 9, Bcl-2, Bax), necroptotic [receptor-interacting serine/threonine protein kinases 1, receptor-interacting protein 3 (RIPK1, RIP3), mixed
lineage kinase domain-like (MLKL)] and spermatogonial stem cell [G-protein coupled receptor 125 (Gpr125)] markers was analyzed by indirect
immunoperoxidase staining. The intensity of marker expression was evaluated by HSCORE. The results were statistically evaluated, and a
p-value of <0.05 was considered significant.

RESULTS: The treatment group exhibited lower levels of caspase 3, 8, and 9 compared to the control group. Bcl-2 intensity was similar in all
groups, but the Bax/Bcl-2 ratio was significantly reduced in the treatment group. The immunolabel of MLKL in the treatment group differed
compared to the sham group (p=0.053). RIPKT immunoreactivity was strong in the control torsion group compared to the other groups (p=0.000
and p=0.254, respectively), while RIP3 immunoreactivity was similar between the treatment group and sham group and lower compared to the
control torsion group. Additionally, the highest intensity of Gpr125 was detected in the treatment group.

CONCLUSION: In the experimental testicular torsion-detorsion model, necroptosis was found more effective than apoptosis in affecting cell
viability negatively. ADSC-Exos significantly reduced necroptosis in testicular cells. Additionally, exosomes had a positive effect on spermatogonial
stem cells and helped prevent cell death after testicular torsion.
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INTRODUCTION

Testicular torsion is a critical urological condition caused by the
rotation of the testis and funiculus spermaticus that obstructs blood
supply and leads to ischemia. The pathophysiological process involves
ischemia caused by the twisting, followed by reperfusion once the cord
is untwisted. The severity of injury is contingent on both the duration
of torsion and the degree of twisting. Ischemia-reperfusion (I/R)
injury initiates a cascade of pathological events, including neutrophil
recruitment, the production of substance, release of proinflammatory
cytokines, lipid peroxidation, cell death, anoxia, and disruptions in
microvascular blood flow.!

Adipogenic mesenchymal stem cells (ADSCs) have shown promise in
mitigating I/R injuries through their biological properties which are
controlled with ADSCs.?* Local application of ADSCs has been shown
to preserve fertility in animal models of testicular torsion.*> However,
transplanted mesenchymal stromal cells often face poor survival
in ischemic environments post-infarction®, suggesting that their
therapeutic effects are likely mediated by paracrine mechanisms,
particularly through the release of exosomes.”

Exosomes are tiny vesicles (30-150 nm) surrounded by a membrane,
and mediate intercellular communication by transferring molecular
signals between cells. These vesicles, found in fluids like blood, urine,
and semen, engage with recipient cells through various mechanisms,
includingligand-receptor bindingand membrane fusion.® Exosomes and
their linked microRNAs (miRNAs) play a key role in testis development,
regulating vital processes such as proliferation of spermatogonial
stem cells and the meiosis of spermatocytes, while also preserving the
stability of the testicular immune microenvironment.®

Exosomes derived from ADSC (ADSC-Exos) have shown effectiveness in
reducing I/R injury in multiple organs, including the brain®, heart™,
and kidneys."" These exosomes have also been shown to improve
erectile function in diabetic and post-prostatectomy models.’>"™ Our
previous work emphasized the protective role of ADSC-Exos against
testicular torsion-induced I/R injury.* This investigation aims to further
explore the role of ADSC-Exos, particularly how they impact cell death
mechanisms, such as apoptosis and necroptosis, in a testicular torsion
model.

MATERIALS AND METHODS
Cell Culture and Study Groups

The research was approved by the Experimental Animal Ethics
Committee of Manisa Celal Bayar University (approval number:
E-77637435-050.04.04-582692, date: 21.07.2023). Adipose-derived
mesenchymal stem cells were cultured and characterized following the
methods outlined in our previous study™ Briefly, ADSCs were cultured
in minimum essential medium alpha (Capricorn Scientific MEMA-XRA)
containing 15% fetal bovine serum, 1% Penicillin-Streptomycin, and
1% L-Glutamine, maintained until they reached 85% confluency. The
culture medium was harvested and exosomes were isolated using the
miRCURY Exosome lIsolation Kit (Exiqon 300102). There were three
study groups, namely, sham, control, and treatment, and for each
group, 7 Wistar albino male prepubertal rats were randomly assigned.
In the sham group, rats underwent a left scrotal incision without any
additional intervention. The sentence appears to logically misrepresent
the experimental setup by suggesting treatment procedures for a control
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group, but since details of the study’s context are necessary for further
revision and such details have not been provided, the sentence remains
as is. Ensure the correct experimental context before publication.
After 4 hours of torsion, the testis was detorsioned, and ADSCs culture
medium, without fetal bovine serum, was administered into the
testicular parenchyma, followed by a 4-hour reperfusion period. In
the treatment group, the same procedure was performed, but the rats
were administered ADSC-Exos instead of culture medium. Following the
completion of the experimental procedures, the experimental animals
were euthanized and the testicular tissues were collected. These tissues
were fixed in Bouin’s solution, processed through a standard paraffin
embedding protocol, and sectioned into 5 um slices for further analyses.

Apoptotic and Necroptotic Evolution via Immunohistochemistry

Immunoreactivity of apoptotic markers (caspases 3, 8, 9, Bcl-2, Bax),
necroptotic markers [receptor-interacting serine/threonine protein
kinases 1, receptor-interacting protein 3 (RIPK1, RIP3), mixed lineage
kinase domain-like (MLKL)] and spermatogonial stem cell [G-protein
coupled receptor 125 (Gpr125)] markers were assessed using the indirect
immunoperoxidase technique. After deparaffinization, tissue sections
were treated with two changes of xylene. To rehydrate the sections, they
were dipped into the graded alcohol series and rinsed with distilled
water. Following this, they were dipped into phosphate buffer solution
(PBS) for five minutes (min). Next, they were incubated with a trypsin
solution at 37 °Cfor 30 min. The sections were treated with 3% hydrogen
peroxide (Merck, 1.08597.2500), followed by additional washes.
Blocking solution (ThermoFisher, TA-125-UB) was then incubated for 1
hour at room temperature, before being added overnight at 4 °C with
primary antibodies anti-caspase 3 (Bioassay Technology Laboratory,
BT-AP01199), anti-caspase 8 (Bioss antibodies, BS-0052R) anti-caspase
9 (Bioss antibodies, BS-0049R), anti-Bcl-2 (Delta Biolabs, DB001), anti-
Bax (Santa Cruz Biotechnology, sc-526), anti-RIPK1 (Bioss antibodies,
5805R), anti-RIP3 (Santa Cruz Biotechnology, sc-374639), anti-MLKL
(Santa Cruz Biotechnology, sc-293201) and anti-Gpr125 (abcam,
ab51705) . Following PBS washing, the tissue samples were incubated
with biotinylated rabbit anti-mouse secondary antibody for 30 min,
followed by streptavidin-hydrogen peroxidase for an additional 30 min
(ThermoFisher, TP-125-UB). After washing steps, the chromogen (DAB,
38611, ScyTek Laboratories) was applied to the slides for 5 min. Mayer’s
hematoxylin was added to stain the nuclei and the sections were
mounted (DMM-125, Spring Bioscience). The degree of immunolabeling
was evaluated by two researchers using light microscopy. The intensity
of staining was graded semi-quantitatively using the H-score method.
The H-score was determined using the following formula: 31T (i +1),
where “I” represents the staining intensity (scored as 1, 2, or 3 for weak,
moderate or strong, respectively) and “TT” denotes the percentage of
cells stained at each intensity level, ranging from 0 to 100%.

Statistical Analysis

Statistical comparisons between groups were performed using
the Kruskal-Wallis test. A p-value of less than 0.05 was considered
statistically significant.

RESULTS

Immunohistochemical analyses revealed that the immunoreactivity of
caspase 3 (a), caspase 8 (b) and caspase 9 (c) was reduced in the treatment
(Figure 1C-a, b, ¢) group in contrast to the control torsion (Figure 1B-
a, b, ¢) group, though this difference was not statistically significant
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(Figure 2). Bcl-2 immunoreactivity was lower in the treatment group
(Figure 1C-d), and the difference with the sham group (Figure 1A-d) was
significant (p=0.044) (Figures 1, 2). MLKL intensity was similar in the
treatment group (Figure 1C-h) to the control group (Figures 1B-h, 2).
Higher immunoreactivity of RIPK1 was detected in the control torsion
group (Figure 1B-f), compared to the sham (Figure 1A-f) and treatment
groups (Figure 1C-f), (p values were 0.000 and 0.254, respectively) (Figure
2); RIP3 (g) immunoreactivity was similar in the sham (Figure 1A-g) and
treatment (Figure 1C-g) groups and lower than in the control torsion
group (Figure 1B-g), although this was not statistically significant (Figure
2). Bax (e) immunoreactivity was higher in the control torsion group
(Figure 1B-€) compared to the sham, (Figure 1A-€) and treatment (Figure
1C-e) groups. Treatment group Gpr125 (Figure 1C-i) immunoreactivity
was higher than the control (Figure 1B-i) groups and the sham (Figure
1A-i) group (p-values 0.001 and 0.017, respectively).

DISCUSSION

In recent years, stem cell therapies and exosome-based treatments,
a cell-free alternative, have gained prominence as promising options
for various pathological conditions due to their advantages, including
superior stability, storability, absence of toxicity and aneuploidy risks,
low likelihood of immune rejection, and efficient targeting of damaged
areas. Stem cell therapies have also been recognized for their potential
in these conditions.”™" The outlined effects of exosomes present a
promising option for testicular torsion, offering potential benefits in
preventing or mitigating I/R damage and preserving spermatogenic
functions. Exosomes derived from mesenchymal stem cells modulate
cellular activity and paracrine signaling by transferring proteins, lipids,
mMRNA, and miRNAs to recipient cells."®

In this study, we specifically aimed to explore the impact of ADSC-Exos
particularly on apoptosis and necroptosis, in a model of testicular
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Figure 2. Statistical analyses of apoptotic (caspases 3, 8, 9, Bcl2, Bax) and necroptotic (RIPK1, RIP3 and MLKL) markers in sham (1), control (2),

treatment (3) groups.

RIPK1: Receptor-interacting serine/threonine protein kinases 1, RIP3: Receptor-interacting protein 3, MLKL: Mixed lineage kinase domain-like, Gpr125: G-protein

coupled receptor 125.

torsion-detorsion in rats. Previous studies have demonstrated the
therapeutic potential of ADSC-Exos in various I/R injury models. For
instance, Liu et al.® observed that ADSCs exosomes exhibited notable
therapeutic potential in mitigating oxidative stress-induced ischemia/
reperfusion injury, particularly through modulation of the signaling
pathways, especially PI3K/AKT and MAPK/ERK1/2. Similarly, our
previous study showed that ADSC-Exos effectively helped prevent
ischemia reperfusion injury in a testicular torsion model, as evidenced
by improvements in tissue morphology and TUNEL staining analysis.™

In the present study, immunocytochemistry findings showed that
exosome treatment reduced the immunoreactivity of caspases 3, 8 and
9, although these changes were not statistically significant. In contrast,
the difference between anti-apoptotic Bcl-2, and apoptotic Bax values
was significant, suggesting a shift toward cell survival. Furthermore,
the reduced intensities of necroptotic markers RIPK1, and MLKL in
the treatment group suggested that exosomes can reduce the harmful
effects of I/R injury by modulating key apoptotic and necroptotic
pathways. These findings support the potential role of exosomes in
improving tissue survival, preserving spermatogonial stem cells, and
ultimately enhancing the regenerative capacity of the testicular tissue.

This study adds to the growing body of evidence that ADSC-Exos are a
viable therapeutic strategy for testicular torsion-detorsion injury. Their
ability to target multiple pathways involved in cell death and survival
underscores their potential for broader applications in ischemic and
other pathological conditions requiring precision therapy.

Study Limitations

The study relies on an animal model, which may not perfectly replicate
human pathophysiology. Therefore, translating these findings directly
to human clinical applications might require additional validation in
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larger models. Moreover, the study focuses on short-term outcomes
after exosome treatment. However, the long-term effects of exosome
therapy on tissue are not addressed. Additionally, investigation is
needed to analyse the content of the exosomes.

CONCLUSION

Our experimental model of testicular torsion-detorsion indicated
that necroptosis has a greater negative impact on cell viability than
apoptosis. Furthermore, exosomes obtained from ADSCs were found
to significantly mitigate necroptosis in testicular cells, while also
promoting the survival of spermatogonial stem cells. Our findings
indicate that exosomes have beneficial effects on cell death following
testicular torsion and spermatogonial stem cell survival.

MAIN POINTS

* Exosomes derived from adipose-derived stem cells (ADSCs-Exos) offer
a promising, cell-free therapeutic approach for testicular torsion by
mitigating ischemia-reperfusion injury, reducing oxidative stress,
and preserving spermatogenic functions.

» Exosome treatment reduced immunoreactivity of caspases 3, 8, and
9, while significantly increasing anti-apoptotic Bcl-2, and decreasing
apoptotic Bax levels, indicating a shift toward cell survival.
Additionally, lower expression of necroptotic markers RIPK1 and
MLKL suggests a protective effect against cell death mechanisms.

* The ability of ADSCs-Exos to regulate multiple cell death and survival
pathways highlights their potential for treating testicular torsion-
detorsion injury.
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